THE SPRING RESEARCH AND MANUFACTURERS' ASSOCIATION

FATIGUE OF STRIP IN BENDING

C J Rushton, B.Sc

M P Hayes, B.Sc

Report No 425

AUGUST 1988



THE SPRING RESEARCH AND MANUFACTURERS® ASSOCIATTON
Report No 425

FATIGUE OF STRIP IN_‘ BENDING
An investigation has been carried out tc determine the fatigue performance

stainless steel, and extra hard PB1O2 ohosphor bronze.

S/N coorves have been produced for materia! in the 'as—slit' condition
using an ipitial st_rmoflmh'/m.z'i‘!mfatigue%imit for the three

materials tested was 800 Nem , 650 Nma ane! 30C N/mz respectively.

Ituasobsawedthataanycfﬂns‘zipsfaﬂedfmmﬁ:ehnrmthe as-slitc
edge which was stressed in tension, and sc a further investigation was
carried ot intoc the effect of edge conditicning prooesses such as
barrelling on the fatigue performance of GS8C strip.

Use of as-slit strip with the burr stressed in corpression  instead of
tension was found to improve fatigue iife, but no significant further
improvement was realiised by use of tocl dressed strip or as a resalt of any
edge conditioning by means of vibratory deburring, or centrifugat
processing gave significant improvements in spring fatigue life.
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Report No 425
FATIGURE OF STRIP IN BENDING

1, INTRODUCTION

A previousiy described method lused‘for fatigue testing strip material
in a bucikling mode has been further refined to ensure that the results
cbtained are both accurate and repeatable. Mrs ar-e.:i.ab_e test
proredure has made it possibie to undertake with ca’af:i.dem;e a test
m&mmmmdata’arsf_pmﬂi&swhlcbares*hemed.n
bending,

S/N curves for three comeenly used spring strip materials in the as-—slit
condition, axd for ome of these materials the effect of edge
conditicning processes on fatighe performance has been evaluated.

2. MATERIAIS EVALUATION
2.1 Materia's

The three spring strip materials were each obtained in codl form.  with
as-slit form, with as-slit edges. 'Ihethreegradmofteria.‘.. tested
were C.8% carbon steel conforming to BS 5770 Pt 3 CSHISC - Range 2,
stainless suemuozsmpcl.sozszsmaac aznpzmﬂnrm to
- BS' 287C PR1OZ Ed. Detailscfmceﬁ..m.sect_a‘ size, haz*"'\sss and
..a:s:_es"nengtbaregl.vmm""able

M
N

'I'es!.: Procedura

The coils of material wea‘e:lni_la_..yc:.-tuelengtb to provide the
mryq-mﬁﬂescftes"samples 'n'lesam.es.‘wezﬁ then
indivichmity ﬁg@.ﬂgd*na.-.mloca*mmmem_sm,qe test
- Hg. lm"m;aseof.simm,sbo_ocace he@s"m;es (g 1)
was to ea‘sa.r‘ehza..r'epear,at’s_ese"“:s and therefore st:z"e&s isvels,
could be achieved,

"‘!'aree sam_esc;eachmteria.typemcmmrcialzv str'a_, gauged.
_:lesestrairga.sgadstripsm.sed. .....ow..:m:"cmw*th'.:i'leqecessa'"v
strain measuring equipment, to produce calibratich curves of stress
against end deflection for each fatigue machine-tackling jig



2.3

2.4

allowed variations 1in strain gauge outp_-t be accounted for when

Sarples of each material type were fatigue tested on SRAMA's single
station maciines gt 3100C rpm using the buckling Jfigs. An dnitial
stress of 100 N/m wasezs‘;cyeda'xﬁa’rw:aeofwdmsﬂm ievels
mse:.ec’:ec.ommﬂ*ves "‘estswerecarr‘...edmr'.o*‘a‘_ure
or b-.-:i."_lim:yc_es "'henecessanrezﬁdeflecc.astcss* up the
test stress Jeveis vere ouca:l.ned“or each aac‘.!‘.im—j,g vging the
caithewaiion cu:vesp:“\dum_vprnd!xed Allsaﬂ:{'.esmwsted with
the burr of the as-siit strip in ténsion in order that minimm fatigue
strength values would be chtained. '

Resul®

The results of the fatigue *m'.:sa.ﬂesim:i_-_r...g::r\esztoaa- which
are mmmmmmmﬂmm 'I‘lsgrap!ss!m the

fatigue limits for carbon steel CSHT 80, | stfm 302525, aril
mmm{u,mbeaoevm,e ant 300 N/rm
respectively.

it was observed that the fatigue cracks generally developed from the
edge of the strips - i.e. from the slitting burr which has been
stressed *rmumru:gm*msm‘ameof fatigue testing. It
was cor.clujed”ﬁ*thes_nﬂinghrrmsasisnifium*m raiser,
which haiamarkedlyadmrseeffezxmﬂlefatig:aperfﬂ'ﬂmcf ail
these materials. 'He:maﬂzr"ha'i’westi@um was carried out in
which the ef“ec*cfadpoaﬂi_a‘*'zgm designed to remove
hurrs, vas evaiuated,

Concusions

ﬂm“avebmptudwzdfcr(ﬁ?“hardemmf i, stainiess
steel 302825 mmmmez s-"'ip sat:&"ia_ w:l..'.:.-x as-slit
edgsstmssed'i !:en.f*.:mg Ts’atigueLﬂtforthmemteﬂa_s.sS{n
N/, 650;/ arﬁai.-"‘v'u/m 'mim.yfwmﬁ-*tia_mmel
of_ocwr_-sn _

-hving proc!ccec!:ni._mmfadgueﬁpeaatafm-mm it is
now  possible xmﬁmﬁfectofdffwmm of edge

- conddticning or Fat:lgue 1ife
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3.2

EVA...'..!A"""'W ¥ _THFE FEFFECT OF. E!XE GINBITIQ’I ON FATIGUE LIFE

1 Imtroduction

-"'“"reﬂ:.ly in uge within the spring_ndus"vy,arﬂaf..]wse commercially
available. Arangeofthesemmapp_ed,oas:nglenat.h
Lesfpieoesmﬂiefrmnardenedarntazperedcmcstee_strip

The raw material hacas—s}:..*'edys. ......aaﬂ..lq..art:."vwas obtained
vd_-atoo_drmd@e"hesli*edym*ﬂ'iﬂmtﬂsteuas
received, with the burr in tension as well as in compression, both
after the application of three different iow energy barrelling
processes, and after two higher energy surface finishing processes.

The effect of these varicus processes on fatigue performance was

Thig dnvestigarior did not seek toc draw any conclusions about
indivicdual edge conditicning process times or conditions. It may be
that optimisation of a particular process may -aiter it oogition in
the fatigwe life hierarchy, but such-a conclusicn is beyond the scope
of this report. The best baiches do, however, represesnt cirrent state-
of-the-art in surface Fj:-._s‘n:l_n.gamiassa.':h are dndicative of the
in f‘ad.g-mpefm-mtha*‘ ....f:gdesignersme:q:ec.

Edge Conditioning Processes
The strip ec@ conditicns wlzaared t‘n:is'study were as-:fb]lcm:—

Jit edge.~ .ested wi*“‘- the Bper in compression (F'..g 1)

A.s—s.itedga-.estadwi‘;q-hehnr:r'm -
Tocl dressed edge (Fig I/2) o ' _
Barreiled B (Fig I/3) - .- = & = S S
Barrelled B2 (Rig 1/5) L -
Barrelled B3 (Fig I/5)

Vibratory deburred (Fig 1/6)
Centrifugal pmoess (F:I.S T/7)

PoNb-

® N

A 'FJ:L. d&ecript:imcfmé—@aregvenmﬁppenm'<-,arﬁ the

appearatmﬁf.hee@sis_l_.sfrat..uby Sa",_..crf:—graf-rsas
_ngatedbythefjsm'emm:bersqmsi.eeachm '
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3.5

To ensazre the stress/defiection cal...hrat::imarvesma;p__cable;‘_
was -rscessary.o"hecktha*themandisessmnsofemﬂbatcbaf test
pi.ecesmcu:sis’:.enu. Bboth with eacbcthera:r!w*th the strip
ead-sr’aceamﬂiumirxgﬂmmgi\mmmolez._

Tt was found that babcnaswere di:a:s:!ma‘_"y mi';-.“z:i_rz a smazl
tolerance range except -the vibratory deburred, which showed a
significant - reduction in cross-secticoal dimensions. Hence a stress
mfmwasrequedfar&sbatchaﬁm_smsda*ved via

strain mug:...g.

?reli_'-imrj fatigue testing was carried out in order to establish a
suitable stress rarge in vhich a®l batches would suffer soms failires,
It was found, however, that the centrifugaily processed and vibratory
debwrred batches did not appear to fail! ever at stress levels
aooroaching the onset of plastic set, It was therefore decided *o
mmmwm&'mdmardif‘mgm
levels. The first stress range was chosen o be 100-1350 N/mn . This
was below the jevel necessary To cause signdficant plas'"f set,

%mﬁs&e&sr&a@emmmm*ﬂ)—dﬁwwz A-..t!"is_eve_
a small aeoeemt of piastic sd:iasf‘c-.nﬂtoocx:-.r

Test gis

At ..each of _he*mst.—esrmgs, 200-1350 and 100—1500 '{/m 10
springs vaeacucft!nef.gz"batc.'mmfaﬁgntested The

results are given in fuil in Appendix YT together with the resuits of

SRAMA's computer progran '-m.lsedt‘cra__.ca.cu_aﬂﬂ.-s involved in
the Wedbu®} anaiysis. :

Tt was found that simply by vsing the as-slit strips with the bur in
m instead of baaim "':e "‘a".,is'.a life 'mpruved s:ig:"ﬁca-t..y.

mmamahmm-mmmmmm showed any

significant Jisprovement in fatigue life compared with the as-slit

&



precise oprocess conditions for barrelling do not have a sdgnificant
effect on fatigue performance. Thus it would seem that optiwisation of
the barrelling procedure would serve  little purpose. Tndeed, if
springs could be designed in which ail the highly stressed areas of the
improvement of rat:tg’ue,._fe Similarly, if tocl dressed strip were
used in place of as-siit strip for spring components with nc staaping
at stressed regions then harreiling would not improve thedir fatigue
life. However, if ‘an as-siit edge is stressed in compression and
tension, -then .seoftmlﬂresseumteda_cr specifying barrelling
m.ldclsar"yber-ermezﬂed

It wasnote:iqpvelm.arvtest_,gtra*hnvﬁhramrydebmred batc.n
showed a comparatively severe loss in weight and a significant
recduction in dimension. The SEM =icrographs (in Appendix II) show the
exhibdts a very smooth surface which is ncticeably more free of flaws
than any of the other batches., These cheervations suggest that, in the
case of the vibratory detarred batch, the wedght loss does not impair
fatigue performance and may be advantageous in that the edge materdial
damaged on siitting has heen totally removed, thus improving resistance
to crack propagation. It is possibie that optimisation of this process
may achieve a reduced wedght Joss without altering the fatigue
performance. '

The centrifugaily processed batch alsc displayed a relatively smcoth
surface without suffering the wedght Zoss and dimensicnal reducti of
the vibratory detwared batch. During the centrifugal prooess, because
of its high energy natw it is probeble that some degree of
ooapresstve pres""m_siwar‘!:ed to. the ssrface of processecd parts -
aore so than in the other processes. In this respect the effect would
be analagous mslnt;eezm.gaﬁm....dexpla*_nthe superior fatigue
performance of this batch.

"‘xe"m:ltscf"'_smihavemq.mareug* 1':.heres.:1tsc€si=:'lar
studies undertaken recently by Dr. Kaiser at Damstadt m_le@ o
hahalf ot‘a.heserm&:i'egmatia'._arﬁbytie Japenese Spring
Associationy , Although the Gerzan and Japanese test methcds are not
idertical to SRAMA's and thes fatigue test restlis have been
expressed ma"adica‘jly different manner. it is interesting tc note
f‘n*uhmeamnﬂswbemntemmmbetmm&s. the
German, and*‘meJapanesereau-smmm



The Fatig.:eper‘fwﬂneofﬂlew—sli na‘.‘.c!*ﬂeu th the burr in

: _e(ssia-msszgﬂficant_yﬂseyharallothernatd:es

{4

-"heztm.usigﬂf;.cantcﬁffmindxeFm:afm the

as~slit batch, in which the bwr was tested in compression, the tool
'-"essedbabc:- mmwefﬂembarmﬂmgmm

The memmﬁﬁMMaﬁ
certrifugal  processing both gave signmificant improvements in fatigue
performnce. Centrifugaily processed samples gave a better performance
than the vibratary debwred. samples, both in tarms of fatigue
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TABLE 3T MATERIAI, PROPERTTIES

Mareriai Section
myE X om
CS80 Eardened .70 X 12,45
302825 7< X 12.44
PRIO2 .73 X 12,40

J T = T T
TABLE IX DIME

Batch Thickness
=
As slit .70
Tool dressed .70
Barrelled Bl .68
Barrelled B3 .69
Vibratory deburred 65
High G 68

414

210

SICNS OF TEST PTRCES

Width -

12.40 -

12.32
12.39
i2.38
12.32
12.29

12.32

Tensile g.:rengtn

N/nen
1645
1350
€75
- Area Mass Reduction
Reduction -4 % _
b3
- 5.681 -
- 5.671 -
Z.4 5.7659 0.4
c.1 5.671 Q.2
2.1 5.563 2.1
7.9 3. 290 a8
3.5 5,305 3.1



TABLE TiI

As slit (tension)

As slit (compression)

Barrelled Bi

2]
n3
Tocl Dressed

Vibratory deburred

Centrifupaly processed

FATTGUE TEST RESULITS SUMMARY

1001500 N/mm”™

Walbull Tife OOE comf.

B1O/cycles hand/cycles
2,139 17615-24663
24,178 19069-29287
29,120 2578032460
23,433 13767-33099
31,261 23001-39521
3C,921 30217-31625
53,228 51928-54528
84,340 800G7-88583

100-1350 N/mm” Test

Wedbull Life

BiO/cycles
41,085
52,620
62,088
56,985
60,804
51,505

>100,050

>10C,000

0% conf .

band cycles

36239-43931

46585-58655

- 4396580211

53276~59894
35300-86278

43990—-59028
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APPENDIX T

EDGE, CONDITIONTING FROCESSES

Barrelled Bl

One  hour orocessing din ar hexaponal rubber lined barrel  using a
hirnisping medium BPIQ and 1/4 ceramic chips RPM30 - see Fig I/3.

Barrelied B2

x -

T™we hours processing in an hexagonai rubber lined barrel using a
burnishing medium BPL3Z2C and 1/4 ceramic chips RPM30 - see Fig 1/4.

Barrelled B3
Forty minutes processing in a Turbuton TT25 centrifugal barrel with P11 15
15 ang'e cut chips followed by 20 minuvtes rocessing with Trowelpast

ET10 plastic findshing medda. All processing done in a T77 Hgad
cleandng mediug — see Fig 1/5,

Vibratory Deburred

Fve hoers processing in a Cetema Burgtron vibratory deburing machine
with 132mm A/C tidangular chips in a 2% PM26 medivm folijowed by one  hour
mrocessdng in a 1% FBC20: medivy —~ see Fig I/6.

Centrifugni Process

Twe hours processing ina Cetema B machine with 6mm M t:‘iéz*.gular
chips in a 35: LX medium - see Fig 1/7.



APPENDIX I continued ...

Fig I/1 X €6
As-slit edge

Fig I/2 X 60
Tool dressed edge

Fig I/3 X 68
Barrelled Bl



Fig I/4 X 72
Barrelled B2

Fig I/5 X 66
Barrelled B3

Fig I/6 X 66
Vibratory deburred



Fig I/7 X 80
Centrifugal process



APPENDIX IT

TEST RESULTS AND DETAILS OF WEIBULL ANAIYSES

FATIGUE TEST RESUIITS AT 100-150C N;’mz ~AS ST STRIP

Order Median Fatigue

Number Rank Life/cycies
1 €.73 23,180
2 16.35 21,670
3 25.96 21,790
4 35.58 25,210
s £5.19 25,990
5 54.81 26,81
7 64.42 27,840
8 74.14 27.88C
9 83.77 29,440
10 $3.30 29,70C

RESULTS OF WETBULL ANALYSIS

Using N 0

Wedibul® Slope : 9.09

BIO Iife ; 21,139 cycies

90% Confidence Band on BIO : 17,615 - 24663 cycles

Characteristic Life : 27,979 cycles
KXo : O dis optimum



APPENDIX IT (cont)

2
FATIGUE TEST RESULTS AT 100-1500 N/mm
AS SLIT STRIP TESTED WITH THE BURR_IN OCOMPRESSION

Order Median Fatigue
Number  Rank Life/cycles

1 6.73 22,940
2 16.35 24,210
3 25.58 29,760
4 35.58 29,900
5 45.19 31,860
6 54.81 32,420
7 64.42 33,770
8 74.14 33,900
9 83.77 36,800
10 93.30 37,720
RESULTS OF WEIBULL ANALYSIS
Using Nj : 0
Weibull Slope : 6.98
B10 Life : 24,178 cycles
90% Confidence Band on B10O i 29,278 cycles
Characteristic Life i 33,377 cycles

No : 0 is optimum



APPENDIX II (cont)

2
FATIGUE TEST RESULTS AT 100-1500 N/mm  ~— BARRELLED (B1)

Order Median

Number Rank

O 0N O N R

e
o

RESULTS FROM WEIBULL ANALYSIS

.73
16.
25.
33.
45.
.81
64 .
74,
83.
93.

35
96
38
19

42
14
77
30

Weibull Slope
B10O Life

90% Confidence Band on B10

Characteristic Life

Using Ng
B10 Life

90% Confidence Band on B10

Fatigue _
Life/cvcles

28,910
29,200
32,570
34,130
34,790
36,230
40,050
43,370
43,460
50,150

0

6.46

28,122 cycles

21,763 — 34,481 cycles
39,832 cycles

25,500
29,120 cycles
25,780 - 32,460 cycles



APPENDIX II (cont)

2
FATIGUE TEST RESULTS AT 100-1500 N/mm~ - BARRELLED (B2)

Order Median Fatigue
Number Rank Life/cycles
1 8.30 23,430
2 20.11 24,880
3 32.10 37,030
4 44 .02 40,660
5 55.98 41,650
6 67.95 46,520
7 79.89 51,020
8 91.70 58,750

RESULTS OF WEIBULL, ANALYSIS

Using Ng : 0

Weibull Slope : 3.45

B10 Life ;23,433 cycles

90% Confidence Band on B10 : 13,767 - 33,099 cycles
Characteristic Life : 44,988 cycles

No : 0O is optimum



APPENDIX II1 (cont)

2
FATIGUE TEST RESULTS AT 100-1500 N/mm - BARRELLED (B3)

Order Median Fatigue
Number  Rank

O 0N &N+

ot
o

16.

35.

5888

2 % &

83.
93.

835

.81
.42

RESULTS OF WEIBULL ANALYSIS

USiﬂS NO
Weibull Slope
B10 Life

90% Confidence Band on B10O :

Characteristic Life

Using Ng
B10 Life

90% Confidence Band on B10O :

Life/cycles

30,180
34,390
34,570
35,120
41,050
48,410
48,860
49,980
58,350
64,430

(0]

4.63

29,791 cycles

20,829 - 38,753 cycles
48,438 cycles

27,800 cycles
31,261 cycles
23001 - 39,521 cycles



APPENDIX II (cont)

2
FATIGUE TEST RESULTS AT _100-1500 N/mm~ - TOOL DRESSED STRIP

Order Median Fatigue

Number  Rank Life/cycles
1 6.73 30,780
2 16.35 31,000
3 25.96 32,340
4 35. 33,110
S5 45.19 34,650
6 54.81 39,660
7 64.42 43,770
8 74.14 44,160
9 83.77 48,830

10 93.30 49,950

RESULTS OF WEIBULL, ANALYSIS

Using N, : 0
Weibull Slope 1 6.38

B10 Life i 29,141 cycles

90% Confidence Band on B10 : 22,476 - 35,806 cycles
Characteristic Life i 41,464 cycles

Using N, : 30,550 cycles

B10 Life : 30,921 cycles

90% Confidence Band on B10 : 30,217 - 31,625 cycles



APPENDIX II (cont)

: 2
FATIGUE TEST RESULTS AT 100-1500 N/mm - VIBRATORY DEBURRED

Order Median Fatigue

R Al ac
Num Rank ILife/cycles

1 6.73 53,020
2 16.35 53,620
3 25.58 35,240
4 35.58 61,650
3 45.19 64,290
6 54.81 75,220
7 64 .42 77,220
8 74.14 89,210
9 83.77 150,680*
10 93.30 218, 400*

* Unbroken at 100,000 cycles for Weibull analysis

RESULTS OF WEIBULL ANALYSIS

Using Ng : 0

Weibull Slope i 5.67

B10 Life : 50,865 cycles

90% Confidence Band on B10 : 37,792 - 63,758 cycles
Characteristic Life ;75,659 cycles

Using Nj : 52,800 cycles

B10 Life : 53,228 cycles

90% Confidence Band on B10 : 51,928 - 54,528 cycles



APPENDIX II (cont)

2
FATIGUE TEST RESULTS AT 100-1500 N/mm - CENTRIFUGALLY PROCESSED

Order Median Fatigue
Number  Rank Life/cycles

1 6.73 83,700
2 16.35 86,720
3 25.58 92,550
4 35.58 107,330
5 45.19 115,470
6 54.19 165,900
7 64 .42 222,260
8 74.14 811,960 *
9 83.77 Unbroken *
10 93.30 Unbroken *

* Unbroken at 250,000 cycles for Weibull analysis.

RESULTS OF WEIBULL ANALYSIS

Using Ng : 0

Weibull Slope : 3.03

B10 Life . : 78,083 cycles

90% Confidence Band on B10 : 45,218 - 110,948 cycles
Characteristic Life : 163,976 cycles

Using No : 83,000 cycles

B10O Life : 84,340 cycles

90% Confidence Band on B10 : 80,097 - 88,583 cycles



APPENDIX IT (cont)

L
— s

FATIGUE TEST RESULTS AT 100-135 N/mm -~
AS SLIT STRIP TESTFD WITH THE BURR LIP IN TENSION

Crder Median Fatigue
Number  Rank Life/cycles

1 6.73 40,180
2 16,35 41,760
3 25.96 45,790
4 35.58 46,730
5 45.1 47,270
6 54.81 49,500
7 64.42 50,400
8 74.C4 51,690
g 83.65 53,870
0 93,27 57,11

RESULTS OF WETBULT, ANALYSTS

Using Ng IS

Weibail Slope : 10.38

B0 Iife ;. 40,791 cycles

9C% Confidence Band on BIC : 34,777 - 46,805 cycles
Characteristic [dife T 30,650 cycies

Using Nn 1 29,000 cycles

B1O Life 1 41,085 cycles

90k Confidence Bard on BI1Q : 35,239 - 45,63: cycles



APPENDTX ¥ (cont)

h =¥ Gl ko) 2
FATIGUE TEST RESULTS AT 100-1350 N/mm -

AS SLIT SIRTIP TESTED WITH THE BURR LIP IN QOMPRESSION

Order Madian
Number  Rank

6&.73
1£.35
25.96
35.58
45.19
54.82
64 .42
74 .04
83.65
93.27

O 0O WLN

1=

RESUITS OF WETBULL, ANALYSIS

Using Ny

Big Life

90% Confidence Barxi orr BIO
Characteristic Life

BiO Iife o
Q0% Confidence Band on BID ¢

Fatigue
Life/cycies

51,440
54,720
55,820
63,940
66,670
68,640
72,970
5,650
§3,83C
91,020

0
6.16
56,931 cycles

. 38,926 -~ 62,336 cycles

73,374 cycles

46, 500 cycles
52.82C cycles
46,385 - 58,655 cycles



AFPENDIX I1 {(cont}

2
FATIGUE TEST RESULTS AT 100-135C N/mm - BARRELLFED (Bl)

Order Meddan Fatigue
Nuwher  Rank Life/cycies

1 6.73 57.160
2 16.35 68,500
3 S. 96 85,950
4 35.58 88.480
3 435.19 398,240
5 54.8F 104,880
7 64,42 123,99C
8 74.14 Unbroken *
S 83.77 Unbroken *
10 93.30 LUnbroxen *

* Unbrogen gt 200,000 cycies for Weibull analysis

- RESULTS OF WEIBULL ANALYSIS

Using Np H ¢

Weltill Sicpe 1 3.4

BiC Life 1 62,549 cycles

9% Confidence Band on B19 : 39,348 - 87,750 cycles
Characteristic Life 1 115,183 cycles

Using Nn : 38,000 cycles

B0 Life : 62,088 cycles

9% Confidence Band on 310 @ 43,965 - 80,711 cycles



APPENDIX IT (comt)

2
FATTGUE TEST RESULTS AT 100-1350C N/mem” — BARRELLFD (B2)

Number  Rank Life/cycl

1 6.73 55,980
=z 15,35 59,330
3 23.96 1,290
4 35.38 72,170
S5 45.19 ¢, 230
6 54,81 111,080
7 64.42  inbrokem *
8 74.14  Unbroken *
9 83.77 Unbrocken *
1o 93.30 Uneoken *

* Unbroken at 200,90C cycles for Weibl]l analysis

RESULTS OF WEIBULI, ANALYSIS:

Using No : 0

Wedball Slope 3 3.8

Bl1C iife i1 54,994 cycles

90z Confidence Band on BIO : 35.559 - 74,429 cycles
Characteristic Zife i 99,429 cycles

Using Ng ;55,0900 cycles

BlO Life i 56,585 cycles

90% Confidenoe Band on B1Q : 53,276 — 59,894 cycies



APPENDIX TT (comt)

2
FATIGUE TEST RESULTS AT 100-135C N/mm — BARRELIED (B3

Order Median Fatigue

Number Rank Tife/cycies
1 65.73 54,190
2 16.35 62,760
3 25.95 85,270
& 35.58 85,520
5 45.1 132,090
5 54.81 135,250
7 64,42 138,960
8 74.14 142,79C
9 B83.77 149,760
10 93.30 150,760
RESULTS OF WEIBMII, ANALYSIS
Weibull Siope : 3.05
B0 Life : 60,804 cycles
a¥; Confidence Band on Bi0 : 35,330 - 86,278 cycles
Characteristic 1ife 127,11t cycles

Ny : 9 is optipum



APPENDIX T {coni)

FATIGUE RESULTS AT 100-1350 N/mm- — TCOL DRESSED STRIP

Order Meddan Fatdigue
Numberr Rark Life/cycles

1 6.73 49,270
2 16.35 56,530
3 25.96 €1,840
& 35.58 68,470
5 45.19 73,690
5] 54.82 73,970
7 64 .52 74,120
8 74.04 123,220*
9 83.65 493,360+
10 93.27 Inbrolten *

* Unbroken at 100,000 cycles for Weibull analysis

RESULDS OF WEISUIT ANATVSES

Using Ny : ¢
Wedbiiil Siope r 4.19
" B1Q Iife : 50,243 cycles
90% Confidence Band cn BiC : 33826 - 6666C cycles
Characteristic Life : 85,990 cyclies
Using No i 46,200 cycles
BO Life : 51,509 cycles

Q0% Copfidence Band on B1O : 43,990 - 59,028 cycies



AFPPENDIX If {cont

FATIGUE RESTETS AT 100-1350 N/!."l!;2 — VIBRATURY DEBURRED

Crder Median Fatigue
Number  Ranik Life/cycles

8.300 111,330
20.113 132,870
32,052 Unbroken
&4,0205 "

67,948 b
79,887 "
G1.,700 *

0O 0N

RESULTS OF WETHHT, ANALVSES

Twe points not sufficient
Weibull analysis not carried out



APPENDIX IT (cont}

2
FATIGUE TEST RESUITS AT 100 ~1350 Nyme - CENTRIFUGALILY PROCESSEDR

Numbar  Rank Life/cycles

1 8.300 104,530
2 20.i13 Unbroken
3 32.052 .
4 44,015 "
5 55,984 r
6 67.948 "
7 76.887 "
8 9i.70C "

RESULTS OF WEIBULI ANALYSIS

One point not sufficijent,
Wedbnll arnalysis not carried out



