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SUMMARY ‘- /

The problem of eccentricity of loading is considered in relation to

tensile creep testing . An alignment system has been developed to provide for

the measurement and correction of the eccentricity of loading relative to the

centre line of the test specimen. The repeatability of creep test data using

this system over a period of several years is reviewed. Comparison with

deliberately malaligned tests indicates that axiality of loading contributes
significantly to the repeatability of creep testing .
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I INTRODUCTION

When it was decided to initiate work on creep i n Structures Department it

was recognized that the feasibility of a ~reep research programme was criti call y

dependent on the leve l of repeatability whi ch could be achieved in practice . It

was considered that a repeatability of t5% in the time to a given strain was

desirable in order to

(a) minimise the need for multiple testing ,

(b) enable results from tests with different load , time , and tempera ture

histories to be compared with confidence , and

(c) test the ‘goodness of fit ’ of exis ting or new creep laws with a high

degree of discrimination .

Studies of the results of nominall y identical tests carried out within and

between laboratories 
— 

showed that the above requirement was not being achieved

in conventional creep testing .

Lack of repeatability was widely attributed to variability of r~~i Ler ial

prope rties and in many cases this was probab ly true. For examp le , it was likely

that creep properties in castings , forg i ngs , ex trusions , thick plate etc. would

vary with depth and orientation . Howeve r the creep properties ol hig hly worked

sheet material were expected to be more uniform and lack of repeatability in

this case was more likely to be due to inadequate contro l of test conditions .

Preliminary testing on aluminium alloy sheet (Specifica tion DTD 5070A) suggested

that this was so and consequently work was started in 1963 to stud y ways of

improving creep testing techniques and equi pment .

A study of the known temperature and stress sensitivity of the material

under test led to the adoption of more stringent tolerances than those required

by BS 1686 , the relevan t British Standard for hi gh sensitivit y creep testing.

No published work was found recommending a suitable tolerance for axiality of

loading and consequently a tolerance was derived which as considered to be

reasonab ly consistent with the chosen temperature and stress tolerances.

Axiality of loading to this leve l of accuracy could not be achieved by

conventional means and it v.u~ found necessary to adopt a new approach. The

sys tem designed to meet these requirements consisted of adjustable universal

joints which were attached to the ends of the test specimel’ and a measuring

sys tem which provided a means of determining the p o sition ‘~ the specimen

r



relative to the load axis. The adjustment of the universal joints allowed for

the correction of any ini tial non axiality of loading.

This Report reviews the use of this system over a period of several years

of creep testing and it is concluded that the requirements for repeatability can

be met on a routine basis. Results from a small number of deliberatel y

malaligned tests are compared with correctly aligned tests and it is concluded

that axiali ty of loading contributes significantly to the repeatability of creep

testing .

2 GENERAL

2.1 Tolerance on stress due to non axiality

No direc t evidence on the effect of non axiality of loading on creep test

da ta had been fo und al though experience had suggested that this factor could be

importan t and most high sensitivi ty laboratories made some attemp t to control

it. BS 1686 also recognized its importance and stated that: “Special means shall
be provided and precautions taken to ensure that the loading of the specimen
shall be as nearly as possible axial.” No quartitative advice was available on

th~ sensitivity of creep data to this effect or to the tolerances which migh t be

acceptable. In the absence of any recommendations it seemed reasonable to choose

a tolerance which was consistent with temperature and stress toleranc’~s.

To meet the overall requirement for a repeatability of ±5% on time to a

given creep strain it was necessary that the error contributions from the

individual factors should be much smaller.

Assuming that the three influencing fac tors of temperature , s tres s and
specimen variability had equal sign ificance , individual tolerances producing

less than a ±3% effect were required. However due to the lack of knowled ge on

specimen repeatability it was decided to adopt tolerances on temperature and

stress equivalent to a more stringent ±2% effect . From the known temperature

sensitivity of the aluminium alloy being tested this was equivalent to ±0.2°C.

An examination of the relationship between the stress and the temperature to

produce 0.1% strain in a given time indicated that 0.2°C was approximately

equivalent to 0.25% change in stress level. This latter value was therefore

not only the tolerance required on overall stress but also on the uniformity of
stress across the test section . Hence any bending stress es resulting from

eccentricity of loading were also limi ted to ±0.25%.
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2.2 Definition of terms used

It would be useful at this stage to define some terms used in this Report

before considering non axiality of loading in more detail and Fig .I illustrates

the follow i ng definitio ns in diagrammatic form .

Load axis: The line through the test a~ sembly along which the applied

load can he considered to act. This line will pass through the cent re of any
low fric tion joint installed in the test assembly since joints of this type

cannot transmi t any significant bending moment.

Eccen tricity : Any deviation of the specimen ’s centre line from the load

axis. If the assumption is made that the specimen ’s centre line is straight

then eccentricity can be sub—divided into two types :

Lateral eccen tricity: The specime n’s centre line is parallel to the load

axis but is not coincident with it.

Angular eccentricity : The load axis crosses the specimen ’s centre line at

an ang le at the centre point of the specimen. In this Report the angular

eccentricity is measured as the distance between the centre line of the specimen
- and the load axis at each end of the gauge length , see Fig. Ic.

Any eccentricity exis t ing will usually consis t of a combina t ion of these
two types.

2.3 Review of accepted prac tice

Some work 5 7  
had been done at room temperature on the eccentricity of load-

ing associated with conventional creep testing machines showing that bending

stresses of *20% of the nominal stress level were not unusual uriess methods

specifi cally designed to limi t eccentricity were used . These bending stresses

were not predictable since they varied from test to test depending on the

rela tive ali gnment of the components in the test assemb ly . The rig id con trol of
manufacturing tolerances throughout the test assemb ly was one me thod proposed to
minimize eccen tricit y. Unfortunately this was difficult particularl y in high

temperature creep testing where it could lead to the welding of mating parts

under load . A progressive degradation of tolerances over a series of test

assemblies could take p lace and in addition time dependent deformations could

occur par t ic u larly in the case of the testing machine pull rods.

The second method which had been proposed was the fitting of universal

joints at each end of the test specimen. This technique was valuable since if 
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defi ned the load axis at points close to tht~ specimen but eccentricity relative

to these points still remained a problem.

Most high sensitivity creep laboratories relied on tolerancing coupled

with trial and error assemb ly using extensometer readings as an indication of

eccentricity . The two independent extensometers used to measure specimen

extension during the test were fitted symmetrically, one on each side of the test

specimen . Room temperature loadings were carried out over a restricted range to

test the quality of the assembly and to derive Young ’s modulus . Any difference

between the two extensometer readings was taken to be evidence of eccentricity

and if it exceeded some arbitrary tolerance the assemb ly was dismant led ,
components were exchanged or rotated and a further trial made. This trial and

error sequence was repeated as necessary until an acceptable result was obtained.

Unfortunatel y this technique would only control lateral eccentricity since pure

angular eccentricity of any practical magnitude would produce no difference

be tween extensometer readings . Secondly no information was provided about

eccentricity in the p lane at right angles to that of the extensometers.

It can be seen therefore that a satisfactory conventional method of

eccentricity control did not exist and that no attemp t had been made to specify

an eccentricity tolerance compatible with the temperature and stress tolerances

being used .

2.4 Eccentricity tolerance

It was argued in section 2.1 that the stress due to bending should be

limi ted to ±0.25% of the nominal stress level. Simp le bending theory provided

the following two relationships to convert this requirement into an eccentricity

tolerance for circular and rectangular cross sections .

(a) For circular cross sections

maximum permissible eccen tricity = 

~
where d = diame ter of tes t specimen

= % stress tolerance .

(b) For rectang ular cross sections

maximum pe rmissible eccentricity =

~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — - 5 -5 -- - - _ _
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where d dep th of section

a % stress tolerance.

The specimens used were of rectangular section cut from 16 swg (1.626mm )

thick sheet with a wid th of 12.70mm (see Fig.2). The corresponding eccentricity

tolerances using the above relationship were 0.0007mm and 0.0053mm in the thick-

ness and widt h planes respectively. These were stringent requirements and wh i le

it was considered that the width tolerance might be attainable the thi ckness

tolerance of 0.0007mm was clearly not. On further consideration however it was

realized that the specimen was very flexible in the critical plane and would in

fact approach the behaviour of a wire with the formation of p las tic hinges at

each end of the specimen outside the gauge length. It was therefore decided

to specif y an eccentricity tolerance of *0.005mm in both p l anes and to desi gn

an ali gnment sys tem to achieve this which would also satisf y the following

three major requirements.

(a) Definition of load axis

A low fri ction universal joint should be rigidly attached to each end of

the test specimen to define the load axis relative to the specimen .

(b) Meas urement of ec centricity

Means should be provided to measure specimen eccentricity relative to the

centres of the universal joints.

(c) Adjustment

Means should be provided to adjust the specimen centre line relative to

the centres of the universal joints in both p lanes so that any existing

eccentricity could be corrected.

3 DESIGN FEATURES

Tensile creep tests on ligh t alloy were required at temperatures up to

250°C. The specimens used were to British non—ferrous (BNF) design (see Fig.2)

involving loads up to SkN . It was however cnnsidered prude nt to design for the

maximum load capacity of the tes ting machines being used. Items exposed to the

test environvient were therefore designed for a load of 2OkN (2 ton) at 250°C

for time s in excess of 50000 hours.
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3.1 Universal joints

Low fr i~.tion universal joints were required at each end of the test

specimen to define the load axis. These joints were exposed to test conditions

and the selection of a pivot system was the major problem. The low friction

requirement suggested the use of knife edges and a considerable amount of work
was carried out on the construction and testing of prototypes. However

diffic ult ies were experienced in meeting the maximum load requirement at the

temperat ure level involved and also in the positive identification of the axis

of rotation necessary to obtain eccentricity measurements within the tolerance

of tO .OOSmm .

At tention was therefore focused on an alternative design using 2.38mm

(3/32in) diameter commercial needle rollers rotating in lapped grooves. These

had a much greater load capacity within a given size than knife edges and the

accurately ground surface provided a useful datum for the measurement of

specimen eccentricity. The arrangement adop ted is shown in Figs.3 and 4. Load

was transferred from the machine pull rod through a ~i n diameter BSF thread to

the pull rod shackle . The specime n shackle was attached to the specimen using

two bolts and clamp ing blocks to prevent relative motion . Both shackles were

provided with lapped grooves and the load was transferred from one to the

other through a central bearing block in compression. This block was provided

with two grooves at right angles to each other and needle rollers were inserted

in these grooves to provide the necessary rotation in two p lanes . Two rollers

were used in each groove as a single roller of the required leng th could not be

obtained from commercial sources . The joints were manufactured from S97 and

cadmium plated to prevent corrosion.

Some initial difficulty was encountered due to corrosion in the lapped

roller grooves hut was overcome by p lating the grooves in the central bearing

block wi th nickel prior to lapping to provide a hard corrosion resistant

surface .

3.2 Measurement

The measurement of specime n posi tion relative to the load axis was

achieved by the use of two measuring hars (see Fi g .5) each fitted with four

co—p lanar knif t~ edges which contacted the appropriate ~.et of needle rollers in

the top and bottom universal joints . The positi on of the specimen at its centre

and at each end of the gauge length was me ,is ired lw thre e vernier micrometer
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heads fitted to each bar and reading to 0.0025mm (0.000Iin). The sensitivity

for repeatable readings to this degree of accuracy was obtained by the use of

a lamp and battery contact system for each micrometer head . Initial micrometer

readings relative to the plane of the measuring bar knife edges were obtained

on a graphit e surface table. These were then corrected by the subtraction of

half the needle roller diameter to provide the datum readings required to

relate the specime n to the load axis.

In use the bars were suspended from a yoke clamped to the upper pull rod

and were held in contact with the needle rollers by tension springs connecting

the two units. They could be fitted to the test assemb ly in two p lanes to

measure both specime n width and thickness eccentricity.

3.3 Adjus tment

Having defined the load axis by the use of universal joints and determined

the position of the specimen relative to it , the final desi gn problem was the

provision of a system of adjustments to obtain axiality. The correction of

thick ness eccentricity was obtained by the displacement of the specimen shackle
2 along its roll er relative to the bearing block and the other needle roller (see

Fig.3). This was achieved by the use of four detachable differential screw

adjus ters (see Fig.6) clipped to the specimen shackle side p lates and provided

with movable probes to contact the bearing block . The sensitivity required was

provided by a differential c~crew system operating the probe. Coarse initial

adjus tment was achieved by the use of one of the two screws required for the

differen tial system .

In the other plane the correction of width eccentricity was obtained by
the rotation of an eccentric built into the specimen shackle (see Fig.3) carry—

ing the appropriate roller groove . This eccentric was rotated by an extension

arm and screw system and could be locked in position when alignment was satis—

factory . Both adjustments could be carried out with the measuring bars in
posi tion so that adjustment and measurement proceeded together.

4 TEST PROGRANME

The creep resea rch programme was intended to provide comprehensive creep—

da ta on a single mater ial over a wide range of vary ing stress histories, It

included an investi gation in to anelastic recovery and the effects of time at

temperature to study the significance and interactions of the processes

F
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involved. It was decided to arrange this programme so that the degree of

repeatability being achie ved using the new techn i ques , could he assessl d at an

early stage .

For comparison with the tvp i a l  t . c ~~~ fro n the research pr ogramme s i x

additi onal tests with deliberate eccentricity were carried out , at the same

nominal stress and temperature. Three of these we re set up with lateral

eccentri cities and three with angular eccentricities.

3 DETAILS OF TEST PROCEDURE S

5.1 Test specimen

The specimens we re all cut in the direction of rolling from a sing le sheet

of 1.63mm (16 swg) clad aluminium alloy sheet to Specifi cation DTI) 5070A

(Appendix ). They conformed to BNF desi gn wi th a 114.3mm (4.Sin) gauge length

12 .7mm (0.5in) wide (Fig.2). Previous experience had shown that the specimen

edges as machined were slightly curved and to eliminate the resul ting bending

effects these edges were ground straight to ±0.0038mm (0.000l5in) .

5.2 Test machines

Tes ts were conducted in eigh t 19.9kN (2 ton) capacity creep testing

machines manufactured by Mand Pre cision Engineering Co. to RAE Specification and

were located in a temperature controlled laboratory . The machines were fitted

wi th 0.13m (5in) internal diameter ovens , 0.61m (24in ) long . The heating

element was divided into three separate zones . The output from an AEI Type RT3R

temperature controller was fed to the three oven zones through three variacs for

temperature gradient control. Loading was by deadweight through a 10 :1 overhead

lever beam . It was app lied mechanically by the use of an electric variable
speed screw jack to lower the weights required onto the loading pan in a smooth

shock free manner. The load axis was adjusted to be vertical. The lever beam

• 
multiplying ratio was adjusted to be within ±0.25% of its nominal value.

3 .3 As sembly proceduras

It was considered that a small tension load was necessary throughout the

tes t asse mbly even in the ‘unloaded ’ condition to maintain relative alignments.

A comple tely unloaded state was not possible as the wei ght of components below

the specimen had to be supported. This standing load imposed on each sp ecimen

was therefore increased to produce a standard ‘unloaded’ stress of 2.76MN m 
2

(400 lb in f l  by adjusting the testin g machine count er—balance.



Specimens were assembled to their universal joints in the testing machine

leaving attachment bolts finger tight. New needle rollers were used for each

test , bearing blocks were centralised by eye and a force I ~YON (200 ib) was

app lied. This load was equivalent to a specnnen stress ci about ~3. 2i-~ m

(2.8 ton j~ 
2
) and was maintained throughout the ali gnment procedure. The

specimen attachment bolts were then ti ghtened minimising bending stresses by

balancing the torques app lied.

The measuring bars were assembled to measure thickness eccentricity (see

Fig.7). For consistent readings it was importan t to achieve rock free seating

of the four knife edges on the universal joint needle rollers . This was

obtained by holding the measuring bars firmly and rotating the test assemb ly

through an angle of app roximately ±100 several t imes. The location of the

specimen was measured using the micrometer heads in conjunction with the surface

- - p late datum readings . The calculated micrometer readings for ali gnment were

set where possible on the appropriate micrometers and the differential screw

adjusters were used until contact was obtained . The micrometers were retracted

and the assemb ly li ghtly vibrated before taking a further set of readings .

Additional adjustment and measurement were carried out until satisfactory ali gn—

ment was achieved. In practice the tolerance of ±0.005mm (0.0002in) was

diffic ult to achieve for the following two reasons :

(1) The resolution of the micrometer heads was 0.0025mm (0.000Iin).

(2) The tolerance on specimen strai ght ness was 0.0038mm (0.00015th).

It was therefore relaxed slightly to ±0.0076mm (O.0003in) g iving a maximum
stress due to bending of ±0.36% about the average stress level.

0The measuring bars were removed , rotated through 90 and refitted to

measure width eccentricity. The measurement and adjustment process was repeated

using the eccentric adjusters to obtain width alignment within ±0.0076mm

(0.0003in) , see Fig.8.

The mea su ring bars were removed and the force was reduced to 445N (100 ib).

This load leve l was maintained to minimise the possibilit y of accidental

disturbance during the comp leticn of the test assembly.

For tests with deliberate ecI -u it rici tv the specimens were assembled

emp loy ing the s rnc techniques but using t~ ic ali gnment system to produce the

lateral and angular eccentricities required. It should be noted however that a

_ _ _ _- -_ _ _
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lowe r l oad leve l o f 445N ( 100  Ib )  was used d u r i n g  I - c  c u t  r i c i : v  a d j i z s u u e n t  t c ~

restri ct the deflections resulting f r ni t h e  e c - v : I t  n c  coiid i~~io n .  A l l  e c &  c l i t r i c

t e s t s  were  c a r r i e d  out  in t h e  s ame t e~~t c h.  i i~~ ic~ t h e  5 1 : 0 -  components  and

instrumentation throug hout.

Two p a r a l l e l  mot ion  c reep  e x t e n s o m e t l r  w~~~e 1SI~~~ • ‘Oe att h - d  to each

ed ge of the  specime n u s i n g  a s i m p le j i g r~ - loc~~t t  !het- ’ ~nd - c t  t ’~~ g . gc u g t h .

An i n c r e m e n t a l  l oad ing  was : l r r i t i l  u t  it the c o n t r o l l I c  ~ - r a t o rv

t empera tu re  of 21 °C , in order to check the :unct ion ~r-~ u l i l .  - . the test

assemb l y. The load was app lied in tnc:ement. -~ o~ I0~ and t~~Ie corr -s ;~~nding

readings of both extensorneters noted. An avera~ vaiu ~ a: Yci nc ’s modulus was

then determined. The maximum .iress leve l ~~.i rt stri t i  - Th .~~ 
-

(3.6 ton in
2
) to avoid any possibil i ty ~f plastic deform ation .

Three miniature platinum resistance thermometers were attached to the test

specimen at equal intervals along the gauge length. ~ ll toermometers were

calibra ted to ±0 .1 °C against three master thermometers at the test temperature

2 
to be subsequentl y used . Fig.9 shows the comp lete test assemb ly while Fig. 10

is a more general view showing the testing machine and its associated illuminated

scales unit.

A second incremental loading was carried out on each specimen , after the

oven was positioned and packed.

5 .4  Hea t ing  and loading procedures

During the firs t hour specimens were heated pr og r e s s i v e ly to the required

test temperature within a tolerance band of —5°C to + 1°C. The test tolerance of

±0.2°C at all three thermometer positions was then achieved by suitable adjust—

ments to the temperature controller and the three oven zone controls during the

ne 23 hours . The specimen was maintained within the temperature tolerance

r ±0.2°C for the duration of the test .

6 RESULTS

The results available fall naturall y int o two groups . There are those

from the current research programme which provide evidence of the repeatability

being a chieved with aligned test assemblies . This group consists of 28 tests all

of which provide data on the repeatability of Young ’s modulus at room temperature.
—2 —2

Ten of these were creep tested at I 7OMN m and three at IO8MN m and p rovide

evidence on the repe atability of creep strain measurement at 180°( . Thes e

L - - . _ _  - ... I —  — 
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results are presented in sections 6.1 and 6.2 and provide the frame of reference

required for the second group of deliberatel y eccentric tests. The results of

this second group are presented in sections 6.3 and 6.4.

6.1 Incremental loading and determination of Young ’s modulus

Values of stress and strain obtained during a typical incremental loading

are g iven in Tab le I and are shown graphically on Fig .11 . Because of the high

accuracy of the data a more sensitive method of examining the linearity and

scatter was needed than the conventional stress/strain p lot of which Fig. II is

typ ical. The technique devised was to evaluate deviations from the linear

relat ionship:

% strain = stress x 10
2
/7.612 x (1)

where the constant 7.612 x IO 4 is the mean value of Young ’s modulus der ived from
all 28 tests. The deviation of the strain data points from this relationshi p

is shown graphically on Fig.12 again using the typical results given in Table 1.

The individual values of Young’s modulus for each test specimen are given in

- Table 2 together with the mean and standard deviation derived from them. It

will be seen that the standard deviation is 0.076 which is equivalent to ±1% of

the mean . All 28 r e su l t s  lie w i th i n  two s tandard deviat ions of the  mean

resu l t ing  in a bandwidth  of ±2% about the mean.

6 . 2  Repea t ab i l i ty  of creep strain data

Ten creep tes ts  were completed using as—received material at the nominally

identical conditions of I7OMN m 2 ( 1 1  ton in 2 ) at 180 °C fo r  a minimum per iod

under load of 96 hours . It  was found possible to arrange at leas t one of these

tests in each of the eight machines currently being used.

Values of total strain (elastic p lus creep) at specific times up to

96 hours are summarized in Table 3 together with mean values and standard

devia t ions . In add it i on , a represen ta t ive  se lec t ion  of i n d i v i d u a l  t o t a l  s t r a i n

data  points  from all ten tests are shown graphically, p lotted against time on

Fig. 13.

An examina t ion  of s t a n d a r d  dev i a t i ons  shows that they are approximatel y

cons tant  at 0 .0016% s t r a i n  up to a t ime of 25 hours . Standard deviations then

r ise  slowl y to a value of 0 .0026 % s t r a i n  at 96 hours . This  co r r e sponds  to 0 .~~8’

I.
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of th e mean total strain. All results lie within two standard deviations of t h e

mean total strain giving a variation of ±1% when expressed as a percentage of

the mean.

A f u r t h e r  three tests in two testing machines were comp leted at the lower

s t r e s s  of IO 8M N m 2 (7 ton in 2 ) w i t h  a l l  other conditions t ernaining constant.

These r e s u l t s  are presented  in a s i m i l a r  form in Table  4 and on Fi g . 1 4  to those

oht ~~j n e d  at the hi gher  s t r e s s  level .  It should be noted that standard deviations

have not  been evaluated since the number of tests available were too few but  an

ex i n i n a t i on  of the  data indicates that the repeatability is not inconsistent with

t hat  o b t a i n e d  in the  p rev ious  t e s t s .

I t  is i n t e r e s t i n g  to no te t h m t  the r e p e a t a b i l i t y  d isc losed at t ime zero ,

i m m e d i a t e ly  a f t e r  the app l i c a t i o n  of the test load is no different from that

ob ta ined  l a t e r .  The loading process  i t s e l f  has t h e r e f o r e  proved to be h i g hl y

r e p e a t a b l e .

6 .3  Incrementa l  load ing  of e c c e n t r i c  test assemblies

The values of Young ’s modulus derived f rom the  inc rementa l  load ing  checks

on the six de l i be ra t e ly eccent r ic  tes t  assemblies are given in Table 5 , t o g e t h e r

wi th the test numbers and type and degree of eccentricity. The degree of

angular e c c e n t r i c i t y  is spec i f i ed  as the dev ia t ion  of the specimen centre line

f rom the axis  of loading at each end of the gauge length, see Fig.l c. With the

gauge length of 114.3mm the angular eccentricities of 0 .05 1mm and 0.127mm used

are t h e r e f o r e  equivalent  to 0.050 and 0 . 1 3 0 respect ive ly.  The ind iv idua l

s t r e s s / s t r a i n  d a t a  points are shown graphically on Figs .I5 to 20 by p l o t t i n g

s t r a i n  dev ia t ions  from the linear relationshi p defined by equation (1).

The three laterall y eccentric test assemblies , see Fig s .15 , 16 and 1 7 sh ow

the p rogres s ive  growth  in the d i f f e r e n c e  between the l e f t  hand and r ight hand

strains which would be expected from this type of eccentricity. In a d d i t i o n  a

significant amount of non—linearit y is apparent at the largest eccentricity

value and Young ’s modulus was not evaluated for this test.

The a n g u l a r  e c c e n t r i c i t y  r e s u l t s  sho’~,n i n  Fi gs.  18 , l~ and 20 a l l  e x h i b i t

small differ ences between the left hand and ri ght hand strains and would there—

fore he accepted as aligned tests under con”entional p r a c t i c e . At the l a rg e s t

angular eccentricity non—linearit y is again apparent and Young ’s modulus was

therefore not evaluated.

L. - ~~— 
-~~~ ~~~~~~~~~~~~~~~ ~~~ - ~~~~~~
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For b o t h  lateral and angula r eccentricity the values of Young ’s modulus

evaluated at the lower levels of eccentricity fall withi n the range obtained

from the 28 ali gned tests .

6.4 Creep of eccentric test assemblies

The six eccentric tests listed in Table 5 were creep tested for 96 hours

under the nominally identical conditions of I 7OMN m
2 

(II ton in
2
) at 180°C.

The measured values of total strain at various times during this loading period

are p r e s e n t e d  in Table 6 toge ther  with the average of the ali gned tests at

corresponding times previousl y de tailed in Table 3. In a d d i t i o n  the  two t e s t s

showing the g r ea t e s t  e f f e c t  wi th  0.127mm (0.OOSin) lateral and angular eccentrici-

ties are shown compared with the basic creep curve on Fig.2 1 .

In order to examine , in greater detail , the way in whi ch the eccentric

tes ts differ from the aligned tests the difference in total strain between each

eccentric test and the average of the ali gned tests is plotted against the

appropria te times on Fi g.22. An examination of these results shows that , in
gener al, eccentricity inc reases cr eep deformation . The exceptions found were the

two angu la r  e c c e n t r i c i t i e s  of ±0.051mm (0.OO2in) which show a sli ght decrease ,

w i t h i n  two s t a n d a r d  d e v i a t i o n s  f rom the a l igned  r e s u l t s .  The h ighes t  value of
angular  e c c e n t r i c i t y , ± 0 . 1 2 7 m m  ( 0 . O O 5 i n ) , in c o n t r a s t  produced the g rea tes t

* 
increase in creep deformation of 8 .9% or 11  standard deviat ions  at 96 hours

after loading .

The lateral eccentricity tes t results present a more rational pattern .

All show an increase in creep strain. Referring to Fig.22 it is apparent that

the two tests at a lateral eccentricity of 0 .05 1mm ( 0 . O O2 i n )  have very similar

slopes and if a cor rec t ion  were made for the low initial total strain reading in

test E4, then excellent agreement would be obtained indicating an increase in

creep deformation of 3 .1% or three  and a h a l f  s t anda rd  d e v i a t i o n s . The h ig her

value of lateral eccentricity , 0.127mm (0.005th) has resulted in an approximately

proportional increase of 6.8% or eight standard deviations from the aligned data .

7 DISCUSSION

The 28 values of Young ’s modulus summarised in Table 2 exhibit a standard

deviati on of 0.076 1O
4
~1N m

2 
on the mean value of 7.6 12 ~~~~ m

2
, i.e. a 1%

4 —2
effect. The hi ghest and lowest values found of 7.763 10 Mn m and

7.474 / 10~~i\ m
2 resoectivel y li e wi thin two standard deviations or - 2 of the

mean .

2~ 

- 
- -

~— . - 
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The standard deviations obtained from ten constant load creep tests at

I7OMN m 2 
(11 ton in

2) and 180°C, see Table 3 , rise from 0.0016% at zero time

to 0.0026% after 96 hours on load . The mean total strain values at these times

are 0.2502% and 0.5460%. Hence expressed as a percentage of the mean total

strain the standard deviations are approximately constant at 0.5%. The highes t

and lowest values at time zero are w i t h i n  approximate ly two and a h a l f  s tandard

deviat ions or + 1 . 1 %  and — 1 . 3 % . The pos i t i on  at 96 hours is s i m i l a r , again the

hi ghest  and lowest values are w i t h i n  two and a half standard deviations or +1.1 %

and —0 .4% of the mean total strain. It should  be noted that the experimental

r e su l t s  are in terms of s t ra in  at given times and are t h e r e f o r e  not d i r e c t ly

comparable wi th the r epea t ab i l i t y  requirement  of rS % on t ime to a given strain.

The s t r a in  ra te  app l icable at 96 hours for  the c o n d i t i o n  of I 7OMN m 2 at 180°C

is in the reg ion of 1.85 x I 0~~ % hour
1 

and the cor responding  r equ i r emen t  on

to ta l  s t r a in  at this time would therefore  be in the order of ±0 .0088% or 1 . 6 1 %

when expressed as a percentage of the mean to ta l  s t r a i n  of 0 .5460%.

The degree of repea tab i l i ty  and low sca t te r  achieved in the above r e s u l t s
2 is considered highl y sa t i s fac tory  and provides assurance tha t  a l l  si g n i f i c a n t

f ac to r s  are being controlled in a consis tent  manner .  Some assessment of the

con t r ibu t ion  of the alignment sys tem to this repea tability may be made by the

examinat ion of the data available from the deliberately eccentric tests.

The coL d mo’~u lus checks show broadly the p a t t e r n  one would expect , l a t e r a l

eccent r ic i t ies  exhibi t ing  subs tan t i a l  d i f f e r e n t i a l  s t r a i n  values  (di f fere nce
between l e f t  hand and ri ght  hand measured s t r a i n s )  and angular  e c c e n t r i c i t i e s

showing the low values typical  of aligned specimens . However when we examine

the values of the d i f f e r e n t i a l  s t r a i n  obta ined in the l a t e ra l  tests and compare

them wi th  the values one would expect from simp le bending theory  d i sc repanc ie s

become apparent. Table 5 compares ac tua l  d i f f e r e n t i a l  va lues  w i t h  those der ived

from simple bending theory for a specimen of rectangular cross section using the

r e l a t i o n s h ip:

d i f f e r e n t i a l  s t r a i n  = 12 e  —s- x 100%

d

where  e = e c c e n t r i c i t y  of loading

w = extensometer attachment width (10.2mm)

d specimen wid th (12.7mm) .

r.

I
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A whole range ot differential strain results varying fr om 53% less than
predicted to 39~’ more was obtained. In addition the 0.127mm (0.OOSin) lateral

t e s t  a l so  e x h i b i t e d  c o n s i d e r a b l e  n o n — l i n e a r i t y .  Thus a v a r i e t y  of e f f e c t s  need

exp l a n a t i o n .

It ~~ fel t that a combination of specimen deflection , gravita tional and

f r i c t i o n a l  e f f e c t s  may have been r e spons ib l e .  C e r t a i n l y  the we ig ht  of the

eccentric items comprising specimen , universal joints and extensome try formed

approx ima te l y one t h i r d  of the s t and ing  load level , the da tum cond i t ion  fo r  the

cold modulus check . At these low loads one would have expected the test assemb ly

to move sideways and to rotate under the action of the eccentric moment leading

to a condition of mixed angular and lateral eccentricity . These effects when

coup led with fri ction and specimen deflection could have formed a complex condi-

tion changing wi th load level and incorporating random effects , and it is there-

fore not surprising that simp le bending theory is inadequate to explain the

r e s u l t s .

• Creep t e s t i n g  of the eccentr ic  assemblies produced genera l ly l a rger  t ot a l

s t r a in s . In the case of the la te ra l  eccen t r i c i t i e s  the magni tude  of th i  e f f e c t

is seen to be approximately proportional to the eccentricities used , the 0.127mm

(0 .OO Sin)  eccen t r i c i ty  producing a 6.8% increase in creep s t r a i n  at 96 hours .

Angular eccentricities resulted in an anomalous situation where the ~O . 1 2 7 mm
(0.OOSin) value produced the greatest increase in creep strain found , an 8.9%

effect whereas both tests at the ±0.051mm (°.OO2in) value fell slightly below
- - the creep curve for  aligned specimens but within two standard devia t ions  f rom i t .

Further work could be carried out in the investigation of eccentricity of

loading to  c l a r i f y  the anomalies and u n c e r t a i n t i e s  e x i s t i n g  in the l i m i t e d

:~ number of tests reported and also to extend the data to other conditions of

stress and temperature. However it is considered that the primary chjective s

• have been ach ieved .  Tensile creep tests with a deliberate eccentricity of load-

ing have demonstrated that eccentricity is a si gnifi cant factor affecting the

r e p e a t a b i l i t y  of creep da ta  and should the re fo re  be con t ro l led  to a t o l e r ance

consistent with the requi rements for overall accuracy . In the tests reported here

it is clear from the results , Fig.22, that for high precision data the tolerance

should be 0.013mm (0.0005in) to limit the effect to one standard deviation ; this

cor responds  t o  a r a t i o  of e c c e n t r i c i t y/ d e pt h  of s e c t i o n  of 0.00 ) , and the  c u r r e n t

ec .~nt ric itv tolerance of 0.0076mm (0.0003iri ) is therefore considered realistic.

S
.S
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8 CONCLUSIONS

Deli beratel y eccentric tensile creep tests have demonstrated that for high—

pre cision repeatable creep da ta , eccentri cities of loading should be l imited to

an eccentricity/depth of section value of 0.00! for rectangular specimens under

the test conditions used. The conventional trial and error assemb ly used in

creep L sting is not capable of achieving this requirement since angular

eccentricities and eccentricities in the plane at right angles to the extenso—

metry are not detectable.

The positive ali gnment system which is the subject of this Report has

proved to be capable of achieving consistently the eccentricity tolerance

specified and is justified by the high quality of the creep data prod uced.
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Appendix

EXTRACT FROM SPECIFICATION DTD 5070A FOR CLAD ALUMINIUH ALLOY SHEET

(a) Chemical composi tion of core material:

Elemen t 
Per cent by weight

Minimum Maximum

Copper 1 .8  2 . 7
Magnesium 1 . 2  1. 8
Si l icon — 0 .25
Iron 0.9 1.4
Manganese — 0 . 2
Nicke l 0.8 1.4
Zinc  — 0 . !
Lead — 0 .05
Tin — 0.05
Ti tanium — 0.2
Aluminium — the remainder

(b) Chemical composi t ion  of c l add ing  materials:

Per cent by weight
Element  . . .M inimum Max imum

Zinc 0.8 1.2
Aluminium - the remainder

(c) Minimum mechanical proper t ies:

0.1% proof stress not less than 308NN m
2 (20 ton in 2)

Tensile strength not less than 386MN m
2 
(25 ton in

2
)

Elongation not less than 6%

(d) Hea t t reatment:

Solution treatment by heating at 530 ~5
°C.

Quench in water at a temperature not exceeding 40°C.
Precipitation treatment by hea ting uniformly at 190 ±5°C for 10 to 30 hours .

~i ~~ —- - ..— ..~~. . :;. - - .  . - .. — 5 ~~. - -
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T able  I

TYPICAL INCREMENTAL LOADING TEST: RE 16

% s t r a i n  L i n e a r
S t r e s s  r e l a t i o n s h ip

— -~ Left—hand Ri ght—h and . s t r e s sMN m Mean % s t r a i n  =e x ten s o m e t e r  ex tensomete r  27 . 6 1 2  / 10

0 0 0 0 0
4 .2 8 O .u055 0.0054 0.00545 0.0056
8.57 0 .0109 0 .0 1 15  0 . 0 1 1 2  0 . 0 1 1 3
12.85 0.0165 0.0171 0.0168 0.0169
1 7 . 1 3  0 . 0 2 2 1  0.0230 0 .02255 0 .0 2 2 5
21. 41 0.0278 0.0287 0.02825 0.0281
25.70 0.0337 0.0346 0.03415 0.0338
29. 98 0.0392 0.0403 0.03975 0.0394
34.26 0.0451 0.0458 0.04545 0.0450
38.54 0.0508 0 .05 17  0 .05 125  0.0506
42.83 0.0565 0 .0573 0.0569 0 .0563
47 . 1 1  0 .0622  0 .0630 0 .0626  O.O6 ~~9
5 1. 3 9  0.0679 0.0688 0.06835 0 .0675

42.83  0.0566 0 .0573 0.05695 0.0563
34.26 0.0453 0.0462 0.04575 0.0450
25.70 0.0339 0.0346 0.03425 0.0338
17. 13 0.0225 0.0232 0.02285 0.0225
8.57 0 . 0 1 1 3  0 .0 1 15  0 . 0 1 1 4  0 . 0 1 1 3
4.28 0.0058 0.0058 0.0058 0.0056

0 0 — 0 .000 1 —0 .00005 0

I -— -a~~~~ . - 
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Tab le 2

VALUES OF YOUN G ’S MODULUS (E) FROM AXIALLY ALIGNED TESTS

E E
Test M/C 

—2 ~ differen tial Test N/C 
—2 

% d i f f erent ial
No. N o .  MN m st r a i n  No.  N o .  MN m s t r a i n

lo~ 1o~

RE 4 4 7 .598 0 .4% RE 20 4 7 .660  1 .9%
7 3 7 . 7 6 3  0 .3  2 1  4 7 .653  0 . 4
8 7 7.763 0.3 22 3 7 .570 1 .5
9 3 7.681 0.5 23 8 7.632 0.8
10 4 7.612 1.4 24 4 7.646 1 .3
1 1  6 7 .543  3.3 25 7 7 . 6 1 2  0 .5
12 I 7.632 1.3 26 I 7.577 0.1
13 6 7 . 5 2 2  1 . 1  28 5 7 . 529 1 .0
14 2 7.570 0.6 29 6 7.474 1.2
15 2 7.584 4.8 31 2 7.584 0.9
16 5 7.495 1.4 32 7 7 .701 0
17 4 7.557 1.5 33 8 7.501 0.4
18 1 7.653 1 . 7  35 2 7 .591  1. 0
19 8 7 .736 0.9 36 8 7 . 6 1 2  1 . 9

Mean value of H = 7 . 6 1 2  x IO4MN m 2 
(11.04 x io 6 lb in 2

)

Standard deviation = 0.076NN m
2 ( 0 . 1 1  x io

6 lb in 2
)

Laboratory temperature = 21 ±1 °C

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~ ~~ ‘“
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Table 4

REPEATABILITY OF TOTAL STRAIN IN CREEP TESTS AT: 1 0 8 . I I M N

( 7  ton in
2) 

AT 180 °C

- Total strain ~ (elastic + creeD )
Time -

hours 
RE 15 

- 

RE 31 RE 32 Mean

0 0 . 1 5 4 8  0 . 1 5 4 4  0 . 1 5 3 4  0 . 1 5 4 2
0.1 0 .1618 0.1610 0.1603 0.l610
0.25 0.1650 0.1643 0.1632 0.1642
1.0 0.17 1 9 0 .171 4 0.1699 0 .1 711
2.6 0.1787 0.1777 0.1771 0.1778
10 0 . 19 2 5  0 . 19 2 7  0 . 1 9 2 4  0 . 19 2 5
25 0 .2083 0.2086 0 .2076  0 .2082
96 0.2457 0.2473 0.2465 0.2465

Tab le 5
VALUE OF YOUNG S MODULUS (E) FROM ECCENTRIC TEST ASSEMBLIES

Eccen tricity . .
H Differential strain

Test . —2 at maximum stress
No. 

Degree ~-t-. m
Type — ~~4

rim in Actual Predicted

E I Lateral 0.0127 0.005 Non line ar 4.5~ 9 .6 %
H 4 Lateral 0.0051 0.002 7.595 3.6% 3.8%
E 5 La te ra l  0 .0051 0 .002 7 . 6 1 3  5 .3% 3 .8%
E 2 Angu la r  ±0.0127 tO.005 Non linear O.9~ 0
E 3 Angular ±0.005 1 ±0 .002 7.578 1.6% 0
E 6 Angular ±0.005! ±0.002 7.563 0.7% 0

:.-.. ~i_~ .TT -- ~~~~~~~~~~~~~~~~ ..~~t ~~~~~~~~~~~~~~~~~ -- .~~~~
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