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The most important current problem associated with air-
craft production is the necessity for a reduction in the time
cycle fram design to campletion of the first production machine,
Tool mamufacture is one aspect in which improvement is desirable,

The use of thermo-~ and setting-plastics for drop-hammer
and double-curvature panel drill jigs is examined over a wide
technical and econamic field, in order to establish a sound
foundation for investigating the suitebility of plastics for
tooling, Tools were designed to isolate the varisble parameters
and a study of their behaviour has commenced with the assistance
of high-speed filming, to ascertain the limitations of the various
materials, Casting resins are preferable for both punches and
dies although the laminated form, in addition to being the better
type for penel drill jigs, appears to be the most satisfactory
die material availeble at present.

It was concluded that plastics facilitate easier and
cheaper tool production than is practicable with zinc and, for
the tools produced, reduce the necessary time cycle of production
by ebout 80 per cent with a corresponding reduction in the man-
hours required,

In the tests made to develop suiteble plastic tools,
attention was concentrated on the development of a suitable
slightly flexible punch, and a rigid die, following the most
promising indications of this work,
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It was found that Tenite liedium Hard wes a good punch
material with a life of over 1,000 camponents, the springback
differing from that of a Kayem Alloy punch by less than one
degree for all the tool shapes testeds The economic savings
are approximately cost 87 per cent, men~hours 84 per cent, and
time cycle 81 per cent, It should be noted that the punch and
die selected for this test was a severe forming case of a double
curvature bead.

The most satisfactory die developed was manufactured
from Araldite D resin, glass fibre and french chalk, ILimited
tests with a Tenite M,H, punch gave satisfactory results for
short runs, and in all probability longer runs could be made,
The economic reductions effected weres cost, 68,5 per cent and
man-hours, 86 per cent,

1. Introduction

Aircraft have several characteristics, from a production
point of view, which require specisl consideration when deciding
how they should be jigged and tooled,

The future production programme is usually either
definitely limited to a relatively small mumber of aircraft, or
the future programme is unknowm and may depend on the performance
of the prototype or the carly production aircraft. In other
words, it may be nothing or a few thousand, Nevertheless, it
is essential to make even the early aircraft from some form of
toolsy mere hand work would be either impossible or inordinately
expensive,

Due to the uncertainty regarding programme, it is
desirable that as far as possible the tooling should be cheap,
yet should production be undertaken in some quantity, it is
extravagant to make more than one set of tools even though the
first one was fairly cheap,

The problem of how farto go in this direction with
tooling ~ first cost against durability - is a difficult one,

It was considered that for many parts a good compromise
might be reached by using plastic tools if suitable material
exists,.

P.,K, Digby, in 1952, conducted an extensive survey of
all practicable plastics, and W,J, Paul, in 1953, taking the most
promising suggestions, did many tests to establish the practical
properties of those selected,
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The text of the original theses, in both cases, is
extensive, and would amount to several hundred pages. A certain
amount of duplication of testing and detailed changes of mamu-
facturing techniques also exists between the two theses.

This information is clearly of no interest at this
stage, and has been eliminated fram this report,

The information given here iz that which has emerged
as the most useful from either of the two theses, and no attempt
has been made here to attribute detailed results to their particu-
lar author, the choice in this matter having been made by the
editor of the report, from either the agreed or the best-estab-
lished results if therec be disagreement,

A great deal of information has been rejected or only
very briefly mentioned, so that the main conclusions may emerge
and a practical and useful report of reasoneble length may be
presented.,

2, The Investigation into the Uses of Plastics for Tooling
laterials

2.1+ Object of the Investigation

The aim was to investigate and demonstrate the practic-
ability and economics of using plastic tooling for the febrication
of aircraft components, particular reference being made to small
batch production of relatively small total quantities and to the
reduction of the design to completion of aircraft time cycle,

2.2s Scope of the Investigation

It was intended to examine the merits of plastics for
tool usage and to ascertain the possibilities and limitations of
different cambinations of tooling materials, for the more common
operations, To be considered were.=

24241s Drop=hammer, drawing and press brake tools}

242424 Rubber and stretch press toolsg

Z242e3¢ Double contour panel drill jigs, checking and
routing fixturesy and

2424le liachine tool jigs and fixtures,

It was envisaged that, if satisfactory results were
obtained for the drawing tools and double contour panel drill
Jigs, the technique would be directly appliceble to the other
types mentioncd, hence it was decided to concentrate upon these
two varieties, (2+2.1 and 2.2,3).
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Even within the scope defined, many parameters exist,
both in relation to the materials themselves and the types of
work the tools are intended to dos At the time of the initiation
of this work 1952, no published work on an overall investigation
into the uses of plastics for tooling had been located,

2.3« There are two alternatives open to an investigator.-

24341 To select one or more materials for, say,
punches, which have been used previously, or which are
suggested by a manufacturer, and then conduct extensive
experiments to ascertain the most suitable or the use-
fulness of any of themjy or

24324 To commence the investigation at an earlier
stage and build up, on a sound basis, a theoretical
reasoning on the suitability of different materials
followed by practical tests, not nccessarily confined
to materials used previously,.

The second course appeared more promising, particularly
as it was considered that having done this, work would be possible
to complete 2,3.1. in later thesis work in the College, as indeed
proved to be the case, in Paul's thesis,

It was, first of all, necessary to make a survey of all
parameters which might influence the results, and to decide the
major points of importance to be studied. Details of this survey
are included in Appendix I§ the more important aspects are
enumerated below,

2.4s The selected major parameters for initial investigation

The selected major parameters were .-

2441+ The tool materials, because they are a main
subject of the researchy

2elre2s The tool marmufacturing technique, since this
affects the practicability and the time cycle involvedp
and

2e4e3s The reaction of the tool during the production
of typical components, to discover whether dimensions
are maintained,

For purposes of comparison in press tool work, Kayem

alloy was selected as a standard tool material and 18 S,V.G.
De.TeDe 390 or 610B sheet for component production.
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2454 Suitable classes of materisls - General considerations

2:5¢1e« In drop-hammer or press combinations, at least
one member must be rigid and dimensionally stable to
ensure accurate repetition and it was considered that
this should be the die, ctherwise, it would mean that
the component was suitable for the rubber press in any
case and, since this investigation is intended to benefit
types of operations which are not, a hard setting type

of plastic would be sought for die members,

24:5.2, In drawing operations, a punch material with
greater resilience than metal might ensure gripping on
the line of instantaneous forming or stretching and hence
avoid thinning and possible fracture of the sheet around
the punch head, Such materials were probably to be
found amongst the thermoplastics and, therefore, this
line of approach was decided upon,

245¢3e For double-contour panel drill jigs, the prod-
uction method proposed was to make the jig from the
first correct, hand~-made component, Dimensional
stebility requirements dictate a setting material and
the desirability of avoiding the need for moulding
boxes suggests favourable conditions for a laminated
construction,

It can be seen, therefore, that the complete investiga=-
tion of materials must cover both thermoplastics and setting
plastics, the latter including resins which mey be used for
laminating purposes, To avoid confusion, however, the jigs are
dealt with in a separate section of this report (Chepter 17 and 18)
after the tools are discussed.

3+ Detailed properties considered as desirable in a laterial

All materials must be considered with regard to the
following twenty propertiesy but it should be noted that some
parameters do not apply to all classes of plastics.

1« Adequate compressive, flexural and impact strenth,

2e Base of tool production and low mamifacturing time
and cost,

5¢ Good casting or forming properties at low temperatures

. and pressures,

4, Dimensional stebility and low water absorption and
accuracy of finish,

5 ILow density to reduce handling and operating power
required,

6. No excessive distortion under applied loads, particularly

/fOI' ale ces



7s

Je
104

1%

12.

156

14,
15.

16,
17

184
19.

20.

sl

for die members which should have a high elastic
modulus,

Yield point and elastic limit higher than operating
stress,

Low shrinkage and coefficient of expansion.

Correct resilience.

Permanence of properties, rood fatigue strength and low
CI'Eepe

Surface hardness, sufficient to press out any warinkles
which may form but should be chip proof and with
resistance to peceling.

Possible use of fillers to increase strength and reduce
cost, Cost variation with and without fillers, if
applicable.

Ease of modification of a tool by removal or addition
to existing tool.

Reclaimable material where possible,

Iow friction coefficient means less force required
during drawing.

Time cycle of manmufacture, Time cycle from the design
to completed job must be reduced using plastics,
Softening point of thermoplastics should not be less
than sbout 95°C. In same cases in present times hot
forming of certain materisls may meke a necessity for
a higher softening point,.

Resistance to heat, acids, alkalis and greases should
be satisfactory. ‘

Thermal conductivity, melting point and pouring tem-
perature need to be within the range required.

There may be a need for metallisation to be possible
in the case of long runs with likely heavier wear,

Clearly, these factors are not all equal in importance and a first
order specification was drawvm up to accept or reject materials,
This is given in paragraph L.

L, PFirsgt Order Specification for Tool liaterials

Lels

Production of the Tool = The ideal type would be a tool

which can be cast or moulded to a component (or easily-produced
pattern) in a short time cycle without the application of heat or

pressure.

Efficient, quickly effected modifications to an existing

tool should also be possible,

L.2,

Adequate strength in compression and flexure - The need

for adequate strength properties is paramount because, in the case
of the press tools, these stresses are likely to be limiting

factors,

Stresses of the order of 8,000 to 10,000 pounds per

square inch should be within the elastic limit of die materialsg
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for punches, less would be acceptable,.

Le3. Adequate impact strength - The crushing blows of a drop-
hammer, the rapid closing of a hydraulic press or rough handling
of tools require materials with high impact resistance, and those
with values of at least 4ft. 1lb, per in, of notch, Izod, were
sought, This property should be consistent with a hard surface
and, in the case of punch materials, particulerly, a certain amount
of resilience, since this may assist in forming small internal
radii in a deep draw, Fillers may be added, where necessary, to
achieve the properties desired,

b4, Dimensional Stability - Dies, from which punches are
to be moulded act as the master for size and shape and should
therefore be steble, The function of the material in drill jig
construction is to provide a means of locating and holding the
drill bushes in a permanent, correct position relative to each
other, and thus stability is a necessity. In orderto obtain the
best all round production efficiency the shrinkage on curing or
setting should be negligible,

4,5, Other Factors - Where tools are large, low-density
materials will cell for less power to operate the press, and the
handling and compensating rest allowances need not be so great
for workers.

Reclaimation by heat, chemical action or other means
has an economic value, There should be a minimum deterior-
action with age, machining properties should be satisfactory and
the softening point well above operating temperature,

Although cost is, ultimately, of prime importance, this
factor was excluded until the technical aspects had been determined,
it being the policy to find, firstly, materials and methods to per=-
form the functions required,

5 The Initial Rejection of Certain Types

Many materials are unsuitable for tooling purposes
because of the undesirable method of febrication necessary such
as, for example, compression or injection moulding or the need
for high temperature operation. It has been stated elsewhere
(para. Lel.) that a casting type of process appears desirsble
in order to reap the benefits of plastic tooling,

In same instances, types of materials considered
suitable were either not availasble in this country or not
available in the desired form, and hence were excluded fram the
remainder of the investigation. If, in the future, such mat-
erials do became availsble in a suitable form, reference to
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Appendix III should assist in the clarification of their possible
UsS€e

laterials with a low elastic limit and compressive
stress are, of necessity, excluded along with those which have
poor impact properties, It should be noted that this is only a
general rule and needs use with discretion, according to the
particular purpose being considered, Similarly, the importance
of dimensional stability, cold flow and recovery time varies
according to whether the requirement is for a resilient drop-
hammer punch or a drill jige.

Certain laminated materials are used in this country
for tooling purposes at presenty for flat panel drill jigs and
rubber press tools, to quote only two. Throughout this work,
these have been accepted and any reference to rejection of mat-
erials has been based on the desirability for tools to be febric-
ated by casting, or by an allied process,

A description of the rejection process is showm in
Tebles 1 and 2, The detailed factors and properties upon which
final selection for test was made is described in the next para-
graph, dealing with those materials not already rejected in
Column 2, in Tables 1 and 2,
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Table 1, Thermoplastic liaterials
Col, 1 | Col, 2 Col. 3 Col, U
Material Rejected Selected Selected
(see App- not for for final
endix IIT) | final test,
testing
i) iniline formaldehyde X
ii) Cellulose esters
a; cellulose acetate X
b) cellulose acetate
butyrate X
e¢) cellulose acetate
propionate X
d) cellulose nitrate X
iii) Cellulose ethers
a) benzyl cellulose X
b) ethyl cellulose X
c) methyl cellulose X
iv) Methyl methacrylate X
v) Phenolic X
vi) Polyamide X
vii) Polyiscbutylene X
viii) Polystyrene X
ix) Polythene b 4
x) Vinyl
a) polyvinyl acetalsx X
b) polyvinyl acetate X
c) polyvinyl alcohol X
d) polyvinyl carbazol X
e) polyvinyl chloride X
f) polyvinyl chloride
acetate X
g) polyvinylidine chloride X

x See 'Cold Setting', Teble 2,
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Table 2o Thermo- and Cold-setting Materials

Col. 1 Col, 2 Col. 3% Cols 4
Material Hejected Selected Selected
see Appen- | not for for final
dix ITT final test | test
i) Casein X
ii) Cashew X
iii) Epon (ethoxyline) X
iv) Purane X
v) Purfural X
vi) Impregnated plasters and
stone X
vii) ILignin and Bagasse X
viii) Melamine X
ix) Mycalex X
x) Phenol formaldehyde X
xi) Polyester b 4
a) alkyd
b) allyl X
c) crystic 185 X
xii) Polyvinyl acetate (with
wood filler) X
kiii) Silicone X
xiv) Urea formaldehyde X
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6. Final Selection for Test - Thermoplastic Materials

6.1« Cellulose acetate butyrate - This material has a com-
pressive strength of 7,500 to 22,300 1b, per gg.in, a Brinell
hardness 6-12 (2.5 mm, ball 2.5 Kg.), an Izod: impact strength
of 5.8 ft.1b. per in, of notch and is compatible with a number
of plagticisers. It can be cast but requires a high temperature.
The water ebsorption is low, machinebility satisfactory and at a
specific gravity of about 1.2 to 1.36 the price was 6/- per 1lb,
There are now ten grades of hardness in descending order H4, H3,
H2 and H, MH, M, MS, S, S2 and S3, An older grade S.5 (now
abandoned) was used in some of these tests, Previous use by
the Lockheed Aircraft Corporation in the form of 'Tenite IT'!
further substantiated its claims for selection.

6+2. Cellulose acetate propionate - This, one of the cellu-
lose esters, gives properties which might easily cover the re-
quirements, Impact resistance of 7.8 ft.lb. per in. of notch,
tensile and flexural strengths of 4070 and 6730 1b, per sq.in,
respectively, heving been quoted™ for a substance called 'Forticel'.
The cellulose ester has consistently varying properties as the
number of carbon atams is increased fram two with acetic to three
with propionic and four with butyric acid, The moisture sen-—
sitivity, hardness and rigidity decrease and the material becames
more plastic with more carbon atoms and it was decided to test the
acetate butyrate form in the first instance and omit the propionate,

6e3s Ethyl cellulose - This is the toughest of the e'i:he::'s2
but is not available in the form required for the work intended,

One advantage of the ethers over the esters is that they
require a smaller proportion of plasticiser and have better dim-
ensional stability in consequence., This is because this property
is largely determined by seepage of the plasticiser after moisture
absorption,

Strength and impact pa:‘t::per‘cj.tas3 do not approach those of
the mixed esters and give another reason why materials of this
type were not selected for further investigation,

6elte Phenolic resins - Only one thermoplastic phenol type
resin was known to be availsble, this being 'Cataplas' which is a
tooling resin based on a Novalac,

No data on properties of this material wereavailable
but it was known that the Lockheed plant had used a phenol in the
form of phenol acetone for tooling purposes and 'Cataplas! was
recamnended by the mamufacturers. Production had ceased since
1945 but because a small sample was made available for test
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purposes, it was included in the programme. Regarding cost, it
was believed that if production was re~cammenced the price might
be of the order of &/~ per 1lb,

6.5. Polyethylene (or Polythene) ~ A certain amount of work
on plastic punches had been done by Imperial Chemical Industries
Ltd., but without, so far as is known, much industrial pursuit,
It was decided to investigate the merits of this substance for

tooling purposes,

In block form, polythene was obtainable at a price of
12/6 to 15/- per 1b, depending on the form and size, the specific
gravity is 0,92, The compressive strength is greater than 5600
1b. per sq.in, and the impact strength greater than 12 ft.lb. per
in, on an Izod notched bar, The material is easily worked
and the melting point is 115°C,

6ebe Polyvinal Acetate, = This was considered in its cold
setting form,

7« Final Selection for Test, Setting resins

Te1e Cashew nut resins - These e sanewhat flexible and
rubbery after complete polymerisation® and hence it was consid-
ered this type may give better impact properties and be more
useful for drawing tools than the more conventional phenolic cast
resins which tend to be brittle,

There is a disadvantage in having a heating cycle but
that may be no greater than that caused by the large shrinkage of
the polyesters, for example.

A mamifacturer was found who could supply at 2/7 per 1b,
and its compatibility with fillers was confirmed during the test
programme.

7+.2. Epon resins (also known as epoxy and ethoxyline resing) -
It has been stated> that it was doubted whether the optimum mech-
anical strength possible from the combination of resins with glass
cloth reinforcements has always been fully realised with polyester
resins,

Epon resin - glass cloth laminates have been given
flexural strengths of 85,000 1b, per sqeine (in U.S.A, tests)
when cured at 200°F and 25 1b, per sq.in. pressure and have a
small shrinkage, This may have contributed to the better strength
campared with the polyester resins,

However, their need for heat and pressure made it
undesirable when compared with the polyesters, which are suffic-
iently strong,.
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A casting ethoxyline, 'Araldite B', availeble in this
country has high temperature curing and may be used with a silica
sand filler, but is cxpensive at 20/- per 1b, A development of
this is Araldite D Cold Setting liquid resin which costs about
12/~ to 14/~ per 1b, It can also be used with glass cloth,

This was given appropriate tests,

7e¢3e Furane - A furane resin cement was noted6 as having
low moisture absorption properties and a compressive strength of
12,000 1b. per sq,in, although the tensile value was only 1400 1b,
per sd.in,

This thermosetting derivative of furfural resin is com-
patible with certain fillers and a mamufacturer having been located
in this country, it was decided to conduct a small amount of testing,
although uncertainty of the mamufacturer regarding its tooling
possibilities was recorded,

Purther details of tool production mecthods with this
compound, 'Puracin' cement, indicated that there was a possibility
of explosive action when used in bulk of the order of 28 lb., This,
a likely occurrence in practice, could not be tolerated unless no
other method was availsble, Hence it was decided not to proceed
with the testing of it.

7eke Furfural resins - Furfural resins are very versatile,
and may be used for laminating, casting with a shel% iller or far
the impregnation of Plaster of Paris and the like, ’' From the
point of view of comparative tests on the small tools proposed
and, maybe, larger ones used in practice it is to be noted that
there is en absence of thermal gradients in the acoderated castings.
Thus any increase in area does not appreciably change the strength
characteristics, The impact strength may be as low as 0,2 f't, lb,
per sq.in. of notch with compressive and flexural strengths of the
order of 13,000 1b, per sq.ine.

No mamufacturers of these resins was readily located, A
use with phenol described8 as giving a compressive strength of
48,800 1b, per sq.in. needed a curing pressure of 1200 1b, per sg.ine
but the material was not selected for trial because of its low
impact strength and non-availability,

Te5e Impregnated plasters and stone - The dimensional stability9
and increased strength of the resin impregnated plastic could lead
to highly efficient checking fixtures, form blocks and drill jigs.
Resorcinol resins are favoured, since furfural were unobtainable
but the method was not selected, it being preferred at this stage
to conduct small scale trials on tools made from 'Stolit' plastic
stone and 'Titanite', a concrete type material, MNo knowledge of
the strength was on hand but these materials could also be used
for pattern and mould work,
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7.6+ lielamine - A mineral filled melamine resin, 'Calcerite!,
to which water and catalysts are added, when poured against models
and cured at room temperature has been used in the U.S..A..'lo This
materialll does, however, appear similar to the fursne resin cement
described in 7.3 above, hence no further enquiries were made,

The mineral filled resin made by a British manufacturer
necessitated compression moulding end therefare was not suitable
for further study,

7e7« FPhenolic = One material which had been used by the Lockheed
plant called R=72 S tooling plastic was the subject of further
enquiries.

The material mamufacturer stated that that product was
sold only on a contract basis., Unsuccessful efforts were made to
secure a quantity of their open market alternative, '8000' tool
plastic, which has a compressive strength of 11,000 lb. per sq.in,
A very important property claimed was the shrinkage encountered in
previous materials of this type was negligible,

A new acid-setting casting phenol formaldehyde material
was known to be made by Catalin Ltd., called 'Cataform 59/1EV!'
selling at 4/3d per 1b, This could be used with or without
fillers and would be suitable for box drill Jjigs and possibly
drawing tools, It would give a good finish and could be machined,
hence, although it required a heat cure, it was decided to test
samples,

7.8+ Polyester (alkyd and allyl) - In the work of determining
a suitable filler for laminating purposes described in Appendix IV,
it was concluded that glass cloth was the one which appeared to
give most promise for tooling purposes when used with a polyester
resine The use of glass cloth with epon resins has already been
discussed (7+2).

The availability and convenient method of manipulation
of the alkyd polyester resin 'Marco 28C', a cold setting contact
pressure material, made it a good choice for work on press tools
and panel drill jigs. Its price is 7/6d per 1b, and its compat-
ibility with pigments presents certain production advantages.

One disadvantage, however, is the high shrinkage on
setting but it was decided to try to reduce the implications of
this,

A tailored allyl ester 'Kriston' has been d.escrihed12
as having a reduced volume change on polymerisation, but a
supplier was not known in Britain,

Crystic 185 polyester, costing 4/6d per lb. was cbtained
and tested as a die material,
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749« Polyvinyl acetate - With a wood flour filler and a
suitable solvent this forms plastic wood, Since it is recomm-
ended that thin layers only should be used and these allowed to
harden before additional layers are added, it was decided that
the production method was not suitable,

710, Silicone = This type of resin laminated with glass
cloth at high pressure withstands a compressive stress of 36,000
1b, per sg.in, flatwise with Izod values from between 9 and 17 ft,
1b, per in. of notche!3

The main advantage of this leminate is that it will
remain serviceable up to 250°C, Hence s although not required
in the present series of tests it might well become of use if hot
forming is required on certain metals such as, for example, the
magnesium zirconium alloys,

Tel1e Summary and Conclusion of Selection Stage

In order to provide ready reference at this stage,
those materials selected are listed below,

Thermoplastics

Cellulose acetate butyrate (Tenite II - MH and S5)
Phenolic-Novalac type (Cataplas)
Polythene (Alkathene)

Setting plastics

Cashew nut polymer (EPOK H 8560)
Ethoxyline (Araldite B and D

Phenol formaldchyde (Cataform 59/1EV)
Polyester (Alkyd) (ilarco 28C)
Polyester Crystic 185 .

Plasters (Stolit and Titanite)

It was concluded that complete trials of these materials
in various combinations for punches and dies with the use of
appropriate ffillers in some cases, would provide sufficient data
upon which a conclusion on the suitability of plastics for tooling
purposes in the aircraft industry could be made,

840 The Use of FMllers

Gele General - The properties of many cast resins are
inadequate to withstand the crushing blows of the drop~hammer and
the existing compressive, flexural and impact strengths require
improvement before they are used far tooling purposes,

Pillers can assist in the achievement of desired prop-
erties often at a lower cost, Basically, there are two types
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used for making both laminated and unlaminated products. The
former give the high mechanical properties but the non-laminated
types not needing a laying=-up procedure give production advantages
because the filler and resin may be placed under an automatic
mixer, It is undesireble to use fillers with the thermoplastic
materials as this might hinder reclaimation.

The general requirements and types of fillers are
enumerated and examined in Appendix IV, but it is to be remembered
that although economic advantages accrue if the filler is cheaper
than the resin, the technical agpects of the work must be satis-
factory before costs can be allowed to influence a decision,

842, Laminated construction - For the laminated type of con-
struction it was concluded that glass cloth would probably give
the best mechanical strength and impact resistance together with
low water absorption and good dimensional stability, The wearing
properties end hardness might be improved by the addition of
aluminium oxide to the surface layer of the resin, Glass fibres
were also considered to be a useful type of filler, it is easier
to position and costs sbout 3/6d per lb. compared with 20/- for
glass cloth,

Numerous thicknesses of glass cloth are manufactured
and little information on thickness has been quoted with the
strength figures, An examination of the effects of this is made
in Appendix IV and it was concluded that a cloth thickness of
about 0,010in, with a contimuous weave would probsbly give a good
compromise for press tooling and, initially, thinner cloths of the
0,005in, type would be used for panel drill Jigs.

A contact pressure, casting polyester resin Marco 28C,
was available, known to be compatible with and to give good
properties with glass clothe Hence it was decided to concentrate
the work in the laminating field upon this combination, The resin
content, varying according to cloth, would be sbout 45 per cent,
this having given good results on test piecess

8e3e. Non~-laminated Cast Construction = In the field of fillers
for non-laminated casting resins there was no outstanding material,
It had been noted that differences in properties resulted from
different proportions of fillers in the mix but it was decided that,
in the absence of data on optimum figures, except where resin mam-
facturers had quoted a figure, the proportions initially tried
would be of the order of those previously used for other purposes,.

On the basis of the examination made in Appendix IV, it
was decided to use wood flour with Bakelite resin only, this being
a marufacturer's recommendation,

Walmt shell flour, originally d.evelo?ed for use with
casting resins and having known properties was deemed suitable
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for inclusion in the test programme,

Silica sand, recommended for use with Araldite, silica
flour and chopped glass fibres were also considered suitable for
inclusion in the programmne of tests,

No supplier of either walnut shell flour or short
chopped glass fibres was located and hence tests using these were
not possible, It is recommended, however, that should these
become available, they should be tested because of their apparent

promise,

9« The Nature and Design of Test Components

9¢1e General - The design of components to be mamufactured
from the plastics drop-hammer tools and drill jigs was of such a
nature as to test their reaction when worling on typical jobs, at
the same time maintaining control on the important variables
affected by shape, in this manner any limitations in the perform~
ance of the tools could be more readily detected and analysed.

The effects of the following factors were selected for
investigation in relation to press or drop~hammer toolss

i) depth of draw
ii) double curvature
iii) sharp corners and minimum internal and extermal radii
iv) large radii, internal and external
v) property of removing material buckles in the sheet
caused by a previous draw on a double contour
vi) flexural bending on the tool itself

The types of tools were such that, where possible, the
effects caused by actual technique could be isolated and examined,
Tool shapes were designed to illustrate these factors and are
shown in Figse. 1 and 2, the description of the fuction of each
being made in Table 3,

In each instance radii, bead sizes and the like were
made to facilitate easiest mamufocture (and later measurement)
compatible with the principles sought, It was intended that the
straight bead and channel tools should also allow unhindered
observation of pressing conditions at various stages,

The external shapes of the tools, even for circular
camponent shape, incorporated 90° corners to ensble easier con-
struction of moulding boxes for the casting of the plastic tools
fraom them for cases where it was decided not to use a plaster cast,

No allowance wes made for springback of the formed material,
It was decided that a constant die size should be used and that any
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subsequent variations of springback with tool materials should be

noted,

T4

IE

Description and Properties of Test Tool Shapes

Name of Tool

Dimensions

Special Points in
Design

Property tested by
this Tool

Te

2e

3

I

D

Dish

Straight Bead

Curved Bead

Joggling Tool

Straight Channel

or 'Top Hat'

90° Bend Tool

6 in.sqe punch 2in.
diae

1/4in. rad. x 1%in.
wide

1/4in, rad, on 2%in,
rad, Centrec line
2%in, wide

3/kin, Joggle in
approx, 2in., rad,
curved dish 2in
wide

1/lkin, deep x
5/8in straight
channel, 14in, wide

+in, wide plate
bent to angle 90

Circular plan mini-
mum non=-radial draw

Avoids double con-
tours, useful for
early elimination
tezts

Severe double curva-
ture of small radii

Severe test with
high forces needed
to form

Sharp radii punch
has to force way to
bottom of die

Minimum bend radius
fOI‘ 18 S.’i?.G’. D.T.D.
610B at apex.

Flexural strength
of tool - large
radii

Compressive strength
of tool and ability
to form to shape

To follow tool 2
to indicate if
buckles are ironed
out

Ability of tool to
form a joggle and
compare with Kayem
tool

Capacity to form
bends which are
deep compared with
width

Spring back from
single bend
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10, Manufacture of Tools for Tests

10s1e Zinc Tools = Kayem alloy was used for the standard
tools and normal industrial practice in its hendling was adopted.
In this case, the die was made the master party plastics (part-
icularly thermoplastics) could not be used in the punch form for
making dies subsequently,

10.2, Construction of lioulds = There are three alternative
methods of preparing moulds from the master die, but these are
not universally applicable, In general, these moulds could be
used for either punches or for dies, as appropriate.

1062e1s A gypsum plaster 'Stolit' cast (Fig. 3)

1042.2, The master may be surrounded by a metal box and
casting of plastics may be directly on the surface
(Fig. I-I-) .

1042434 In the case of thermoplastics, heating the punch
block by infra-red lamps and forcing it into the
master die holding it until it cools into the
correct shape (Fig, 5)

104244e The plaster moulds were cast with either

IStolit!
or
"Titanite!

'Stolit!' expanded slightly on setting, but
'"Titanite! neither expands nor contracts. 1In both
cases, the surface finish was excellent, but it is
more difficult to remove the pattern from the
'Titanite' as it did not alter in size to leave a
clearance and an extraction jig is necessary,

11 Flastic Punches

11e1e Cellulose Acetate Butyrate (Tenite IT 85 and M.H.)e

11e1e1e Tenite punches may be cast in open 'Titanite' moulds
at 195°C, careful heating in a double container with tin-lead
eutectic melting at 183°C, cutside the Tenite containecr and
constant stirring., To ensure better pouring, a little butyl
phthalate plasticiser was added,

111424 Better tools were made with less trouble by the

'furnace' method, This method was developed in an attempt
to overcome the drawbacks in the above method, particularly
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those of overheating and poor casting in small quantities.

The top plate was removed from the appropriate shell
holder and the holdcr fitted over its Kayem alloy die, Packing
was then inserted +to support the holder near the die face to
allow roam for subsequent compression of the Tenite, A layer
of cellophane paper was placed on the die face, to prevent
sticking of the plastic, This was later found not to be ab-
solutely necessary. The die and shell holder were then placed
in an electric air furnace set to 200°C, and the Tenite added,
either in lumps cut from old tools or in the granulated form,

As the Tenite melted, more was added, and occasional stirring
with a glass rod was carried out to remove air bubbles. VWhen
sufficient Tenite had been melted, the die, shell and Tenite
were removed from the furnace and the top plate screwed in
position, The packing was removed and the die and shell holder
placed under a small press and a load of 500 to 600 1lb,. applied
and maintained as the tool cooled, This ensured a sound tool
with no cavities caused by shrinkage, and a good surface finish
since the press followed up any contraction of the Tenite during
Cooling.

This method overcame all the difficulties encountered
with the double vessel method, and was extremely successiul both
for the M,H, and S,5. grades of Tenite, and no subsequent
reforming of the surface was required,

1142, Phenolic (Novalac based) (Cataplas) - Since the
melting temperature was 130°C, lubricating oil could be used in
the outer container but in practice the pouring temperature had
to be raised to 185°C, and the tin-lead eutectic would have been
satisfactory. Successful casts were made in both plaster and
metal moulds,

11¢3+ Polythene (Alkathene) - This tool was produced by
shaping the block with a saw and chisel and heating to softening
point with infre-red lamps subsequently pressing into the die as
shovn in Fige 5. Fige 7 shows another type of alkathene tool
contained in a shell holder,

1144e Cashew Nut Resins (Epok cold setting resin H.8560) -
This resin was mixed with 50 per cent silica fllour filler and
paraformaldehyde T.350 hardener and cast in a 'Stolit' mould,
Final setting was encouraged by heating for two hours at 100°C,
These punches were soft and rubbery.

11+5+ Punches made in the mammer described above were tested
and the details are given in Sections 14«24 and 14.31.
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12, Plastic Dies

Dies were made from a number of the setting resins in
the manner described below,

1241s Phenolic Resin (Cataform 59/IEV) - In this resin,
100 per cent silica sand filler (by weight) cambined with
Accelerator 268H was tried in both metal and Titanite moulds,
The parting agent used was Catalin parting lecquer 35/4EV, After
being allowed to stand for 20 hours, these dies were cured for
L hours at 45°%C, Experience showed in this case that too much
filler had been used, and the die was too brittle, Furthermore,
the manufacture of the resin had been discontimued during the
later parts of the test, so that no further details are available,
but this resin should be kept in mind for future work,

12,2, Ethoxyline (Araldite D Resin Glass Cloth Die) - The
Araldite resin was weighed out and mixed with the hardener. The
proportions used were 100 parts by weight of Araldite D and 8-10
parts of herdener 951. The resin was then allowed to stand for
30 mimutess During this period, folded strips of Y.84 cloth and
the moulding box were prepared as described for the Marco resin
die, (parae 12,6),

The cloth strips were then soaked in the resin, and
laid up and placed in a small press under contact pressure,
Gelation took place 3 hours after mixing the resin and curing
2l hours after mixing.

The die proved to be harder than the Marco resin die,
but suffered from similar surface defects which were due to the
resin shrinking when curing, leaving the cloth slightly proud
of the resin at the surface,

12,3, Araldite D French Chalk Die = This was an attempt to
reduce the cost of the die by eliminating the expensive glass
cloth and the time taken in laying it up., The Araldite was
knowm to be a fairly strong resin, and a cast die using French
chalk as a filler was made to see if the result would be strong
enough in practice,

Tests were first made to determine the proportion of
french chalk which could be added to the resin, Ifixes of 25,
50, 75, 100 and 125 perts of dried french chalk and 100 parts
of Araldite D by weight were made and trial casts carried out.
The mixes gradually increased in viscosity but those up to 75
parts of french chalk were easily cast, The mix with 100 parts
of french chalk was difficult to cast, being pasty, and that of
125 parts of french chalk almost impossible to cast.e It was
decided that the proportions 75 parts of french chalk and 100
parts of Araldite D would be the most suitable mixture for the
casting of a die,
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A sufficient quantity of Araldite D and hardener 951
were mixed up in the ratio of 100 parts of Araldite D to 10 parts
of hardener, The mixture was allowed to stand for 20 mimites
during which time the moulding box was prepared in the same way
as described in para, 12,6, The dried french chalk was then
added to the resin in the ratio of 75 parts by weight of chalk
to 100 parts of resin and allowed to stand for a further 10
minutes before being poured into the moulding box.

In order to cbtain the full strength of the resin, the
die was cured in a small furnace at 100°C for 20 minutes, After
curing, the die was removed from the mould and the back filed
flat to remove a slight amount of unevenness caused by a few
bubbles which had risen to this surface.

It was found to be too weak in tension for use as a die,

12,4 Araldite D, Glass Fibre and French Chalk Die =~ A
sufficient quantity of Araldite resin was made by mixing 100
parts by weight of Araldite D with 10 parts of harféener 951, The
resin was allowed to stand for 20 mimites before french chalk was
added, 50 parts by weight of dry french chalk being added to 100
parts of resin, The ratio 50 to 100 was chosen in order to avoid
a viscous mixture of resin and chalk, The mixture was allowed
to stand for a further 10 mimutes before use,

The moulding box was prepared as described for the Marco
resin die and the die laid up and placed under contact pressure
in an identical manner to that described for the Crystic Glass
Fibre die, The press used to apply contact pressure was found
to have failed and only a very small pressure could be applied
during curing, which took some 24 hours after the mixing of the
resin.

The die subsequently proved to be the most successful
made, but at the present time dies made from Ethoxylene resins
will be expensive (see para, 7.2). Pige 8 shows the finished
die.

12,5 Die made from Araldite D, French Chalk and Chopped
Glass Fibre

The moulding box used to form the die was that previously
described consisting of a wooden pattern in an aluminium shell,
The whole forming a mould with an open top,

100 parts of resin (consisting of 100 parts of Araldite
D and 10 parts of Hardener 951) was mixed with 50 parts of french
chalk and sufficient chopped glass fibres were added to form a
'dough'e This mixing of the fibres was actually performed in
the mould, and the mixture forced down into the bottom of the
mould, VWhenthe mould was full, a layer of cellophane was
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placed on top and contact pressure exerted by means of a small
press and a wooden piston, The die was allowed to cure for 36
hours and then trimmed,

One or two surface defects were noticed, and these were
patched with a small amount of the mixture used above, A thin
film of resin and french chalk, however, flowed over the whole
die face when contact pressure was applied,

1246, liarco Resin Glass Cloth Die - A wooden pattern of the
punch shape was made and a light alloy box itted over the face
of the pattern, the assembly forming an open topped moulding box,
the inside shape of which was the shape of the die to be mam-
factured, This moulding box was smeared with a silicone
grease, DeCa/, on its inside faces to prevent the die from ad-
hering to the box,

The glass cloth used was Y,8, (see Appendix IV, 2,1)
and this was washed in trichlorethylene to remove the oil starch
size in the cloths The cloth was then cut into strips and folded
such that the strips were of the same width as the moulding box.
Six folded layers of cloth were found convenient in each strip,
They were stapled together at intervals of 3 or L4 inches,

The resin wes then weighed out and mixed with the
catalyst paste and hardener, The proportions used were 100
parts by weight Marco Resin SB 28C, 3 parts of Catalyst Paste B
and 2-3 parts of Accelerator D,

The folded cloth strips were soaked in the resin and
laid up in the moulding box in a 'concertina' mamner, Vhere a
joint in the strips was made, the two strips were overlapped for
one length of the moulding box, Care was taken to work the
resin completely into the cloth and to make certain that it
followed the contours of the wooden pattern closely. Care was
also needed to prevent the inclusion of air bubbles.

It was found convenient to have one operator to do the
actual laying up in the boxe The resin sosked cloth being very
sticky, it was difficult for one operator to fold the cloth back
and forth when laying up, An assistant therefore held the end
of the strip and made the folds while the operator made certain
that all the layers of cloth were in contact and that no air was
tropped between thems The use of the rubber gloves was found
to be an advantage in laying up, as they prevented the resin and
loose glass fibres from coming into contact with the hands,

VWhen the die had been built up to a sufficient thickness,
a layer of cellophane was placed over the die and a wooden ram,
which fitted the moulding box, was placed on top of the die.
The mould was then placed in a small press and slight pressure
applied to the ram to ensure that the cloth layers were in
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contact with each other., This pressure is called 'contact
pressure’s Gelling of the resin toock place some 30-35 mimutes
after mixing, final setting, however, taking some 24 hours,

After the die had set, it was removed from the press
and moulding box, A cetain amount of 'flash' at the edges of
the die was easily removed with a file,

It was noted that the die surfaces were not very hard
relative to dies made from Araldite D, and that they might prove
too soft in use for the most stringent forming tests, This was,
in fact, the case, as was discovered in the tests, But they
are useful dies and formers for a large range of plastic tooling
problems,

1247« Crystic 185 Glass Fibre Die - This was a further attempt
to reduce the die cost by using glass fibre, which is cheaper than
glass cloth, as a reinforcing material,

The mould was prepared as described for the Marco Glass
Cloth die, The glass fibre was supplied in hanks some 6 feet
in length, It was found convenient to divide these hanks into
smaller ones scme 2 feet long and approximately #in. diameter
when the fibres were bunched together.

The formulation used for the resin was for a room tem-
perature cures, 100 parts of Crystic 185 by weight were mixed
with 4 parts of catalyst paste H and 4 parts of accelerator E,

A slightly different technique was developed for laying
up the fiibres to that previously described for the previous cloth
filled dies, A small quantity of resin was poured into the
moulding boxe, A hank of glass fibres was spread out into a flat
strip of the same width as the moulding box and approximately
1/8in, thickness, One end of the strip was placed in the moulding
box and forced dovm into contact with the wooden pattern, In
forcing down the fibres they became impregnated with the resin,
The strip of fibres was successively doubled back on itself in
'concertina! fashion at the ends of the moulding box, more resin
being added as required., The direction of the fibres was para-
llel to that of the greatest stress expected in the die, although
a few were oriented in other directions for general strength,
Fresh hanks of fibres were overlapped for one length of the
moulding box by the end of the previous hank, Rubber gloves
were found useful to protect the hands from glass fibres in
laying up the die, An assistant was found to be needed to
handle the portion of the halk not laid up and in foldingthe
strip at the ends of the die, The operator's gloves were
sticky with resin and he could not handle the portion of hank
which was not in the moulding box,

Wthen sufficient depth of die had been built up in this
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way, a layer of cellophane was laid over the top surface of the
die and a wooden ram which fitted the moulding box inserted.
The mould was then placed under a small press and a light
pressure exerted on the ram to produce the required 'contact
pressure'! on the resin and fibres, Gelling took place after
some 30-40 minutes from mixing the resin, curing occupied same
24 hours, Af'ter curing had occurred, the die was removed from
the moulding box and small amounts of flash removed from the
edges with a file.

The die was found to be strong enough although some

fibres were left proud of the resin, which contracted on curing,
giving a slightly rough surface finish,

13, Discussion of Plastic Punches and Dies

1341 Punches = For the production of punches, the method
used for Tenite II and Cataplas was more involved from the point
of view of appearatus ti.an the Alkathene type, although not,
inherently, more difficult, If it were necessary first to make
a polythene block from scraps, this would probably be the more
tedious, The time cycles for Tenite and Cataplas were 2 hours
to the 'readyfor use' stage, and Alkathene, which needs press time,
about an hour, Punches made from 'EFOK' Cashew mut resin
require a time cycle of about a day including oven curing, al-
though the preparation, hence operator's time, is only about one
hour, Thus, if a steady flow of tools was required and ample
oven capacity was available, the overall time cycle may not
necessarily be a disadvantage., On the other hand, a rush job
could be handled more quickly by using one of the thermoplastic
materialss In the case of punches, the raw material costs,
except for the Cashew resin, are recoverable,

1342 Dies - The remerks made concerning the Cashew punches
are applicable to the dies made from the same material, For
the remainder of the die materials, Araldite, Titanite, Cateform
and lMarco, the mixing technique is similar, In the case of
Cataflorm, easier cleaning has been mentioned, and for Ilarco
resin the laminating technique was different from those in which
fillers were stirred in with the resin, and required longer.

13¢3s The time cycles were Araldite about 8 hours, Titanite
about 12 hours, ilarco 2 days but preferasbly left for 2 weeks to
harden fully, The material costs were not recoverable although
in the case of Marco resin with glass cloth used blocks mey be
cut up and used as bulk fillers, The cost of glass cloth filler
is relatively high, The methods were all akin to one another,
the differences being mainly in the time cycles requirede.

The type of mould used for casting did not appeer to
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matter greatly and only in the case of Cataform used with stone
moulds was the mould harmed in any mamner, The parting agent
used, mostly, for convenience, was mould release D,C,7 since it
did not require melting, but other agents such as carnauba wax
and aluminium stearate grease are cheaper,

14s Preliminary Test of Tools by Component ilaking

The object of these experiments was to produce light
alloy components and thus to determine the effects on the tools
as well as on the components, and thus to find the limitations
and advantages of the various materials,

The tests were all conducted on a small (10 ton)
Hydraulic Press, Fig, 6.

It was considered that one advantage of plastic tools
would be their ability to press various gauges of material without
tool alteration and this pre-supposed that the die form was the
outside skin line of the component. However, no detailed know=-
ledge existed of the degree of their adaptsbility. It was
therefore decided to work with gauges wurying from 24 to 16 S.W.G.,
the basic comparisons being made at 18 G for which thickness the
pair of 'Kayem' reference tools had been mated, Fig. 9 shows
some pressings and also the punch and die, used in some of these
tests, ’

The material used was either D,TeDe 390 or D,T.D. 610B
(both having similar properties) and the pieces pressed were
narrower than the tools which avoided edge effects,

1441, Procedure of Tests - No special differences exist
between the various types of tools in setting up.

Pressing cycles varied from a gentle squeeze followed
by a slow pressure build up to a sharp tool drop followed by a
rapid pressure increase, No significant differences were
detected between components made by these two methods,

To avoid waste to die material and test pieces the

tests were conducted in the orders

1helele straight beady

14e1e2s straight chamnely

14,1 .3. joggle; and

14.14e curved bead,
Favourable results were required from these tests before pro-
ceeding to the larger and more costly dish tools,.

/134'-2. ses



e

14.2, PreliminaryTest Results, Punches of the following
materials wecre testeds

14421 Alkatheney In relation to the punch materials, it
was concluded that Alkathene tended to be softer and a little
more resilient than is ideal, VWhilst it produced components
of 20 S,WaGe and under quite satisfactorily, up to 30 off being
made without re-moulding, the thicker gauge materials were not
formed completely, It is considered that because of this extra
resilience the material is particularly suiteble for forming very
thin sheets which may, according to the shape required, be
extremely difficult to form using a zinc punch without fracturing
the component material, For small camponents made from the 20
to 24 gauge materials in small batches and the 26 to 30 geuges
in larger batches, Alkathene is considered to be technically
suiteble,

14422, Cataplass The harder material, Cataplas, produced a
form with a smaller spring-back than Alkathene did but showed a
tendency for brittleness and lack of strength when components were
made fram 18 and 16 S,W.Ge sheet, It is to be noted, however,
that although tool cracking and flaking occurred, in the case of
the straight channel tool during the production of the first
component, several more components were made satisfactorily from
it in the damaged condition, It was concluded, that if the
materials could be modified into a less brittle form at the same
time retaining the existing surface hardness it is probable that
successful use could be made of it up to a thickness of 16 S,W.G.
at least, and bringing with it the other advantages of the use of
plastics,

144234 Tenites Tenite II, S5 processed into tools by similar
methods as Cataplas, tended to avoid the difficulty experienced
with the latter, TIts limiting camponent thickness was about
18 SeWeGe in the case of the straight chammel whereas 16 S,W.Ge
components were produced almost up to the standard required, It
should be noted that even with the grade first tested which was
the softest of that produced, some success was attained, hence
it was correctly concluded that appropriate use of one of the
harder grades should enable production of tools giving campletely
satisfactory performance for a range of components sheet thick-
ness from 16 to 30 S,W,Ge Actual component shape and severity
of forming would influence grade designation for a particuler
joba

14¢2h, The EPOK cashew nut resin was the fourth punch material
testeds It was noted that, as mamufactured, the resulting tools
were too soft and resilient and they did not produce a component
of even the 24 S,W,G, sheet, Iliorc important, however, is the
knowledge that the series of dies made with a different filler
composition and curing conditions were much harder, if anything
perhaps a little too brittle, less resilient and produced
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camponents satisfactorily, It was concluded, therefore that a
further investigation into the filler proportions and curing
conditions within the two' extremes tested during this investigation
should enable the ascertaining of an optimum composition which
would be entirely satisfactory,

1443+ Dies = The results of tests with dies are belows

144314 Epoks Considering now the die materials, Epok cashew
mut resin has already been mentioned. Even the hardest compos-
ition tended to be a little too resilient for use as a die,
although 20 and 24 S,W,G. components were produced satisfactorily,
It is considered that an investigation into the requirements for
thin sheet forming might well show that a degree of resilience in
such cases might be an advantage when used with a plastics punch,
the need for an excessive die spring back allowance then being
largely avoided. {n answer to this proposition is desirsble
before it can be concluded that the material is entirely unsuit-
able for die use,

14432, Araldites The ethoxyline resin, Araldite, reinforced
with a silica sand filler did not produce a homogeneous tool
although a small mumber of components were produced before tool
fracture, It was concluded that the use of silica flour filler
obviated that difficulty and produced a better tool, There was,
nevertheless, brittleness remaining and it is considered desirsble
to test with a wood flour before a final conclusion is drawn,

14433, Titanite Plastersy The only tests in the plaster
category were made on Titanite, These showed that this material
was unsatisfactory in the un-reinforced form but also illustrated
by means of a fracture, the fact that in the case of the chamnel
type tool a specification factor previously considered unimportant,
namely tensile strength, is in fact a basic requirement,

14434k. Bakelites Bakelite cement exhibited a surprising
amount of resilience for a phenolic resin, It was concluded that
reduction of the filler content, which had been increased to the
maximum possible, because previously phenolic materials had shown
a tendency to be brittle, might reduce the resilicnce and provide
a better tooling materisl., The surface contained a certain
number of blowholes which may be detrimental to strength but
components up to 18 S.W.G, for the straight bead and 20 S.V,G.
thickness for the straight channel were produced satisfactorily
in combination with plastics punches.

14,35+ Cataforms The other phenolic tested, Cataform, was
produced with both sand and flour fillers and neither proved
satisfactory, the tools being too brittle and insufficiently
strong.

14,36, larco polyesters The polycster-alkyd larco 28C resin
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was the only type used and tested in laminate form. It was
concluded that when used with glass cloth the dies produced were
excellent and did not appear to have limitations in regard to
maximum sheet thickness., If any improvement in the anti-
shrinkage properties of the resin could be made & further advantage
would accrue but, in its existing form, adoption of certain
precautions ensures good tool properties.

14437« Zincs The testing of zinc tools for both punch and
die necessitated mating the pair for a specific gauge (18 S.W.G.)
of material and investigating this one thickness of component
sheet only., It was found that for the same radius on the original
pattern the zinc tool maintained a smaller radius than the plastic
tools but that there was a marked tendency to stretch the sheet
locally, in the case of the straight channel half the samples
showed cracking and for the curved bead no un=ruptured components
were produced at all, The Jjoggling was satisfactory. It was
therefore concluded that for the sharp forming operations des-
cribed zinc tools are not entirely satisfactory,.

144,38, General Conclusion from preliminary tests. Technical
conclusions may only be drawn when used for forming component
sheet to specifications D.T,D. 390 or 610B in the as received
condition, It was concluded that, apart from the achievement
of smaller radii with zinc tools for the same original pattern,
the plastic material imposed less strain on the sheet than the
zinc tools, There appeared to be a thickness limit of about 18
or 20 S.WeG for the constructions tested but the plastics are
more suitable for the thimner gauges, the quantities concerned
being assumed small,

15. Performance Tests on Component Manufacture

1541, Standard Test = To esteblish a basis for testing, the
performance of all types of plastics, when made into tools of the
shapes used in this series of tests, it was necessary to fix a
standard,

Kayem alloy punches and dies were fixed as the standard
and 18 S.W.Ge D.TuD, 610 as received was used as the material for
the components.,

Before meking these tests, the press was carefully
calibrated as follows, The ellipticel steel ring shown in
Fig, 6 with two dial gauges (one ten~thousandth of an inch per
division) was first compressed in a compression testing machine
in the Materials Testing Lsboratory, Vhen transferred to the
press itself, it was possible to read off the actual load
against the pressure shown on the gauge en the press., Thus, at
all times the total platern load was known, and hence the average
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load on the projected area of the tools A graph was prepared
for this calibretion but is not published as it is of interest
only in relation to the press used.

Springback wos measured with an optical protractor on
the flanges on either side of the formed 'bend'!, (i.e. if there
were no springback, the two flanges would be in a straight line),

Fig. 10 shows the result of the springback tests using
Kayem punch and die and 18 S,/.CGe D.TeDe 610 material for the
four chief test die shapes, The results of the control tests
are plotted in most of the subsequent tests as a dotted linec for
comparison,

A large mumber of tests was made and only those which
are significant can be described in this report, The following
descriptions are all illustrated in Pigs, 11 to 13 which should
be consulted.

15+24 Alkathene Punch, Kayem Die, - An Alkathene punch in the
restraining shell box was used f'or a series of springback tests
shovn in Fig, 11 which gives a typical result of such tests, In
general, springback decreased as pressures increased, and it can
elso be seen that the behaviour of the 18G material was almost
identical with that of the same gauge in the Kayem tools when
the appropriate pressure was used on the press,.

The effect of 'dwell! period was also tested, and it
was found that betiwveen 0.5 and 30 seconds there was no effect on
springback,

Sufficient tests werec madec to esteblish the properties
of the shrouded (shell holder) Alkathene punches of the differing
shapes, In general, recasonable pressures resulted in forming
without excessive springback,

However, in the case of the chamnel, the Alkathene
punch did not completely form the corners to the permissible bend
radius (25 t) in any case and an intensifier would be needed,
This is considered to be a serious deficiency in the Alkathene
punch,

15¢3. Tenite Punches - Kayem Alloy Die - IMigs, 12 and 13
give some springback against pressurc results for the Tenite
punches of two types, The Tenite results showv generally a
smaller variation in the springback than in the casec of
Alkathene punches, The same general charscteristics and method
of testing were adopted, There was no lubricationy the effect
of varying dwell between 0.5 seconds and 30 seconds was nil, and
the specimens were the same in size and material, as in previous
tests,
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Fige 14 gives the results of an extended run (up to
1,000 pressings) on the curved bead tools with the Tenite il.H.
punch and the Kayen die.

Except for the small discontimuity which occurs at
the 260th specimen, which coincides with a change in the batch
but not the specification of the material, the springback is
clearly very constent and the punch and die seem~ to be quite
satisfactory, although there is a slight sign of change at about
the 900th specimen,

Fige 15 shows the same type of life test conducted with
a Tenite ii,H, punch and the Araldite French Chalk Glass I'ibre die,
using 18 gauge D,T,D., 610B, Die life could have been extended
by using lower pressures,

15k Iinmits of Flastic Tools = The limiting gauge size for
use with Tenite II 1i,H, punches was found to be 18 S.VsGe, sat-
isfactory components being obtained with 18, 20, 22 and 26 S,7.Ge
=pecimens, The horizontal distance between the results for
different gauges of material with the same diec represents the
change in gauge size if the same die form was retained. The
general trend for the springback to either remoin constant or
decrease slightly with an increase of pressure, reduces the
extent by vhich the springback can be altered by varying the
pressure on the specimen, The punch faces showed no sign of
wear or permencnt indentation by the specimens as occurred with
Alkathene or Tenite II S.5. This was true even for the punch
used for the life test of 1,000 specimens, The specimens were
deburred for all these tests and no cutting of the punch face
occurreds It was noticed, however, that after the life test,
some small pieces of swarf had been picked up and become embedded
in the punch face, These were casily removed end did not affect
the punch or components in any way., It was found with pressurcs
over 4,130 1b. per sqe.in,, which occurred with the Straight Bead,
Straight Chamnel and the Joggle tools at press loads of 14,000,
14,000 and 19,000 1b, and over respectively, that plastic flow
occurreds The punch face remained setisfactory, but a certain
amount of compression took place forcing out the unsupported
sides of the punch, This phenomenon confirmed the results of
the compression test,

This type of punch did not merk the surface of the
specimen as does a metal punch, and could easily be used to press
a portion of a large sheet without merking the surrounding arca.
The set up tdime was very short, the punch being placed on the
pre-positioned die, the ram lowered and the punch and die bolted
dovme Any small misaligrmment of the punch and die were overcome
by the flexibility of the punch,

It should be noted that this tyvpe of punch may be easily
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and quickly remoulded in the press by being degreased, heated with
infra-red lemps until soft and forced against the die until cool,
The time taken was gbout ten mimutes for a smell punch, which
would then be in a 'new' condition and give similsr results,

16, Conclusions

16.1. Punch liaterials

From the results of the above tests the material best
suited for use as a punch is Tenite II ii,H,

The main adventages of Tenite IT 1l,H, over the other
materials, namely Alkathene and Tenite IT S5 weres-

16411.The material was strong enough to be used in the same
way as the normal metal punch i.e, it needed no form
of support such as a shell holder,

16,12, The amount of springback for corresponding gauge sizes
pressures and dies was less than that obtained with the
other materials,

16413+ The range of springback at any pressure over the gauge
sizes tested was less than that obtained for the other
materials,

1641k Ibove the minimm pressure that was required for com-
plete forming of the specimen, the amount of springback
was either constant or decreased slightly with increase
in pressure over the range tested, For the other
materials the springback tended to vary more with
pressure variations, particularly in the case of
Alkathene,

16415, The material cost was less than that of /lkathene, but
the same as for Tenite II SH.

164164 The cost of mamufacture was less than that for Alkathene
or Tenite II S5 (as no shell holder was used) provided
the furnace method was used, I the double vessel
method was used the cost would be 12 per cent higher
than for Alkathene,

16417+ Tenite II 1i,H. was capable of forming bends with a
radius of less than 24t, (t being the sheet thiclmess)
with a punch of male form in 18, 20 and 22 S,'7¢Cs
DeTeDe 610B, It is very probeble that 26 S.T.Ge
material could be formed in a similar way.
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16,2, Idmits = The nain ldmitetions to the use of Tenite II
1, He found in the tests reres~

16421, The stress in the punch should not be greater than
4130 1b, per sde.in, in order to prevent plastic flow
from taking plesce, Preaosures less than 4130 1b, per
8Qein, were found to be adequate for all the types of
tool tested,

16422, The punches of this material should not be used for
the hot formingz of sheet as the Tenite II 1i,H, softens
at approximately 100°C,

164234 fny severe burrs left from previous operation should
be removed to prevent demage to the punch face,

16424, It was found that for the mamufacture of small punches
the furnace method as superior to the double vessel
method, The latter method is obviously efficient
(Ref, 4) for large amounts of the plastic -~ the greater
mess preventing prematurc cooling which results in
bad castings,.

16430 Advantages = From the results of the tests the Tenite
IT M He material was found to have the following advantages over
the Kayem alloy punch in perticuler, and metal punches in general,
The figures quoted in points in 16431 to 16,33 were for a typical
case given in Appendix V (on costs),

16431e A reduction of the mamufachuring cost by 87 per cent
on the average

164324 A reduction in the man hours employed during mamufacture
by 86 per cent,

164336 L reduction of the manufacturing time cycle by 88 per cente

1643ke The plastic punch may be used with varying gauge sizes
without modification to the punch or die form, LA change
in the amount of springback must, however, be expected if
the gauge size is altercd,

16435« A very considerable reduction in the setting up time,
the flexible plastic absorbing any small misaligrnment
of the punch and die,

164366 4 reCuction in the noise level during pressing, This

results in less tiring conditions for the operator and
the consequent use of a lower fatisure allowance,

16437 A considersble reduction in the weight of the punch
/e 0 eqe
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due to the lower specific gravity of the plastic
material, this would aid handling,

164384 The plastic punches do not mark the surface of the
material being presscd, thms eliminating scratches and
other surface defects which might otherwise have to be
removed,

164390 A slightly lower coefficient of friction,

16s4e Disadvantages - The disadvantages found for a plastic
punch of Tenite IT ll,He when compared with a Keyem alloy punch in
particular and metal punches in general werce-

164L1¢ The shorter life of the plastic punche The life is,
hovever, at lecast of the order of 1000 components which
is sufficient for the normal requirements of the air-
craft industry, This disadvantsge is slight as the
punch can be easily rcmoulded in the press by the use
of infra-rcd lamps,

16,42, Due to its low melting point the punch carmot be used
for hot forminge

It was concluded that Tcnite IT 1LII, may be used with
considerable economic advantage over @ metel punch. The time
saved in mamufacture would result in speedicr production of the
aircraft due to a reduced tooling up period, The amount of
springback obtained with a Tenite IT i{,H, punch diffcred by less
than one degree from that obtained with the Xayem alloy punch for
all the shapes of punch testeds The fact that Tenite is available
in several colours would assist in the identification of the tools
in the factorys The shorter lifc of the Tunite II is offset by
the ease with which it can be remoulded in the press.

16,5« Die liaterials = The most satisfactory resin found for
bonding was Araldite D, This was duec to its having a much
smaller degree of shrinkage in curing, its good surface finish
and its hardness, The principal dravback to its use was its
camparatively high cost.

The next most satisfactory rcsin was Crystic 185, this
was as or neerly as hard as Araldite but shrank considersbly during
curing, which was its principal disadvantege. Its cost was com—
paratively low, being the cheapest resin tested,

Ilarco Se¢Be¢28C resin was found to be similer to Crystic
185,
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Glass fibre was found to give adequete strength to
the dies and effected a saving of 81.5 per cent of direct material
cost when compared weight for weight with glass cloth, The
addition of french chalk as an extra filler when glass fibres
were used gave an increased surface herdness and toughness to
the die,

The most successful combination of materials found vas
an Araldite D resin used to bond glass fibre with french chalk
as an additionel filler, The die retained its form during the
limited tests which were made, If a life test proved satisfactory
it would result in a considerable saving over a metal die, The
cost of manufacture was 68,5 per cent less than that for the
equivalent Kayem alloy die of this size, an 86 per cent reduction
in the nmumber of man hours would also occur,

It wes concluded, thereforc, that a die manufactured
from Araldite D, glass fibre and french chalk could be used for
short tuns, cambined with a Tenite II i.He punch with a considerable
reduction in mamufacturing cost and men hours, This combination
may well prove successful for longer runs but it is extremely
doubtful if it would aprroach the life of a Kayea alloy die which
would be of the order of 10,000 componcnts.

17+ Production of Panel Drill Jigs

17+1« Cecneral - In regord to double-curvature panel drill
jigs, a number of factors iwhich may influcnce any given camponcnt
are given belovg=

i radius of curvature,
= convex, concave or both type of radius,
113 size of component,
iv single and double curvature,
v dimensionel accurecy soon after mamufacture of jig, and
vi accuracy after a period of time.

The type of components selected were such that in one
instance inter-relation of the varicbles did not mask the effects
being studied and in the other, an actuel airaraft component in
the form of a door assembly was regarded as typical of the problem,
(See Pige 16).

Conditions were sought vhich would be representative of
the requirements of practice in industry and were finalised in the
following mamner. It would be assumed that a prototype component
or, where envelope tooling was adopted, for example, a correct
plaster cast would be available, The holes may or mey not have
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been already drilled back from stringers.

Using the camponent as = model the drill jig would be
made by laying up the laminations to cover the lines of rivet
holes required and of appropriate thiclmess to hold the drill
bushes, these being inserted after holes had been drilled back
from the camponent or model, Thus, provided that all subsequent
components were the same as the prototype the jig should produce
identically positioned holes in each, thus encbling pre-drilling
with certainty of interchangeability,

17«2+ Description of the method -~ Three reference holes iere
drilled in cach of the larger panels and two in each of the
streight charmels, One of each represented the prototype and
the other a production component, Inurled, headed drill bushes
were held in position by a countersunk headed screw from the
rear of the sheet operating in a nut on the outside, Strips of
tape were cut to the required length and in sufficient numbers to
give o minimum totel thickness of 1/L4in. glass cloth at all points,
and e parting agent, mould release D,Co7, was applicd,

Lamination with the resin vas not, at first, successful
since the glass tape frayed at the ends and the holes which had
been pierced to fit round the reference bushes did not prevent
a2 build up of cloth at those points,

In consequence, after several laminations had heen
epplied work woas stopped and a different method cvolvel, The
leminetions for the separate members of the jig were stapled
together in the middle, leather punches used to cut away cloth
at the reference points and the lengths of cloth cut short on
alternate leminations to permit interleaving ot the cnds without
a build up of thickness,

The bundles of tape werc thoroughly impregnated in resin
in the region of the steplcs, and small weights, previously
treated vith the parting agent, placed on tope It mmst be
remembered, in passing, that this work was completed by one
operator, After gelation, resin s firmly aoplied to the
remainder of the glass tape with a 1in, paint bruszh and it was
found that further froying was lergely avoideds

Ls a result, however, it was decided that unheaded
bushes would be prefersble for location points and clso that
the moulding in of all bushes would be an inefficicnt and
lengthy proccdure.,

Therefore, in construction of the straight chamnel
Jig, a slightly different method was used, The appropriate
uncut lengths of tape were cut and folded to stop short of over-
lapping with the adjscent tape on slternate pairs of laminations,
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at the corners, Vhere, however, T-junctions were necessary, in
order to reduce the thickmess, the number of overlaps were further
reduced, This later method proved to be quick and successful,

After comulete gelation holes were drilled through the
prototype component and the jig at the correct location according
to the assumed pre=punched stringer holes, The Jjig was then
removed from the component, the holes enlarged and press fit drill
bushes inserted, which completed the jig manufacture,

Dusting with french chalk was found to remove stickiness

quickly.

It is to be noted that, where the laminations were
uneven where no pressure had been applicd it was nccessary to file
the outer surface to be parallel with the skin tangent at the
point of bush insertion, otherwise drilling errors could easily
OCCUT

It appesred thot the quality of the jig was slightly
better in the parts where the 0,005in, cloth had been used,

18« ZProduction of Drilled Components From Plastic Drill Jigs

1841e Object of Tests - It was necessary to use the jig to
produce camponents under normal working conditions and hence
check the accurpcy of operation,

18424 E ent - To simulate normal conditions, drilling
of the 1/4in,. and 3/16in, dianeter holes in the production cam-
ponent was performed with a portable, hand electric drill, The
checking equipment necessary was a steel tape and rule, it being
remembered that the accuracy recuired would be of the order of
0,005in, However, since the test on the straight chamnel was
designed to set a figure on the accuracy obtainsble, use of a jig
boring machine with an optical head was envisaged,

In considering a production job a ready location of the
component “7ith a swing dowm of the jig (which is considersbly
lighter than in steel) is envisageds

1843s llethod of Production = Reference holcs were drilled
in the production component and the jig located by means of
screws passing through the kmurled bushes and secured by muts,
A smell hand=-drill located by the press £it bushes was used to
drn.llJ{. the required holes and the jig removed for measurement
checks,
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18elte Accurccy of Components = In all cases reference points
for measurement on prototype and production cammonents ivere the
intersection of lines of adjacent limbs of the jig (marked before
lamination).

As far as scalc neasurements are concerned accuracy in
generel is within + 0,005in, One exception in the case of the
straight chammel tool showed a 0,010in, error but wes found to be
caused by incorrect insertion of the drill bush, it not having
been inserted normal to the surface,

1845« Operating and Set~up Time - It is not envisaged that
operating and set-up times would vary greatly from those when
using a similar jig constructed of metzl, There is a preat
saving, however, if pre~drilling is facilitated rather than
drilling on asscmbly, the operation being done in more convenient
circumstances and not teking up valucble assembly jiz time, This
factor in itself may easily halve the assembly jiz time cycle,
hence reducing mumbers of such jiss required and their coste

One might sey, at this point, that metal double-
curvature jigs would do this equally well, There is no reason
to suppose they would not but in comparing the manmufeacture using
plastics or metal it must be remembered that one must walt for
the prototype panel completion in order to obtain the correct
form, on the other hand, there is much more likelihood of error
in subsecuent jiz memufacture from threce dimensional measurcaents
than there is from a moulded Jig.

18464 Behaviour of Ji~s = The jirs were carefully exanined
periodically to note any signs of warping or shrinkage with age,
but none were found, The luminations became more hard and rigid
with time, The knurled location bushes vhich had been moulded
in place were firmly held,

18e7« Discussion on llethod and Perforniance - The production
method was vastly differcnt from the procedure in vhich skin
drilling from stringers is practised, but if by any laboriocus
method, a drill jig <ms produced from metal, for example, the
loading time envisaged with a gluss cloth laminated Jjig iould be
similar but the weight involved less thien onc third, tlms
providing a potential saving of operctor time and effort.

In relation to the performence achieved, it was found
that location holes mated /ith noriel mexrldng out procedure and
that vith normel cere the position of drilled holes could be
relicd upon to 0,005ine., an accuracy which is probebly greater
than that obtained by drilling from stringers,

1Ce8s Conclusions on llaterisls and lMethods for Drill Jics

10481 Technicel basis = It was concluded that glass
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tape impregnated with the polyester resin llarco 28C produced a
satisfactory jig, but, where possible, eapplication of veights or
clamps during setting was to be preferred, The accuracy of the
components produced was satisfactory for the purpose and it
appeared from the limited trials that onc could rely on measure-
ments to ithin 0,005in, with normal care,

Purthermore, the method provides a means of satisfying
an important practical nced of being eble to provide a quick
method of jig manufacture from a prototype camponent idthout the
necessity for drairings, thus reducing the minimum time cycle,

18,82, Economic basis = Speedier and less complicated produc-
tion of the jig reduces costs by reducing the time cycle and the
capital cost of the drill jig, The number and hence cost of
assembly jigs may be reduced, the work can be performed without
the assistance of skilled persommel or jig drawing office staff,
the only calculations being re-uired serc those concerning the
length of tape recuired and the quantitiecs of acceleratar, ctc.
necessaryy the latter may, however, be rcad from a prepared
chart, The costs of the jigs themsclves, for the straight
channel and for the double curvature panel are, comparatively,
very lowe

Further economy mey be obtained because the technicue
lends itself to division of labour,
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ATPEIDIX T
The Overall Zaremcters to be Considered in
Tooling Problems

1¢ For Press Tools

1e1s iHaterial to be formed

a) Its specification, properties, hardness and heat-
treatuent

bg Gauge of material

c) ©Stress distribution during forming

1e2e¢ Nature of component desigm

a) Size and shape

b) Depth of draw

c) Double contours

dj Sharpness of corners

¢) ‘laximum and minimum radii
f) Typical standerd component

1 .3 . Tool dﬂﬁigl

a) Springback
i Punch material
Die materizl (should have a higher softening point
than the punch material maximm temperature)
d) Gauge of material (whether or not plastics tools
will accommodate several material gauges)
e) Ouantity of material in the tool
Use of filler blocks for cconomy
g) Design time and cost
hs Metallisation prospects for wear resistence or
surfacc hardaning
i) Operating stresses on tools

1ete Tool manmufacture

ilomufacture of patterns

lamifacture of punch

llmnufacture of die

Use of parting agents

Mating of tools

veight of tools

ilan houis and cost of manmufacture of tools
Factory equimment and lsbour required
llamfacture of tool from existing component
iletal inserts for wear resistance

Fewnb'mHho o ope
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1061

Te7e

148

169

it

Dravding or onerating technicque

Pressure on ram

Type of press most suited

Speed of drawing

Pressure pedding necessary

Setting, handling and operating time
Speciel techniques

2 Number of draws or strokes
) Stresses on camponent during operation

Mo uo O p

Cycle time (compared with zinc alloy press tools)

b Tool manufacture

&) Design of tool
c§ Setting and operating time

Tool ‘elfare

a% Hendling
b) Storing
¢) Recloiming

Production saving

a) lian hours saved in component mamufacture
b) Cost reduction on tooling

Economy

a) Econory of scarce materials
b) Economy of skilled personnel
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2. TFor Double Curvature Panel Drill Jigs

241 Noture of camonent desim

b) Radii of curvature
c Convex or concave
d) Typicel standerd component

a} Size end shape

242, Tool design

Jig materials

lfccuracy and dimensionsl stebility with time
Elapsed timc before material is stable
Robustness and rigidity

Lase of modification

Plate inserts

Tool design time and cost

Mo e oD
R T

2e5e¢ Tool mamufaocture

a; Leminated or cost
b) Tape or cloth

c) Parting agents

d) Tleight of tool

e) Nazture of workplace necessary

f) Manufacture of jig from existing component
g) lien hours and cost of mumufacture of tools
h) Drill base holes normal to skin

J) Illetal inserts for added accuracy

k) TFactory equipment and skill or persomnel
1l) XEase of working with material

24lte Operating technique

b) Setting up and handling time

a) llethod of location
cg Acouracy of product

2+.5s Remaining parancters

There are cycle time, tool welfare, production saving
and econory as noted in parae. 146 to 1.9. gbove,
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AFFTNDIX IIT

Materisls rejccted initially and reasons
for rejection

(Refer to Col,2 Tables 1,2,)

1« Thermoplastic llaterials

1ele Inaline formaldehyde - Required heat and pressurc and
is usually injection-noulded.

1¢2¢ Cellulose Acetate - Low dimensional stability, low
mechanical strength,

1e3¢ Cellulose I‘Jitr'ateil" Only 1500 lbener sqeine., high
moisture ebsorption,

el Cellulose Ethersz- (Benzyl ond llethyl Cellulose) - lio
advantages over Ethyl typce.

1450 liethyl Methacrvlete = Very low Izod: impact Oel ftelbs
per in, and high cost,.

1464 Polyamides -~ Ltiractive from point of view of strength
(includes the Nylons) but making tools would be difficult.

17, Polviscutviens (Balvbutes) 01 Mot siperiop &6 Fibibers

1¢8¢ Polystyrene = Low impact 043 ft.1b. per in,, probeble
age cracking, low elongation,

1e9e Vinyl
1e9¢1e Polyvinyl ace'be.ls1z low strength and high
elongation
g 0 I butyral - slow recovery from deformation,
17 too sof't.
19.3s formal ‘= water resistance low,

1e9eke FPolyvingl acctatd - High water ebsorption, low
mechanical properties, Reccommended for trial
in a dissolved fom as a 'setting! type.

149e5e Polyvinyl Alcohol/- low stwvength, high clongation,
water resistance low,

1e9e6e Polyvinyl Carbazgi— sof'tens at 25000, is very
hard and inflexible, It appcars to be too
difficult to meke suiteble jigs from this material,

i oy T

x ‘merican Society for Testing llaterials (D256-L7T) specifics
Izod Tests in the form of 'foot pounds per inch of notch’,
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14947 Polyvinyl Chloride 2 slow recovery, softens
at 120°C, and reguires high pressures sbout

1000 1b, per sc.in,

1¢9¢8s Polyvinyl Chloride acetate - needs compression
moulding,

1¢9e9¢ FPolyvinylidene Chloridc12 high elongation and
very high sof'tening noint,

2, Setting llaterials

2,1s Casein = Large dimensional changes due to water
absorption, must also be formed under pressure,

2424 Gypsum - Not attractive compared -/ith other plaster

G
2430 Iignid’=Olmpact only Oeb £te Ibe per ine Not as

L]
strong as polyester resins,

ia

2elre Iy ca.lex1é Heavy specific grevity 2,6, nceds compression
or injection moulding, Strength low,

245+ Urea Formaldchyde12 Excessive shrinkage on curing which
also takes 2 days at 600C,
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APPENDIX IV
The Selection of Suitable Fillers for Trial in Cast
and Laminated Resin Tools

1¢0s General Requirements

The nature of the materials chosen must satisfy the
original parameters set out for tool materials in Section 35.0.
“hen considering fillers, properties of particular importance
areg=

1ele The filler should improve the natural mechanical prop-
erties of the resin and not increase brittleness,

142¢ It should have good dimensional stebility, low water
gbsorption, low moisture content and a low coefficient
of thermal expansion, The last censures a better
filling of the voids and consequent better properties.

143« There should be compatibility with the resin(s) chosene?'
good binding helps homogenity and reduces tool marnu-
facturing time,

1elte The material should not react with the resin or be
corrosive to insertsy the properties should be perma=
nent and the whole ghould give satisfactory fatigue
and creep values,

1.5+ The cost should preferably be less than that of the
resin, unless necessary technical advantages are other-
wise obtainesble and supply should be adequate,

146s The density should be as low as possible, the material
consistent with each shipment and the completed tool
should be easily machinablc,.

1e7+ The filler should be capsable of use with block fillers
or & hollow section for cconomy, provided strength
factors are adequate.

186 The material should be heat resistent within the stoving
range of temperature if applicablc,

1¢9¢ The filler should be impregnated by contact pressure only.

F2eD  wew
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2.,1¢ Glass Cloth - Glasec cloth febrics are compatible
with, and impregnated with contact pressure, with unsaturated
polyester resiny they also have good strength and impact qual=
ities, Their wear is somewhat below mineral filled plastics.3
However, aluminium oxide may be added to the surfece layers to
improve hardness and wear, French chalk also gave improved
properties,

Glass cloth has low water a'bsor_p‘bimzh and hence

shrinkage is not a problem, Dimensioa."?lzgtsbiliw is goode A
typical strength could be as followss-“/2""*

Resin content 45 per cent

Fabric 04003in, thick
Capressive (ultimate) 45,300 1b/sq,in,
Flexural 45-55,000 1b/sq.in,

Izod (flat) BOft.lb/ig. notch

E, 3¢23 x 10° 1be per sg.in,

Specific gravity 1,87

No compressive yield before fracture and very little direction-
ality, except on edge impact where a factor of 0,32 exists,

2424 Glass Fibres = Though directional, in general, is
easier to position, and is much cheaper being 3/6& per pound
against 18/6d for Y84 fabric 0,0105in, thick,

Glass fibres may also be chopped into lengths and
disposed at random throughout the mix, but this is strictly
speaking for Section 3 of this Appendix,

2¢3e ALsbestos Fabric =~ Report526 indicate that the ordinary
asbestos fabrics would give properties as followsg-

Compressive 20,000 1b/per sqeine
Flexural 16,000 Ibeper sqein.
Izod Flat Leb 1b/ine

Contact pressure will not impregnate,

This £illing laminate did not seem to be comparable
with glass cloth® for tools,

2e4e Cotton Fabrics = Suitable cotton fabrics could give
comparable results<®,<9 with asbestos possibly even 10 per cent
better, but still not comparable favourably vwith glass cloth,

_ /2450 _sss

x Editor's Notes This decision does not ignare the advantages
of some asbestos Tibres for structural plastics,
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2.5« Rayon Fabric"g Compressive strength of about 25,000
lb,per sq,in, which is sbout half glass febric but shows no other
advantages cxcept price,

246 Rayon Cotton Fsbric - Althoush this requires pressure
impregnation, it shows promise except for this defect, Its
propertics are given belowld/

Compressive 34,000 1be ner Sdeine
Izod (flat) 17 ft.1b, per in.

2e7¢ High Strength Paper - Pressure impregnation is
NECEeSsSary.
Compression sbout 34,000 lb, per sdeins, but Izod is
dovm to QoL ft.lb, per in,

2,8, Canvas Leminate = Even moulded at 1,800 lb./sq.in,
the compressive strength is only 25,000 lb.per sq,in.

- 2490 Cotton Iinters = ith 60 per cent Polyester resin
content figures are as followss”

Compression 21,250 1be per sqe.in.
Flexure 135,000 1lbe per sde.ine

Not adequate,

2+104 Regenerated Cellulose Fibre -~ This gives promising
properties? with polyester resins es followss

Tensile and Flexure 30,000 lbepcr sqeine

Purther tests might be considered, but not as useful
. generally as glass fabrics,

3.0, Non-Ieminating (Powder Fillings)

The published literature on powdered or chopped fillers
is largely confined to powder moulding of phenolic resins and
the following selection procedure mekes the broad assurmtion that
casting resins will follow a similer pattern, This is not
necessarily universally true but should allow a prelimineaxry
selection to be made.

3e1e li0od Flour - Tood flour is a general type giving a
reasonsbly good and accurate finish and its density is of the
order of that of the phenolic resins, It was recamended far
use with one of the casting resins.

/IJG is ere
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It is apparent from Table L 4T that wood fibre gives
& better impact strength than wood flour and in the form of saw=-
dust may be cheaper, The flour has given tensile strength
figures of 7,800 1b, per sgeine., the farmer a flexural strength
up to about 5,000 Ib. per sgein,., with an impact strength of
045 ftalb, per in. of notech,

One advantage is that it can be used at contact pressure,
but the minimm water absorption figure of 2,6 per cent was high,

It was, therefore, decided that apsrt from the recomn-
ended use with one resin the material would not be used with other
resins for testing, provided better fillers were available,

342¢ Valnut Shell Flour = This is an organic filler and
was originally developed as such for use with phenolic casting
resins, The lower bulk of the shell flour permitted higher
loadings than were possible with wood flour,

Moures obtainable with cgricultural residues were
examined and, for tensile and flexural strengths, black walmt
shell gave the best fipures, 11,000 and 14,000 lb. per sq.in,,
respectively, the Izod value being 0,25 ft.lb. per ine, of notch,
The water absorption figure is not greater than 0.6 per cent,

The Vege plant in U.Se4e. used walmut shell filler with an acid-
setting phenol formeldehyde and this gave an Ultimate Compressive
Strength of 8,000 Ib.per sqein., and this was, apparently,
sufficiently strong for deep drawing operations,

It was decided, therefore, to include it in the programme,
although the optimum filler content iwras not knowm,

3e3e Coconmut Shell Flour - The use of this gives very
similar properties to walmut shells, It may be that the suppnly
and cost position mey be more favourable then that for walmut
under some conditions but the techmical difference does not
appear to be great,

Acecordingly, this material was excluded from the pro-
gramme on the basis that the former iould be availeble,

3els Cotton Flock = Teble LeL4I shows that the impact
strength (over 0,5) produced with cotton fiock is better than
wood or walmt shell flour and the strength at 7,500 lb.per sq,ine
is of the same order as the wood flour with gbout the same dim=-
ensional stability.

If one compares the properties of the cloth laminates
and assumes a similar relation to hold for chopped fibres of the
same materials, the properties sre considerably inferior to those
of glasse.

/I’c. WasS,; aess



wlyGe

It was, therefore, decided not to seclect this material
as a filler. If, however, at a later date it is shovm that the
strength available in flexure and compression is sufficient,
then the larger impact strength (0.5 to 0.0 ftelb. per in, of
notch) would make %tests desirable,

345+ Cotton and Rayon Fabrics - Cotton can give eonsider-
ably better impact values, 1.2 to 3,2 ft.lb.per in, of notch,
but it was considered that for casting resins the impregnation
would not be adequate,

Rayon fabric is not easily wetted by phenolic resins .
end, in addition, for similar reasons as are indicated in regard
to cotton fabric, it was deemed undesirable to use these materials,

3¢6e Asbestos Mibres - The strength properties quoted for
this mineral filler are only slightly more than half those of
wood flour or cotton flock, and the fisures for impact and other
mechanical strengths are lower with asbcotos laminations for a
dimensional stebility of &bout the same order, The material has
& higher specific gravity (2,8) than glass and was excluded from
the programme,

Zele Sisal and other Vegetable Fibres - The fibres are not
easily wetted with resin so that the surface appesrance of mould-
ings is only fair, TFibres near the surface tend to take up
moisture and cause swelling and surface roughening, whichprevents
its use as a tooling material,

3e8¢ Silica Sand and Flour and French Chalk = These
materials ere chemically inert, quite cheap, mix well and give a
good finishe ILittle data on their properties when used with
resins is available but one resin mamufacturer recommends silica
gsand as a filler with his resin,

The benefits of using either the sand or {lour are not
knovm pnd hence it was decided to experiment with both,

French chalk gives some improvement,

3¢9« Chopped Glass Fibres - It has been stated that a
renarkeble increase in impact strength can be obtained by adding
up to about 5 per cent of chopped fibres, Since glass has been
shovn to give excellent properties when used for lauxinating,
although the density is high (2,6) it was considered desireble
to include this material, it being knovm to be campatible with
phenolic, polyester and melamine resins,
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TABIE Agh.T,

Effect of Fillers on Impact Strength

Filler used 50% Impact Strength
ft.1b.per in.,notch
Viood Flour 0426 = 0434
Tood Fibre Ot =~ Q455
Cotton flock Oeb = 048
Cotton fabric 1e2 = B2
Cotton cord 6 -8 t

TJ'_BE J’IL’ }-]-. II

Properties at 2500. for Phenol-formaldehyde liaterials

Filler Tensile Strength Tensile Strength
Nowe lbeper sqeine |5 yrse later, 1lbs
per sdein,

“ood Flour 7,600 2,000
Asbestos i L4, 400 1,500
Chopped Kraft Paper 74700 2,700
liacerated Fabric 5,600 2,000
Cotton Flock 74500 2,700
iHca | 5,700 2,000

ASTHL D256=47T(1947)

/04



beOs  Summary

For the laminated type of construction it wes concluded
that glass cloth laminates with polyester resin gave the best
results for mechanical strength, impact resistance, low water
absorption and good dimensional stability, coupled with the fac-
ility of moulding at contact pressure, This material was there-
fore selected for use in the experimental work,

Of the materials available in the non-laminating field
none were known to be outstanding, It was noted that differences
in properties appeared to result from different proportions of
filler in the mix, but no data on optimum conditions was available,

It was therefore decided to take wood flour, walnut shell
flour, silica sand and flour and chopped glass fibres and french
chalk and apply them in certain arbitrary proportions with the
resins decided, to produce tools which would work,

/Appendix VI oo
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AFPFENDIX VI

The Elastic Properties of Alkathene and Tenite

1e Compression Tests on Tenite M.H,

Fige 17 shows the free stress-strain curve for a
specimen of Tenite M,H, material made by the furnace method and
1in, long by #in, diemeter, It can be seen that it had an
elastic limit of @bout 4,100 1lb. per sq.in,

2. Restrained Campression Test

A cylinder with a cross sectional area of 1 sq.in.
(diameter 1.129in,) and about 5in, long with a close-fitting
piston (clearance about 0,001in.) which can be placed on a press
and loaded axially through a ball, was made, In this tube was
placed a specimen of the plastic to be tested for compression
properties and the load was put on and removed to settle the
specimen downe Then an increment of load and the corresponding
deflection was plotted and the curves are given in Fig, 18 for
Alkathene and in Fig, 19 for Tenite,

3e Discussion of Alkathene Results

It may be seen that within the maximum limit imposed
by the press of 23,000 1b. per sq.in., the stress strain curves
obtained consisted of two definite linear portions of different
slopes, All the four tests with the two specimens agree closely
with one another, The average apparent™ Young's odulus » B
below 15,000 1lb,. per sqein, was 432,600 lb. per sq.in,, and from
15,000 to 23,000 1b, per sqe.in. it was 621,000 1b. per sgein, In
each case, the specimen returned to its original length, no
plastic flow having occurred. The one inch specimen returned to
its original length after 1,000 cycles of loading up to 23,200 1b,
per sde.in., and did not appear to be affected in any other way.

The shape of the stress strain curves may possibly be
explained by the structure of Alkathene, It it known that below
the softening point of 110 degrees C the deformation of Alkathene
is principally of two types -

i. A completely recoverable elastic component.

ii. A delayed or reterded elastic component,
most of which is récoverable,

This would account for the phenomenon noticed of the
time needed for the specimen to recover completely from being
compressed., The change in slope naticed in the stress strain
curves may be due to a change of state in the material, This
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b

has been attributed to its crystalline structure, and described
qualitatively in terms of the orientation of crystals that
occurred when it was stressed beyond its apparent elastic limit,
Alkathene is partly crystalline in structure, having 55 to 73
per cent of smell oriented crystalline aggregates called
'erystallites', the remainder of the material surrounding the
crystallites is amorphous,

The graph enables the amount of compression of Alkathene
mounted in a shell holder, which would be required for any desired
pressure on the specimen to be determined, Thus, on a press which
has no pressure control, the load on the specimen can be controlled
by designing the tool such that the correct strain and corresponding
pressure is obtained in the Alkathene punch,

e Discussion of Tenite Results

The Tenite results have a similar slope (E) to those of
the Alkathene and also indicate a slight increase in Young's
Modulus with stress but not the sharp discontimuity (double slope)
of the Alkathene,

Otherwise, there was very close agreement between the
points on the three tests,

The initial slope and the average appear to be 340,000 lb,

per sqein,, and 420,000 1b, per sq.in., which is of the same order
as that of Alkathene,
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APPENDIX V

Man=hour and Cost Anaiysis

1s Object

To provide a comparison between press forming tools
manufactured from Keyem Alloy with those manufactured fram various
Plastics, in particular with regard tos-

1 llan-hours,
2 Coste
(3) Time Cycle,

2+ Description of Cost Basis

This was divided into two major parts§-

(1) lanufacture of four different small tools (See
Figse 20 and 21),
(2) Manufacture of large dish tool,

No allowance was made for tool design time which would,
in the case of Plastics, be shorter,

The breakdown was based on actual times taken by the
writer to do the work at an 80 rating and it is necessary to
indicate that there is likely to be a difference between man-hours
and time cycle when such operations as curing are considered,
according to whether or not there is a continmuous flow of work,

It was necessary to make certain assumptions in material
and labour charges together with those for overheads, In relation
to the latter, the type of shop in which certain work is done
would normally alter the overhead rate, In this analysis the
overhead rate used is a percentage figure on direct labour and,
being somewhat smaller than that usually encountered in the air-
craf't industry, ensures that the comparisons show plastics tools
in the least favoursable light in relation to the Kayem alloy tools,

The direct charges have altered somewhat over the three
years since the analysis was first made and would vary from one
district to another, but if one wishes to make one's own breakdown
from the figures, this can easily be effected.

3« Assumptions

The basic rates used were 3/6d per hour for the sémi-
skilled, that is for all excepting pattermmakers, foundry, machine
shop and sheet metal workers, which were taken as 4/= per hour,

/The standard ...
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The standard performance of 80 was assumed in these rates,

The cost of light alloy sheet material, as used for
moulding boxes was taken as 3/6d per 1b,

The overhead rates used wereg-

a) FPlaster shop 100 per cent
b) Foundry 100 ! ?
c) Sheet metal shop 100 ! !
d) Plastics shop 100 ! ’
e) Machine shop 150 ! !
f) Press shop 300 ! $

In the costing of punch manufacture the costs of metal
moulding boxes have been borne completely by each material used,
irrespective of the fact that the same boxes were used successively,
They were also equally divided between punches and dies, In the
tables the costs were added to those of tool mamufeacture,

For final cost appreciation of Polythene tools it must
be remembered that immediately after manufacture the tool is
already set up for operation. In order to permit better compari=-
son the normal set-up time for the other type of tools has been
deducted and the net figures are tabulated,

L., Cost of Tool llaterials

In view of the various methods under which costing of
the reclaimeble materials could be tackled, and because certain
tools arc mamufactured from non-reclaimable materiels, it was
considered that the best course of action would be to include all
tool material costs as irrecoverable, Since the material costs
have been isolated for the reader, he mey then derive his own
conclusions, In the case of the Polythene tool, the material
content was counted as if each tool were made from a separate
block, although in practice they were made successively from the
same block,

5« Conclusions

The accompanying tables, specimen calculations and
graphs cnable comparisons between the various tools to be made,

Provided that dies are already available, the moulding
box method was cheaper than plaster moulds for punch marufacture,
The major man-hour and cost difference between the plastic and
metal tools was due to the vast saving in manufacturing time
because there was no neced for the extensive mating for a specific
sheet geauge,

In the case of dies the saving in man-hours between
plastic and metal tools is of the order of 75 per cent of that

/for the eee
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for the latter and the corresponding costs showing a saving of
gbout 76 per cent,

For punch maxumfacture under the conditions stated in
the body of the report, the man-hour savings using plastic tools
can be greater than 90 per cent, cost savings 87 per cent for
certain of the materials, It should be remembered that all
these tools were small, The effect of increase in scale will
tend to increase the relative proportions of the material cost
as the weight will increase as the cube of the linear dimensions,

Specimen lMan-hour and Cost Analysis

1« Memufacturc of 'Titanite' lMoulds

For Four Small Tools Shillings
Cost of 'Titanite' 8lb, at 84 per lb, 533
Cost of permanent mould frames (wood) 2,75
Time to prepare mould fremes with parting

agent etc., 20 mins, 142

Time taken to weigh' powder and liguid,
mix, pour, clean vessels, » hour at

3/6d per hour, 1475
Removal of patterns from moulds, 20 mins, e
Overhead at 100 per cent on direct labour

time lelD

16,38

The time cycle for 1 man was 1 daye

2+ llarco S.Be 28Cs Resin
Leminated Glass Cloth (100 per cent by weight of resin)

HManmufacture of Four Small Dies Shillings
Cost of Resin 0,881lb, at 7/6d per lb, 6.6

Cost of accelcrator 0,0091b, at 5/- per 1bs 0,05
Cost of catalyst 0,0261b, at 11/~ per 1b, 0429

Cost of monomer 0,0451b, at 4/8d per 1b, Q.21

Cost of glass cloth grade Y84 9 sq.ft. at
141/~ per sq. ft. 10,0
1715

The resin was mixed and the lamination
effected in two batches.

Cut glass cloth to size 30 mins, 175
Weigh glass and other material, make two

mixes of resin 30 mins. 1475
Impregnate cloth and laminate 4 hour 345
Clean vessels 10 mins, 0.65
Remove from boxes, trim bases, rub with

french chalk, 30 mins. 175
Overheads at 100 per cent ekt

Total cost 35,95
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The time cycle was one day. It was preferable to age for up to
14 days for optimum strength, although 2 days gave satisfactory
results,

The material used can bc crushed and inserted as a filler for the
bases of tools manufactured subsequently and, when more exact
strength requirements are known, wood blocks may be inserted in
place of a bulk of glass and resih,

3« Large Die in Kayem Alloy

3.1e Casting of large Die Shillings
Cost of zinc 30 1lb, at 1,97/- per 1lb, 5941
Condition Sand, make mould in two boxes,
partially dry out., 3 hours at L4/- 120

Finish runners and dry out, melt metal,
warm moulds, cast, warm during soli=-
dification, knock ocut and clean,

3% hours at L4/- 14,0

Overhead at 100 per cent 26,40
Cost of casting 1111
The time cycle was 2% days and the zinc is ultimately
reclaimable,
3e2e Machining to Drawing Dimensions Shillings

Removal of runners and risers,

3 hours at L4/- per hour, 12,0
Machine top and bottom, sides where

necessary normally, 4 hours, 16.0
Make form tool, 18 hours 72.0
Finish profile and radius to size, 9 hours 36,0
Overheads at 150 per cent 204,0

- LT -

The time cycle was 5 days,.
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T/BIE A,Vele

Man=Hours for Tool Production of Four Smoll Tools

PUNCHES
Tool
Iaterial Cashew Tenite |Tenite Cataplas{ Cataplas | Polythene! Zinc
Silica loulding |Titanite | Moulding} Titanite
Item Flour Boxes loulds Boxes 1loulds
Patterns - - 8.0 - 8.0 ~ -
lioulding
Boxes 241 2el - 2l - - -
Titanite
Moulds - o 142 - =) - -
Poundry 9.8
lif'tr, of
Tools 240 143 13 1e3 163 53 4543
Total ll-ﬂ? 4.0 1045 4,0 10.5 5.3 S5
__L-_—___—;==.‘='=I:== ke : =
DIES
Tool i
Material Araldite | Lraldite |Bakelite | Cataformy Cataform | _larco- Zinc
Silica Titanite {lloulding | Silica | Silica Glass
Sand Moulds |B oxes Sand Sand Cloth
loulding Zoulding| Titanite
Boxes Boxcs Moulds
Patterns 8 8 8 8 8 8 : 6
lloulding
Bozxes 2e7 - sl 2al - 26l -~
Titanite
Llioulds - 162 - - 142 - -
Foundry 9e7
lLMi‘tr s OF
TOOlS 2.0 202 1 l5 2-5 3-0 2.? 38-5
Total 12.7 11.4 1242 15.2 12.2 131}4— 'BL\LQO J

The man~hours appliceble to moulding box momufacture have been
equelly divided between punch and dic,
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TABIED A4Ve2
Costs of Production of Four Suall Tools (in shillings)

PUNCHES

Tool
laterial Cashew Tenite | Tenite Cataplas| Cataplas| Polythene| Zinc

Silica loulding] Titanite| Iloulding Titanite

Mlour Boxes iloulds Boxes lioulds

“loulding
Iten Boxes .
Patterns™ - - 6745 = 6745 “ -
Moulding™

Boxes 25435 2335 - 23,35 - - =
toulds™
(Titanite) - - 1644 - 16414 - -
Tool
Materials 3e94 646 6e6 12,0 12,0 6L-e8 1240
Foundry 31
ifr. of
Tools 7.0 L7 La7 L7 L7 1847 181,.2

Overheads
on Foundry
and Tool
Liftr, 7.0 L7 La7 L7 Le7 5043 50549
Total 44,92 | 39,98% [99.9 ! u45.38% hos.s  113.8 [533.2

* Tenite and Cataplas Costs using Double Vessel Technidue,

=

Indicates cost includes overheads,
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Teble A.Ve2, Contd,

DIES
" |Tool
?Material Araldite | Aralditdq Bakelite| Cetaform| Cataform | Marco Zinc
Silica Titenitg Moulding| Silica | Silica Glass
Sand Moulds Boxes Sand Sand Cloth
Moulding Moulding| Titanite
Ttem Boxes Boxes Iloulds
Patterns™ | 67.5 6745 6745 6745 6745 6745 5145
Mouldingx
Boxes 23435 - 23435 23435 - 23435 -
Moulds™
(Titanite) - 1644 - - 164 - -
Tool
3he1
640 758 5.25 8475 10.5 el 153
6.0 758 5425 8475 1045 9els 26l
115,56 1111414 107,35 (113,35 h09.26  h27.43  § 515.5 |

The cost of moulding boxes has been equally divided between punch
and die.

. Indicates cost includes overheads,
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TABLE AJVe3e

Approximate Time Cycles of Production of Four Small Tools

(in working days assuming no rest periods)

PUNCHES

Tool
Material Cashew Tenite |Tenite Cataplas|Cataplas | Polythene | Zinec

Silica Moulding|Titanite | Moulding|Titanite
Item Flour Boxes Moulds Boxes Moulds
Patterns - - 13 - 1% - -
Foundry - - - - - - 2%
Titanite

Moulds - - 1 - 9 v -
Tool Mftre| 5 % z % 3 % 5
Others
Transport = % 5 = = - 1
Total 5% 1 3% 1 3% z 8%
e = ]
DIES

Tool
Material Araldite |Araldite |Bakelite |Cataform|Cataform {larco Zinc

Silica Titanite [Moulding | Silica |Silica Glass

Sand Moulds |Boxes Send Sand Cloth

Moulding Moulding |Titanite
Ltem Box Boxes Moulds
Patterns 1% 15 1% 1% 1% 1% 1%
[Foundry 2%
rMoulding

Boxes 1 - 1 1 - 1 -

Titanite
Tool Mftr, | 1% 2 2% 2% 2 4k
Others 1 2 1 1 & 2
Snmomion 5 52 5% 6 7 5% 10%

The whole of the time cycle for moulding box mamfacture has been
added into the die total as this part will ordinerily be made first,
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TABIE A Vel
Man=-Hours, Costs and Time Cycles of Production of Dish Tools

Men-Hours

PUNCHES DIES
Tool
PMaterial Cashew Tenite II Marco 28C Zinc
Silica
Ttem Flour
Patterns - - 325 245
lloulding
BOXES 2.1 2.1 -~ -5
Titanite
Moulds - - 1.0 -
Foundry, etce| = - - 645
ilanufacture
of Tool 0.5 1¢33 5«0 34,0
Total 246 3643 9425 42,5
Cost in Shillings
PUNCHES DIES
Tool
Material Cashew Tenite II Marco 28C Zinc
Silica Glass
Flour Cloth
Titanite
Ttem tloulds
Patterns™ - - .0 2540
lioulding™
Boxes 2145 215 _ "
Titanite™
I'iIouldS - - 17.1-}- -
Foundry - - - 26,0
Tool
jlaterials 15.8 3349 9041 5941
Overheads on
Foundry and
Mool liftr. 148 L.6 175 230,0
Total 40,9 611-06 1735 "1*7601

Note that in the case of the glass cloth tool, when required strengths

have been ascertained it might be possible to increase the size of the

wood block filler and reduce the amount of glass cloth and resin req'd,
x Indicates cost includes overheads,



Table A,V.4, Contd,

Time Cycle (days)

PUNCHES DIES
Tool
iaterial Cashew Tenite Marco 28C Zine
Silica Glass

Ttem Flour Cloth
Patterns - - 1 .
Foundry - - - ok
Titanite

iioulds - - 1 -
‘Tool
ilarufacture 5 % 2 5
Total 5 % L 9%
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FIGS. 2,384

COMPLETED KAYEM DIES

LEFT TO RIGHT.—  STRAIGHT BEAD,
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FIG. 2.

STOLIT MOULD.
FIG. 3.
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FIG. 4.




FIGS. 5,6,7 &8

ALKATHENE PUNCH BEING HEATED IN PRESS

WITH INFRA RED LAMPS.
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FIG. 6.
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FIG. 8.
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FIGS. 9 & 16.
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FIGS. 14, 15,& 17
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FIGS. 18 & 19
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