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1. INTRODUCTION

With increasing emphasis being placed on quality throughout the spring
industry the need for more accurate and faster methads of load testmg
springs is becaming vital. The use of electromcs in recent years to
measure the load-length characterlstlcs has improved matters altboua;h the
. machine's operatlon is still 1dentlcal to the old rnechamcal dev1ces, in
that so far as the sprmg to be rneasured is ccmpressed to the test lengths
and held whilst the load readmg is manually noted. 'Phls is a tlme
consuming and error prone operatlon whlch can be ellmlnated byrusmg a
'pass-through' testing techmque. With this techmque the sprmgs lcad-
length characteristics are continuously monitored so that the measured
load is logged autamatically and displayed when the sprinc'_';sl:"lehgtl".i passes
through the test length. Although this methad has been know for same' .+
time, only recently have the electronics been econdmically available which
would allow the construction of a manually operated machine using this-

technhique.. -
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The potential for such a semi-automatic 'péss—'through' type load tester
was considerable and therefore SRAMA undertook the design, developement

and construction of a prototype unit,

2.  GENERAL REQUIREMENTS FOR SPRING LOAD TESTING MACHINES

The following is a list of desired facilities required to produce a

machine of optimm use to the spring user.

1. High load accuracy (BS1610 1985 grade 1 or hetter)

2. High length accuracy (in order of 0.0lmm)

3. Rapid set up

4. Facility for testing loads at length

5. Automatic measurement of spring rate

6. Autcmatic tolerance band indication to speed up batch testing
7. Selectable fine drive for precise length adjustment

8. Ability to test both compression and ex_tensién springs.

3. DESCRIPTION OF THE PASS THROUGH TESTING TECHNIOQUE AND HARDWARE
REQUIREMENTS '

The pass throwh testing technique requires. éontinuous monitoring of the
springs length and load during the testing cycle so that the when the
spring lengtﬁ equals the test lengths the instantaneous spring load is
captured and logged for future_ analysis. It _is at thls stage of data
capture t_ha.t"majqr problems can arise. 'Ihersiijnal from both the length

and load cells must be completely in phase so that there is zero time lag
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between each signal. Should this not be the case and for example the load
signal lagé behind the length measurénent the captured load value will be
laower than the true value. This cammot haowever, be simply overcame by
using ultra high speed electronics since noise (both electrical and

mechanical) and cost become very great obstacles.

A canpranise must'the.refore be achieved in which the tirﬁe lag generated is
such that the overall system accuracy is not degraded beyond the specified
accuracy limits. The choice of a high speed digital length measuring
system eleminates the problems of both noise and speed in the length
monitoring and maximises the time available for load sampling. The

length measuring device used was a non-contact metal scale syste:ﬁ

with an accuracy of 5 m which was sufficiently rugged to withstand an

industrial eunviromment.
The capture of the spring load data requires three camponent parts:

The Load cell, the Conditioning equipment for the 1cad cell ard the

Analogue to digital conversion of the conditioned load cell signal

The load cell must e};:hib'it the standard and rarely achieved requirements
of _lﬁgh rejection of non-axial forces, "r.ligh stiffness, good thermal
stability and low hystereées whilst having very good load accuracy. The
high stiffness of the load cell is vital so that ‘its frequency response is
sufficiently high to allow accurate following of the _sprin'gs'load without -
a time lag. A high voltage cutput fram the load cell is also advantagecus

for reducing electrical noise.
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The conditioning amplifier which amplifies the small woltage output from
the load cell up to a more usable voltage must bhe fast, have very low

noise and be stable over a wide range of temperatures and time.

As previously stated speed and noise unfortunately tend to be linked and

thus an acceptable compromise must be made hetween these two factors.

The analogue to digital convertor (A-D) converts the analogue (voltage)
signals, from the amplifier into a ‘digital signal for storing and
processing by the computer. This item has to be sufficiently fast so that
it is able to read the signal, convert it, and return back ready to read
the next load value, in a time considerably less than the time taken for

the load value to increase by its minimum resolution.

Failure of any of these three major component parts of the load measuring
system- {load cell, amplifier, A-D convertor) to operate at sufficient

speed will cause an error in the measured load.

Once the load values are captured and logged in the computer memory,
standard programming technigques can be used to process the load and length
data to produce the required outputs, ie loads at lengths, spring rate,
tolerance lighﬁé, etc.

4. - GENERAL DESCRIPTION _SPECIFICATION OF THE SRAMA PASS THROUGH
"~ ELECTRONICS

‘The overall block diagram of the system is shown in Figuré 2.
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4.1 load Cell-amplifier-pA to D Converter

A high stiffness 2000 N low profile load cell was used for this machine,
This load cell has a nat_-.ural frequency of approximately 2800 Hz when
fitted with a platten for spring testing. To maintain a phase error of
better than 0.1% the fastest rise in load must be limited to apgproximately

1/

28 Hz (ie approximately ~/100 of the natural freguency). The signal

fram the load cell is then fed into the conditioning amplifier which has
ity own frequency response capabilities. The amplifier chosen was a
hybrid device with a response of approximately 2800 Hz. The effect of
this frequency response on the phase error is the same as that of the load
cell response. This error effect is approximately additive to the load

cell error and brings the total systen response down to approximately 14

Hz (ie 500 N/mm spring being compressed a 50 mm/sec).

Thé A-D convertor chosen was a hybrid 12 hit device which allows 1 part in
4096 resolution. This device has a very fast conversion rate of usec
which represents a sampling speed in the order of 500 kHz and adds no
further significant lag to the load signal. This fast response is also
required to allow sufficient time after the conversion for the reading of

the converted data before the A-D starts to convert the next reading.

The layout and conpection of these three major camponents was critical in
order to minimise the noise due to interference effects. Considerable
effort was required in order to optimise this feature and limit the signal

noise to acceptable levels.



4.2 Iength Measurement Device

The device used was an cptical grating unit which, after conditioning,
gave a resclution of 0.01 mn with an accuracy of 0.005 nm. This unit has
a reading speed of 50 kHz, ie a traverse speed of 5000 mm/sec. The output
fran this device is fed directly to a display on the front panel and to
the length camparator circuits, which detect when the spring length equals

the preset length in the pass—through mode.

4.3 Input-Qutput

The load tester requires many input-output facilities. The inputs are
needed for controlling the machine and include the test length digi-
switches, the tolerance band digi-switches, tare, reset, range, manual and
length zerc switches. The cutputs supply infomation to the user in the
form of digital displays for length, lcad 1, lcad 2, spring rate and in
the fom of coloured lights as used for the tolerance bands indicators,
.errc.)r and ready signals. The reading of the input data and the feeding of
the processed data to the various output displays are all controlled by an

‘on-board 280 based camputer, via the data and peripheral control bus.

5. DESCRIPTION OF THE LOAD TESTING FRAME

The _loading frame is of conventional 'H' frame type with the moving
crosshead supported by two vertical guide pillars. This type of frame was
uséq because it offered very high rigidity and mechanical accuracy which

-.Wa'é*'-‘}ital for repeatable results.
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The drive for the moving crosshead is by either the fast starwheel or the
self locking worm drive. These engage via a gear box onto two parallel
racks cut into the rear of the guide pillars. The gear box uses roller

bearings throughout with phosphor bronze for the guide pillar bearings.

The testing of extension springs is accamplished by a steel frame work
which passes through the main guide pillars from the top hook to the hase
of the load cell. This layout was selected so that whilst testing
extension springs, the loading drives and the load cell all operate in the
same manner and direction as fér cmpreésion springs. The capacity of the
loading frame allows the testing of springs 285 mm x 75 am diameter with a
maximm load of 2000 N. The electronic control hox is mounted to the left

of the loading frame on an extension of the base.

6. OPERATION OF THE SRAMA LOAD TESTER

The load tester has two modes of operation, 1) Manual mode, 2) Auto mode

('pass—-through' mode).
1. Manual Mode

In this mode the machine operates exactly the same as a normal electronic
load testing machine. Only the length and load 1 displays function. To
carry out a spring load check in the manual mode, the following procedure

is used.

1. Bring two plattens together, apply naminal spring load and press

length zero.
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B
Place 'the spring onto the centre of the platten.
Select 0-200 or 0-2000 N range, as required.-
Press tare to zero load display. '

Set upper and lower tolerance band on the digi-switches below load 1

display, if reguired.

Use starwheel or fine drive to campress the spring down to the desired

length and note load reading or tolerance lights.

Place new spring on load platten and repeat step 6 if more than cne

spring is regquired.

Auto Mode

In this mode the pass—through system is engaged with load 2 and rate

displays functional. To carry out a spring load check in the auto mode

the following procedure is used.

l.

Bring two plattens together, apply naminal spring load and press

length zero.

Set the two test lengths on the digi-switches below the length

display.
Place the spring on the centre of the platten.

Select 0~200 N or 0-2000 N range as required.
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5. Set tolerance bands on digi-switches below load 1, load 2 and rate

displays.
6. Disengage manual switch.
7. Press reset and then tare.

8. Compress the spring using starwheel past length 2 without stopping and

release,
9. Note load and rate readings or tolerance lights.

10. Repeat steps 8 and 9 after ready light has illuminated (approximately
G.6 seconds after releasing spring) if further springs require

testing.

In addition to measuring the spring, the computer also keeps a check on
the operator inputs so that 1f incorrect procedures are used, the error
signal will illuminate. These error checks include attempts to tare off
excessive loads, length 1 and length 2 too close, over-range-and several

internal checks on the mathematical values being calculated.

7. TECHNICAL SPECIFICATION ON ACCURACY

The accuracy of load testing machines is the sumved total of tranducer,

mechanical and electrical errors.

The overall capacity and accuracy of the mach.ibe, as tested, is tabulated

below.
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Maximum Testing Force (N) 2000

Measuring Ranges (N) 200/2000
Load Resolution (N) 0.1/1.0
Maximum test Length (rmm) 285
Resolution (mm) _ 0.01
Maximum Rate (N/mm) 999.9/99.99
Resclution (N/mm) 0.1/0.01
Overall calibrated Accuracy of Ioad Cell

(% Full Scale) + 0.3/+ 0.1
Accuracy on Length (rmm) + 0.01

Accuracy of Rate (N/mm) =

+ Ioad 1 - Ioad 2 + 2 {load error) _ Ivad 1 - Load 2

Length 2 -« Iength 1 - 2 {length error) Length 2 - Length 1
Overall calibration to BS 1610 Al 1964.
8. CONCLUSICHNS

l. The machine has successfully implemented the "pass-through" technique

with a manually operated drive.

2. Set up time from one spring ciesign"to another in the pass~through

semi-automatic mode is very minimal (typically 30 seconds).

3. ‘Batch testing of springs is very much faster with errors due to
operator fatigue eliminated. Speeds of 600 springs/hour are typical

for measurement and sorting on two load lengths and rate.
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4. The successful development of this manually operated "pass-through”
testing machine has paved the way for the construction of a fully

automatic machine using the same technique.
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THE PROTOTYPE MACHINE

Fig 3



