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SUMMARY

- - o

The polishing and lapping of silicon discs at Texas Instruments Ltd.
was investigated by a team of students from Cranfield as a project for the

Spring Temm, January/March 1965.

Unfortunately, the process was not operating during the period available
to the team and therefore detailed measurements could not be obtained.
This report is based on discussions with Texas Instruments, on analysis of
a short film of the main parts of the process and subsequent analyses and

investigations.

Although a detailed and quantitative list of precise recommendations
cannot be made, a number of worthwhile points arise together with some

suggestions for longer term investigation.

The Cranfield team has learnt a great deal from the project, but there
is naturally a semse of frustration at not being able to present a complete

and comprehensive analysis of the process.
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Introduction

- - - -

The investigation was made possible by the kind co-operation of

Texas Instruments Ltd. with The College of Aeronautics, Cranfield.

It was, of course, understood that all information obtained from

Texas Instruments would be treated in the strictest confidence.

11.
12.
13.
1h.

15.

The system to be investigated is briefly described as follows:

The processes of lapping, polishing and inspecting the silicon
discs take place in one room, partitioned off from the main factory
working area by glass walls. The whole operation is carried out
by four girls together with one male supervisor. It may be described
under. the following headings.

Heat stainless steel blocks.
Apply wax to these blocks. ‘ )

Place discs on waxed blocks.

Bed in discs on waxed blocks.

Cool blocks.

Clean surplus wax from blocks.
Discs lapped.

Blocks cleaned.

Discs polished.

Blocks cleaned.

Blocks heated.

Discs removed from blocks.
Discs cleaned.

Discs inspected (twice)

Discs stored until required for next process.




Menmbers of Team
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The team responsible for carrying out this 1nvest1gatlon was as
follows: ;

Mr. W.T. Singleton and Mr. T. Gardiner Staff Members.
Mr. Bevans, Mr. Chandan, Mr. Cotton, Mr. Crosbie, Mr. Nicholson,
Mr. Robertshaw and Mr. Rose.

A differént member of the team acted as secretary each week.

Terms of reference
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The aim of the investigation was to apply the fundamental techniques
of Work Study and Method Study in an attempt to make the total operations
of lapping, polishing and inspecting the discs more efficient, in the sense
of reducing to a minimum; -

(a) The total time taken to process the discs.
(b) The number of people necessarily involvad in the operatlon.
(c) The total cost of the product.



IT Analysis of the process
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The process was analysed in four stages by preparing:=-

1. A Flow Process Chart.

2. A two handed Chart.

3. A Man/machine Chart or Multi Activity Chart.

L., A 'String' diagram of Operator and Material Movements.

1.  Flow Process Chert: see Chart 1.

As a first step towards tackling the proJject a flow process chart
was prepared using the available commentary and the short film of the
process.

This chart gave a more detailed picture, describing the activities
associated with materials, men and machines and it recorded the sequence
of operations, transportation, inspections delays and storages. Standard
ASME symbols were used.

2. Two Handed Chart: See Charts 2
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This chart was prepared to compare the activity of the two hands of
an operator. The film was viewed frame by frame and activities of two
hands were plotted on standard charis using the standard AME symbols.
The following points were noted:

a) Some operators had too much transportation.
b) Some of the operations took a long time.

¢) Operators had difficulty in performing some operations and
there was room for method improvement.

d) Some of the jobs were only 'one-handed', the other hand being
idle.

e) The times for the different operations were noted.

f) The lapping and polishing operations took a much longer time than
the rest of the operations in the process.

3. Man/Machine or Multi Activity Charts: See Charts 3A and 3B

This chart showed the relative periods of activity and idle times of
men and machines. Two such charts were prepared: 1) for 2 lapping machines,
1 heater, 1 washer, 1 cooler and one oOperator. 2) for 4 polishing machines,
4 washing machines, one hot plate with one operator.
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The first charf gave a 100% operator and machine utilization for
a production of 36 discs per hour.

The second chart gave a 87% operator utilization for 67% 1apping
machine utilization giving a production of 48 discs per hour.

4. String Disgram

This diagram could only be rough due to lack of information which :
would have been given by a time-lapse film. However, the following points
were noted: -

a) Operator and Material movement could be reduced by the provision of
storage areas before and after the placing and removal of the discs.

b) The long narrow room demands long travelling distances. It is presumed
that relayout would be too expensive to justify.



ITI Investigations
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A. Technical ASPécts
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1. Specification of the Finished Discs
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Thickness = 0.0052 £ 0003

Flatness = Within 0.0002 F.I.M. across the disc from l/ !
the edge to 1/’ of the edge.

Surface finish ~ Purely subjective: very high polish on one side only
no value quoted but estimated at 1 micron.
There must not be a scratch longer than half an inch
and not more than three pit marks over the complete
surface.

2. Thickness of the Disc prior ‘o Lapping
The thickness of the disc prior to lapplng is from 0.010 to 0. 012.
This size was questioned with the intention of decreasing it.

The process prior to lapping is a diffusion process. The discs are
heated in a controlled atmosphere. Impurities diffuse from this atmosphere
into the silicon to a depth of approximately 0.0025" . The function of the
transistor depends on the impurities being on one side of the silicon only,
therefore the Impurities are ground off in the lapping process. To allow a
margin of safety the minimum thickness of the disc has been set at 0.010.

Attempts have been made to mask one side of the disc but these have
proved unsuccessful. It is therefore unavoidable that .005" to .007’
thickness of disc must be removed. And, furthermore, it was not possible
to reduce the thickness of the slices arriving for lapping and polishing.

3. The Lapping and Polishing Processes

These are specialised processes and it was therefore decided tqlconsult
a firm engaged in this work. The firm of Engis Ltd., of Maidstone, Kent,
were contacted and they sent their representative Mr. R. Scott to discuss
this problem with us.

It was Mr. Scott's opinion that the lapping and polishing times would be
reduced by approximately 50 per cent but it would be necessary for him to
experiment with his products on the disecs to determine the optimum conditions.
The optimum conditions being those which created the minimum crystal damage
and reduced lapping and polishing times.

It is essential that a minimum of crystal damage takes place during
the lapping and polishing processes. The depth of crystal damage is
approximately twice the grit size.




Texas Instruments were informed of the discussion with Engis. Ltd.,
and have decided to deal with this matter direct. It was suggested that
trials could be carried out by Engis Ltd., the checking of crystal damage
after lapping and polishing veing done by Texas Instruments Ltd.

At present Texas Instruments use 'Lustrox' Zirconium Oxide slurries
of 12 micron for lapping and 0.5 micron for polishing. The Engis product
is diamond paste ranging from 0.1 micron upwards. They require no
mixing since they impregnate the lapping surface, a small quantity being
added periodically. The Zirconium oxide powers must be mixed into a
slurry and is drip fed to the lapping surface.

No comparison of cost can be made until the experimental work is
carried out and the usage determined.

. The Waxing Operation

Problems have been encountered in the process due to the inconsistency
of the wax film. Alternative methods of holding the discs on the block
were discussed with a view to replacing or improving the waxing operation.
Suggestions included: -

a) Vacuum chucks with a reservoir to maintain the vacuum during the
lapping and polishing operations. ’

b) Counterboring the face of the block to accept the disc to maintain
it in position during the lapping and polishing operations and
then connecting it to a vacuum line for lifting the block and
discs off the plate.

¢) An alternative adhesive.

For both.a) and b) a certain amount of experiment and development work
would be necessary. Therefore they have been recorded as suggestions for
further improvements.

The question of an alternative adhesive was discussed with Mr. Scott
and it appeared that wax is the standard method of mounting for lapping.
However he did suggest the use of 'Cut Rock’, a wax with reasonably constant
melting point which would give a consistent spread across the block.

This wax was suggested to Texas Instruments who state that they were
aware of this product and were reviewing the relative merits of using an
expensive wax with a constant melting point or using a cheaper wax and
adjusting the process and controlling the heating of the blocks to suit the
wax.

5. The Inspection Operation
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The inspection operation was discussed and it was felt that the use of



a comparator may damage the discs.  An air gauge was suggested to
replace it. - ‘ ' R

Two discs wére inspected on the College.  The surface finish was
estimated at approximately 1 micron and there was three indentations on
each disc. Texas Instruments confirmed that this was caused by the
comparator. ‘ : - ‘ ‘ SRR

B. - Labour Utilization

When the process was filmed three or four girls produced two thdusand
slices a week. If it was desired to change the production rate, then the
number of girls working the process was altered accordingly.

A gquick calculation, based on times supplied by Texas Instruments,
shows that, for a polishing rate of 50.5 slices/hour for all the four
machines, it is impossible to increase the production rate beyond
50.5 x 40 = 2020 slices/week (assuming a forty hour working week ) without
increasing -the polishing rate and/or increasing the number of machines used
to more than four. Thus to improve labour utilization when the production
rate is at about two thousand/week it is necessary to either improve the
figure of 50.5 for the polishing rate per hour for all machines or to reduce
the number of girls working the process. ~ If further studies show that it
is possible to improve on the figure of 50.5 then the ways of improving
labour utilization are the ways of reducing delays; these are of two sorts,
demanding different approaches.

1. Deldys During, and Unncessarily long times needed for Individual
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Operatidns

The two handed charts made of all the operations show where delays
occur and how the operations might be modified in order to reduce the time
required for their completion. Recommendations are made in section V
below.

‘2. Delays Between Different Operations
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The flow process chart shows the sequence of the operations that go
to meke up the process. - However this chart does not show how the different
operations must be scheduled; scheduling is necessary in view of the
restricted number of girls and machines availsable, and should be done in such
a way as to maximise the utilization of the labour available, or of the
existing machinery, whichever is considered to be of greater importance.
Two different scheduling methods were investigated, but owing to lack of
accurate data on the times of individual operations and the inter-relations
it is not posssible to make any specific recommendations. When the exact
times for all operations, above, or from the time~lapse film are available
this scheduling could be done. ’




The first scheduling method investigated was quite conventional,
and was worked out on a bar chart for the polishing and dismounting
operations, using one operator, four machines and the approximate times
available. This chart is attached (See Chart 3B). Wl refers to the
first ultra-sonic washer, P3 to the third polishing machine. .

The second scheduling method involves the application of an
Operational Research tedhnique called mathematical programming. This
method allocates operators' time in the most efficient way to the competing
needs of the different operations, each of which has a weekly requirement
of time, (dependent on the rate of production per week),that must be satisfied
in every case. Appendix A shows how the mathematical model may be
manipulated to produce figures showing to what production rates the fullest
utilization of labour leads for different numbers of operators. The
figures in the Appendix are exemplary only; they have no basis in fact
since the actual figures depend on the times for all the operations, which,
as mentioned before, are not available. The fairly complex computations
involved mean that it would not be worthwhile applying it to the case where
only two operators could meet the required production rate, when the
first method should be used.

C. = Materials Handling
The analysis divided materials handllng problems into four areas from
which certain points emerge.

1. Mounting of Discs on Blocks:

This operation has a great deal of transportation in it once the
materials have been assenbled. The operations of moving and fixing the
dises were relatively slow and cumbersome and require improvement. The
operation of waxing the block is time consuming.

2. Lapping and Polishing 9?-9%%93

All materials are stored on the left hand side of machines. The
lapping and polishing took a great deal of the process time. The machines
required a great deal of discontinuous operator attention during the early
stages of lapping and polishing to ensure that the blocks continuved to
rotate. ' ’

3. Cleaning Discs and Inspecting Discs

. . W S W U D T S B T G GO S0 M ey B S e S S OO O T D B e

These operations are both one handed jobs. The operator has
difficulty in handling discs and in avoiding surface damage to the discs.
The paper placed between the discs was difficult to handle.

A more detailed time lapse film is required to make a complete analysis
of materials handling but in its absence some points of operational
improvement are recommended for further investigation:



A larger hotplate to hold 12 or 15 blocks. This would save -delay
in waiting for the blocks to heat up and give continuity to operations
like the waxing and mounting of discs. :

Improved disc handling to simplify the grasping of the discs and

to reduce or prevent surface damage by steel tweezers. This:would
require use of preferably, a vacuum gun, or secondly plastic tweezers
or felt tipped tweezers.

A large tray at the cleaning and inspection stage holding 6 or 18 discs
would reduce the handling time of paper padding between layers.

Storage spaces are required:-

i) Before the hot plate and before the polishing machine.

ii) After the hot plate.

iii) After the cooler and before the lapping machine.

iv) After the ultra-sonic cleaner and before the polishing machine.

D. Cosﬁs

L L

Cost data provided by Texas Instruments was:

Value of disc entering department 1064
Value of disc leaving department 1694
Value added in lapping and polishing 63d

Of this value added:

Value of labour required for disc in
department was ' 5.54

Other costs were 57.5d4

‘The production rate in the department was given as 2,000 discs a

week and was not expected to rise. At this rate, labour and other costs
in the department would be approximately £46 and £480 a week respectively.

. The major portions of the cost element which could be reduced are:

i Time
ii Scrap

Both these elements are directly related to the lapping and polishing

operation which takes the greater proportion of the time and produces the
greatest proportion of scrap. It is evident that the investigations

with Engis Ltd. into the lapping/polishing process are of prime importance
from the point of view of reducing costs.




vV Recommendations

A.

1.
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It is suggested that, in the first place, a joint investigation

is made with Engis Ltd. into the use of diamond gbrasives with a view to:

a)
)

c)

reducing machining time,

reducing scrap,

reducing costs.

When any improvements have been achieved, the whole process should
be analysed by Work Study Methods to ensure that the best possible use is
made of the facllities.

B.
ll
2.

B, e - o o -

The air gauge suggested in IV.A.5 above is now installed.

A large tray to be used, holding groups of six (or multiples
of six) discs at the cleaning and inspection operation.

The use of a vacuum gun to grasp and transport the discs.
(As an immediate step plastic or filt tipped tweezers could be
used).

General

Provision of storage spaces between the various operations to
improve flow and reduce operator travel.

A larger hot plate for 12/15 blocks. This should have a good
temperature control.

Switches on the machines should be relocated at the front.

Handles should be fitted to the large weights used in the lapping
operation.

All three blocks should be placed on a machine before the weights
are placed on top, instead of the present block by block sequence.



Appendix A
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Accepting the process technology, we aim to maximise the weekly
productlon for, in turn, 1,2,3 and 4 operators. This is done using _
the & ay-flow transportatlon model, which is best described by reference .
to the table below: '

Labour time requirements per week for each
operation at a weekly production rate of 6x
discs per week

st 2nd 3rd etc Gummy
Labour availabilities ' . :
per week - ' ebx LSk o2x ' - hrs
1st Operator, W5 hrs X O X e 0
2nd Operator, 30 hrs _ _ O O 0
3rd Operator, 40 hrs ____ o . . S .0
4th Operator, 35 hrs X X 0 ' 0

0 indicates that the particular operator has the necessary skill to
do the particular operation, but need not in the solutlon be
compelled to do it.

X Shows that she does not have the necessary skill.

In the process of the model's solution we maximise the 'flow' of
labour availabilities to the labour requirements, making sure that the
requirements are always satisfied. This does not mean that-all the labour
availabilities will be used up. The dummy requirement represents that
labogr available that is not used up; this will be: (h5+30+h0+35~.6x-h 5Xm2X=
ete.) hrs.

The next stage in the solution is to increase the previous (estimated)
value of X until the requirements are no longer all met; the maximum
production rate has now been found, for the number of operators considered.
The same computation is done for other similar tebles drawn up for 3 and
then 2 operators.

The results of these computations can then be summarised as follows:

Numbers of Operators: 4 3 2 1
Weekly Production: 1259 89> 689 253 discs
(maximum possible)

These figures are only hypotnetical, but give one an idea of how the
results of these computations may be used by management. Costs may be




attached to the different number of operators needed for a particular
production rate, and so the most suitable production rate may be chosen
for the required number of discs.

The other useful results are the 'allocations' of labour available
to labour required. Mathematically these show through what cells flow
occurs and how much flows, i.e. these show many operations an operator
does (and hence how many she does not do) and how many hours she spends
on the operations she does do.

When we come to apply this model to the practical problem, we should
realise thet the model is only as good as the data that it 1s supplied with.
This data is the labour availabilities for each operator, the range of
each operators skill (for the cell entries), and the figures such as:

.6, 4.5, 2, ete. which are the times that a disc must spend in each operation.
Also as there is often an upper limit to the time that a machines can be
used for each week (due to the restricted number of machines), we must be
careful not to increase the labour requirement for each operation beyond
this limit. Any improvements that can be made in the technology will
result in a modification to parts of the data, and so the effects of the
modification can be tested.

This model maximises the production rate by optimising which operator
does which operations and for how long, and also by ignoring the time that a
disc may spend in between different operations. It essentially produces a
steady state solution, that is to say, it gives the best way of running the
process when the process has already started; it does not say how the process
should be initiated at the beginning of a shift. Also implied by !steady
state' is that if a machine is used up to its (upper) limit of capacity it
must be fed with a continuocus supply of work and not be kept waiting for
work. There will therefore have to be a small store of partly-processed
work waiting to go onto such fully utilised machines. The existance of
these small stores between operations would allow the batch size (expressed
either in terms of discs or blocks) for the included operations to be varied
at convenience.

In order to use this model, the data must be carefully prepared especially
when associating labour time with such operations as lapping, polishing,
and washing where the labour is not needed for the whole operation but is
required to start, and ensure no hold-ups occur in, the operation. Much
time could be saved in the computation if the Pegasus could be used for
this.
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' PROCESS CHART

JOB DPROJECT P iy

L1

- R. H CHART BEGINS__TNSPRECTION OF DISCS
Olg. é CHART ENDS
tj e o CHARTED BY_ 3 TN, C.IR
2l BN 7 pave __19,1,65
Dlo L% SHEET No__ 2
Via 0
Dist. feet Feer Feet
PRESENT METHOD PROPOSED METHOD
LEFT HAND ° RIGHT HAND
MAN  TYPE Dist] T ) Dist| ¥ MATERIAL TYPE
; paper ¢ teining disc|66 O0=> D/W O% DAY 66G NMove to dise
e e . ‘ (O] N! ':>/6 \Y @Q Y 668 Grasp disc
' Move to tester 66_0% DV IO DV| 569 tove disc to tester
Raise measuring Head 69 @G > DV IOOP DV
(DD S DVIOOR DV B9 Inset disc under head
Lower measuring head cos@ L1>DV O,ZJ >DV
OO>DV[[@ > DV [r0d Release disc
DO > DV Om DV 707 Move to new position
Rs.ise‘ measuring head 713 & 1>DV O ﬂ] o> pV
DO=>DV @\DQ DV 72 Régrasp disc
D> Dv O[y D v [71,.3] Move to storage dish
DOS DV @& DV|  lr5d Release disc into dish
Lower megsuring head 751@@ >DV OD» DV 751 Move to counter
_Move_to rest position 75;OD\%DV OJZH>DV
: ol "D\D Vv @D > DV 1759 Records on counter
OO=> B\v O[j» DV 1760 Move to 2nd disc
' Ho1as paper containing a1 DY oDV
o=>0V dDbDv 774 Grasp 2nd disc
O0O<>DVIOO>DV | ‘
_CERATEON FEERATED 4 loo>bvoOdbv
@Q‘FS TH_ONE CESE O bDVIOD>DV
_pisc pracep on & sepepdre | (OO DV IOO>DV
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_BEGORD ON COUNTER. OO>DV OO DYV
— O0>DVIOO>D V
OO=>DVI0O>D V
OO2>DVioO>D Vv
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PROCESS CHARY
JOB __ PROJECT P i
Lt g CHART BEGINS_INSPECTION FOR SCRATCH
Ola 1o CHART ENDS '
Cllo ) CHARTED BY___M J.N. C.J.R
>| 5 13 DATE__19,1.65 - '
Di3> 0 SHEET No_-_3 :
Vg 0 :
Dist, Feet ' Feet Feet
PRESENT METHOD PROPOSED METHOD
LEFT HAND RIGHT HAND
MAN  TYPE Dist| T Dis?| 1 MATERIAL TYPE
Dalay - 96O > BVIODI» DV | losd yove o stiok beaker
OD[“'\)bv ®@¢>Dv 81 Grasp 2 sticks
. OUSBV O DV loed yove to 1est band
Mgme_ﬁg_:igthﬁnd %OD,#DV O@DV
Receive stick from r.hend 99-;@D¢>DV @:D‘b DV| l997 Release 4 stick to 1.hand
Move_to lst dise 99&0%{)‘7 O# DV oo Move to lst disd
Hold lst disc with stich 2040 [19> ¥ [@00=> DV 1014 Rub 1st disc with stick
Move to right hand 30460[],@/ DV O{j» DV 16 ¥ove to left hand
. Grasp énd stick fr r.hand '395"@@ >DV %‘9 DV 1057 Release 2nd stick to l.hand
Move to paper 105 O D\‘RD ViOo @ DV 1osd Move to tweezers
© Hold paper ]OG‘OD > W @\DCD DV 1069 Grasp tweezers
' OU>DY OO DV 106d nove o 1st aisc
Ol> D? @@@ DV aload Grasp lst disc with tweezers
1O0 2> D? O@ DV losl wove dise to inspect visuvdly
OO DY OB D V| 1h0d Finish inspection
OD‘D D ? OD}D v 1107 Move disc to storage dish
od=>D V m >DV 1117 Belease disc into fray
: ODCDDY OmDv 1116 Move I covers
OD o> D Y @G >DV 137 Pick ppmimwzers
OD$DVOD}DV 38 Nove to tray
OO>DY [@0DD V| 1) perease peper ontodise
OO>D VIO D V] 3h7d wove to counter
: : ODCbM 9@¢>Dv 83 Record _on r\mmi'e-r’
| Yove o right hend 1240 (O D VIO D V| 1089 sove to grasp lst stick fr.d
i J ocO>Dbviiod>DV
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PROCESS CHART PROCESS CHART
JOB  PROJECT P 14 JOB  PROJECT P 41
CHARYT BEGINS__CIEANING CF DISCS L.H. R.H. CHARY BEGINS__WAXING OF BLOCKS
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[@]N QW O@” b¥ | _168ixove to lst disc O0L vV IOO DYV To tweezers
OO0 D% %ED bV 76iGrasp 1st_disc oS pvi@ld>DhVv Pick up tweezers
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E CcO=D0vV 00D v To rubber pad OOw DV OO% v
i ERGONGMICS LABGRATORY ERGONOMICS LABORATORY
CRANFIELD CRANFIELD

| E

]




PROCESS CHART PROCESS CHARY
JOB PROJECT P 41 JOB  Sivicow Diges Phl
CHART BEGINS_WAXING OF BLOCKS Z’“H M('/' CHART BEG!B.IS POHSN'MI; oF Dﬂ:u
®) cvarr enps  OQOLING OF BLOCKS O 2] /& CHART ENDS Powiscims o Dises
0l cHarTED BY_J.D.B. R.S.R dio o crartep 8Y Connonn Aun CaosBIE
o> pare 21.1.65 o> |2 16 patE Al = { = b5
D SHEET No__2 . Dlo 7 sueer no__ |
W4 Vie o
Dist. Feet Feet Feet . Dist, Feet Feet Feet
PRESENT )
PRESENT METHOD PROPOSER. METHOD PRESENT METHOD PROPOSED METHOD
LEFT HAND RIGHT HAND LEFT HAND RIGHT HAND
MAN TYPE Dist] T Dist| T MOTERIAL TERE MAN TYPE Dist{ T Dist| T MATERIAL TYPE
Pick up pad @D DdViioO>pyV : |00 DV[IOO>BY
Pad to block O DV 00> pY € Top LO0&DVIOOD> BV
Pad on to block a0>DhV oD pv Opers  sas Hoguer Lesov[oOs by
To weight oOw bV OO PV 7 lores Senzes O DV [0OOD> Y
Pick up weight @O> DV |00 pYv i ren O Le0> DV 0O bV
Weight to block o DV|OLO>BV T Tap O DV OO BV
Weight on to pad @O>0V I00>RY Dpuse (2@ DV OO> BV et
To large weight OD}%> DAY O% bV To large weight T Bievit. O% DAY OD%DV To_ Bioe K
Pick up weight @;GQDV @LDCD D \ Pick up weight Pie ".. v @QDV @]ED Dv Plex U
To block O@a bV OG}E’DV To block T ﬁ’/g, 1750@&9 DV O%Dv 1517 Mfc.
Weight on to block @@C{> DAVA Q’:@ED DV Weight on to block boeate Procs ,77€§@5\> DV %QQ bV 17 oo aze
To bench OD\&DV OD’#@ DAY To bench To we L ;i-j‘OED}Dv ODMV
Hand on bench ODC'\>\§‘V ODQ>\§}V Hand on bench V Piew VP igf‘wQDv ODC>)i v 195
oDV |OO=>DV T it/e Led OUDP DV ODJ’F;DV 2ed To Mfe
oO>DdV o0V oonre Wr | @D DV |8UDDV| 1nd Szes Mk
oO<LDhvioO>Db Y A& DDV oD% Vv
00DV |OOS DV To Bcen 2 Op® DV |OOD Y
og<>opvoOs by " P Us &> ovion>bv
OoD=>pV|OoO>DV Lo /e 2O D DV [OO> v
: OD@DV ODﬁDv bpenre Bigen. 295'82@:{>‘Dv ODE{>$V
eREYY PRI ToWr 2 RO DV OO RV
CREDNM ORI P Ug yd8(1=>DV [OUD>B V] b
o0 V00DV A T O DVIOTH# DV lysl T refk.
OoO0>Db VOO DV . | loOsDdV @ZbDV 09| Sree e
O0L DV |OO>DV . 2O DV [O0DRY| -
O0=>DdV|OOL DV locaTe Wr @S> DV 0O BV
o0=>DV[OO>D Vv To Darvie Witsan 53O0 DV OO $ V| e

ERGONOMICS

LABORATORY

CRANFIELD

I

CRANFIELD

ERGONOMICS LABORATORY

i




PROCESS CHART

JOB Siticom D15<5 Pyl

E PROCESS CHART

| OB Progaer

Pyl

CHART BEGINS P&&t.fh’/lvﬁ; ot D/f<5
®) cHART ENDS Poilswirne CF D,sc_;
D CHARTED BY
> DATE 2t~ (- 657
D SHELT Ne_ 2
v B
Dist. Feet Feet Feet

PRESENT METHOD PROPOSED METHOD
LEFY HAND RIGHT HAND
MAN TYPE Dist] 7 Dist] T MATERIAL TYPE
Asvsr Wwess & DV[OLS DY bulg we 2
yi@d> DV |[@ti> DV o s Ur
OO# DV OB DV hol 7o Wusse |
OD%DV %C‘> Dv | Aorusr Wasze |
OB DV [0S DV
Gauws Yr-Teays Qs Cuoew B> DVIEO> YV
T, Ton - L O DV &S DV by
QDfu;T o w @GQDV OB}%}DV Leid i WL 2
@DY£‘>DV @‘:’\DR'>DV b Gm??'fFINS UT
SL>DVIOL DV gl 7 wr2
@DC{>DV @;@QDV Ul Goes = Shne S&CG“VDI/H;&.
e0D>DVIOT® DV lel 5 wi i
& @DQDV @Q@DV Vel Grips = Femar SO
i@ ]>DV ODE}/@\_/ il Resr
To_ Brocr 3 OB\@DV OD/%DV f{ e Buoc = 3
Pew Up ®©<>Dv @c{}DV Pew Up
T rife OLPPDV|OLDE DYV lngl 10 /e
hoente f_.,‘ @KC]CDDV @ﬁd>DV t27] hoc a7e
o Wr 3 O DVIOTI DV w7 wr 2.
Gpip Bevei SBL@@QDV g@ﬁd>Dv SPIM.
T He. O DV IR DV sy
IO DV IO DV ksim wrld
Locnre s‘ra@’@EDDV @GQDV 32 Spin.
T Wasse 3 O DV [S@0>DV| u,
hpsus T n/@iGEDV O DV 7o Wassee |
Te Wuesr 2 O» DV|OO$ DV |

ERGONOMICS LABORATORY

CRANFIELD

[

|

4=l nlle)

Dist,

feet

Fee?

feet

CHART BEGINS pﬂusw:mg OF br,«:

CHART ENDS ﬂ;m;mmr oe Discs
CHARTED BY

DATE ANl - ! - 45

SHEET N¢ 3

PRESENT METHOD
LEFT HAND
MAN TYPE

Dist

PROPOSED METHOD
RIGHT HAND
MATERIAL TYPE

Dist] T

O0% DV

&O>DV sYH ADT Vs -

oOg bV

Op DV g 7. w- 2

80>DVY

gl>Dv

QAL 2w Twss T

O DV

&Jo>Dbv

5951

S00% DV

OD% v eep o _B_ﬁ_‘:’_":_____

TSV

OU# DV Hove 7o whr 2

{33

@S> DV

&> DV

Caip =Twis?

&> DV

Al
= Qsor

oOSHv

g OLD>DV

Oot=>bh Vv

O0=>DV

Oo0=>DbV

Ood=>DhV

Ol=>DhV

OLl=>DbV

O0=>DV

Oog=>DbV

ots>b Vv

og=>0Vv

o=>0b Vv

oO>DpV

ot=>pV

oU>DhVv

od=>DV

Od>DbV

Oo0=>DV

[SIRENN

og=>b v

o0<>Dbv

Oo0=>DV

O0>DbV

oO=>HVv

oO>DbV

od=>DbV

o0V

ot=>Dh Vv

OLi=>DbV

o>b Vv

O0>DhV

oo=>DhV

o0>DpV

Ol=>DbV

oDV

oge>bh v

od=>DhVv

Of=>Db V-

ERGONOMICS LABORATORY
CRANFIELD

L




B R S E PR § S 4 - SLocx S&r No,
HE M 0Peame Heara ) S | :
I = 2 O T s st

o
=2
Py
-

2
i e
&

&

| fo Ceorgl I8 L
:_..vnsms&-. %
:

& ferore.

S
>

e

o

[, " Vitoss . it R

Qerove
EXCESS
vak@ -

[0 WALHER
.VMLDPy A
Lony rifed
i Ay Ml L

k Loﬁp Loqa refca ; i
. . wp,m-.

D

T e e S
=

Al

v

!

PPN,

RO TR AT e g g

e e —_—

&
I:’

o : .UﬂLISH%_O)I s
T 0e 00 i

N é"'s:-i"“z




ak €

ac bt

)

v

___ ,._,.d./////y//%,ﬁ//////f/////,“

~— NN ,o./_//////////, _.

= — 7/,,/.///,,&%////%///4 =

— T Y

“




