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SUMARY

One of the major influences governing punching speeds is the operator’s
reaction to what she regards as the innate siiffness of the punch,

This Note reviews those factors which are attributable to the machine
rather than the operator, and secks to assess their relative importance
from the viewpoint of their effect on punching performance,

On the basis of a number of tests using a standard keyboard under
normal operating conditions and employing motion-study techniques,

the following conclusions are reached respecting the influence on
punching speeds of the verious factors,

1 The stroke of the ksy has very little influence on punching

speeds
2, The epacing of the keys has an appreciable effect on punching
gpeeds

3o The so-called 'stiffness' of the punch is of'‘ten not stiffness
in the mechanical sense, but is a physiological reaction in +he
operator to different key-top pads

L, A certain amount of variability of pressure is always inherent

in the machine, and operators are, within certain pressure

ranges, exbtremely sensitive to such variability,

An Appendix to the Note describes the key-punch 'Pressure Pick-up!
which was designed for the tests,

i

This Note iz an extract from a thesls submitted by lir, T.R. Majewskl
in part fulfillment of the requirements for the award of the Diploma
of' the College of Aeronautics,
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TNTFRODUCTION

The speed of punching does not only vary with the skill and cbility
of the operator ond the legibility of the documents,etc., bub also
epends on the punch itself. It is difficult to estimate to what

extent the mechanical variation in the punch may contribute to
slowing dovn the speed of punching. 4t present we hove no standard
of comparison between one punch and enother, nor any positive indi-
cation of the megnitude of forces necessary for operation of the

various parts of the mechanism,

There are good reasons howvever to believe that these mechanical
factors do affect, sommetimes seriously, punching performence of

the operator,

We often hesr operators refer to one punch mechine ss being 'good!
and easy to punch on, and they regerd snother as 'stiff! and hard

to operate,

In this note we will try to znalyse these mechonicel variations,
and grade them in relation to thelr importance. The factors undsr
consideration are

(a) Stroke of key

(b) Spacing of the keys on the key board

(¢c) Pressure exerted by the finger on the key, end general

freedom of the mechanism,

Stroke of key

The amplitude of the excursion of the operator's finger, at normel
punching speed, is, approximetely, Jjust under one and a half
inches., Teking the speed of punchirg cs constant, the amplitude
will very alightly with the stiffness of the machine snd the weight
and length of the moving pert of the operator's axm. The amplitude
of the operator's finger on verification is reduced by 25 per cent
when compared with amplitude while punching, taking the speed of

punching as constant,

It does not make much difference however in the punching smplitude
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of the operator's finger, whether the stroke is very small, say

1 . . . .

g inchy or relatively lerge, say 1 inch, as long as the 'Stiffness’
of the key will rcemain the same. It can be said thet most of the
time in punching is token in sterting, stopping and changing direc~
tion, so punching rate is reletively constent regardless of the

stroke of the key.

Spacing of the keys on the key board

The investigation of the relationship existing between spacing of the

punch keys and speed of the punching was approached from two plancs.
(a) Iicro-motion time study
(b) Overall time study

The former, with the help of high speed photography, and the latter
by means of orthodox time study technique, using a standsrd stop
watch.

(For latter, see Appendix A for description of tests).

Ldcro-motion time study (see Fig,t)

If we assume that the complete cycle consists of time elapsed from
time of punching one hole to the moment of touching the top of
another key, the time is distributed for an average operator as
follows,

The duration of stroke 9.7 per cent of

Stopping aﬁd.ch&nging direction 31,4 per cent total

. - time
Reaching an adjacent key 58.9 yper cent

The time for stopping end chenging direction on an avercie was
0.0625 seconds for both the punch and verifier machines. However
the time elapsed from teking the finger from the '9! key to touching
the O'kgy wes 0,109 seconds for the punch and 0,09k scconds for

the verifier. No apparent time differcnce - as detected on punching
the keys speced in longitudinal direction (¢ez, keys 9 and 3) from

keys speced in latitudinal direction(e.g. keys 7 and $),
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Overall Time Study

For the purpose of investigation the key board was divided into
three groups.

(a) TFour adjacent keys (1,2,4 and 5)

() Four widely spread (1,3,7 and 9)

(c) Pour selected at rendom(from the 9 mumerical keys)

The results obtained show that an 8.5 per cent increase of speed

was recorded with four adjacent keys as compared with four keys

selected at randam. A 6.6 per cent drop in punching speed vwas

recorded with four widely spread keys as compared with four keys
selected at random.

The increase in punching speed for cards punched by the selection
of four adjacent keys as compared with four keys widely spread was

15.1 per cent.

Pressure exerted by the finger on the key, and the general frcedom

of the mechanism,

An this seotion we shall discuss the pressure, or as it is

comaonly called, stiffness of the key

The problem of pressure has occupied considersble attention in the
past, and caused same controversy, over the seriocusness of this
fector on the operation of key punching and verifying. The main
difficulty lies in the inability of measuring effectively and
accurately the resultent pressure gradient on pressing the key

under normal overaticnal conditions.

It was clear however that no solution could be found until a suit-
eble instrument for mecasuring pressurce was constructed. Such zn
instrument wos designed during the course of the investigation, and
in Appendix B of this peper mey be fcund a description of its
development,

Y

The 'Pressure Pick-up' as it was celled, had to satisfy threc
conditions, namely.
(a) Sensitivity to very smell pressures

(b) Responsiveness to pressure pulses occurring in a short in-
terval of time (average durstion 0,015 sees. )
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(c) Compactness in size and light weight (it had to be no more
. 1t . |
than %" high and T In dlemeter).
Thanks to the invalusble help of iIr Reason of Taylor, Hobson and
Co, it was ' possible to make a pick-up which satisfied the gbove

conditions,

The experiments were then dirccted to a systematic investigation of

the pressures and their effects on the efficiency of the operation.

The pressure gradient on pressing the key takes the form as shown
in Figs.2,3 and 4., Fig.2 shows a recording of the gradient on a
Cathode Ray tube whilst Figs. 3 and 4 were rccorded by means of a

Rectilinear Recorder (Talysurf).

There are three distinet stoges of pressure distributions.
(1) Graduel build up of pressure up to the point of
penetration of a card,
(2) Repid drop in pressure on penetration
(3) Increase of pressure due to further displacement of spring
due to impact made by involuntary movement of mass of
moving parts of the operator's arm.
The photogreph shown in Fig., 2 end graph, Fig. 3, were taken under
normal operational conditions, while graph, Fig. L, was cbtained on
relavively very slow application of pressure, All other conditions

were exactly the same for both cases.

Comparing the two curves of Figs. 2 and 3 with Fig. Lk,there exists
a difference of 40 grams in moxirum pressure necessary for pene-
tration of card and 60 grans in moxirmum pressure force causcd by

the momentum of the operator's hand.,

These smell differences will always be present unless we could
agcertain that elastic diaphragm of the pressure pick-up will be
displaced by the force applied exectly at the some place.

(Sce Appendix C),

The pressure force applied by the operator's finger in normal
operational conditions is distributed in the following monner,

1) A force of approximately 50 grans is required to
operate the fceeding mechanism of the punch.
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2) A forece of approxinately 480 grams is required to
perforate the card.

3) A force of 670 grams is excrted by the finger on
the key of the punch after the penctration of the
card,

From the cbove it can be scen that on an average a force of
190 grams, or 39.5 per cent more than necessary for the
penetration of the card is caused by involuntary momentum

(impact) of the hand produced on rapid oscillation,

To confirm this result o serics of 9 tests were conducted with
verying static pressure of the punch and verificr from approxima~

tely 130 grams to 570 grams.

For each of the 9 tests the operator was requesied to punch at

normal opcrational speeds,

The total force applied by the operator in punching in every case

was far above its nominal value,

Fig. 5 shows the relationship between total pressure exerted by
the operator while‘punching end nominal pressure required for the
process of punching, It can also be seen that the operator is
apperently not very sensitive to large chenges of pressure below
350 grams of nominal pressurc, while the changes of pressure in
the mechanisn cbove 500 groms produce a repid increase in total
pressure if the speed of punching remsins constant. This is pro-
bebly pert of the answer to the query why operators are so sensi-
tive to smell manufacturing veristions occurring in the freedom of

general movenent of the mechsnisn of the key punch machines.

In the region of pressurcs necessery for punching of cards, appPrOx -
imately between 460 and 560 greans, for o chemge of 90 grens in

the mechanism, the operator is required to supply en additional

200 grams of force to keep her speed of punching the seme.

The remainder of the amswerAlies in the fact that what operators

call 'stiffness' or pressure, docs not necessorily mean pressare.

To verify this stotement we conducted two tests. In one,operators

were rcequired to punch a number of colurms on two punches, One

was usually referred to as being 'old! and ecsy to operate end the
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other'new' and 'stiff'', The pressure of the two punches recorded

by the pressure pick-up was exactly the same in both cascs (Figs. 6-9).
The difference only existedin the rubber pads covering the tops of the
keys, the former pads being well worn out and the latter comparatively
newe  In another test rubber pads were turned 180° (unknown to the
operators) and, after punching, the machine was immediately found to
be soffer\than usual, The reason that operators can tell that some~
one else has used their punch previously lics not in any mechanical
alteration being imposed on it, but simply because cach operator
adjusts the position of the punch rclative to her own arm pesition,
Every small change in the punch position on the teble will result in
the cperator punching slightly off her normal vertical dircction,

which in turn produces detectable chonges in pressures,

(Por grephs obtained on pressing the keys of the verifier and punch,

sce Figs., 10-1 ).
Conclusions

The nominal pressurc forces existing in the key punch mechines are of
the order of 460 to 560 groms., However, the force oxefted.by the
finger on the key of the punch is approximately 670 grams, i.e.

5945 ner cent morc force then necessory is coused by involuntery

nomentum of the hand produced on rapid oscillations.

It does not meke umch difference in the emplitude of the operatcr's
finger during punching whether the stroke of the key is very small or
relatively large as long as 'stiffness! is constant and speed of

punching sufficiently high,
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AFPEENDIX A
Test 1

The Cbject of the Test

To establish the relationship existing between spacing of
the punch keys and specd of punching.

Conditions of the Test _
The following factors were kept comstent throughout the
tests in this sectlon.

() Work loyout

(b) Time duration and period of day

(c) The size end layout of the information on the document
(d) Temperature, light, noise

(e) Punch nachine.

Procedure of the Test

The selection of the keys was obtained in the following way.
The key board was divided inte three groups.

(a) Four adjacent keys (1, 2, 4 and 5)
(b) Four widely spaced (1, 3, 7 and 9)
(e) Four selected at random (from existing 9 keys).

For each of the groups, a lerge mumber of cords was typed and the choice
of groups (combinations of eny of the four keys) was obtained ot randon.

The time duration chosen was 15 mimutes end for each group ex-
periments were repeated threc times (total muber of tests was nine), ab
the same time of the day with a view to dbtaining better average results,

Results
The average nmuaber of cards punched in o constant time of fiftcen
minutes was.

For Group I (adjocent four keys) = 115

For Group II(widely scporated) = 99
For Group ITII (rendom selection of o
four keys from nine) = 106

The rcsults obtained show thet an 8.5 per cent increase of speed
was recorded with four adjocent keys as coupared with four keys selected

at random. A 6.6 per cent drop in punching speed was recorded with four
widely spaced keys with respect to four keys selected at random,.
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The percentage of error checked on the verificr was found to be
almost constant for each of the groups, ond hence was neglected.

APPENDIX B

Develooment of Xey-punch Pressure Pick-up

The inability to wmeasure the resultant pressure gradient on
pressing the key effectively and accurately, under normal operational
conditions, with orthodox pressure nmeasuring devices, necessitated
the construction of a complex pickup in order to obtain the neccessary
degree of accuracy and sensitivity.

The device to be constructed had to satisfy three conditions:
(a) Scnsitive to very small pressures)

(b) Responsive to pressure pulscs occurring et short intervals
of time(averege duration 0.015 secs.)

11
(¢) Compapet in size and light in weight (no more than % high
and %' diameter),
-

It was clear that if the ebove conditions were to be successfully
fulfilled the investigation must be directed into a development of
electronic devices, as cny mechenical, hydreulic or other device operated
on similar mechanical principles would not be responsive enough; nor would
it satisfy conditions of size.

Development of Project I ~ Strain Gouge Mecsuring Deviece

The first attempt wgs made with the construction of a steel ring
made from o watch spring, <'' in dianeter on the sides of which two
small size strain geuges '\’I%I‘O placed. On the top of the ring & rubber
tab was fized similerly to those situated on the top of the keys of the

punch (sce Fig,13),

On pressing the top of the steel ring deflected within its elastic
Llinmit stretching the electric geuges, this caused a chonge of resistonce
which in turn was indicated by a proportional chonge in current on sen-
sitive galvanometer. For comvenience the golvenoneter was calibrated in
terms of grems,

Limitations of the MMethod

It wes found that this method hed three noin disadvantoges:

() The necessity of having 4 wire connections and the size
of the strain geuges resulted in a very umsatisfactory
arrangenent. The vhole device had to be approximately
1 inch above the level of the key board,

LT . 0] &)
(b) The strain gauges were not responsive enough to pressure cycles
occurring in a short intcrvel of tine,
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(c) The measurements of the pressure were only possible with
application of a cathode ray tube as the inertia of the
needle in the galvanometer made all results unrelisble.

The ebove conditions implied that any future investigation of the
pressure could not be possible, under normal operational conditions,
even if results obtained were to some extenb satisfactory.

' The project of the strain gauge pressure measuring device was
therefore abandoned.,

Project TT

The inability of measuring pressures successfulty with the
application of strain gauges brought sbout the development of the
pressure pick-~up operating on cither a capacity or an inductance
principle.

The final choice was governed by the already existing equipment
in the College, operating on broadly similer principles to those
concelived for the pressure pick up.

The Taylor and Hobson Talysurf instrument is a surface finish
measuring device. The surface irregularities are measured by means of
o stylus which is traversed across the surface by means of a motorisecd
driving unit., The up end dowm movements of the stylus control a varishle
inductance, by means of which the movements of the stylus are converted
into corresponding charges of electric current, which is emplified by
means of a valve amplifier snd then used to control:

(a) A Rectilinear Craph Recorder providing a representation
of the profile of a cross-section of the surface
lrregularities

(b) A scale-and~-pointer instrument.

Development

Applying this principle, o smell unit wes made (see Fig.il)
consisting of a cylindrical container threaded on the inside s and closed
from the top by a finc aluminium alloy disphragm 0,018'' thick, ond
attached to the centre a small soft iron core, The diaphrogm was then
calibrated in the renge of pressurcs necesscry for the punching operation.
Inside the aluminium container a special inductive coil was fitted by
Ir Reason of Taylor ond Hobson., In this way the first stage wes achieved.
Instead of the stylus moving up and down a de~flection of the diasphragm on
striking the top produced chenges in inductance and later corresponding
chenges in the electric current.

The next step was to develop a new control unit which normally
houses 2 mumber of elements intimately associated with the pick-up as the
cxisting control unit unsatisfactory due to rapidity of oscillations
imposed on it and mode of operation.

The control unit as well as @ special unit encbling tronsmission of
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changes of current on to the cathode ray tube was again developed by
lir Reason.,

Preliminary Tests

The objects of preliminary tests were to calibrate responses of
the Cathode Ray Tube and Rectilinear Graph Recorder in terms of pressures,
and to establish the degree of accuracy obtainsble in neasuring pressure
pulses oan the Rectilinear Recorder,

The celibration charts of the apparatus were cbtained by applying -
static loads from 0-1,000 gros,(see Figs 15 and 16) and measuring corres-
ponding changes in voltage displacement on the Cathode Ray Tube and on the
Rectilinear Recorder,

The tests for validity of results obtainsble for the Recorder were
carried out in the following way: '

‘The pressures on pressing the key were recorded instantanecusly on
both the CeRe Tube and Rectilinear Recorder at various speeds, varying
fram normal operaticnal speeds to very slow movements.

The variation of pressures as cbtained on the CoRe Tube and Rectilie
neer Recorder were found to be negligible and all latter tests were made
using the Rectilinear Recorder. For pictorial views of the arrangement of
work and apparatus see Fig.1 .

Iimitations

(a) In the present stage development it was impossible to construct
a pick up of lesser dimensions, The unit is approximately 0.47'' sabove
the level of the Key Board,

(b) Tt is necessary to teke a muwber of readings for each result
required and select one with a maximum displacement. .ince the diaphragn
has its maximum sensibility in the centre and every displacement ceused by
a force applied not in the centre, will not correspond to the correct
pressure, (see also Lppendix C)

APPENDIX C
Pressure Pick-up Diaphragm Tests
Object of Test

To find cut the thickness of diaphregm plate of constant diameter
deflecting 1/1000 inch under an approxinate load of 2 1b,.

vfrocedure

The fixture as shown in Pig,1 wes made in the workshop. During the
test it was firmly held between the Jaws of the vice,
(1) The direct load wes applied through the medium of flat steel

plate on the walls of the cylinder. No deflection was observed
under 12 1b load,
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(3)
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Load required to overcome stiffness of the gauge. Under
the load of 5% oz, the stylus of the gauge moved 0,002"
which was considered sensitive enough for the purpose
of the experiment.

Total load reguired to produce 0,001" deflection plus
load needed to overcome stiffness of gauge.,

The 34 oz. produced deflection of 0,001" of the gauge.
Therefore the net load regquired to produce 0,001" was
found to be 28,5 oz,

The thickness of the diaphragm giving this deflection
was found to be 0,018",

The load was applied through 0,318" dismeter non-metallic
washer of 0,022 thickness,

Toad Deflection
16 oz no def.
17 no def.
18 no def
19 . 0002"
20 . 00025"
21 . 0003"
23 + OCORY
2h » 0005"
25 , - 00065"
26 » 00065"
28 . 00065"
29 . 0007"
31 . 00085"
33 »00095"

34 001"
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