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SUMMARY AND CONCLUSIONS

Traditionally continental and particularly Swedish music wires have
been regarded as superior to the British product. With the estab-
lishment of the BS 5216 specification it was felt that the position
should be examined. A total cf 24 coils of wire in three sizes from
six wire mills were examined. Measurements were made of the tensile
and torsiocnal properties of the material. Springs coiled frém the
wires were subjected to long term ambient temperature relaxation

tests and the wires assessed for coilability.
From this work it was concluded that:

In most respects British wires are at least equal to their continental
rivals. The British M5 wires examined, tended to have felatively low
tensile strengths and this seems to account for the differences noted
in this work. In general there would seem to be no advantage in

using continental wire unless a high tensile strength is required.
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Report No. 301

A COMPABISON OF‘MUSIC'WIRES‘PRODUCED‘BY
BRITISH ANDY CONTINENTAL ° WIRE MILLS

by
K. Brummitt, B.Sc.

INTRODUCTION

The British spring maker faces a choice when buying wire,
between buying a home produced wire or a Continental wire which
costs approximately one third more. Occasionally there is no
option because either a special quality of wire required is not
available from a UK source or because a customer specification
calls for a wire from a particular source-(e.g. Swedish wire}.
In Britain, continental wires have a high reputation for
quality which is cone reason for their use by the British spring
maker, but other considerations also lead the user to favour
them. These afe mainly commercial factors such as delivery
times (particularly when stocks of foreign wire are held in the
UK}. If sufficient weight of wire is involved, it may on

occasion be cheaper to buy Continental wire!

It is the purpose of this report to make a technical comparison
between the wires to provide guidance to the springmaker in
selecting the appropriate material for a given application.

MATERIAL

British music wire to BS 5216 is availahle in two tensile grades,
namely M4 and M5. Wire from British sources was therefore
purchased to:BS 5216. The continental wires were purchased
simply as music wire and were supplied against individual wire
manufacturers ‘house' specifications which in many cases met
various foreign national wire standards. Three wire sizes

1.5, 0.71 ‘and 0.30 mm were chosen but in some.cases 0.315 mm

and 0.70 min wires were used due to problems of availability.

. The chemical compositions of the wvarious wires is shown in

Table I.i.' Two wires are missing from the setsi The German (E)
wire could not be obtained in 1.5 mm dia in the time available,
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as the small quantity required was insufficient to warrant
production of a size not otherwise cn order. The British (D)
wire is not included as a 0.71 mm M5 wire because the wire
supplied proved to Be outside the gpecified tensile range and
the guoted time for the delivery of a replacement coil would
have considerably delayed completion of the work.

TABLE T CHEMiCAL COMPOSITION OF THE VARIOUS WIRES

Wire origin S;;é Composition %
C Si Mn S P
s s2iem |specit-| - | 93707 10,35 0,25} 0-030 | 0.0%0
cation * ’
A4 Sweden | 0.315 [0.85 | 0.21] 0.55 | 0.010 {0.011
a5 Sweden | 0.315|0.88 |0.18| 0.53 | 0.008 | 0.007
a4 Sweden | 0.710 | 0.86 | 0.18) 0.55 | 0.012 | 0.008
AS Sweden | 0.710 [ 0.85 | 0.18| 0.56 | 0.010 | 0.015
a4 Sweden | 1.5 0.87 | 0.19| 0.52 | 0.011 {0.016
B4 Britain| 0.30 [0.82 |0.19| 0.64 | 0.013 |0.013
B5 Britain| 0.30 ]0.82 [0.19{0.64 | 0.013 |0.013
B4 Britain| 0.70 |0.82 |0.12] 0.64 | 0.013 |0.013
B5 Britain| 0.70 [0.82 | 0.12)] 0.64 | 0.013 ]0.013
B4 Britain| 1.5 0.82 | 0.20] 0.66 | 0.014 | 0.004
B5  |Britain| 1.5 |0.80 {0.22| 0.60 | 0.19 |0.014
c sweden | 0.30 lo0.90 |o0.21] 0.54 | 0.011|0.017
C Sweden | 0.70 |©0.86 | 0.20| 0.39 | 0.026 | 0.005
C Sweden | 1.5 |0.89 |0.22]0.58 | 0.027[0.14
D4 Britain| 0.30 |0.73 [o0.21| 0.68 | 0.019 | 0.030
D5 Britain| 0.30 | 0.81 | 0.24] 0.66 | 0.027 | 0.014
DA Britain| 0.71 {0.75 | 0.19{ 0.64 | 0.018 |0.011
D4 . | Britain| 1.5 [0.75 |0.19| 0.64 | 0.018 {0.011
D5 Britain| 1.5  [0.75 | 0.19) 0.64 | 0.018 {0.011
E Germany| 0.30 |0.95 | 0.37] 0.36 | 0.014 | 0.015
E Germany| 0.71 |o0.88 | 0.29( 0.48 | 0.015 | 0.011
F Belgium| 0.30 | 1.02 | 0.27| 0.50 | 0.013 | 0.015
F | Belgium| 0.71 [0.97 |o0.26| 0.48 | 0.027 [0.014
F I Belgium| 1.5 0.92 .} 0.28| 0.45 | 0.021 | 0.017
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It is perhaps worth noting that three other coils of British
M5 wire proved to be outside (below) the specified tensile
range. Two of these coils were replaced by the manufacturer,
the third was diverted to other work within the Association.

For coilability measurement springs were coiled from each wire
to one of the designs in Table II.

TABLE II SPRING DESTGNS FOR COILABILITY

Wire dia Mean coil dia No. of coils Free length
mm mm mm
0.3 4.2 13 15
0.71 9.3 9 20
1.5 18.5 10 40

A selection of wires were also coiled to a desian as iﬁ

Table ITI for relaxation tests. These springs were given

low temperature heat treatment at 200°C for 30 minutes prior

to end grinding and stressing, the svrings used for coilability
assessment had closed ends but these were left unground and

heat treatment was given to the springs before assessment.

EXPERIMENTAL, PROCEDURES &

Metallographic Examination

Longitudinal and transverse sections were taken from each wire,
mounted, polished and examined at maginifications up to 400X
after etching in 4% nital. - All the wires showed a hard drawn

' pearlite structure. None of the wires showed any surface

defect although slight amounts of partial decarburisation

~ were observed on the surface of three of the 1.5 mm dia wires,

none exceeded the limits set by BS 5216 M (Table IV).
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Mechanical Testing

Wires were tensile tested in the as received conditich and also

“after a LTHT at 250°C. The torsional properties of the 0.71

and 1.5mm wires were also measured in the as received condition.

Relaxation Tests

Relaxation tests were limited to springs produced from 0.71 mm
and 1.5 mm wires since the small size of the 0.3 mm wire made
it impossible to design a highly stressed compression spring
which could readily be tested using the Association's existing
equipment. In the €¢.71 mm wire, springs were produced and
tested from A4 and A5 wire (Sweden), B4 and B5 (Britain), E and
F (Belgium). For the 1.5 mm, wire comprising A4 (Sweden),

C (sweden), D4 and D5 (Britain) and F (Belgium), were used.

The springs were load tested to establish the length at which

a desired stress would be imposed, then compressed to this
length using a nut and bolt assembly. The springs were held

at the compressed length for 1000 hours then re-load tested at
the original compressed length to determine the loss in load and

hence the relaxation.

Coilability Trials

T

Coilability trials were made on all the wire samples. The

0.3 mm and 0.71 mm diameter wires were coiled on the Associa-
tion's Wafios automatic spring coiling machine. The 1.5 mm
wires were coiled using the Association's Torrington coiling
machine. For each wire size once the machine was set up to

-produce the springs all the wires of that size were coiled

with only minor initial adjustments: to achieve. the correct free
length etc. with a new coil of wire. . No adjustments were made
for drift while the trials were in progress on a particular

coil.

After each coil of wire was placed on the machine 200 springs
were coiled to allow-the machine to settle at the settings: ——
1000 sprinas were then produced. The last 10 in each 100
springs produced were collected and'measured in the "as coiled”
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condition for dimensional consistency. It was found that the
free length of the springs was the most easily measured variable
and therefore the most sensitive. This was then measured for
each of the springs sampled.

RESULTS

Chemical Composition

The British and Swedish music wires all had compositions within
the range specified by BS 5216 M, Wires from German and
Belgian sources generally had high levels of carbon and silicon
but only in two cases did this exceed the BS ranges. These were
the German (E) wire of 0.3 mm dia and the Belgian (F) wire in
the same size. These compositions would agree with DIN 17223
which only specifies limits of S, P and Cu. The full chemical

compositions of the wires are given in Table I,

Mechanical Testing

Results are presented in Table V for tensile tests undertaken
on wire in the "as received" condition and after LTHT (2500C,
30 min), Table VI gives the results of the torsion tests.

The results given for the wires BS5 in 1.5 and 0.71 mm dia and
D5 in 0.71 and 0.315 mm dia are for the wires used in the tests,
in each of these cases the wire originally supplied was below
the tensile range specified by BS 5216 M5. In three cases
subsequent coils were satisfactory, in the fourth case

(D5 0.71 mm dia wire) the delivery time quoted for a replace-
ment coil was unacceptably long, therefore no replacement was
obtained.

'Wrapping Test

The 1.5 mm and 0.7 mm wires were close coiled around their own
diameter, none of the wires showed any sign of failure after
eight complete coils had been laid on, this would satisfy

BS 5216 M. ' .



Relaxation Tests

The results of the relaxation tests are given in Table VII and
Figs 1-5.

Coilability Trials

The results of these trials are shown in Tables VIIT, IX and X.
The most significant figure is the short term standard
deviation since the overall standard deviation would have been
reduced if during coiling the machine had been corrected
either manually or automatically for long term drift as would

normaliy be done.

DISCUSSION

Chemical Composition

Even though the continental wires were not produce% to BS 5216,
with three exceptions, all the compositions of the wires
examined could be considered toc meet the compositional require-
ments of BS 5216 M. Of those wires which were slichtly outside
the BS 5216 specification the carbon content of the Belgian F
0.30 mm wire and the silicon content of the German E 0.30 mm
wire could be accounted for by the normal heterogeneity between

product analysis and the cast analysis.

I

It is clear from Table I that of the 24 different wires examined
continental produced music wires have a somewhat higher carbon
content than the British music wires and it is felt that this
feature enables the higher tensile strengths to be more easily
obtained. In view of the difficulties experienced during this
investigation in obtaining British produced BS 5216 M5 wire to
the required tensile strength level there would appear to be
grounds for UK manufacturérs to increase their carbon levels
éccordingly.'

Mechanical Properties

Out of six coils of British M5 wire ordered, four proved to be
below the specified tensile range on delivery. This must
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cast some doubts on the ability of the British wire industry
to meet the higher tensile requirements of the new BS 5216 M5
standard. Of the foreign suppliers one of the Swedish
suppliers (A) produces music wire in five tensile strength
grades. The two grades most commonly used in this country
‘were obtained. In the 0.3 (.315) mm and 0.7l mm sizes the
high tensile wire had a tensile strength within the BS 5216 M5
range and the lower tensile wire had a tensile strength within
the M4 range, Only the lower tensile wire was obtained in
the 1.5 mm dia, the tensile strength of this wire was within
the tensile range specified by BS 5216 MS5. The second
Swedish supplier (C) produces music wire to a single grade.

In the 0.3 mm and 1.5 mm sizes the tensile strengths of this
wire fitted the M4 tensile range. The 0.71 mm wire fro@ this
supplier had a tensile strength below that of the M4 range.
This coil carried a label stating the wire was to BS 1408 M1,
the tensile strength of the wire did meet the requirements

of this older specification.

The German music wire was available in one tensile strength,
the wires obtained met the M4 tensile range for the 0.3 mm wire

and the M5 range for the 0.71 mm wire.

The Belgian music wire was available in two strength levels,
normal and high strength, additionally the smallest size 9f3 mm
is available as an extra high strength wire, Only the high
strength grade was obtained for this work. The 0.3 mm wire
had a tensile strength which correspohded to the M4 ranse the
0.7 mm wire had a tensile strength within the M5 range, the

1.5 mm wire was at the top of the M5 range. It would be
possible to obtain 0.3 mm wire with a tensile within the M5
raﬁge by orderihg the extra high strength wire. It would seem
that if the springmaker wants a high tensile strength continen-
tal wire mills'are more likely to providé a reliable product.

All the foreign  wires met the specification to which they were
producéd, the majority also met one or other of the two British
music wire standards. EVeén higher tensile music wires are
available from Swedish sources but the usage of these wires is
very limited.



Long Term Relaxation

As mentioned elsewhere in the report, the relaxation work was
confined to the two larger wire sizes. This is simply becauée
with decreasing wire size the length of a highly stressed spring
resistant to buckling decreases, with the equipment available

it would not have been possible to measure relaxation on a
spring coiled from 0.3 mm wire. For the same reason, tests

on 0.71 mm wire were confined to stresses up to 1200 N/mmz.

At these stresses springs coiled from 0.71 mm wire did not show

any significant relaxaticn.

Overall there does not appear to be a basis for choosing any
particular wire for relaxation resistance, The hicher tensile
wires had a better performance, therefore the performance of
the D5 wire is perhaps not a good indication of the performance
of a British wire to BS 5216 M5 which typically fits at the
bottom of, or below the specified ranae. For normal working
stresses therefore, there is little to choose between the wires.
If ambient temperature relaxation at very high stress levels is
of prime importance then oune of the special very high tensile
wires available from Sweden might provide a superior

performance.

Coilability

The best measure of coilability is the short term standard
deviation since the overall standard deviation is affected by
long term drift which would normally be corrected either

automatically or by routine inspection and adjustment. If we

assume that the spring manufacturer wishes to meet the free
~length tolerances set down for light springs in BS 1726 then

the value for the short term standard deviation should be
below one third of the calculated tolerance i.e. > 99.7% of
the springs lie within the tolerance band. ‘'This criterion
was met by the Belgian (F) wire in the 1.5 mm dia size, by the
Belgian (F) and one Swedish (C) wire in the 0.71 mm sizg and

by-ome—Swedish (C) wire in the 0.3 mm size-



This result is not as bad as it appears because the springs
were'delibérately designed with a high index to make coiling
difficult (increase the free length variation). Widening the
limits to 95% satisfactory springs (i.e. 5 in 100 rejects)
gives the following wires as satisfactory, 1.5 mm B5, C, D4
and F, that is four out of seven coils tested satisfactory.
0.71 mm A4, A5, C and F four out of eight coils tested satis-
factory and 0.3 mm A4, A5, B4, C and D4, four out of nine
coils satisfactory. Overall there does not seem to be any
advantage in buying foreign wire for better coilability.

Other Points

The surfaces of the 1.5 mm wires were stripped of lubricant
by boiling in 10% sodium hydroxide followed by ultrasonic
cleaning in tfichlorethylene. Examination of the surfaces
with a 20 diameter magnification showed that the Swedish wires
had a polished surface while the other wires had a good drawn
surface. There is no advantage in spring performance from
the use of polished wire but if appearance is of importance

then this would be an advantage.

The continental wires in general and the Swedish wires in
particular were better presented than their British counter-
parts. The wrapping was better, the ccils well labelled and
the starting end mafked, this together with the polished wire
surface helps give an impression of quality to the product.

Stocks of various Swedish music wires are held in this country
and the wire is generally available at very short delivery
times, this may make these wires attractive even if the cost
is greater. This does not appear to be true of the other
continental wires which had to be obtained direct from the

continental mills.

Overall 1liitle evidence has been found to suggest that wires

produced by British mills are inferior to their continental

—rivals except in tensile strength+—Fer manv vears continental

music wires have been produced with higher tensile strengths
than the British wires. The new BS 5216 M standard
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makes provision for higher tensile British music wires but this
has not yet been reflected in the wires available. It may well
be that as the new standard becomes more fully assimilated by
the industry that British wires will reliably meet the reauire-
ments of the BS 5216 M5 specification which would make them the
equal of the foreign wires. At present however, if a high
tensile wire is required, continental wire mills appear to be

a wore reliable source.

CONCLUSIONS

In most respects British wires are at least egual to their
continental rivals. British M5 wires however, tend to have
relatively low tensile strengths and this seems to account for
the differences noted in this work. In general there would
seem to be no advantage in using continental wire unless a

high tensile strength is required.
REFERENCE
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Drawn Wire on the Fatigue Performance of Helical Compressiocn
Springs.” SRAMA Report No. 298.



TABLE III

SPRING DESIGNS FOR RELAXATION WORK

Wire dia Mean coil dia No. active coils Free length
0.71 4.29 7.5 14
1.5 13.0 3.5 32
TABLE IV WIRE DEFECTS FOUND DURING METALLOGRAPHIC
EXAMINATION
Wire Dia (mm) PCefect
C 1.5 0.006 mm partial decarburisation
D4 l . 5 " " "
F 1.5 Visible trace of decarburisation




TABLE V

TENSILE PROPERTIES OF THE WIRES

As Received LTHT 250°C 30 min
. Size
wire | 1m R Ro.l | R0.2 | R RO.1 | R0.2
N/mm? | N/mm? | §/mm? | N/mo? | N/mm? | ON/mm?
a4 0.315 | 2785 - - - - -
A5 0.315 [ 2970 - - - - -
A4 9.71 |2480 1955 2170 2445 2285 2345
A5 0.71 | 2670 2090 2300 2515 2380 2405
a4 1.5 2335 1665 1925 2355 2100 2210
B4 0.30 |2725 -
BS 0.30 |3030
B4 0.71 |2370 1685 1914 2110 1850 1965
B5 0.71 |2550 2005 2225 2510 2365 -
B4 1.5 2120 1695 1875 2120 1840 1980
BS 1.5 2255 1700 1910 2135 1900 2030
C 0.30 |2870
C 0.70 |2270 1845 2065 2285 2150 2225
C 1.5 2080 1435 1600 2175 1930 2030
D4 0.30 {2840 -
DS 0.30 |3040 -
D4 0.71 |2505 1915 2160 2455 2345 2345
D4 1.5 2060 1820 1940 2060 1915 2020
D5 1.5 2370 2150 2240 2310 2145 2225
E 0.30 |2830 -
E 0.71 |2640 2400 2420 2625 2540 -
F 0.30 |2880 -
F 0.71 |2620 1905 2255 2595 2485 2545
F 1.5 2370 1760 2040 2420 2285 2340




TABLE VI TORSIONAL PROPERTIES OF THE WIRES
. Size 0.1% 0.2%
Wire o Proof S;ress Proof S;ress
N/mm N/mm

A4 0.71 675 300

A5 0.71 695 935

A4 1.5 795 920

B4 0.71 790 970

BS 0.71 740 970

B4 1.5 780 895

BS 1.5 1035 1120

Cc 0.70 750 1010

C 1.5 835 975

D4 0.71 835 1090

D4 1.5 990 1125

D5 1.5 1050 1215

E 0.71 930 1225

F 0.71 575 775

F 1.5 738 915




TABLE VII RELAXATION TEST RESULTS 0.71 mm dia WIRES

Wire go. of Test Stgess Mean Relaxation
amples N/mm %
Ad 3 600 1.5
A4 3 800 -1.8
A4 5 1000 -1.9
A4 5 1200 0.8
AS 3 600 1.8
A5 3 800 -1.7
A5 5 1000 -1.3
AS 5 1200 0.4
B4 3 600 1.35
B4 3 800 1.70
B4 5 1000 1.90
B4 5 1200 0.75
BS 3 600 2.5
BS 3 800 : 1.3
B5 5 1000 -2.2
B5 5 1200 -0.6
F 3 600 -0.4
F 3 800 -2.4
F 5 1000 -2.3
F 5 1200 -1.1

Note: A negative relaxation represents a recovery

of previous set.



UOTIERTASQ pIEpUER]S
Jum yabus 2914 uesW

¥8Z°0 18¢" Log-" XA 8veZ- L62" ¥8¢° A% 8eze” 1ve: 08z* v8z" a
/6€°6€ /€Y 6€ /€L 6€ /19°6E | /L9°6€ ] /00°6E | /66°8¢ /2S°6€ | /v0°6E€ | /8V 6E | /6V°6E
8850 606" Z09° voL- €6L° vl 6Zs” 619" €LY £96" LLt: LS ca
/€1y /60°tv | /6L iv | /teciv | /s9'iv | /bZeCv )] /81°0OV | /L6°O% | /I8°0v | /0Z°0¢ | /0P Q¥
bSy° 0 €LY’ 06¢° veg: 8Sh- 6Zv" vee: bee- Lev* WYAN Lse” vee: va
/L 6€ /18" 6€ /88°6€ | /16°6E | /6L°6E | /8E°6E | /Ev 6E | /09°6€ | /88°6€ | /vL°6£ | /€E6°6E
76670 626" 8st* AXA ove:” rAYA Le6b" 09¢” zoz: 09%" 445 807" 5
/9L°9¢ /vy o€ | /vetot | /LS9 | /TotLe | /g€Lc9t | /€étse | /L1t9e | /Lvt9g | /SL°9E | /0T e6E
cge 0 0ST* oLE” €y 19%° L8V 88y 88¢" 4 %A 91¢€" L6E" i AN cq
/18" 6€ /s9°8¢ | /g€6°LE | /ie°8e | /sv°8c | /Sitec | /€0°¢v | /vOtZ¥ | /00°1v | /LZ°OV | /0T OV
21570 Léb” 6C9° 80v" 619° €LY Shy- SvS* £0%° 89¢° 0£9° 606" ve
/1€ 6¢€ /tz 6| /sttec | /vvec | /vbrec | /tzcee | /9zte€ | /i1€°6E | /8€°6€ | /ST°6E | /ZV6E
525" 0 pee: LEY" gov - (XA oLL: SGE " L69° 18G° ozv: vov" 9Zs* by
/L1°0Y /00°0b | /ec 0% [ /¥S"Ob | /eS"6€ | /0€°6E | /¥8°0%v | /LS"OV | /LL'6E | /96°0% | /98°6€
uot3leTad |
pxepuels _ ,
— TTeX9A0 | 000T-066 | 006-068 | 008-06L | 00L-069 [ 009-065 | 00S-06% | 00P-06€ | 00E-06C | 00C-061 | 00T-06
3a04s
STYIM WM G'[ SITNSHE XLITIAVIIOD  IIIA TIAYL




uoT3IeTAQ paepuels
/o y3busy 2914 ues|H

CET1°0 LLT” vL0° SGT". LST" 811" 9€T1" 811" 860" 8st" 661" 001 a
/%9°02 /s8v-0z | /ws oz | /8s'0z | /is 0z | /g€s"oz | /sstoz | JiLco0z | /2TLcoT | /9Lt0Z |/SLOT
ZE* 0 vze” vhe 6ve" 90¢ " Lee: LOgE" 10%° LLE" ogg” 802" gEve” -
/€0°02 /66°61 1 /ro"oz | /voroc | /zé'61 | /v0°0Z | /z6'61 | /sG6 61 | /90°0C | /é1°0z |/eTz 0T
9260 6EV” ovt” yoz" 911" 8¢z’ 661" g8zt” 91 €9L" oLy ", LLn: va
/v0°0t L8°61 | /cL*61 | /ot1-0Tz | /88°61 | /OL°61 | /8%*0OC | /zZL°0C | /00°0Z | /8661 .|/36°61 |
ZL1°0 €LT" Loz 1AM 60" 981" vor-* bS1” AN vi1” 91¢" oot 5
/16°61 /€0°0Z | /e8*61 | /v6"61 | /1861 | /Z6°61 | /06°61 | /96°61 | /LB'61 | /06°61 |/Z6°61
90€°0 vee: e LOY® 1z¢” ory" 891" gee” z6Z” €0Z" ver- 9LE " g
/v8°61 /90°0zZ | /9561 | /89'61 | /1661 | /86°61 | /68°61 | /89°61 | /S6°61 | /¥0°0Z [/1L"61
I
89€° 0 68b° 62¢" 8LY" £6Y" 4N 8L2" gzL” 8sz” 102° 662" 192° ve
/82°02 /ze0z | fss-oz| /ovtoz| /votoz | /oL'ev | /9ec0Z | fS6°61 ] /evcor | /¥0°1Z |/1€°0C
96270 19¢° avz" I61° 882" zZ91" 180° ZA% 1Lt 1A% €0 v8z" v
/10°02 /v8 0z | /91"0z | /66°61 | /€6°61 | /€02 | /€661 | /L6°61 | /86°61 | /E€EL°61 |/80°0C
122°0 Lvz: 650" 113 22% 0LO" zot” ve1- SL0° 990" 966" s81° -
/9202 /L1 oz | /s8i1toz| /evtoz| /szroz | /eg€coz | /zztoz | /votoT | /i€toz | /€stoT|/LEcOC
uot3zRTASQ
paepuels
wzar, LT®X9A0 | 000T-066 | 006-068 | 008-06L | 00L-069 | 009-06S | 005-06¥% | 00V~06€ | O0E-06Z | 00Z-061 | 00T-06
3I0YSs
STIIM WW [,°0 SIINSTY ALITIAYIIOD XI FIEYL




uoTleITADQ pIRpUE3S
/om yabuel s9xd uesy

£89°0 1€9° 6v¢ " i6b° vve6" 61¢" zeer vov* LTy oLE” 50s° 8LZ" 3
/26° 91 /ve*er ! /s8'wil /zecst| /98 %1 | /ii*stv| /96°%1 | /9v°Sst | /vecSU | /06°%1 | /S9°¥1
22670 tv6° A 1€t 6ve - 99¢ 802" zoz: LyE " AN oge” 1T AN g
/ve vl /89°21 /9V°€T /6L €1 /89" 61 /ST vl /Y9°€T /6691 /SE° VT /S0°ST | /66" 91
1ce 0 Ly 86%° 6vz" 929° vo1° A I7AS 9€g” 81€" ve1” 9zy” ca
/10°ST /8% v1 | /60°SV| /ee°st| /sL vr | /€s st | /9ob s1 ) /vL°®1 /y8 %1 | /€8°v1 | /66791
60Z° 0 LYS* v60° 6097 " £€91° 1A z8¢” toe: €€T" £21° 9ze® 602" g
/S8° %1 /es bl /9bvr | /ectwr | /¥vcwT ) /socsty | /wucsu| /é6°%V | /¥T WU | /¥L°ST | /19°ST
6E1°0 Lot €50° 901" 8LT" S60° 860" 8v0° 660" 102° 15 A% 8" 5
/SE°VI VAR Rd A /8L €1 VAARA A /E1°vT | /0T V1 /bl VAR AR A /85 %1 /vS vl | /28 91
262°0 L8S" 00T1"° 860" LLO® 080° 602° ZET” IXAN g€TL” 811" 880° -
/SLUET /vZ €1 | /zec€r| /szUev /se€tev | /8STEV | /wvogr | /TLOEY /€5°¥T | /8€° V1 \wm.eﬁ
161°0 1s¢° 8z1” SIT” o11" 0L0" 601" 150" L0 €ET" vor1 " zes” vl
/TE° VT /zevt | /81wl /LZwT | /SUTRT /81°%1 | /ez vr | /Lewi | /ezecwv | /eecvi | /LLVT
€62 0 0tV 1€T1° 981" A% z62” 62" 122 622" 8z 692" GET" -
/€9°¢€1 /8s°€1| /wveer| /Jovcer| /tocev| /zzeev| /sctev| /tvocwv | /SLt€T ) /92wl | /S6°ER
161°0 oLe” 42N 691" zoz® 1€1° LY ov1-” 61 S80° 8z’ gee” -
/88°v1 /S6 vl | /86°vi| /L9°br | /LLcvr | /69°bV | /BS VT /V6 w1 | /bLcvU | /€8 vT | /9L°ST
uoTtjeraad
paepuels
i~ TTeI8A0 { 0001-066 | 006~068 | 008-06L | 00L-069 | 009-06S | 00S~-06F | 00b-06€ | 00E-06Z | O0T-061 | 001-06
3I0Us

TIIM W €°0 SITINSTT ALITIEVIIOO X JTeNL




%

RELAXATION
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FIG.1  RELAXATION AFTER IQQQ HOURS AT ROOM
_TEMPERATURE I-5 mm. - A4 WIRE.
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FIG. 2 RELAXATION AFTER 1000 HOURS AT ROOM
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FIG. 3 RELAXATION AFTER 1000 HOURS AT ROOM
TEMPERATURE I-5mm D4 WIRE.
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FIG. 4 RELAXATION AFTER 1000 HOURS AT ROOM
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