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" MEASUREMENT OF SPRINGS

An investigation has been carriedé out into the methods of measuring
the £free length, diameter, lcad/lengtih, and sguareness of springs,
Commercial practices have been surveyed, and at SRAMA headguartexs
several methods have been analyseé in detail to determine th

most precise method for measuring each paraveter,

In general, the spring industry was found to use methods which
were fast and sirple to use, with precision only a secondary consi-
deration, and hence there was seen t0 be a need for standard,
precise, measurement methods ir case of disputes.

From the resulits of the analysis the following recommendations
are made:

. For measurement of free length ané lcad/length an electronl

lpad cell spring tester provides the most precise measurements

whilst being reasonably guick ard easy to use.
z, For diameter measurement, if the spring length is less than

he platen diameter on the electromic load cell spring tester

L
then thig is the moet precise method, However, the height
8

{a ]

ecommended for springs in which this condlition

3. For sguareness measurement, ground tapered jigs on a suxface
plate give the greatest degree of precision combined with
speed and simplicity.

4. For all methods at least 2 readings shoulé be takern and
averaged . R
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The information contained in this report is confidential and
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In the currert Britigh S tandard BS 1726 for the design and
specification of goil sprirgs, parameters such as free length,
cutside diameter, load/lergth and squareness are defined and
toleranced. However, the metheds used to measure these

t stipulated. This can lead to discrepancies
ir vaiues cbtained by customer ard supplier, and also by

ingpectors vsing different equipment within the game compan

¢ therefore seem logical to attempt to achieve method
standardigation and te remove the use of different techniaues
ags a scurce of error This project was dertaken o cvaluate

the varioug curxehu methods of meaSurigg spring dimensicns, and
recowpmendations for a definitive mathod to
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determine each parameter.

To investigate normal commercial practice a guestionnaire vas

sent to the guality control department of member companies.

Tc analyse commercial methods of lcad testing, 3 springs were
1 -

sert to several companies for ing by varigus inspectors

en different machin

Fipnally, a SRAMA nead"ua_.ers fﬁree diffoerent gample snr*nas
were measured by several memhers of staff using pix different
methods. ,The'res"rts were ara;ysed to determine which method

was mosti precise ané.;eas""gbjept to. human errcr.

PARAMETERS SEECTFIED IK BS 1726

'The fol1lq wing is a ii sr'ofrihe épring parameters which aze
""'P.""':E.PF_"1 and *ﬂ‘efapceﬂ'hy b on Y v
:*heve‘crﬂ require meaguringi-




Free length

Coil diameter

Load/length

Sguareness

Sclid length

-2 -
defined in BS 1726 as "the distance
between two parallel plates, perpendicular
to the axis of the spring, and in contact
with the end coils or part of the end

coils".

"The diameter of the helix {outer or inner
surfaces) when the spring is unloaded.

The diameter may be measured at any position
aleong the spring”.

"the length of a spring under the steady
application of a given axial 1oad; or
alternatively the load required to compress
the spring to a given length".

this is not defined in words by BS 1726
but is the maximum horizontal distance of
the outside diameter from a vertical line
perpendicular to the end coil.

"the length at which a reasonable increase
of lecad produces no perceptible decrease in
length when the spring is slowly compressed
{(i.e. in principle when metal to metal

contact occurs)".

The rate of a spring is toleranced by the standard, but since

this factor is based upon measurements of load/lengths, only

the mgthods of determining load/length were considered in this

report.ﬂ

Similarly, the solid length is measured using load procedures

and the best load/length measurement method would also be the

best method for measuring solid length.

Wire diameter is an important dimension also, however, wire

diameter cannot be accurately measured after the spring has

been coiled, and since-the-tolerances and measurement are

related to .the appropriate wire standards, this dimension is

not usefully considered by the project.
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For the determination ¢f the scguarerness of a spring BS 1726 does
sl
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ne a method gsing lat plate and set square. However,
the gar betweenr the square and the spring is only specified as
being measured by "a suitable measuring device”™ which leaves

the method of measurement rather ill dafined.

From consideration of the foregoing it was decided that the
parameters which were of primary importance and therefore whose
appropriate measurement methods required study were frae length,

Giameter, load/length and sguareness.

CF COMMERCIAT. MEASUREMENT METHODS
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A guestiohnaire was sent to member companies which sougt
information cor all methods used by a company +o measure the
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free length, diameter, sguareness, ard load/length of s
which they manufactured, The survey was not intended to be
comprehensiye, but to act as a general indication of the most
corronly used measurement technigres within the spring

nanufacturing ipdushry, Table I is a swmary of the methods

vsed by companies.

Free length measurements were usually taken as being the
maximom free length, although céertain companies measured free
length at ¥ turn into the helix on the basis that this gave

an Irndication cof the mean free length. The cormon free length
meagsurements on extension gprings were overall length and

Iength ingide the locps. Tahie I aigo outlines the method
used ¢ suppeort springs whilst the measurements were being
made. For flimsy springs in methoﬂs wheyre 'hand holding’

.was normally used the snrinc was aften ”1a5ed on a supporting

o]

péq and meas"femepts made in he hcr*Zﬂn.aL position. or

‘ﬂ*ams:ef measyrements the onf51de "1a_gter was L"La“y the

Jax.mam d;ade*er ;aﬁen frﬂm eveva_‘ ueaaﬂve_e“ cF the spring.
“cwuver, some *ar"Fac+ rers meas"*ed the end ceoi ﬂnly.
“Pﬂba~ iy assumlng that this was * he pes;ti on of maximum outside

as meast reﬂ it was alwaye the
.‘-“-B gen *lly_was“aﬁsnmed
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SURVEY OF COMMERCIAL ACCURACY OF LOAD/LENGTH MEASUREMENTS

In order to assess the accuracy to which commercial load/length
measurements are made, 3 springs were submitted to various
manufacturers for load/length testing in accordance with the
procedure given in Appendix A. Each of the companies involved
were asked to measure each of the 3 springs using separate
combinations of a machine with wvarious operators and/or an
individual operator with various machines. Each machine/
operator combination produced 16 readings for each spring.

The results are shown in Table ITI (i), (ii), (iii) for each

of the three springs.

In the Table II; A, B, ¢, D and E are the companies involwved
and the numbered columns are the different machine/operator
combinations within each company. The vertical numbers 1-8
relate to the 8 different positions of the spring at which the
load at 1" height was taken. The + and - signs relate to
measurements taken on compression and release respectively.
For each operator/machine combination the mean of the 16
readings was calculated, and then the average of all the mean
values taken with the tolerance of the highest and lowest mean
value ‘expressed as a percentage. The values gave a variation
of approximately tZ%% for this. The calculation was repeated
for the highest and lowest individual readings and gave a

variation of approximately’ —3%%.

The springs used were light with 10 coils, hence according to
BS 1726 the load tolerance was 153 (1f the springs were
required to be of Class A standard) . It does not seem
consistent to speC1fy a spring with a load tolerance of 5%
when commerC1al methods give a variation of approximately -3%%
in measured 1oad A spring could actually be only within
-8%% of the requlred load and yet be accepted as within the
spec1f1ed tolerance by certain companles. This clearly shows
the need for a standard, more prec1se method of load measure-
ment so that the tolerances given in the BS 1726 become meaning-
" ful. The results of Table II also indlcate the- nece531ty of
taking several readlngs of the load in order to- réduce the
medsured load tolerahce (in  this-case from 3%% to $2%%).
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ARASYSIS OF MEAJURNMENT METHODS AT SRAMA

hs discugged in section 2 the imporitant parameters which reguire
measuring are free length, cutside diameter, lcad/length and
sguareness. For each parameter an assessment was carried out
into possible measurement methods which existed at SRAMA
Headqguarters. Zach measurement method was then carried out by
7 coperators on 3 different corpressicn springs, the designs of
which are given in Table ITX, {T"he springs used were not
those used Ffor the commercial survey of lcad/length measura-
ment}. For each method on each spring, indivigual operators

teck 5 separate readings.

Methods Used

r the measurement ¢f free length and cutside diameter 5

(55 ]
O

fferent methods were used.

fu
[

s
-

Vernier:

Ll

The vernier used was graauated in 0.001 in divisions.
The range of measurement was from ? to 160 mm and the
jaws were 45 mm long by 4 mm thick. The gpring was
held in the hand whilst being measured.

Lge
i

ot
LT

Dial Ganuge:

The dial! gauvge used was graduated in 0.01 rm divigion
and was fitted with a ball end. The gpring was stocd
on a surface plate and the Gial gauge rigidly supported
n the plate via a magnetic biock. The zero position
on the dial gauge was set to the nominal value of the
dimernsion being measured using siip gauges. . The dial
gaﬁge-was not used on spring C free length measurement
becavse the spring was too flimsy for relevant measure-

ments =0 be made.

{iil}! Profiie Propiector:

.. The profile n*o;ec: r used was cvaﬁuateﬁ‘i; .90 mm
d;visicns and was fitted with lenses Fo*“"' 0

50X magnification. The table measured 140 mm
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and the cross wires on the screen were 300 mm long
corresponding to distances on the springs of 30 mm, 15 mm
and 6 mm at 10X, 20X and 50X magnification respectively.
The springs were held in position horizontally on the
table by bringing one end of the spring up to a magnetic
block.

(iv) Conventional Mechanical Spring Load Testex:

The load tester was fitted with 2 dial gauge graduated in
0.001 in. divisions. The platen was 50 mm diameter, and
the maximum distance between top and bottom platen was

110 mm. The dimension was measured by placing the spring
on the bottom platen and bringing the top platen down to
the spring until contact was made, which was indicated by
the balance scale just registering a load. The dial
gauge was zeroed to the nominal value of the dimension

being measured using slip gauges.

(v) Height gauge:

The height gauge was graduated ih 0.01 mm divisions and
had a range of 0-300 nmm. It was used on a surface plate

with the spring free standing.

(vi) Electronic Load Cell Spring Tester:

The load cell tester was fitted with a dial gauge
graduated in 0.0l mm divisions. The platen was 45 mm
diameter, and the maximum distance between the top and
bottom platen was 100 mm, It was used in a similar
manner to the mechanical tester except that the load was
registered on a ‘digital readout.

For the measurement of load/length, three methods were used.

(i) Avery Load Tester:

 de;§iery machines were used. The larger, having a
capacity of 220 lbs, was used for springs A and B, and
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the smaller, having a capacity of 20 lbs, was used for
spring C. The .load length was set using slip gauges.

(ii) Comaco Load Tester:

Two gizes of Comaco machines were used. The larger
(200 lbs capacity) used for springs A and B, the smaller
(25 1lbs capacity) for spring C.

(iii) Electronic Load Cell:

This machine was only used for spring C since the capacity
of the load cell was only 22.5 lbs (100N). The digital
load readout was in stages of 0.01N.

For the measurement of squareness the following three methods

were used:

(i) Square and Feelers:

The spring was rotated next to a square on a surface
plate and the gap between the square and the spring

measured using feeler gauges.

(ii) Profile Projector:

The spring was located horizontally against a magnetic
block on the projector table, and the screen rotated
until the cross wires lay along the outer line of the
colils. The angular rotation of the cross wires was
noted and this was then converted back into units of
in/in length.

(iii) Taper Gauges:.

The springs were rotated next to taper gauges stood on a
surface plate. 0nly 2 gauges were available corres-
ponding to Class A and Class B squareness tolerances for
light springs from BS 1726 (i.e. 0.02 in/in length for
Class A and 0.04° ‘in/in length for Class B).



Results and Discussion

(a) Free Length and Diameter Measurement

No real purpose would be served by listing the 1215 individual
measurements made, and so this is omitted from the report.

For both the free length and diameter measurements an Analysis
of Variance was conducted to determine which factors had the
greatest effect on the measurements obtained. (For a full
description of this statistical method see chapter 19 of

M.J. Moroney's 'Facts from Figures' Pelican). The factors
considered in the analysis were the operator conducting the
measurements, the method used, and the spring being measured.
The results of the Variance ratio significance analysis are

summarised in Table IV.

From Table IV it can be seen that the method used for measuring
both the free length and diameter of a sprihg is highly
significant (i.e. the measurement taken is highly dependent
upon  the method'used). The probability that the signficance
obtained from the measurements méde in these tests could have
occurred by chance, is less than a thousand to one. This
emphasises the need for standardisation of a single method of

measuring spring dimensions.

It can also be seen from Table IV that for the free length
measurement the operator is a highly significant factor, whilst
for the diameter measurement this is only of possible signifi-
cance (probability is one in twenty that the significance
obtained was due. to chance alone). The significance reflects
a lack of consistency between operators which is due to
differentIOPerators applying different value judgements when
taking a measurement (e.g. different 'feels' on a vernier and
height gauge, different zeros on a profile projector etc.)

The measurement method can only reduce this human factor if

it reduces the amount of 'vaiue judgement' in a method

{e.qg. digital instead of analogue readouts etc.). Probably
the best way to reduece the variation introddced by this factor
is to define as closely as possible the processes ali operators
must undertake. when using a particular method of measurement,
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and training the cperators in their use, The scring bein
maasutred ig preobably a significant factor also. Little can

be dore in this resvect except possibly to alter the standard

8

thed of measurement to suit a particular type of spring.
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single mest iwpertant facter producing varation in the measure-

ments obtained. Iin the light of

best method would be that which congistently gave the lowest
r n
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standard deviation
springs when all the readings taken by different operators
using that method were pocled. This is summarised in Takle V
where the gtandard deviaticon and mean arve given for each
methed on each spring,  From congideyaticn of Table V it is

clear that the electronip load cell tester was the method

spring being meagured. This waa probably due to the fact

that there was very litile value juggement invelved in the

method, and hence the human errgr was minigised. The icad

readout was digital and hence the point at which the readcut
r L]

s el
changed from £.00 to §.01N was precise. The only Judgement

]

require vy the operator was toc decide upon the dial gauge
d even this could be removed by fitting the tester

with a Sigltal readout of iength. There were alsc very few

initial ‘*setting up’ errors irtroduced by the cperator since
the dial gauge was zerged using slip gauges set fo the nominal
value cf the dimensicn taken,

Ir comparison with the load celil metheod, the prefile proiector

-

was seen as a very poeor method because setting up the spring
on tha table with its end coils aligned with the cross wires
-vas an involved and lengthy p;cgéd-.:re reguiring much patience.
Alse, very important value judgemenis were reguired in oréer
o fecide when the ipage of the. spring was in focus and when
the cross wires of the screen were touching the image. The
poor. performance of this instrument was a disappointment .

since with a 50X magnifica:%o;;ﬁ;ﬁ_?,ﬂ?l rrm graduations there

was a great poctential for very accurate measurerents., Since

the work in thig project has been carried out, much effort
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has been directed intoc obtaining more consistent measurements
from this ‘instrument and a large degree of success has been
achieved. Perspex jigs consisting of wvee blocks and mandrels
have been manufactured to hold springs on the table and
eliminate almost all setting up errors. However, value
judgements still olay an important role and the equipment is
relatively slow in use requiring a high degree of meticulous-

ness on the part of the operator.

Consideration has been given to inaccuracies introduced into
the electronic load cell method because the spring was free
standing and the springs own mass would cause a compression of
the spring. Also, the fact that a load of 0.01N had to be
applied to a spring before the contact point was registered
introduced an error in the measurement taken. The calculation
of the discrepancies introduced is given in Appendix B, but the
calculations show that the compression of the spring caused by
both the mass of the spring and the applied 0.01N load was very
small {max. of 0,02 mm, i.e. 0.08% for the light spring C).
However, in cases where this could mean the difference between
acceptance and rejection, the value of the error is easily
calculated, and can be added to the reading for the free
length.

However, before recommending the electronic load cell method
for the measurement of diameter (on the basis that it produces
least variation in the measurement obtained) consideration
must be given to what a manufacturer requires when making

a diameter measurement. Almost invariably the diameter
required is the maximum outside diameter of the spring, and
this usually occurs at the end coils. In many cases the
diaméter of ‘the platens on the load cell device will be less
than the length of the spring, and therefore the end coils
will not be included in the diameter measurement. The reading
taken will therefore be less than the maximum diameter. For
this reason the diameter measurement taken using the load cell
device is-invalid if the spring length is greater than the
platen diameter, and a different method must be'ﬁsed, even
though the second method may be subject to greater scatter in
the results. ' ' o
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which gave the least scatter and yet did include measurement
of the end coil diameter was the height gauge, and this ig
therefore recommended in gituations where the lcad cell method
is invaliqg.

{h) Load Length Msasurement

Ags with the free length and diameter measureménts, the most
precise method was that which gave the lowest standard devia-
, 5 were poolied.
The results are gilvern in Table VX, and it can be seer from
the resultsg that there is little difference between the two

rd to precisiocn, The

st the Comaco was

3
il
3
Jwt
o
L]
n
it
S
I
| on
1]
Lt
s
8]
=]
Hh
2
3]
L]
3
"
I
13
& BT
$+]
%
feie
1

; for spring £ which was
light erough for the electronic lcad cell to be used, beth

e machanical! testers proved infericr tc the load cell
taster. This was considered te be due to the lack of value
judgement regquired from the operators using the digital lcad

readout of the electronic tester.

From gonsideration of speed and simplicity the Ccmace was the

poorest machine, with littlie difference ketween the Avery and
electronic load cell, althcough agair the digital readout of

the latter tended to apeed uwp the gperation.

{c) Sguareness Measvrement

{

A statisticnl examination the results was not pessible

[¥)

I3 ":ll'_ 1h

since the tapered gauges method did not give an exact measure-

ment for the sguareress, bu cn_.y'i-'&j_cé.i':eé' whethar the
'sgﬁqreness was of Class A or B standard. Precise measure-
ments could have been made using this method if a large range
of tapered gauges had been available. In practice, the

c
apered gauge metheod clearly proved to be the best method.

t
It was very gquick and simple to tse and ail operators_couid
determine whether the gpring was Class A or B..- In corparison,

the profile proiector and square and feeler methods proved
very cumberscme and tedicus and dicé not give very precise
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results. The profile proijector method was particularly awkward
to set up and the square and feeler method was subject to very
important value judgments on the part of the operator with
regard to the 'feel' of contact, this difficulty was more pro-

nounced when measuring light springs.

GENFRAL DISCUSSION

The methods assessed in this report were not chosen to give an
exhaustive coverage of all the possible methods which might
exist, but were taken as an average sample of the common methods

employed by the spring manufacturing industry.

In recommending specific methods for determining any spring
parameter, as this report does, the commercial implications for
manufacturers of spring testing and measuring equipment must

be considered. Therefore, it should be clearly understood that
the recommendation in this report of a particular method for
measuring & particular spring parameter does not imply that any
other method should be discarded. The suggestions made in this
report are based on methods which proved the most precise, and
in many situations such precision may be unwarranted and other

methods would then be perfectly acceptable.

For example, the recommendation of electronic load cell spring
testers as opposed to mechanical spring load testers for
measurement of load/length relates to a situation in which
narrow tolerances on load/length may be specified, and obviously
in this case an electronic load cell with a typical tolerance
range of 0.05% would be much superior to a mechanical tester.

Of vital importance, however, is that the tolerance on a
particular méasurement method.must be negligibly small in
comparison with.thé tbierance band stipulated on the measurement,

otherwise incorrect rejections or acceptances will occur.

CONCLUSIONS

From the work done in this project the following conclusions

have been drawn:- ..
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height cgauge is recommended fzr measurement of diameter.

The method for determining sguareness using a set squars
A

and suitable measuring device which is stipulated in

(

BE 1726 does not in practice prove to be the best methed.
Tt is recomm Bp&ea that taper gauges be used for reasons
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of speed, ease of cperaticn, ard accuracy.

To redvece inconsisten in readings cbtained by &ifferent

operators using the same method of measurement it is

recormended that the mesasurement process shounld be

tipulated as closely as possible and demonstrated o the

operateors. With thig in mind, for the recommended

wethods put forward in this report, the exact steps
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TABLE I  COMMERCIAT. METHODS OF MEASTRTNG SERINGS

(i) Free Length

1 i H ;
{ i : No, of Companies |
: Method i Methgd of Support Wnilst i Hging Method '
1 i Measuring Sprin ' H 1
: i Leas § Sprinyg | Compressioni Extension |
} - .

i Vernier Hand held : 7 I 5 i
i Micrometer . !Hand held ; & 4 :
H - . T H - i i
iShauawgrapn iNot specified . 3 : i
;Dial gauge Free standing on surface plate! 3 : ]
1 So/NoGe gauge Hand held : 3 ; i
i Height gauge Free standing on surface platei; 2 i i
{ Rule* Free standing on surface plate! 1 : i
i Calipers® iHand heid i 1 : i i

i3 Diameter

A B I H
§ H £ t+ 1g% i £ o 4 i
! Methcd i Method of ?upper- Whilst : Nc: of Companies i
i Measuring Spring 1 Using Method i
H H i .

Ll }’ ) | 3
| Vernier lHand helj ! 6 !
H § = i
| Go/NoGe gauge :Hand held i [ j
iMicrometer . jHand held ! 4 i
i Shadowgraph  {Not gpecified ; 2 !
ipial gauge Free standing on surface plate 2 i

(iid)} Squareness

Methed of S.ﬁnorc Whilst Neo. of Companies

- i B T
i : :
; Maethod i i A
i od i Measuring Spring H ising Method !
! : - ]
| Sgquare and ! ' 1
Islip gauges iFree standing on surface plate ! 7 !
ior feelers, i i |
Ajrnad i .
,g:a;iea" e ;?_ee standing or surface plate ! 4 i
isﬁadewgfap * iNot specified % I E
:T pered ga"ges'w*ee stanéing on surface plate , 1 E
r [ = __ _ _ _ o —— — J— — L n
{iv} Load/len
P ] '
: i No. of Companies i
: Method I ; :
i i Using Method !
r i
iConventicnal Mechanical Spring Testers 8 i
iBlectreonic Load Cell 3 i
iDead Weights 2 !
w
i

Thig method is gemerally reserveéd for pvec_si-n springs
*These metheds are gernerally reserved for large stlff sprinags
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Average of mean loads = 33-33 oE

All loads £0 nearest
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Sprinag Spring Spring
A B C

Nom. free length (mm) 77 26 25
Nom. outside dia. (mm) 38 20 12
Nom. wire dia. (mm) 5 4 1
Coil dia. (mm) 33 16 11
Spring index 6.6 4 11
No. total coils 8% 5% 9%
No. working coils 6% 3% 7%
Load/length (mm) 50 21 15
Wire tolerance (in) ¥0.0015 *0.001 20.00005
Free length tolerance (mm) i-1.38 ¥o.52 ¥0.63
Outside dia. tolerance (mm) i0.50 ¥0.20 i-0.28
Class A B A B A B
Load/length tolerance (%) r5 *10 i?% *15 s i'10
Squareness tolerance 0.02]0.04 | 0.02| 0.04 |0.02]0.04
(in/in length)




ANALYSIS

{i) Free Length
Degrees of Freedom of Residual = 576
? - i ) - ; H T
i : Variance | Degrees of | < H
i ' i Significance i
| Seurcé ! ‘patio | Freedom | El :
—— ~— -4
| Cperator ! 17.64 € I >99.9% i.e. highly significant |
f i i . P . . '
i Method | 127.49 5 i »99.9% i.e. highly significant |
i i i - P ces i
Spring i 36.45 | 2 i »95,.0% i.e. possibly significant !
H i 1 §
(1i) Diameter
Degrees of Freedom of Residual = 611
F ] ? — :
i ! Variance | Degrees of teend €4 i
i Source ! ‘pitio | Freedom Significance i
1 i a1 i
P H i
H - 1 - 0] -
E Operator ; 4.13 1 G >95.0% i.e. possibly significant :
! Method § 49.57 é 5 »>99.9% {_e. highly significant |
1 a H N 1
| Spring i 96.26 2 1 >67.5% i.e. probably significant :
[ H H » =
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APPENDIX A

Test Procedure for Commercial Load/Length Measurement Survey

Each company/inspectcr/machine cembination was reguired to measure

each spring 16 times using the following procedure,

i. Compress the spring to 17 height and record load reading.
2. Compress the spring to iis =sclid height,

3. Release the spring to 17 height (De not release te free hel
4. Reccrd load reading.

5. Completely release spring.

6. tate spring thrcough 90°.

7. Repeat steps 1-6 three more times.

8. After B readings are obtained turn the spring end for end

and repeat steps I1-7.

ant

i
¥



APPENDIX B

Calculation of Errors in Electronic Load Cell Method of Measuring
Free Length

(i) Due to spring compression under its own weight.

To determine the compression of a spring under its own weight
calculate the deflection which would occur if approximately 35% of
the mass of the spring acted as an axial load at one end of the

spring.

The springs were weighed, and were as follows:-

Spring A = 1.185 N
Spring B = 0.221 N
Spring C = 0.020 N

The spring rates were calculated and the results were as follows:-

Spring A = 27.6 N/mm
Spring B = 177.0 N/mm
Spring C = 0.993 N/mm

The spring deflections under their own weight were therefore:-

Deflection of A = 1'1637x60'35 = 0.015 mm

Deflection of B = 0'2217§ 0.35 _ 0.0004 mm

|
I

0.020 x 0.35 _ 4 007 mm

Deflection of C 0.993

(ii) Due to axial load of 0.01 N

Deflection of A = 0.01 _ 0.0004 mm
27.6
0.01 _
Deflection of B = 177 = 0.00006 mm
\ _ 0.01 _
Deflection of C = 0993 = 0.010 mm

Hence, the maximum total errors were as follows:-

Spring A = 0.02 mm
Spring B = 0.00 mm -
Spring C = 0.02 mm



APPENDIX C

a. Procedure for use of Electronic I.cad Cell Method tc Measure
ree Length and Digmeter

——

'\/a-.\am. GAUGE
i
H
[r———

ren = = e s e s s e

e

. Set slip gauges to neminal dimension being measured.

2. Place slip gauges on bettor platen and zerc digital load
readout for weight of gauges.

3. Brirng top platen down onto slip gauges.

4. Zerc dial gauge when cortact made with gauges. Thisg is

when digital load readowt increases with ne change in dial

gauge reading,

5. Release top piaten and remove siip gauges.-

€. Place spring on boittom platen and zerc digital lcad readout

-

for weight of apring.
registered ky load readout chan
B. Note dial gauge reading at this position,
9. Subtract or add dial gauge reading ¢tc nominal dimension set
by siip gauges at steo i.
10. FRelease top platen and remove spring then repeat from step 5
&t jeast twice more.



b.

Procedure for use of Height Gauge to Measure Diameter

i

SPRING Sl

~ |-
P o °_°‘6_""r'_' -~ URFACE PLATE

e e e

ANVIL

HEIGHT GAUGE

1. Place oneend of spring under the anvil of the height gauge

as shown above.

2. Rotate spring underneath the anvil and gradually lower the
anvil until contact is made as adjudged by the 'feel' as the
spring is rotated.

3. Note the reading of diameter.
4. 1Insert other end under anvil and repeat steps 2 and 3.
5. Take the maximum of the two readingstaken.

6. Repeat steps 1 to 5 at least twice more.

Procedure for use of Electronic Load Cell Method to Measure

Load/Length

Repeat steps 1-6 of (a) above with the nominal dimension of
step 1 being the length at which the load measurement is required.

7. Bring top platen down onto spring until the zero dial gauge
position is reached.

8. Note digital load readout at this position.

9. Repeat step 10 of (a) above.



d. Procedure for use of Tapered Gauges to Measure Squareness

ROTATION OF SPRING
TAPERED 8 %
GAUGE - SPRING
| o o
O @)
o ! O
O O SURFACE PLATE
IS S S / 7777777

Select the tapered gauge corresponding to the Class of
Spring.

2. Stand the gauge on a surface plate with the spring alongside.
3. Rotate the spring next to the gauge and in contact with it.

4. If a gap appears between the soring and gauge at the base
of the spring then the spring is outside of tolerance. If
a gap is maintained at the top then the spring is within
tolerance for the end the spring is stood on. The spring

is then turned upside down and the process repeated from
step 2.



