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VALUE ENGINEERING REFERENCE MANUAL 

INTRODUCTION 

This Manual i s  intended to augment the Value Engineering Pro jec t  
Workbook and to  a s s i s t  in  the conduct of team studies. It i s  NOT intended 
a s  a complete book on Value Engineering. 

The Pro jec t  Workbook should be read  for  an introduction to  Value 
Engineering and Cost Targeting and for  guidance in  the conduct and 
programming of Value Engineering t eam studies on products and procedures.  

The Reference Manual i s  not intended a s  a complete source of technical 
o r  manufacturing information, such a s  a Machinery's Handbook, nor  i s  it 
intended to provide detailed specialist  information. 

I ts  intention i s  to provide generalised comparative surveys of 
mater ia l s ,  manufacturing processes  and sources of information. Its main 
objective i s  to t r igger  thoughts on alternative approaches and to point the 
way to more  detailed information a s  required f o r  Value Engineering studies, 
and to  stimulate an awareness  of manufacturing costs  among a l l  concerned 
with product design, development and planning. 

It i s  a f i r s t  attempt a t  a Reference Manual in this form.  It i s  intended 
that information should be added and amended during the life of this i ssue .  
An improved and updated second i ssue  will be produced af ter  experience has 
been gained on the useful aspects o r  deficiencies of this one. To this end 
any comments o r  suggestions for inclusion will be most  welcome. 

Each  section of this Manual i s  followed by a number of tabs.  The 
intention of these i s  to allow for the inser t ion of additional information which 
will be circulated for  inclusion in the Manual f rom t ime to  t ime and can be 
attached to the tabs,  which a r e  pre-gummed. 



S E C T I O N  O N E  

COMMON CAUSES OF AVOIDABLE COST 

Various causes of unnecessary manufacturing costs  a r e  mentioned 
in the Value Engineering Workbook. (Pages  7 -  10 and 28) .  

Here  we discuss  in ra ther  more  detail  some of the more  specific 
common causes of avoidable and unnecessary manufacturing costs 
originating at  the specification stage, during design, production planning 
o r  during manufacture. 

1. Specifications 

Some of the most  common causes of unnecessary costs  at  this 
stage a r e  :- 

a )  Excessively stringent environmental conditions. 

Usually the majority of environmental conditions 
specified a r e  f i r m  requirements but often they can be 
relaxed with regard  to one or  more  specific conditions. 

All too often a customer will consider one o r  two of 
the conditions that he requires  to meet  and then cal ls  up a 
general specific ation which embodies these but, 
incidentally, a lso embodies many other stringent conditions 
that a r e  not necessary .  F o r  this reason  a designer should 
always query the need for  any doubtful conditions and point 
out to  the customer the cost of their  application. 

F o r  example, in a sealed equipment, with perhaps a 
controlled internal  atmosphere,  one al l  too often finds 
assemblies  and components that a r e  themselves sealed. 
This MAY be necessary  to cover their  s torage a s  spa res ,  
although even in such cases  an unsealed spa re  component or  
sub-assembly can be supplied in a sealed bag o r  vacuum 
formed pack. Proper  conditions for i t s  fitment in the 
equipment will have to be provided in  any case  and the 
sealed packing can remain intact until the component i s  
f i t ted.  More often i t  i s  an advantage for such assemblies  
to be ventilated r a the r  than sealed so  that they adopt the 
same controlled atmosphere a s  the equipment when i t  i s  
needed. Such a case  i s  i l lustrated in Case Study No. 
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Similarly such components may be finished in an 
unnecessarily expensive manner  to wi thstand humid o r  
other conditions within the equipment. 

Or one can cite a cooling fan in an e uipment which has B 0 
to operate over the tempera ture  range -60 C to t 8 0  C,  say. 
The cost of the fan and motor may be greatly increased in order  
to meet  the lower end of this range when in fact i t  may be 

0 0 
switched off by a thermostat  below 5 C o r  even 10 C. 
Depending on the ra te  of r i s e  in ambient tempera ture  that has  
to be catered for ,  the operating lower temperature l imit  for 

0 
the fan and motor can be well above the -60 C for  the 
equipment. 

b) Excessively costly paint o r  other finishes required for 
appearance. 

The specification of 'appearance'  finishes i s  often ve ry  
subjective and chosen without any awareness  of the cost 
involved. In such cases  the effect on pr ice of the finish 
chosen should be pointed out to the customer o r  originator 
of the specification and alternatives offered. 

One must  a lso,  of course ,  query the specification of 
an expensive protective finish which i s  then to  be covered by 
an 'appearance'  paint finish which would itself give adequate 
protection. It i s  surpris ing how often even s tainless  s tee l  
i s  chosen to avoid corrosion and is then painted with seve ra l  
coats of rubbed and filled paints which would give ample 
protection of mild s tee l  with a cheap surface preparation. 

Often when an equipment i s  offered in a number of 
variants i t  i s  most  economic to  design o r  specify a 'standard'  
equipment which can accommodate additional features  o r  
provide ex t ra  functions. 

However, a l l  too frequently such a concept i s  adopted 
without adequate forethought. F o r  example one equipment 
in  every thousand may,  on a detailed survey of the market ,  
be found in practice to  need a cer ta in  facility and i t  may be 
found that the other 999 a r e  each housed in an unnecessarily 
large cabinet, o r  c a r r y  expensive brackets  o r  some other 
such i tem, simply to  ca ter  for  the one variant which needs 
to  incorporate an additional sub-assembly. In such a case  
i t  would be better to offer the 999 in a more  compact and l e s s  
costlv fo rm and to have, perhaps,  a slightlv more  expensive 
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2 .  During Design and Development 

One of the f i r s t  causes of unnecessary costs  i s ,  of course ,  
fa i lure  to check and query apparently unnecessary o r  stringent 
c lauses  in the specification on the lines outlined; every clause of 
the specification should be checked and queried in the light of the 
designer 's  specialised knowledge. 

During the design, the following a r e  some of the most  common 
causes  of unnecessary costs  : 

a )  Tolerances 

Too little consideration i s  often given to the effect on cost 
of tolerances,  both mechanical and electr ical .  

Mechanical Tolerances 

Considering f i r  s t  mechanical tolerances , one must  always 
double check before calling up a tight tolerance on any 
dimension and determine the need for  i t .  Even if this i s  at  
f i r s t  sight an apparent need, consider ways of avoiding i t  i f  
po s s ible . 

F o r  example, one may f rom habit ca l l  up a force o r  
push fit between a pinion o r  flange and the shaft on which i t  i s  
mounted. Could the two par t s  be fitted together using 
adhesives , friction welding o r  conventional welding more  
reliably and a t  l e s s  cos t ?  This will often turn  out to  be t rue .  

The general effect of tolerances on machining costs  i s  
shown in Table 1. This i s  intended as  a guide and of course 
local conditions, detail  of design and other factors  will 
influence the exact shape of the cost-tolerance curve.  

Similarly Table 2 shows the tolerances available in cold 
drawn bright bar .  If these a r e  adequate they should, of course,  
be called up whenever possible to  avoid machining. 

A designer must  always overcome the temptation to  apply 
a tight tolerance "to be safe" o r ,  because a tight tolerance i s  
necessary  on one o r  two dimensions,  to apply them ac ross  the 
whole drawing. 

Elec t r ica l  Tolerances 

It i s  surpris ing how often quite unnecessarily tight 
tolerances a r e  called for  on e lec t r ica l  components, mainly 
r e s i s t o r s  (f ixed 2nd z r a r i a h l ~ )  2nd r 3 n 3 r i t - n r c  
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There  s e e m  to be seve ra l  reasons for this,  among which 
a r e  - 

i )  Unawareness of the very great  effect on cos t  of the 
tolerance called up. 
(Tables 3 ,  4,  5 show the effect of the tolerance 
specified on the costs  of r e s i s t o r s ,  potentiometers and 
capaci tors  respectively.  

i i )  Confusion between the need for  stability and the need for  
tight tolerances,  All too often a tight tolerance i s  called 
up unnecessarily when i t  i s  only important to  select a 
stable type of component and the actual value can be 
within quite a wide range.  h here may,  for  example, be 
adjustment provided for  other reasons or  i t  may not even 
be necessary) .  

iii) Confusion between the need for  matching of two o r  more  
components and the need for  tight tolerance. In such a 
c a s e  selection may be the cheaper and m o r e  reliable way 
of ensuring close matching. 

iv) The application of tight tolerances ac ross  the circuit  
because they a r e  needed for  one o r  two components, a s  
with mechanical tolerances,  o r  their  application just to 
play safe.  

In the worst  cases  designers even ca l l  up high stability 
close tolerance reg is tors  ac ross  a c ircui t  which a r e  
unnecessary. 

b) Finishes 

Finishes a r e  often called up without realisation of their  
cost.  Often too, a decorative finish i s  called up on top of a 
protective finish when the decorative finish could also be 
protective and vice v e r s a .  

Table 5 gives some indication of the cost  of finishes. A 
useful finish for  cabinet work i s  plastic coated meta l  either 
mild s tee l  o r  aluminium coated with P .V .C. o r  other plast ics ,  
various glossy, matt  o r  grained finishes.  These a r e  available 
in  various gauges. Dry plastic powder coating can also be an 
effective finish. 

c )  Avoidable Machining 

The possibility of using bright b a r ,  a s  produced, to 
; ~ ~ n i d  the necaJ fnr ---h:-:-- I--- L - - - -  -,I-- -r 
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often giving a better product. F o r  example instead of turning 
to produce a flange or  gear blank on a shaft one could consider 
friction welding a gear  blank to a mild s tee l  shaft, saving in 
ma te r i a l  costs  a s  well as  machining t ime and using the more  
expensive mater ia l  only where i t  i s  needed. The use of 
composite o r  clad mater ia l s  should always be considered in 
the same way to provide more  expensive mater ia l  only where 
i t  i s  needed, and to  save fabrication t ime.  

d) Choice of Materials 

The overal l  design must  be considered when selecting 
mater ia l s ,  and careful  thought always given when an expensive 
mater ia l  s eems  to be required.  

i )  As mentioned in Flnishes an expensive mater ia l  such as 
stainless s tee l  i s  called up to avoid corrosion when the 
s tee l  i s  protected by a decorative finish. 

i i )  Expensive contact mater ia l  i s  used in a r e a s  where it i s  
not needed. Careful design, consideration of bi-metal 
(edge to edge) etc.  can greatly reduce the cost of solid 
contacts. On printed circui t  boards,  often the contact 
a reas  plated a r e  f a r  l a rge r  than necessary  etc. 

e )  Layout 

Value Engineering studies have often saved considerable 
cost  in  mater ia l  (cabling), labour and maintenance by 
recondsideration of the location of functions between the "black 
boxes" composing the equipment and within each box. Ext ra  
thought at  this stage can minimise the number of in te r -  
connections, connector terminals  and length of wiring. 

f )  Lack of Discussion 

The importance of discussion with production engineers , 
purchasing, suppliers etc.  as  appropriate a t  the design stage, 
cannot be over-emphasised. No design engineer can be an 
expert  in a l l  aspects and, even if he were,  another point of 
view on which to sharpen his own wits always produces a 
bet ter  resu l t .  This par t icular ly applies when manufacturing 
cost  i s  introduced into design a s  a factor of importance, a 
factor which i s  often neglected by designers .  

g) Fa i lure  to make use of Readily Available P a r t s  

This i s  a very common cause of unnecessary cost .  
Within the Company there  have been severa l  cases  in which 
special  s c rews ,  space r s ,  nuts,  pi l lars  e tc .  have been made 
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when they can be replaced by purchased i tems a t  a fraction of 
the cost .  Always look a t  catalogues of special  fas teners ,  nuts,  
etc. before drawing up a new design, especially if only a sma l l  
to medium quantity i s  required.  Suppliers such a s  Avdel, 
G.K.N. etc .  a r e  always most  helpful. 

3 .  During Production and Pre-production 

The Production Engineer should always in te res t  himself in 
products which a r e  coming to his shop floor a s  ear ly  as  possible in 
the design stage and participate in discussions a s  ear ly  as  possible 
to  point out aspects of design which a r e  likely to increase  
manufacturing cost ,  o r  be unsuitable for  available machines and 
tools.  To this end he should always be ready to participate in 
Value Engineering t eam studies.  He will often find that this will 
save him t ime la te r  on. 

Once the design i s  finalised i t  i s  costly to change i t  and 
possible savings may not then be feasible because of the cost of 
retooling, retesting etc.  

However, the production engineer even at  this stage should 
always query part icular ly tight tolerances,  especially when these 
a r e  widespread in  design, expensive finishes,  mater ia l s  etc. which 
s e e m  to him to be unnecessary in  cer ta in  a r e a s ,  depth of holes etc.  

These considerations a r e  of course ,  beyond his normal  
activity of selecting optimum methods, tools, machine speeds etc .  
which a r e  outside the scope of this book. 

4. Summary 

The above gives a few of the many pointers to unnecessary 
costs  in o rde r  to stimulate thought. To summar i se ,  when considering 
a design o r  hardware of any equipment, assembly o r  par t  always 
ask  :- 

What i s  i t  ? (1n the case  of a par t  o r  sub assembly,  i s  i t  necessa ry ,  
can i t  be combined with another ?), 

What a r e  i t s  functions (does i t  do m o r e  o r  l e s s  than required)  ? 

What does i t  cost  ? 

What e l se  would per form the required function ? 

What would the alternative cost ? 
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MACHINING COSTS - TOLERANCES 

Relative Machining Costs  f o r  Steel  

To be  used a s  a guide only. 
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TOLERANCES ON COLD DRAWN BRIGHT BAR 

All to lerances  a r e  t .0-00 inch, - f igures  shown below. 

ROUND BARS 

Diameter  

Inch 

Tolerance (minus 

1 Below 

- - 7 1 8  

2 9 / 3 2  - 2  

2  1 1 8  - 4 

4$ - 5  

5 t  

HEXAGONAL BARS - DECIMAL SIZES 

In. Across  F l a t s  

Below , 2 4 8  

. 2 4 8  - . 5 2 5  

. 6 0 0  - . 9 2 0  

1 . 0 1 0  - 2 . 0 5 0  

2 . 2 2 0  - 3 . 3 4 0  

HEXAGONAL BARS - FRACTIONAL SIZES 

In. Across  F l a t s  
1 Below -4- 

1 1 - - -  
4 2 

9 / 1 6  - 7 1 8  

1 5 / 1 6  - 2  

2$ - 3$ 
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DRILLING COSTS F O R  VARYING DEPTHS O F  HOLE 

Actua l  C o s t  

- - - - - - -  - - - -  P r o j e c t e d  C o s t   heor ore tical) 

Length  E x p r e s s e d  a s  a Ra t io  of D i a m e t e r  
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APPROXIMATE RANGES OF SURFACE FINISH 

PRODUCED BY VARIOUS MACHINING PROCESSES 

Rough Turning 

Contour Sawing 

Rough Grinding 

Shaping & Planing 

Drilling 

Milling, H.S.S. 

Finish Turning 

Broaching 

Boring 

Reaming 

Commercial  Grinding 

Milling Carbides 

Gear Shaping 

B a r r e l  Finishing 

Diamond Turning 

Precision Finish 
Grinding 

Honing 

0 1 2 4 8 16 32 63 125 250 500 1000 2000 

Surf zcs Finish r in. 
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GUIDE TO INCREASING COSTS O F  PROVIDING A 
FINISH 

Oil for  s torage ( ~ h i z z e r )  

Oil fo r  s torage ( ~ i ~ ~ i n g  ~ a n k )  

Chemical  Black ( B a r r e l  & Basket)  

Chemical  Black (J ig)  

Bonderise  (Ba r re l )  

Sti l l  Vat Bonderis ing (J ig)  

Sti l l  Vat Bonde r is ing (Basket)  

Automatic Bonderising & Enamelling 

Bright Zinc ( ~ a r r e l )  

Tin Zinc ( ~ a r r e l )  

Copper ( B a r r e l )  

Cadmium ( B a r r e l )  

Bright Zinc ( v a t )  

Tin Zinc ( v a t )  

Copper (va t )  

Chrome ( v a t )  

Automatic Tin Nickel ( v a t )  

To be used a s  a guide only 

Low Cost 

I 
Increasing 

Cost 

I 
High Cost 
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APPROXIMATE RELATIONSHIP BETWEEN 
SURFACE FINISH AND COST 

Surf ace Finish p in. 
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2.1 GENERAL COMPARISON O F  MANUFACTURING MATERIALS 

Introduction 

In this section a general comparison i s  made of the s t rength ,  
weight and cost of mater ia l s  most  commonly used in Manufacture. 

The cost figures vary  f r o m  year  to year  and the figures given 
a r e  for  guidance only. 

Similarly new plastics a r e  being developed year  by year  and, 
f o r  very  specialised applications, a plastic not included in these 
l i s t s  may be the one to use 

These tables a r e ,  therefore,  intended a s  a handy reference 
for  init ial  guidance only. During the design of any major  component 
i t  i s  always most  important to consult a specialist  regarding the 
most  appropriate mater ia l  and the Purchasing Department for up to 
date quotations. 
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STRENGTH/ WEIGHT COMPARISON O F  VARIOUS MATERIALS 

Mater ia l  

rn I z i n c  
rn 
a, Aluminium 

% Magnesium 
3 
b 
d 

Acetal  

2 
o-' 

Polyc arbonate ' I Nylon 

1 Zinc 

I Aluminium 
I ' Magnesium 

Acetal  

Polycarbonate 

Nylon 

Zinc 

Aluminium 

hi Magnesium k 

G 
4 Acetal  
rd 

( Polycarbonate 

I Nylon 

I Zinc 

E Aluminium 
.rl 

a Magnesium 
3 
,-4 Acetal  
2 

w" Polycarbonate 

I Nylon 

Fac to r  

Stiffne s s 

- - 

Strength Weight 
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COMPARISON O F  VARIOUS PROPERTIES O F  MATERIALS 
MANUFACTURED B Y  "MOULDING" 

F a c t o r  

S t reng th  

Weight 

Stiffne s s 

Toughness  

Ducti l i ty 

Res i l i ence  

Hardne  s s 

Dimens iona l  
s t ab i l i ty  

A b r a s i o n  
r e s i s t a n c e  

Fa t igue  
r e s i s t a n c e  

C r e e p  
r e s i s t a n c e  

Max. 
opera t ing  
t e m p e r a t u r e  

Die c a s t i n g s  Inves tmen t  
c a s t i n g s  

In jec t ion  Mouldings 

S t e e l  A c e t a l  Po ly -  
c a r b o -  
na te  
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COST, STRENGTH AND DENSITY COMPARISON 
O F  VARIOUS MATERIALS 

1. METALS 

Ma te r i a l  

S tee l  ( ~ r e e  
Cutting M.S.) 

[ B r a s s  70130 

Al. Alloy 
(Casting) 

1 C a s t  I r on  

Sta inless  S tee l  

Copper  ( p u r e )  

P r i c e  
Pence  
p e r  lb. 

P r i c e  
Pence  

P e r  
cu .  i n s .  

Density 
G r m s  / 
C .C. 

Tens i l e  
St rength  
lb / sq . ins .  

T o  be  used  a s  a guide only 
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COST, STRENGTH AND DENSITY COMPARISON OF 
VARIOUS MATERIALS 

Material  

--- -- 

Low Density 
Polythene 

High Density 
Polythene 

Polypropylene 

Polystyrene 

High Impact 
Polystyrene 

A.B.S. 
Copolymer 

Rigid P.V.C. 

Nylon (6.6) 

Acetal 

Polymethyl 
Methacrylate 

Cellulose 
Acetate 

Polycarbonate 

Phenol 
formaldehyde 

Melamine 
formaldehyde 

Urea 
formaldehyde 

Polyester 
(Casting Resins) 

EPOXY 
(Casting ~ e s i n s )  

Poly Phenyline 
Oxide 

2 .  P L A S T I C S  

Pr ice  
Pence 
per  lb. 

6.66 

8.75 

9.79 

6.66 

10.00 

17.50 

10.50 

28.75 

29.16 

16.68 

15.00 

33.95 

6.25 

12.50 

9.16 

10.00 

31.66 

5-70 

Price  
Pence 

Per 
cu. ins .  

0.22 

0.30 

0.32 

O,25 

0.37 

0.67 

0.63 

1.18 

1.50 

0.71 

0 - 6 9  

1.47 

0.31 

0.67 

0.49 

0.43 

1.43 

\ A -  2 . 6  

Density 
~ r m s 1 c . c .  

Tensile 
Strength 
lb/sq.ins.  

To be used as  a guide only 
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Introduction 

PLASTICS 

Production of plastics on a world basis  i s  increasing a t  a 
phenomenal ra te .  Already the volume of plastics produced f a r  exceeds 
that of non-ferrous metals  and it: i s  preducted that in the 1980's the 
volume of plast ics  produced will exceed the total  volume of meta ls ,  both 
fe r rous  and non-ferrous.  

The consumer market  was initially responsible for  this growth in 
plastics but more  recently the building t rade  has accounted for  a sizeable 
share .  In general  engineering the usage of plastics has been comparatively 
low but it i s  in  this a r e a  that the major  expansion i s  expected in the next 
decade. Every designer and development engineer should be aware of the 
potential of the plastic mater ia l s  that a r e  current ly available and the new 
advances that a r e  continually being made. 

A vast  amount of information exists on plastic mater ia l s ,  processing 
and applications and the information given h e r e  is necessar i ly  brief.  It i s  
aimed a t  giving basic information on the main types of plastic ma te r i a l  
available and methods of processing in relation to  the functional require-  
ments of the end product. 

Classification of P las t ics  

P las t ics  a r e  generally considered under three  broad c l a s ses  : 
thermosets ,  thermoplastics and composites.  

Thermosets  can be moulded once only into desired chapes.  
Moulding incurs  i r r eve r s ib l e  chemical change which i s  produced ei ther  by 
heat and p res su re  o r  by mixing appropriate constituents immediately before 
moulding. Subsequent applications of heat and p res su re  will, within 
l imi ts ,  have no effect but outside these l imits  degradation occurs .  

Thermoplast ics  s imilar ly can be formed by the application of heat 
and p res su re  but in contrast  to thermosets  can be reformed by the r e -  
application of heat and p res su re .  They can be recycled many t imes  in 
this way before significant degradation occurs .  

Composites a r e  combinations of plastics (usually thermosets )  and 
non-plastic reinforcing mater ia l s  such a s  glass  fibre.  

Proper t ies  of P las t ics  

Because plastics have slowly replaced metals  in a var iety of 
applications they a r e  often thought of a s  substi tutes,  the implication being 
that they a r e  infer ior  o r  that they a r e  only marginally acceptable. 



Regarding plastics in this way can lead to bad design in that designers a re  
inclined to think in t e rms  of designs for metal  manufacturing processes 
and then specify as plastic material.  The more  constructive approach, 
based on the Value Engineering philosophy, considers the functions 
required in a particular context and the most economic means of 
achieving them. A plastic part may then be indicated and designed in a 
shape that matches both material  properties and manufacturing method. 

It i s  most important that plastic materials should be considered in 
their own right on the basis of suitability for function. In this way the 
optimum use will be made not only of plastics but of al l  available 
materials  whether metal,  ceramic,  glass,  wood, rubber etc ,  

The properties of individual types of plastic a r e  given in the following 
tables but there a r e  some general characteris t ics ,  good and bad, of the 
plastics family which should be borne in mind. 

Mechanical 

All plastics a r e  low density materials and many of them, on a 
weight for weight basis,  a r e  very strong. 

Difficulties sometimes a r i se  when engineers t ry  to describe the 
mechanical behaviour of plastics using the t e rms  normally used for the 
properties of metals.  Consideration of elastic properties serves  to 
il lustrate the point. A s t ress-s t ra in  diagram for s teel  shows a straight 
line portion up to the yield point and the slope of this line gives a figure 
for Young's Modulus which can be regarded as  a constant for the material.  
A typical diagram for a thermo-plastic would show a flatter curve up to a 
less  well defined yield zone and so it i s  not possible to talk of a Young's 
Modulus figure in the same way. The strain produced at a given s t ress  
depends on the ra te  of increase of s t r e s s  and on temperature. 

Again the creep characteris t ics  of thermo-plastics need careful 
consideration when considering operation under load for prolonged periods. 

With some plastics the mechanical properties and dimensions vary 
appreciably with water content, e .  g. nylon with a 6 %  water content 
performs satisfactorily but in a very dry  state becomes extremely brittle. 

These points a r e  made to highlight some of the differences that 
exist between plastics and metals which the designer should bear  in mind 
when considering plastics. Much has been written on the subject and the 
optimum use w i l l  be made of plastics only if the desired components a r e  
designed from the s tar t  in a particular plastic for a manufacturing method 
appropriate to that plastic. 
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Electr ical  

All plastics a r e  good e lec t r ica l  insulators having both high 
resistivity and high dielectr ic  strength but i t  must  be borne in mind again 
that these pa ramete r s  can va ry  appreciably with the f i l ler  mater ia l s  used, 
tempera ture  and humidity. Par t icu lar  ca re  should be taken to  ensure that 
an e lec t r ica l  parameter  quoted i s  for the mater ia l  in the f o r m  being used 
and not for  the basic unfilled mater ia l .  

The rmal  

The ve ry  nature of plastics means that they do not have a prec ise  
melting point but become increasingly soft over a wide range of 
tempera ture .  It i s  difficult therefore to define accurately the upper l imit  
of working tempera ture  and published figures invariably give a broad 
range. 

Careful consideration should be given during the design stage to  
determine the maximum working temperature that a component could 
attain bearing in mind that the thermal  conductivities of a l l  plastics 
a r e  much lower than those of metals .  

In contrast  the coefficients of expansion of plastics a r e  typically 10 
t imes grea ter  than metals .  

Also, use can sometimes be made of the charac ter i s t ic  of cer ta in  
plastics to expand towards the i r  original dimension on heating if they have, 
for  example,  been drawn, o r  shrunk i f  they have been i r radiated.  

Chemical 

As a family plastics a r e  comparatively iner t  chemically and the 
cor ros ion  problems a r e  quite different to those associated with meta ls .  
A guide to the chemical resis tance of various plastics is given in the table 
but more  detailed information should always be obtained f rom individual 
manufacturers  when considering the use of a par t icular  ma te r i a l  in  a given 
chemical  environment. This makes many of them very  suitable for  use a s  
protective coatings and obviate the need for  any finish on components made 
f rom them. Colours can, of course ,  a lso be embodied in the plastic.  

General 

All data given on plastic mater ia l s  will have been obtained f rom 
measurements  on specially prepared tes t  pieces It i s  obviously desirable  
that standard t e s t  pieces should be used to  afford a t rue  comparison of a 

+ given pa ramete r  for  different mater ia l s  but at  the same t ime designers  
should be aware that the values of the same parameter  obtained on an 
actual finished component may be different. Tes ts  on a sample of the 
actual component should be made if any of the mater ia l  propert ies  a r e  
considered marginal  for  the application. 
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Processing Methods for P las t ics  

The following a r e  very brief descriptions of the cur rent  methods used 
for processing plastics.  

Compression Moulding 

This method i s  used almost exclusively for the thermo setting 
moulding compounds which a r e  loaded either a s  a powder, or  a 
preform, into a split mould. Heat and p res su re  a r e  then applied. 
The mater ia l  f i r s t  softens and flows to f i l l  the mould cavity and with 
fur ther  application of heat hardens.  

Typical g r e s s u r e s  and temperatures  a r e  2,000 to 10, 000 lb l in?  
and 140 to 200 C,  Cycle t imes  vary with the size of the part  f rom 
30 seconds to  15 minutes.  

Tolerances of 2 0.005 in. a r e  possible, there  i s  virtually no 
wasted ma te r i a l  and finishing costs  a r e  low. 

Trans fe r  Moulding 

This i s  a modification of compression moulding in which the 
moulding powders a r e  f i r s t  softened in a cylinder separate  f rom the 
mould and then pushed through a se r i e s  of runners  and sprues into 
a heated mould. Hardening then occurs  in  the mould a s  in  normal  
compression moulding. 

-t Tolerances of - 0.001 in. can be maintained and very thin 
sections can be moulded. Cycle t imes  a r e  fas te r  than for  
compression moulding but mater ia l  wastage i s  high. 

Iniection Moulding 

This i s  the method most  commonly used for  forming 
thermoplast ics .  

In this method the mater ia l ,  which i s  preheated to  plasticity, 
i s  forced into a split mould which i s  clamped in  a p r e s s  to keep i t  
closed. The mould i s  allowed to cool and the plastic solidifies 
before the mould i s  opened and the moulded component ejected. 

The moulding mater ia l  i s  sometimes heated in a cylinder and 
forced by a r a m  into the mould o r  m o r e  usually i s  fed directly f rom 
an extruder .  (See below). 

Rapid production r a t e s  can be obtained by this method with 
ve ry  little limitation on s ize o r  shape. 

Mould costs  a r e  high and the method i s  real ly  only suitable 
when a long production run i s  planned. 
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Extrusion 

This method i s  associated mainly with thermoplastics although 
i t  can be used with some thermosets .  

Usually the ma te r i a l  i s  fed to  a heated b a r r e l  with a fitting 
Archimedian sc rew where i t  i s  plasticised and then forced through 
a die. Alternatively the mater ia l  i s  fed intermittently through a 
die by a reciprocating r a m .  

The method i s  obviously used for  producing constant c r o s s -  
section components. 

The method can also be used for  coating mater ia l s  by extruding 
onto the required substrate .  

Another variant i s  the production of "blown" fi lm. A hollow 
tube of the mater ia l  i s  extruded and inflated by internal  a i r  p res su re  
to reduce the wall thickness. The tube i s subsequently flattened 
between ro l l e r s  and reeled. F i lms  0.005 to 0 .010  in. thick a r e  
readily produced by this method. 

Blow Moulding 

In this method a thermoplastic i s  extruded vertically down- 
wards in  the form of a tube. An appropriate length of tube i s  then 
sealed off at both ends by the action of a hollow mould closing on i t .  
Compressed a i r  i s  then inser ted  and the "bag" of mater ia l  i s  forced 
against the walls of the mould taking up i t s  shape. 

The method i s  well suited to  the manufacture of liquid 
containers f rom smal l  bottles to those with capacities of hundreds 
of gallons. 

Thermo forming 

This process  i s  also known a s  vacuum forming. 

Although there a r e  variations,  the basis  of this method i s  that 
a thin sheet of the ma te r i a l  i s  clamped at  i t s  edges in a f r ame  and 
heated to  softening point by radiant heat. The softened sheet i s  
then drawn into a female or  onto a male mould and held against i t  
by drawing a vacuum. 

Thermoplastic mater ia l s  can be processed in this way, in 
par t icular  acryl ics  , polythene and polystyrene. 

The method i s  ideally suited for  the production of open ended 
thin walled components and a wide range of surface a r e a s  can be 
handled. Tooling costs  a r e  low. 
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Comwosite Mouldings 

The practice of adding f i l le rs  to plastics for  enhancement of their  
propert ies  i s  almost as old as  plastics themselves.  However, in recent 
yea r s ,  reinforced plastics have become a category of mater ia l s  in their  
own right with polyester-glass fibre composi tes  being the outstanding 
combination. The following a r e  some of the production methods used. 

Contact Moulding 

In this method a low cost mould in wood, plaster  or  even 
reinforced plastic is coated with a re lease  agent and a fine gel coat 
of the r e s in  applied. Successive layers  of precisely tailored mat  
o r  woven glass cloth and liquid r e s in  a r e  then built up. The r e s in  
may be applied by brush  o r  spraying. The layers  a r e  consolidated 
and a i r  bubbles removed by applying p res su re  with a hand ro l le r .  
The process  i s  continued until the required thickness has  been 
built up and the moulding cu res  at  room temperature.  

As  an alternative to this "hand lay-up" method of contact 
moulding a "spray-up" method has been developed in which a 
chopper unit mounted adjacent to the spray  gun nozzle feeds s t rands 
of glass  f ibre  into the s t r e a m  of resin.  The combined s t r eam set t les  
on the mould and the bubbles a r e  removed and the mixture 
consolidated a s  in the hand method. 

Yet a fur ther  improvement i s  the "Simplex" method in which 
chopped s trand mat  i s  laid in the mould and r e s in  applied through 
a hand-held ro l le r  f rom pressur i sed  s torage vessels .  When the 
required quantity of r e s in  has  been applied the supply i s  cut off and 
the ro l le r  used as  before.  

Contact moulding has the advantages that very  large mouldings 
such a s  swimming pools, boat hulls e tc .  can be produced on low cost 
tooling and design modifications a r e  easi ly  ca r r i ed  out. Disadvantages 
a r e  high labour content and a long cycle t ime. 

Filament Winding 

In this method c i rcu lar ,  oval or  tapered bodies a r e  produced 
by winding a fi lament of f ibre ,  which has been dipped in res in ,  onto 
a suitably shaped mandrel.  The spacing of the windings and the 
number of layers  i s  adjusted to  meet  the end requirements .  The 
method produces extremely high strength laminates . 
Matched Die Moulding 

In contrast  to  the previous two methods which produce a high 
quality finish on one side only, this method, as  i ts  name suggests 
provides a good finish on both faces .  
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A preform of chopped glass fibre roving i s  made by blowing 
a s t ream of chopped roving towards a perforated metal screen having 
the shape of the final moulding. En route this s t ream joins a binder 
spray produced by a spray gun and a binder-fibre preform builds up 
on the screen with the help of a vacuum drawn on the opposite side. 
After curing the preform i s  placed between matching dies mounted 
in a hydraulic p ress ,  a weighed quantity of res in  i s  added and heat 
and pressure  applied. 

This method employs metal dies and produces good mouldings 
at reasonable cost for quantities in excess of 1, 000. 

Continuous Mouldings 

This method i s  suitable only for shapes of constant c ross -  
section and i s  sometimes known as  "pultrusion". 

Continuous lengths of the reinforcing medium a r e  drawn 
through a bath of res in  and then pulled upwards through a die of the 
required cross-section and a tunnel oven. Fully cured material  
emerges at the other end. 

The method is  particularly suitable for rod, tube, flat and 
corrugated sheet. 

Methods for Permanent Assemblv of Plastics 

The methods available for making permanent assemblies of plastics 
can be divided into three groups, mechanical, thermal and chemical. 

Mechanical Methods 

Rivetting can be used successfully for joining plastics to 
plastics o r  plastics to metals.  Although conventional metal rivets 
may be used i t  i s  often more  economical to produce lugs on one 
component and holes in the mating p a r t .  

Rivetting can produce strong joints though not necessarily 
leak-proof. Application of heat to the punch o r  the plastic part 
will improve the strength. 

High ductility and resistance to creep a r e  important a s  well 
as strength i f  a material  is  to be rivetted. 

Permanent press  fits will produce better joints that a r e  
leak-proof for  liquids and gases under pressure .  When calculating 
the interference required i t  i s  most important to consider the 
temperature range and the expansion coefficients of the particular 
parts  concerned. 
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Snap fits can sometimes be used in conjunction with press  
fits to improve performance over a range of temperature. 

Thermal Methods 

These a r e  all  essentially welding methods in which the faces 
of the mating parts  a r e  heated to softening point and held together 
under light p ressure ,  The various thermal methods differ only in 
the method used to produce heat at  the mating surfaces. 

Hot Plate Welding 

In this method each surface i s  held against a heated plate 
with an antistick surface. The parts  a r e  subsequently clamped 
together in  a jig and the joint solidifies. 

Spin Welding 

Heat i s  produced by friction a s  the two parts  a re  
rotated against each other at their mating faces. This method 
i s  only suitable for joining parts  made from the same material.  

Hot Wire Welding 

The parts  a r e  held together under pressure  and an 
electrically heated wire passed through the joint. The surfaces 
of the two parts  flow around the wire as  i t  passes and solidifies 
at the time of i ts  emergence on the other side of the joint. 

Hot Gas Welding 

In this method a welding gun o r  torch and a local 
atmosphere of inert  gas to minimise oxidation a r e  used with a 
fil ler rod of the parent material.  This i s  a slow method and i s  
really suitable only for  large structures . 
Resistance Wire Welding 

An electrically heated wire i s  buried in the joing to 
produce heat and when the welding is  complete it remains in 
situ. 

Induction Welding 

This i s  essentially the same as  the above method except 
that a metal  inser t  which remains in situ is inductively heated 
to fuse the parts .  
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Ultrasonic Welding 

Mechanical vibrations at frequencies of about 20 ,  000 
cycles per  second a r e  transmitted to the joint by means of a 
welding horn. The heat produces fusion at this point. 

Choice of plastic for the application and design of the 
welding horn require detailed study. 

Chemical Methods 

A variety of chemical bonding methods exists in  the form of 
solvents, plastic materials  in  colution and other chemicals. 

The precise method of using these "adhesives", the preparation 
required etc. varies  appreciably from method to method and cannot be 
dealt with in a general manner. 
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SUPPLIERS OF PLASTICS MATEIUALS (u.K.)  

Suppliers Reference No's. (See next page for 
Names & ~ d d r e s s e s ) .  

Mater ial  

A.B.S. 

Acetals 

Acrylics 

Cellulosics 

Nylon 66 

Phenoxies 

Polyc arbonate 

Polythene 

Polypropylene 

Polystyrene 

P.T.F.E. 

P.V.C. 

Alkyds 

Epoxies 

Phenolics 

Polyesters  

Silicones 

Urethanes 

F o r m  of Mater ial  

Rod Sheet Tube 

12 

12 

4 

1 2  

1 7  

2 2  

16 

3 

12 

2 3  

1 8  

1 2  

F i lm 



Xef. 
No. 
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SUPPLIERS ADDRESSES 

Name 

3exford Ltd. 

3.I.C.C. Ltd. 

Bloore (G.H.) Ltd. 

British Cellophane Ltd. 

Bakelite Xyonlite Ltd . 

Cast ro l  Plast ics  Ltd. 

Cornelius Chemical 
Co. Ltd. 

Crane Packing Ltd. 

Engineering Polymers 

Hoechst Chemicals 

I.C.I. Ltd. 
Paints Division 

Addre s s 

Kings way House , 
Richmond , 
Surrey.  

Manningtree, 
Essex.  

2 1 Bloomsbury Street ,  
London, W.C.1. 

480 Honeypot Lane, 
Stanmore, 
Middle sex. 

P.O. Box 1 A.L., 
Henrietta House, 
9 Henrietta Place,  
London, W . l .  

27 Blandford Street ,  
London W 1H 3AD. 

C olharbour Lane, 
Harpenden, 
Herts .  

Ibex House, 
Minories , 
London, E.C.3. 

Slough, 
Bucks. 

Evelyn House , 
30 Alderly Road, 
Wilmslow, 
Cheshire.  

Hoechst House, 
Kew Bridge, 
Brentford, 
Middles ex. 

Newton Works, 
Hyde , 
Cheshire 

Telephone 
No. 

01-839 3521 

Wilmslow 296 11 
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1 

Ref. Name 
No. i 

I 

I 

I 
Address Telephone 

Number 

I.C.I. Ltd. 
Plast ics  Division 

Bessener  Road, 
Welwyn Garden City, 
Herts .  

I Welwyn Garden 
(96) 23400 

Crawley 
(0293) 25955 

Langley London Ltd. Faraday Road, 
C r awley , 
Suss ex. 

Marbon Chemical 
Division of 
Borg- Warner Ltd. 

York House, 
C larendon Avenue, 
Leamington Spa. , 
Warwickshire. 

Leamington 
/ 34121 

M & B .  Plast ics  Ltd. 23-25 Eastcast le  St. ,  
London, W. 1. 

Rickmansworth 
(79) 76261 I 

Nylonic Engineering 
Co. Ltd. 

Woodcock Hill, 
Rickmans worth, 
Herts  . 

Permal i  Ltd. Bris tol  Road, 
Gloucester . 

Gloucester 
(0452) 28282 I 

Welwyn Garden 
(96) 21221 

Polypenco Ltd. Gate House, 
Fretherne Road, 
Welwyn Garden City, 
Herts .  

Scott Bader & Co. Ltd. Wollaston, 
Wellingborough, 
Northants. 

Wellingbor ough 
(093 33) 4881 

Shell Centre ,  
Downstream Building, 
London, S.E.1. 

Shell Chemical U . K. 
Ltd. 

Tufnol Ltd. P e r r y  Bar ,  
Birmingham 22B 

Wragby Plast ics  Ltd. W r  agby , 
Lincoln. 



MATERIAL 

-- - - 

A.B.S. 

ACETALS 

ACRYLICS 

CELLULOSICS 

NYLON 66 

PHENOXIES 

POLYCARBONATE 
- - -  

POLY THENE H. D. 

POLY THENE L.  D . 
POLYPROPYLENE 

POLYSTYRENE 

P.T.F.E.  

P.V.C. 

ALKYDS 

DAP 

EPOXIES 

MELAMINES 

PHENOLICS 

POLYESTERS 

SILICONES 

UREAS 

URETHANES (FOAM) 

PROCESS COST RELATIVE TO 
POLYTHENE L.D. 

Compress ion  T r a n s f e r  I n j e c t ~ o n  Blow - T h e r m o  Composi te  Weight Volume 

Moulding Mouldmg Moulding 
E x t r u s ~ o n  Mouldlng formmg Moulding i B a s i s  B a s i s  

I 
1 

x ! x  X X X 2.5 2.9 

X X X 4.1  6 .3  

x x x x j 3.4 4 .5  
I 

X X X 2.8 3 .8  

X X 4.9 6.1 

X X X 7.2 8.6 

1 X 7.5 9.8 

I X X X 1 .1  1 .1  

X X X 1.0 1.0 

X X 1 . 4  1.4 

X X 1.20 1 .3  
ppp 

X X 20.3 47.5 

X X X 1.9  2 .8  

I Mild S tee l  
( F r e e  cut t in  

1 0.5 I 4 .0  

COMPARABLE RATIOS FOR METALS 

B r a s s  1 (70 l30 )  
( 2.9 1 16.0 

METAL WEIGHT 
BASIS 

VOLUME 
BASIS 



MECHANICAL PROPERTIES I ELECTRICAL PROPERTIES 

MATERIAL Specific 
Gravi ty  

Tensi le  
Strength 

Elongation Compress ive  F lexura l  
% Strength 1 ";E!ih 1 lbIin2 

Impact  Volume Permit t ivi ty  
Strength Resistivity @ 

Ft. lb. per  Log. Ohm- 1000 Hz. 
in. of notch C m ,  

Power E lec t r i c  
Fac to r  Strength 

@ Volts I ~ i l .  
1000 Hz. 

A.B.S. 1 1.07 
-- 

ACETALS 1.42 

ACRYLICS 1 1.19 
-- 

CELLULOSICS 

NYLON 66 1.14 ' 

PHENOXIES (P.P.O.) 1.10 

POLYCARBONATE I 1.20 

POLYTHENE H.D. 1 0.96 

POLYTHENE L.D. 1 0.92 No Break  16 2 .3  

2.6 16 1 2.2 POLYPROPYLENE 

P.V.C. (RIGID) 1 1.40 

ALKYDS 1 1.20 

DAP 1 1.27 

EPOXIES 1 1.43 

MELAMINES 1.48 
I 

PHENOLICS 1 1.40 

POLYESTER ' 1.55 

SILICONES 1 1.86 

UREAS 1-50  

URATHANES (FOAM) 10.016 - O.Of 



1 

M A T E R I A L  T H E R M A L  P R O P E R T I E S  

RANGE O F  MAXIMUM USABLE T H E R M A L  
T E M P E R A T U R E S  EXPANSION 

P E R  OC. 10 
OC 5 0  100 150 2 0 0  2 5 0  300 3 5 0  4 0 0  4 5 0  

I l l  , , I l l ,  
1 ' 1  1 1 ' " '  

KEY - 

C H E M I C A L  RESISTANCE 

0 

0 

AA.13.S. 100 

A C E T A L S  8 0  

1 P . T . F . E .  I 1 1 1 1  

0 Unaffec ted  

X Mild a t t a c k  

XX M a r k e d  a t t a c k  . 

ORGANIC 
SOLVENTS 

ACRYLICS 9 0  

CELLULOSICS 150 

NYLON 66 I I , ~ ~ ,  8 0  

PHENOXIES 
r l  

6 5 

POLY CARBONATE 7 0  

POLY T H E N E  H.D. 1 I I  ) I ) I I  
130 

170  POLY T H E N E  L.D. 

P O L Y P R O P Y L E N E  1 1 0  - 
P O L Y S T Y R E N E  

I l l  

(HIGH IMPACT) 

V a r ~ e s  

0 

0 

0 

X 

XX 

X 

X 

XX 

XX 

X 

XX 

ALKALIS 

1 , .  

WEAK 

ACIDS 

V a r i e s  

X 

0 

V a r i e s  

V a r l e s  

0 

0 

0 

V a n e s  

0 

0 

0 125 

S T R O N G  
- 

WEAK 

URETHANES (FOAM) 

S T R O N G  

0 

03 x 
0 

0 _ _ _ _ _ _ _ _ _ _ -  
0 

0 

0 

0 

0 

X 

XX 

O +  X 

0 

0 

0 

0 

0 

0 

0 

0 

0 3 X  

X 

0 

O S  X 

0 

5 
W z 

5 0  

O i  X 

X 

XX 

0 

X 

0, X 

O j  XX 

o >  X 

0 9  X 

XX 

0 

1 
- ' I l l ;  I 

I 
I 1 ' 1 1 1 1 1 1  I I 

I I I I I 1 1 1 1  

1 1  I 1 I 8 I  ! I s 
1 1 1 1 ~  

I  I L 1  
I '  ! ! I  

I I l . ~ !  
I I I  
I \ I 1  

--i-7 I '  I 

P.V.C. (RIGID) 

ALKYDS 

D A P  

E P O X I E S  
b b  

MELAMINES 

PHENOLICS 
- 

P O L Y E S T E R  
- 

SILICONES 

UREAS 

0-b X 0-' X XX 

0 

0s X 

0 

X 

0 

XX 

X-t XX 

XX 

X 

XX 

0 

0 

0 

0 

0 9  X 

0 

u 
,7 

0 

0 

0 

X 

0 

0 

0 

X+XX 

X 

o i  x 
X+XX 

145 1 v a r i e s  

0 

X 

0 

0 

XX 

0 

0 

0 

0 

35 

8 0 

6 0 

4 5  

7 0 

7 0  

36 

3 0  

0 

0 

0 
---- 

0 

0 

0 4  X 

03 X 

O J  X 



SECTION 2 . 3  Page I 

(Article extracted f rom Chartered Mechanical Engineer) 

2 . 3 .  ADHESIVES IN MECHANICAL ENGINEERING 

Introduction 

Adhesives can play an increasing par t  in the cost effective 
design of mechanical assemblies  . Although they were widely 
used during the last  World War in  the construction of both 
wooden and meta l  a i rc raf t ,  and although they have since been 
developed in  a much wider var iety a t  lower cost  and yielding 
g rea te r  strength,  they a r e  not considered a s  generally a s  
might be expected in the light mechanical and electronic 
industr ies ,  apar t  f rom the automobile industry.  

Apart  f rom the great  advantages and saving in  labour 
cos ts  which they can offer in convenience and ease  of assembly 
they can also often save considerable cost  in machining 
tolerances.  F o r  only one example, the necessi ty  for  tight 
tolerances in  "push" o r  "force" fi t  assemblies  can be avoided 
and the reliability of the assembly can be improved. 

Lack of knowledge i s  one of the main reasons  for  lack 
of application of a suitable adhesive selected f rom the wide 
range now available. 

I t  i s  therefore considered worth while to include the 
following review of progress  in  the field of adhesives,  
including a brief summary  of the types available. F o r  fur ther  
reading a suitable bibliography i s  suggested. 

Review of P rogress  

Adhesive bonding has become established in  recent  yea r s  
a s  a method of joining mater ia l s  which can replace o r  
supplement soldering, riveting, welding and mechanical 
fastening. The strength of bonded s t ruc tures  under severe  
conditions has been demonstrated in a i rc raf t  engineering but 
the use of bonding for  other purposes has been relatively 
res t r ic ted ,  Automotive and mar ine  s t ruc tures  a r e  s t i l l  
largely welded o r  riveted, and mechanical fastening 
predominates in the fabrication of constructional meta l  work, 
domestic appliances and other m a s s  production i tems.  

Designers have been hampered by a dearth of information 
on the propert ies  and limitations of engineering adhesives. 
They have tended to select them on the basis  of their  suitability 
fo r  production processes ,  r a the r  than for  their  performance 
and the emphasis in development work has been on the 
optimi sation of bonding proce s s e s and on quality control. 
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Consequently, there  i s  a lack of data on c r e e p  propert ies ,  
fatigue endurance, e last ic  modulus etc . ,  and their  variation 
with the environment. Nevertheless,  adhesives a r e  used in 
load-bearing s t ruc tures  with considerable success  . 

A bonded joint produces a distributed s t r e s s  over the 
whole adhesive a r e a  and this eliminates the local s t r e s s  
concentration attendant upon sc rews ,  r ivets ,  spot welds, etc.  
This factor alone allows designers  to reduce weight and cost 
while improving the joint performance and fatigue propert ies .  
Bonded joints a lso present  a smooth external  appearance and 
the adhesive can serve  as  insultation and sealing compound, 
damp out sound and vibration and minimise contact corrosion.  
Bonded assemblies  thus have a higher s t ructual  efficiency, 
par t icular ly in  thin meta ls ,  and the adhesive can absorb a 
cer ta in  amount of shock. 

Disadvantages of bonded s t ruc tures  which have militated 
against the i r  use in  engineering include the need for  special  
joint design to prevent cleavage weakness, long processing 
t imes  for  curing and the dependance of joint durability on the 
quality of the bonding processes .  The limited resis tance of 
many adhesives to extreme tempera tures  and humidities i s  
another factor which has often precluded their  use,  

Optimum resul t s  a r e  not obtained if an adhesive i s  used 
with a conventional joint design. The applied service s t r e s s  
must  be in the direction of maximum bond strength. With the 
cornmonly used overlap joint, the bond strength increases  
l inearly with joint width but not with overlap length. 

De Bruyne proposes the use of a 'joint factor '  to take 
into account this behaviour : 

Jadherent thickness 
overlap length 

Fixed values for  the ra t io  a r e  constant for  a particular 
adhesive. Later  studies have shown that joint failure s t r e s s e s  
a r e  usually proportional to  the square root of the rat io  for  a 
given joint. The strength of an adhesive also increases  with 
the yield strength of the adherent.  Standard shear  strength 
can thus be used to  calculate the probable joint strength.  

P e r r y  outlines an approach to design which combines 
theoretical considerations with empir ica l  formulae to determine 
the overlap a r e a s  to  support given loads. 
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The provision of useful design data for  adhesives 
presents  problems for  manufacturers which have yet to  be 
overcome. Available strength data permit  the designer to 
compare the mer i t s  of different adhesives o r  to a s s e s s  their  
durability but can r a r e l y  be used directly in design calcul- 
ations. Frequently the performance data quoted depend on the 
t e s t  method and adherend employed, ra ther  than on the 
adhesive; especially as regards  peel and cleavage strength,  

Some of the s t r e s s e s  in a single-overlap joint a r e  
plotted in Fig.  1. The shear  s t r e s  s i s  maximum at  the 
leading edge of the overlap and falls to ze ro  at  the centre .  
There i s  a peeling s t r e s s ,  perpendicular to the tensile s t r e s s ,  
which causes compression a short  distance f rom the overlap 
end. The tensile s t r e s s  i s  highest at the beginning of the 
overlap and i s  reduced to half the maximum at the centre  of 
the joint. 

Fig. 1. S t r e s s  distribution in a single-lap bonded joint. 

Flexure of the joint components fur ther  complicates 
the pattern of s t r e s s  distribution so that the strength of 
adhesion i s  not s t r ic t ly  defined by the tensile failure load of 
the joint. However, in practice this need not prove a 
limitation since in testing a lap- joint sample the actual service 
conditions of the bonded s t ruc ture  can often be simulated. 

It was f i r s t  suggested by de Bruyne that the s t r e s s  
complexity of the lap joint can be avoided by using a napkin 
ring t e s t  specimen for  the measurement  of s h r e a r  strength 
in  tors ion,  This has led to the development of the tors ion 
testing apparatus shown in Fig.  2 by R.A.P.R.A., and a 
potential technique for measuring actual adhesive strength. 
Where the ring i s  narrow, compared to the diameter ,  
virtually uniform shear  exists at  the adhesive surface under 
tors ion loading. Recorded shear  strengths a r e  independent 
of the ring width and, unlike lap joint specimens in which 
adherents a r e  subject t o  stretching and bending, reproducibility 
of breaking strength i s  good. 
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Fig. 2 Shawbury torsional-shear equipment 
with central  cylindrical test  specimen 
in situ. 

This specimen design offers potential advantages and 
appears to be a significant step forward in destructive testing. 
It has proved useful in the correlation of performance with 
small  differences in the chemical structure of polymeric 
adhesives; and the assessment of adhesion as  a function of 
temperature. The assessment of structural bonds by 
destructive methods has been extensively investigated recently. 

However, the strength measurements derived from 
destructive tests  a re  of little value in assessing the durability 
in service. Recent years  have seen the development of 
accelerated ageing and weathering tests  designed to simulate 
long-term service conditions but much correlative work needs 
to be done before these tests  become widely accepted. 
Prolonged testing, often for many years ,  i s  sti l l  mandatory 
for the stringent requirements of the aircraft  industry. 
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The increasing use of adhesives in aerospace applications 
has necessitated methods of rapidly evaluating the bond 
condition, both on components and complete assemblies.  A 
number of non-destructive tests  have been the subject of recent 
development. They rely on previously established correlations 
between failure strength and some other property of the bond 
which can be assessed without destroying it. Ultrasonic, 
radiographic and infra-red testing have been extensively 
developed and show considerable potential. 

The ultrasonic resonance technique measures the response 
of the bonded joint to low-power ultrasonic vibration and appears 
to be the most sensitive and reliable method. Comparison 
between non-destructive predictions and actual strengths to 
failure have established i t s  reliability and the Fokker bond 
tes ter  i s  widely used in the aerospace industry. 

Pulse-echo transmission, pulsed-through transmission, 
and sweep-frequency resonance a r e  other useful ultrasonic 
techniques, Pulsed-through transmission, which depends on 
the attenuation of energy when passing through voids in a 
joint, i s  in general superior to the other two. It has been 
applied to a wider range of s tructures,  materials and 
adhesives and i s  suitable for  metal-to-metal, metal-to-plastic, 
plastic-to-plastic, honey-comb core and fibre-reinforced 
plastic s tructures.  

Infra-red inspection methods a r e  of more recent origin 
and have not been widely employed, They depend on the 
detection of variations in thermal diffusion which ar ise  in the 
ficinity of joint flaws. A varying temperature gradient i s  
sensed as an infra-red emission at the component surface. 

Many kinds of adhesives a r e  being used, depending largely 
on the type of materials  being bonded and also the service 
conditions of the bonded assembly. Something like 5, 000 
products a r e  available today, based on 200 basic polymers. 
The properties and performances of the more important 
engineering adhesives have been described in a recent 
comprehensive Handbook ( ~ e f .  1). 

For  engineering applications, the majority of s tructural  
adhesives a r e  of the thermosetting type, cured under heat and 
pressure .  Epoxy resins and their modifications find the 
widest use for bonding metals because they do not contain 
solvents and a r e  t rue liquids, 
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Single component epoxy resins have become available in 
the last  few years  as  liquids o r  films which avoid the need for 
cr i t ical  premixing of res in  and simplify processing. They 
relay on heat to initiate the hardening action of a latent 
catalyst. 

Thermoplastic adhesives soften with heat and give 
considerably lower strengths than the thermosetting types but 
a r e  frequently employed where lower joint strengths a re  
acceptable. Elastomeric adhesives a r e  rubber-based and used 
for their high peel-strengths. 

The use of sandwich materials has increased during the 
past decade because they a r e  light and strong. The bonding of 
a honeycomb core to the two faces of a sandwich panel can 
resul t  in a s tructure with very high strength and rigidity to 
weight ratios.  

Vinyl-phenolic, nitrile-phenolic, polyurethanes and 
modified epoxy resins have been developed for the fabrication 
of sandwich materials which permit a new approach to many 
design problems. There i s  now a comprehensive l is t  of 
design formulae to give optimum shear and compression 
strengths , flexural rigidity, buckling s t r e s s  and bending 
deflections etc.  

The thermal stability for a polymer i s  defined by the 
temperature range over which i t  retains useful adhesion 
properties.  Thermogravimetric analysis (TGA) has emerged 
in recent years  as  an important method for evaluating this. 

With the exception of silicones and fluorocarbons, all  
known thermosetting and thermoplastic resins a r e  degraded 
below 4 0 0 ~ ~ .  However, the useful temperature range of a 
polymer adhesive cannot be ascertained from a thermogram 
alone because other changes can occur below the breakdown 
temperature. Thus, a polymer can undergo chemical 
modification, i rreversible decomposition, molecular 
r e  -arrangement or  reversible melting o r  softening. 

Thermally stable adhesives a r e  based on polymers with 
high decomposition temperatures,  possessing the rigid chain 
structures associated with polar o r  sterically interlocking 
chain substituents, chemical c ross  linking, o r  crystallisation. 
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Many structural  adhesives retain their strengths at up to 
0 

100 C , including the nitrile -phenolics, epoxy-nylons, vinyl- 
phenolics and modified epoxy resins.  Anhydride-cured 
epoxies and certain nitrile-phenolics retain their strengths at a 

0 0 
continuous 180 C. For  above 200 C ,  modified phenolics, 
phenolic -epoxie s , modified silicones and polyaromatic s 
adhesives a r e  under continuous development to meet the 
requirements of the aerospace industry. Silicones show good 

0 
stability up to 300 C but their shear  strengths rare ly  exceed 
200 lbflin; however, by compounding with epoxy or  phenolic 
res ins ,  up to 1, 600 lbf/in can be obtained. 

Many new basic polymers now under development should 
resul t  in greatly improved adhesives. At present research i s  
concentrated on thermally stable organic polymers, because 
of the slow pace of inorganic polymer development. 

Thermal stability associated with hydrolytic and oxidation 
stability i s  best achieved in polymers formed f rom fused 
aromatic rings o r  by the inclusion of atoms with good thermal 
properties,  such as boron, silicon, nitrogen, and phosphorus. 

So far ,  this research has resulted in commercial 
0 

adhesives for up to 500 C,  based on polyamide (PI) and 
Polybenzi-rnidazole (PBI) resins.  Narmco's Imidite 850, a 
glass fabric based on PBI and, i s  capable of retaining about 

0 
70 per  cent of i ts  strength during continuous exposure to 350 C ;  

0 
and short  periods up to 500 C. 

Ceramic adhesives, made as  fusible f r i t s  f rom boric acid, 
sil ica and fe r r i c  oxide, appear to offer the answer to the high 
temperature problem. Tests  indicate that bonded joints can 

0 
operate at 550 C and strength increases with temperature. 
However, ceramic systems have serious shortcomings. 
Although their heat and oxidation resistance i s  better than that 
of organics, attempts to overcome their inherent britt leness 
have failed. Thermal shock resis tance of all  ceramics i s  
poor but can be improved by incorporating a metallic phase. 
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Ceramic -adhesive brazing alloys show promise and have 
been used by Boeing for panel bonding. A silver-based 
brazing foil i s  sandwiched between panels sprayed with 
ceramic adhesive. Joints a re  fired in a i r  under pressure at 
930 '~ .  For  higher temperatures nickel-based alloys replace 

0 
the silver and service temperatures up to 820 C a re  possible. 

Most of the ceramic bonds used have been developed to 
solve specific problems and consequently little general interest 
has been shown in their development. High curing temperatures 
and processing difficulties have restr icted their use. The 
future for high-temperature adhesives appears to lie with 
organic polymers. 

Cryogenic applications in electronics,  missile materials 
and nuclear engineering have been extensively developed, 
primari ly to meet  military and aerospace requirements.  
Non-military applications for  super-conducting electromagnets, 
motors,  and liquefied gases have now become the concern of 
several  industries.  Adhesives for use in such a reas  represent 
one class  of materials  which can be expected to present 
problems. 

Many of these problems a r i se  from s t ress  increases and 
concentrations in adhesive joints where differences in thermal 
coefficients of expansion, thermal cond.uctivities and elastic 
moduli exist between adherends and adhesive s o  Low-modulus 
adhesives can relieve such s t resses  at room temperature by 
deforming, but very low temperatures increase the modulus 
to a point where s t r e s s  relief i s  no longer possible. 

Several classes of s tructural  adhesives a r e  available 
for cryogenic applications although data on these materials i s  
limited, particularly on peel strength, impact resistance, 
vibration fatigue, and other physical properties.  

Polyurethane systems appear to have received most 
attention. Peel  strengths can approach 100 lbflin. while 
tensile strengths reach 10, 000 lbflin. at  - 2 5 0 ' ~  although 
these fall  to about 2, 000 lbf /in. at room temperature. More 
recently, epoxy-nylon, polyimides and polyisocyanurates 
have been explored a s  low-temperature bonding agents , 
Epoxy res in  systems which contain elastomers o r  thermo- 
plastics such a s  polysulphide, polyurethane and polyamide, 

0 
have proved to be suitable for use down to -196 C at Sira 
Institute. These materials  overcome the problems of 
embrittlement which a r e  a feature of epoxy-nylon formulations 
and unmodified thermosetting resins such as  the phenolics and 
phenolic -epoxies. 
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Liquid-oxygen compatability i s  another problem: 
nearly al l  organic materials  react  with liquid oxygen. The 
only exceptions a r e  polymers in which the central  carbon 
chain i s  protected by non-reactive groups. Fluorocarbons, 
such a s  polytetrafluoroethylene and fluorinated ethylene a re  
sufficiently iner t  and so  far  they appear to be the only such 
materials  that have been considered a s  adhesives. But their 
adhesive performance i s  very limited. 

Anaerobic adhesives a r e  single -component liquids, based 
on the acrylic acid diesters  which polymerise in the absence 
of atmospheric oxygen, under the catalytic influence of metals. 
Thus the monomer i s  able to polymerise to form a tough, 
resilient bond when confined between closely fitting parts .  
The Loctite products a r e  the best known example of this 
type, which can be formulated to give various viscosities,  
setting times and shear strengths, and bond all  common 
metals ,  glass,  ceramics and phenolic plastics,  Viscosities 
range from 10 to 20,000 C P  and shear  strengths up to 1,500 
lbf/in. Chemical resistance i s  good and curing t imes can be 
reduced to 20 minutes, Recently developed special grades 

0 0 
withstand up to 200 C ,  above 250 C the materials  soften, 
which may be useful in dismantling of joints for  repair ,  The 
single-component aspect facilitates automatic application and 
the development of versatile metering and dispensing 
equipment during the past three years  has resulted in  a 
continuous growth in  engineering applications. 

The most important use i s  a s  a liquid lock-washer for 
screws and bolts. The loosening torque for the strongest 
grades i s  superior to that of epoxy resins and severa l  t imes 
that of most locknuts and screws.  

Van de Vlasakker has recently reviewed engineering 
applications which include compression gaskets, crack- 
sealing in castings, retaining bearings and other components, 
pipe joining for  central heating systems and hydraulic fittings. 
The low fatigue life of high-cost press-f i t  joints can thus be 
improved upon by bonding techniques which a r e  also more  
economic a1 . 
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The removal of mill  oil from steel prior to bonding often 
results in rapid rus t  formation; the re-oiling of bonded parts 
to prevent corrosion often makes the process uneconomical. 
Vinyl plastisols and other compositions based on 
polychloroprene rubber have therefore been developed in 
recent years for bonding directly to oily materials.  Shear 
strengths with metal a r e  usually below 1, 000 lbflin. but 
current research should improve this. The present main use 
in the automation industry should then extend to metal 
fabrications involving large steel  panels. 

Hot-melt materials a re  based on thermo-plastics; they are  
solids which solidify and achieve their strength by cooling. 
Unlike other adhesives they do not depend on chemical action 
or  solvent loss to effect the setting which occurs within 
seconds o r  minutes of application. Melt temperatures range 
from 65 to 1 8 0 ~ ~ .  The hot melts a re  of considerable importance 
in the mass-production industries such as paper, packaging, 
shoe manufacture and plastics bonding and laminating, where 
speed, simplicity and mechanisation a r e  vital. (see Fig. 3) .  

Applications for polyamide hot-melt adhesives in the automotive industry: 
(a) automobile horn (b) suspension ball joint (c)  grease reserve cover ( d )  oil filter 
(e )  choke valve assembly 

The growth rate of thermo-plastics applications has been 
rapid during recent years due to the concurrent development of 
versatile mechanical applicators, Progressive feed equipment 
i s  also available which feeds the cold, solid adhesive 
continuously through a hot nozzle with an orifice profile of the 
required band width. 
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Ethylene vinyl acetate (EVA) copolymers , polyamide s , 
ionomer, and phenoxy res ins  among such materials  have 
significance a s  future engineering adhesives. The EVA 
copolymers readily adhere to polyethylene, polypropylene 
and reinforced polyester composites with peel strengths up 
to 30 lb/in. Cross-linked resins based on copolymers of 
ethylene with monomers other than vinyl acetate, a r e  also 
being investigated. These materials  offer the prospect of an 
adhesive that can be applied as  a hot melt but i s  nevertheless 
capable of thermosetting at a later  stage. 

Polyamides have already proved satisfactory rubber 
substituted for metal bonding automotive components such a s  
a r e  shown in Fig. 3 .  Temperature and viscosity factors limit 
their shear strength with metals to about 1, 000 lbflin. at  70 
per  cent of the melt temperature but strengths a r e  improved 
by epoxy-resin addition. Munn has recently reviewed these 
versatile materials .  

Phenoxy resins a r e  capable of shear strengths approaching 
0 

4, 000 lbf/in. when bonded for 2 to 3 minutes at 200 C and a r e  
under consideration for  side -seaming conventionally soldered 
tinplate cans which a r e  normally produced at 500 /mine 

Continuing industrial needs for faster  assembly on the 
production line have engendered the development of rapid- 
setting adhesives, automatic applicators and faster  curing 
processes.  

One -component cyanoacrylate and polyactylate adhesives 
which se t  in seconds o r  minutes have become available in  the 
past few years .  They a r e  expensive and lack the strengths of 
the conventional s tructural  adhesives but a r e  suited to small  
bond areas  in  fine engineering work. The polyacrylates a r e  
useful sealants for close -fitting cylindrical o r  threaded joints 
and permit l e s s  cr i t ical  production tolerances. 

F i lm adhesives a r e  a recent development. The 
advantage of using solvent o r  heat-activated dry film has been 
discussed by Cooper. 
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To avoid the problems of batch mixing two-component 
adhesives in production, automatic mixing and metering 
equipment i s  frequently used. Ejector valves control the 
dispensation of the adhesive and the rate  of application. Newer 
methods of avoiding component mixing and handling problems 
include encapsulation and the use of molecular sieves. 
P r e  -mixed adhesive i s  surrounded by a protective plastics 
wall and before bonding the capsule is  crushed by pressure  or  
melted by heat. Molecular sieves a r e  fine silicate powders 
which retain catalysts o r  curing agents by surface absorption 
while dispersed in the adhesive resin.  Heat or  atmospheric 
moisture re leases  the hardening agent when bonding i s  to be 
carr ied  out. 

F o r  heat curing processes,  conventional sources such as  
gas, oil, steam, electrical resistance, infra-red and hot-air 
ovens a r e  widely employed. Heat t ransfer  i s  relatively slow 
and depends on the type and dimensions of the assemblies.  
Recent techniques for fast,  localised heat input include HF or  
induction heating; and the use of metal  substrate material  as  
electrodes for resis tance heating; and the placing of metal, 
carbon fibre o r  graphite resistance elements actually into the 
joint . 

However, with very rapid heat curing of adhesives there 
i s  a r i sk  of disruptive bubbling where heat control i s  poor. 
Optimum performance i s  obtained by slow heating and cooling. 

Another new curing method which i s  particularly suitable 
for thermoplastics i s  ultrasonics. The high frequency 
vibrations within metal parts  generate frictional heat at the 
joint interface. 

In the aerospace industries the bonding of structural 
metal  parts  has been accepted for over two decades. Not only 
did they speed up fabrication and assembly of structures such 
a s  wings and fuselages but design improvements became 
possible . Early  European examples include the Fokker 
"Friendships", de Havilland "Mosquitos" and "Comets" and the 
SAAB "Drakens" . Recently, s tructural  bonding has been 
extensively employed for the "Hustler", Boeing 727, "Jindivik" 
target aircraft ,  Lockheed "Tr is tar  and "Concorde". 

"Ariel 3", the f i r s t  all-  British satellite, was bonded 
with a silicone rubber adhesive. The "Apollo" spacecraft 
was the f i r s t  large airborne vehicle to employ epoxy 
carborane adhesives with high heat-stability for the primary 
load-bearing structure. The command module i s  constructed 
mainly of epoxy-phenolic bonded honeycomb sandwich. 
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One consequence of these advances has been a steady 
growth in  commercial and mass  production applications. Many 
different types of adhesives a r e  currently used in the automobile 
industry, both in structur a1 and other applications, but the use 
of thermosetting structural  adhesives has been minimal. 

Brake lining and clutch plates a r e  now bonded with 
advantage; the use of heat and oil-resistant phenolic 
nitrile adhesives in place of rivets extends the service life of 
the lining by letting the friction material  wear down to the 
shoe, rather  than the rivet heads. Elimination of rivets 
also increases the contact a r ea  and reduces the possibility of 
drum scoring. 

The undersides of bonnets and boot lids a r e  reinforced 
with a bonded member a s  shown in Fig 4 (below) to provide 
structural  rigidity, improve noise dampening, reduce weight, 
and lower assembly costs.  The need for sound insulation 
panels i s  eliminated and joints a r e  formed without external 
protuberances. 

Frunle reinjorced bonnet assembly of'the Aston Martin DBS bonded with Araldite 
cpoxy resin 

Adhesives a r e  being considered for bonding a s teel  
wear plate to aluminium suspension parts  and V-belt drive 
shears ;  the bonding of diecast o r  permanent mouldings in  
place of semi-permanent mould-cast cylinders ; and the 
assembly of transmission output shafts to bell housings. 

The use of adhesives for body par ts ,  plastic components, 
engine components, as  sound dampers and body solders has 
been reviewed by Twiss and, more recently, by Wick. 
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The replacement of s teel  by glass-fibre composites will 
probably result  in the use of adhesive bonding as  the primary 
method of joining body parts.  Polyester and epoxy adhesives 
have already been used successfully in the fabrication of glass 
fibre body panels in the Chevrolet "Corvette" and Marcos 
Sports ca r s .  Duke has noted that many GRP boats contain 
s imi lar  s tructural  bonds and that the "Bluebird" c a r  in which 
Donald Campbell survived after crashing at speed had an 
extensively bonded construction - unhappily his last  vehicle 
did not. 

A polyvinyl formal phenolic composition (Redux) was the 
f i r s t  adhesive system in the world to be employed for aircraft  
pr imary structures and i s  widely used today as a general- 
purpose structural  adhesive. Its mer i t s  for metal-to-metal 
and sandwich bonding were recognised early in the development 
of marine hovercraft . The Westland SR-N5 and the larger  
SR-N6 make extensive use of bonding for  the fabrication of the 
buoyancy chamber which forms the basic load-carrying 
structure. High strength and low weight a re  achieved by 
employing honeycomb, one of the many improvements in 
design made possible by structural  bonding. 

The use of polyester adhesives for bridge construction 
was pioneered in Germany in 1955, and several  s teel  and 
aluminium bridges which rely on bonding for the cross-brace 
assembly have been erected since then. 

Other applications a r e  in railways where nitrile- 
phenolics a r e  used to assemble the corrugated side panels of 
diesel locomotives. Since the 1950's the Dutch State Railway 
have employed bonded cross-braces in place of sleepers for 
stretches of track. 

In the assembly of pressure  vessels  s tructural  
adhesives have been used for  such diverse applications as 
missile-rocket motor cases and the Picard deep-sea 
bathysphere. 

Epoxy adhesives with good gap-filling properties a re  
used for bonding pumps, compressors  and cast-iron casings 
with significant savings in weight and design complexity. 



Evaluation of modified epoxy film adhesives at S i ra  
established their suitability as  a more  economic alternative 
to brazing for the assembly of aluminium chassis housings 
for instrumentation. (See Fig.  5 below). 

Fig 5 

This photograph illustrates the use of a 
modified epoxy adhesive to replace an 
expensive brazing process for edge jointing 
of aluminium chassis components 

A heat reactivated adhesive in dry-film form has be en 
used successfully for bonding resin-asbestos clutch linings 
to aluminium die-cast clutch plates in the main drive motors - 
of automatic washing machines (See fig. 6 below). 

Fig 6 

4 dry-film adhesive is used to bond the 
clutch  late components of an electric 
motor i n i t  at ~ i o v e r  Ltd 

Polyamide adhesives have also provided a b a t  
resis tant  bond in the fabrication of thermocouple probes for 
injection moulding and rubber mixing machines. (see Fig. 7 
below). 

Thermocouple probes for rubber mixing (right) andplastics injection moulding Fig 7 
machines (left). A heat-resistant polyimide adhesive bonds a ceramic shroud to the 
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Radar equipment i s  another application of epoxy-re s in  
bonding in the electronics field. 

The use of adhesives in optical, electronic and mechanical 
instrumentation has recently been reviewed and other 
engineering applications have been discussed comprehensively 
in ar t ic les  and recent  books. 

Nuclear engineering, gas turbine r e s e a r c h  and vibratory 
t e s t  equipment a r e  other a r e a s  incurr ing severe  service 
conditions in  which adhesives have been exploited to advantage. 

The major  advances in  adhesive bonding have resulted 
f rom development work for the a i rc raf t  industry and this has 
led to a continuous extension of these techniques to other 
applications. 

Increasing labour costs  have emphasised the labour - 
intensive nature of assembly operations and focused attention 
on better techniques. This factor has promoted the develop- 
ment of mechanisation and fas te r  curing methods for  adhesives 
and considerable progress  i s  being made in  this direction. 

Current ly,  the emphasis in  the development of new 
adhesives i s  on mater ia l s  which a r e  easy  and quick to cure .  
Single component liquids with latent catalysts ,  f i lm mater ia l s  
and encapsulated r e s ins ,  a r e  among the many new adhesives 
that have emerged in the past few yea r s .  Other development work 
i s  concerned with the synthesis of adhesives able to  bond new 
mater ia l s  and withstand more  extreme service conditions, 
including ve ry  high and very  low tempera tures ,  radiation, 
humidity, and other hazardous environments. 

There  i s  a growing demand for adhesives with 
sat isfactory bulk propert ies  which can function a s  engineering 
mater ia l s  in  addition to  fulfilling a bonding function. 

Designers have been res t r ic ted  by insufficient information 
on engineering propert ies  and adhesives l imitations.  
Fundamental studies on joint behaviour and recent  advances in  
testing bonds by destructive and non-destructive means 
promise to remedy the deficiency but the selection of adhesives 
on the bas is  of known parameters  i s  s t i l l  largely i n  the future.  

Nevertheless,  bonded joints can today be extremely 
reliable and offer the possibility of rapid and economic 
assembly. 
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Summary of adhesive properties and engineering- 

Type  Physical  Forma Appl ica t ion Se t t i ng  Process Service S t reng th  S t reng th  Uses 
M e t h o d  Temperature  Peel (lbjin) Shear ( Ibf l ine) 

"C 

Thermosets  
EPOXY 2 part liquid Spatula Polymerisation -70 t o  120+ 1 0  to 15  2 200 (metals) Metal seaming and weld sealing. 
polyamide systems extrusion gun at room (metals) Aircraft, automotive and general 

temperature up industrial application for metals, 
t o  100•‹C 

EPOXY 2 part l iquid Spatula Polymerisation -1 00 t o  6 0  5 to 1 0  2 000 (metals) Metal structural assemblies where 
polysulphide systems extrusion gun at room or high (metals) resilient bond required. Low 

temperature up temperature or severe weather 
to 100•‹C conditions. Encapsulants. 

Epoxy nylon 1 part, 100% Sandwich Polymerisation -75 to 95+  100 aluminium 5 800 aluminium Structural assemblies requiring 
solids, tape or assembly at temperature high peel strengths. Aluminium 
film on  fabric up to 150•‹C honeycomb fabrications i n  
interliners aircraft industry. Cryogenic 

adhesive. 

Phenolic Viscous liquids Brush, sandwich Heat cured to -60 t o  260 Low peal and 2 300 (steel) High temperature structural 
epoxy or glasscloth assembly form thermoset impact strength 3 200 (aluminium) adhesive for metals, honeycomb 

supported films at 165•‹C sandwich materials in aircraft. 
or tapes Bonding titanium. 

Phenolic 1 part solvent- Brush, sandwich Heat cured up -50 to 150 20 to 45 5 500 (metals) Structural adhesives for metals, 
nitrile reslns, fi lm assembly to 260•‹C to  250 (short (metals) rubber, plastics. Automobile brake 

materials w i th  form thermoset term) linings and clutch faces. 
glasscioth/nylon 
interliners 

Phenolic-vinyl Films, l iquid/ Sandwich Formation of a -60 to 100 34 (metals) 2 500 to  5 000 Structural adhesives for metals - 
formal powder systems assembly. Powder thermoset on  heat (metals) metal in aircraft assembly; 

sprinkled on curing up to honeycomb panels and sandwich 
liquid coated 177•‹C construction. Vulcanised rubber 
substrate to metals. 

Polyesters 2 part systems, Brush roller Copolymerisation -30 to 100  Low peel strength 250 to  3 200 Major application is i n  glass fibre 
(unsaturated) resin i n  solvent of resin and (metals) composite manufacture. Limited 

and associated solvent at 20 t o  usage for metals, ceramics and 
catalyst 100•‹C wood. 

Polyimides Solvent solution Brush coating Polycondensation -196 to  260 22 t o  33 (metal) 2 750 (metal) Structural adhesive for high and 
of prepolymer, or fi lm sandwich at high (about 20 hr low temperature. Bonding of 
films assembly temperatures at 350•‹C) steel, aluminium, titanium in 

approaching 260•‹C aircraft assembly. 

Thermoplast ics 
Acrylic acid 1 part l ow  Dispensed from Polymerisation -55 t o  150 1 t o  15  1 500 to  3 000 Small assembly work with metals 
diesters viscosity liquids containers or on exclusion of (aluminium) (aluminium) and plastics. Joining cams, shafts, 

or pastes automatic air. Cure i n  24-72 hr screws, subject t o  torsion. Long 
applicators at 20•‹C to 1 0  min term moisture resistance usually 

at 120•‹C poor. 

Cyano- 1 part l ow  Dispensed from Polymerisation -20 t o  60 1 0  3 200 (steel) Rapid assembly of light structures 
acrylate viscosity liquids containers in presence of 1 500 (aluminium) based on metals, glass, plastics, 

moisture on  and ceramics. Instrument 
substrate at room components in electronics/optics 
temperature. Cures involving close fitting parts. 
in seconds or Limited by poor moisture 
minutes resistance. 

Ethylene vinyl 1 part 100% Used as fi lm Solidification on -1 00 t o  8 0  1 0  (metal) 150 (aluminium) Limited usage in automotive 
acetate solids in tape, adhesives or cooling the 40  150 industries. Suitable for many 

film pellet and applied from melt melting adhesive. (polyvinyl (polypropylene) plastics, and metal foil laminations. 
block form reservoirs or feed Cures in seconds chloride) Good water resistance. Cryogenic 

applicators or minutes applications feasible. 

Phenoxy 1 part solid in Hot-melt Solidifies on -60 to 80 1 0  t o  15  3 500 Pipe jointing of aluminium or steel. 
powder, fi lm or applicators or cooling. Bonded (metals) (aluminium) Metal foi l  lamination and seaming. 
pellet form. brush coating of for 30 min at Automotive applications; bonding 
Solvent solvent types 192•‹C to 1 0  s at of polymeric materials such as 
solutions 300•‹C polyester fi lm phenolic composites. 

acrylics. 

Polyamides I part solid in Hot-melt Solidifies on - 1 5 0 t o 8 0  l o t 0 3 5  1 000 (metals) Fast assembly processes. 
film, cake or applicators cooling; melting Automotive industry; radiator body 
granule form. point within range solders. Plastics 
Solvent solution 100 to 190•‹C components based on polyolefines. 

Low temperature structural 
adhesives. 

Elastomers 
Acrylonitrile Solvent-based Brush, spray, Solvent released -50 to 8 0  1 7  (aluminium) 150 to 2 000 Bonding nitrile and neoprene 
-butadiene viscous liquids roller from coated rubbers t o  metals-gasket 

adhesives. Heat applications. Vinyl plastics. 
or solvent Painted metal i n  automotive 
reactivation before applications. 
joining 

Polychloroprene Viscous liquids Brush, spray, Contact bonding -40 to 7 0  34 to 45 700 (metals, Lamination of thin steel or 
with additives roller after solvent (aluminium) wood) aluminium sheets: vulcanised 

evaporation. May rubber to metal primed with the 
be heat elastomer 
reactivated. 

Polyurethane 1 part solvent Brush, spray, Contact bonding -200 to 8 0  1 0  t o  40  1 100 (steel) Assembly of metal structures for 
based liquids. spatula after solvent loss. cryogenic service. Rubber t o  metal 
2 part l iquid Chemical bonding. 
systems. polymerisation 

Silicone 1 part pastes. Spatula, One-part systems -75 to 250 5 to 3 0  280 to 700 Adhesive-sealants for welded 
2 part pastes, extruder gun cure at 20•‹C. (metals) (metals) joints. Bonding silicone rubbers, 
liquids. Chemical gaskets. Heat resistant seals for 

polymerisation insulants. Moisture and corrosion 
resistant coatings. 
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POWER SOURCES 

Page 1 

The selection of the optimum source of power for  a portable o r  
t ransportable  equipment i s  often very haphazard because of lack of 
knowledge of the range of types a.vailable, The power source can contribute 
a very large par t  of the init ial  equipment cost and of the cost of 
maintenance. 

In the following tables comparison i s  made between available types 
of P r i m a r y  cel ls  and of Secondary cel ls  and s tat ic  generators  (some types 
appear in  both categories) .  The Tables do not include so la r  o r  heat cells 
because their  application i s  limited to fixed installations o r  to  very  
specialised applications such a s  satel l i tes ,  in which they a r e  extensively 
used (in conjunction with other bat ter ies  of cel ls  such a s  s i lver  zinc or  
nickel-cadmium to ca t e r  for  periods when the so la r  ce l l s  a r e  in shade.) 
They a r e  also much used on s e a  m a r k e r  light o r  sound buoys, although 
the difficulty of keeping them clean has detracted f r o m  their  attractiveness 
for this  application. 

Detailed information on a l l  ce l l  types cannot be given in  the manual 
but some sources of information on the various types a r e  given on Page 4, 
These a r e  by no means exhaustive and fur ther  sources of information 
should always be sought f r o m  the Purchasing Manager in  the Business,  
the L ib ra ry  o r  other local facil i t ies.  



CELL TYPE "CfiRBON-ZINCg 'ALHALINE -MANGANESE* 'MAGNESIUM DRY. 7 ' "MERCURY* 

WET OR DRV nVAILAELE 

CATHODE Carbon Mangsnsee Dioxide 
Manganese Dioxide Carbon 

- -- 

Dry 

Marcuric Oxldm 
Carbon 

Z i m  

, Mangsness Dioxldm 
Carbon 

Magnesium Bromide 
Sodium Chromate 

Potassium Hydroxide I ELECTROLYTE (Main constituents) 
Ammonium Chloride Potaaaium Hydroxide 
Zlnc Chloride 

I NOMINAL CELL VOLTAGE (open circuit) 

ENERGY DENSITY 
(Watt. hr. per lb) 

ENERGY DENSITY 
(Watt. hr. per cu. in) 

Moderate I POWER CAPRCITY (sustained) LOU 

L W  POWER CAPACITY (pulsed) I 
NORMAL DISCHARGE VOLTAGE 

VOLTAGE REGULATION 

NORMAL OPERATING TEHP. 

1.25 - 1.35 1.2 

Fair Good 

0 to 4 5 " ~  -M to 45% 

1.6 

Very good 

1.25 

Excellent 

NORHOL STORAGE TEHP. 

SHELF LIFE (Room Temp.) 5 Years 5 Years 

High 

1 8  months I 
MECHANICAL INTEGRITY 

CONSTRUCTION OPTIONS I-- nigh I High 

Cylindrical, wafer, 

ractangular. 

Cylindrical, ractangular, 

square, wafer, flat. I Cylindrical Cylindrical, wafer, flat 

Lou I Moderate Moderate 

Excellent shelf life; 
excellent high temperature 
characteristics; very 
high energy densities. 

Low cost; wide variety of 
shapes, sizes and terminals; Good low temperature 
discharge characteristic performance; low impedance; 
falls off gradually. good shelf life. 

Excellent high temperature 
performance; long shelf 
life; flat discharge 
characteristics; high 
capacity-to-volume ratio. 

Poor l w  temperature 
performanca; voltage drops Expensive 'Or low drain 

sharply with discharge time; 
inefficient at high current ~ ; ~ ~ g F ~ ~ E : ~ t ~ ~ : a s " D "  at drains. 

Very poor low temperature 
performance. Slight delay 
on switching on. 

Poor low tamperatura 
performance; high cost; 
heavy. 

Portable conmunications. Radios, T.V. sets, tape 
Radios, clocks, flash lights, recorders, walkie-telkise, 
paging systems, signaling movla cameras, slectronic 
circuits. photoflash. 

Portable communications, 
flash lights and others 
ae in previous two types 

T.V. sets, radios, hearing- 
aids, walkie-talkies, 
secondary voltage standard. 

APPL ICRT IONS 

RATING for 24 V. 
Military wan Packs 

3 (If refrigerated storage 1 up to about MU if wide 
available.) I temperature range needed. 1 up to about MW except in 

arctic climate 



PRIMARY SYSTEMS 

" L I T H W  COPPER MLCRIDE' .CRDMIUM UERCURY. -SILVER ZINC* .SILUEH CADMIUM' "MAGNESIUM PERMLORATE" - "LITHIUM COPPER SULPHIDE* 
I 

0 
Wet o r  Ury, Wet ( a c t i v a t e d )  wet o r  D r y  

Mercur ic  o x i d s  c a r b o n  ~ i l v e r  Oxide 

Wet 

Cuproua S u l p h i d e  

wet ( a c t i v a t e d )  

C u p r i c  o r  Cucrous 
C h l o r i d e  S i l v e r  Oxide Manganese Dioxide  c a r b o n  

P o t a s s i u m  hydroxide  F L i t h i u m  

-- 

Li th ium Cedmium Csdmium o r  Cadmium Oxidn Magneeium 

Potass ium hydroxide  Megnasiurn p e r c h l o r a t e  1.2 DHE 
i n  THF 

LiAlClO,, 

i n  ncc 
Potase ium h y d r o x i d e  

20 t o  35  40 t o  50 

1.5 t o  3 1 .5  t o  3  

Moderate Moderate 

High High 

5  t o  1 0  

Moderate 

Moderate 

Moderate 

High 

High 

Very h i g h  LOW 

1.5 

Good E x c e l l e n t  E x c e l l e n t  E x c e l l e n t  I v e r y  good 

-40 t o  5 0 ' ~  
( u n a c t i v a t e d )  

5 Yr. u n a c t i v a t e d  
7 days  a c t i v a t e d  

High 

10  Years  

Very h igh  

1 Year 

High 

1 Yr. 

High 

3 Years 5 Yr. u n a c t i v a t e d  
7 d a y s  a c t i v a t e d .  

High High 

R e c t a n g u l a r  
vented  

C y l i n d r i c a l ,  Wafer C y l i n d r i c a l ,  w a f e r ,  
r e c t a n g u l a r .  

C y l i n d r i c a l ,  r e c t a n g u l a r  I Re':ct'dar R e c t a n g u l a r  
v e n t e d  

- - 

Very h igh  I Modera te  Modera te  Very h i g h  Very h i g h  Moderate 

x t reme low and h i g h  
ernperature per formance  
nd s h e l P  l i f e .  

Very h igh  power d e n s i t i e s ;  
vary  good s h e l f  l i f e ;  f l a t  
d i s c h a r g e  c h a r a c t e r i s t i c s .  

E x c e l l e n t  t e m p e r a t u r e  

E x c e l l e n t  s h e l f  l i f e  
range;  very  h i g h  energy  
d e n s i t i e s .  S a f e  
e l e c t r o l y t e .  

E x c e p t i o n a l l y  h i g h  energy  
d e n s i t i e s  a t  low c u r r e n t s  

E x c e p t i o n a l l y  h igh  energy  
d e n s i t i e s  a t  moderate 
2 u r r e n t s .  

lgh  c o s t ,  heavy. 
ou c e l l  v o l t a g e  and 
nergy d e n s i t y .  

High i n t e r n a l  r e s i s t a n c e  
S h e l f  l i f e  unproved. Very axpens ive  Needs a c t i v a t i o n  b e f o r e  1 use. 

Very expens ive .  

C a p a c i t y  v s r i e s  g r e a t l y  
(with r e t e  of d i s c h a r q e .  

Needs a c t i v a t i o n  

For  m i n i a t u r e  a p p l i c a t i o n .  
Hear ing  a i d s ,  e l e c t r i c  
watches ,  r e f e r e n c e  v o l t a g e  
s o u r c e ,  i n s t r u m e n t s ,  
moderate power a p p l i a n c e s .  
Aero-space v e h i c l e s .  

i g h  t e m p e r s t u r e  
p p l i c a t i o n s .  
z ro  s p a c e  v e h i c l e s .  

A p p l i c a t i o n s  i n  which h igh  
energy  d e n s i t y  is of 
prime impor tance .  

Uide t e m p e r a t u r e  r e n g e ,  
p o r t a b l e  r a d i o s .  

A i r  s e a  r e s c u e  equipment ,  
p o r t a b l e  r a d i o s .  Space  v e h i c l e s  

3. M i n i a t u r e  only .  
R e f r i g e r a t e d  s t o r a g e .  

1. F o r  o v e r  40W I ~ i d e  t e m p e r a t u r e  range .  
, For  low pover man packs  0: 
, For  emergency r a d i o s .  

?/t UNDER DEVELOPMENT 
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PRIMARY SYSTEMS 

"WATER ACTIVATED SILUER 
CHLORIDE' 

WATER ACTIVATED COPPER 
CHLORIDE" THIUM BROMINE' "ZINC-AIR' 

le t  o r  Dry Wet o r  Dry Wet o r  Dry 

Oxygen ( a i r )  S i l v e r  c h l o r i d e  Cuproun C h l o r i d e  Carbon Rubidium I o d i m  
mixture8  I S i l v e r  I o d i d a  

- 

i t h i u n  

iot d i s c l o s e d  

Zinc  Hagneeium Magnesium S i l v e r  Li th ium 

S o l i d  RbAg415 o r  o t h e r  Li th ium Iodidm 
s i l v e r  h a l i d e  compoun6s 

0.56 2.1 

2 t o  1 6  Z t o  16 

-- 

Potass ium hvdroxide  Ueter ,  S a l t  o r  Tap Water, s a l t  o r  t a p  

- - 

5 t o  8 

High 

High 

-- - 

Moderate I M i l l i w a t t a  only E x c e l l e n t  Very good 

High 

1.2 

Very good 

E x c e l l e n t  

1.45 

Vary good 

1.4 

l i l l i w a t t s  only  M i l l i w a t t s  only  

0.5 1.6 

Very good Moderate 

-60 t o  75% -45 t o  45O6 

Good Very good Very good 

-40 t o  65% 
( u n a c t i v a t e d )  

-40 t o  6 0 O ~  
( u n a c t i v a t e d )  - 

?proved, b u t  expected  
be one yeer. 

5 year  u n a c t i v a t e d  
! months a c t i v a t e d  
:wi thout  a i r  a c c e s s )  

5 yeer  u n a c t i v a t e d  5 year  u n a c t i v a t e d  S e v e r a l  y e a r s  
(unproved) 

E x c e l l e n t  I E x c e l l e n t  High Very h i g h  

- 
Very high 

-- 

Rectangular ,  c y l i n d r i c a l  Bead o r  but ton  I F l a t  i n d r i c a l  s e a l e d ,  
t e n g u l a r  

F l a t ,  r e c t a n g u l a r  R.actenguler,  c y l i n d r i c a l  

High Moderate Moderate 

High energy d e n s i t y  High energy d e n s i t y  
o p e r a t i o n  on immersion 

High energy d e n s i t y  
o w r a t i o n  on immersion 

gh energy d e n s i t y  
s l e d  "dry' c e l l .  

Needs a c t i v a t i o n .  
Needs a i r  f o r  
opera t ion .  

Shor t  o p e r a t i o n  t ime which 
cannot  be s topped.  
El%imum 48 hours. 

S h o r t  o p e r a t i o n  t lme which 
cannot  be s topped.  
Maximum 48 hours. 
Slow a c t i v a t i o n .  

High i n t e r n a l  r e s i s t a n c e .  
Lrw c u r r e n t .  
Low v o l t a g e  per  c e l l  f o r  

noroved s h e l f  l i f e  

s i l v e r  type .  

P o r t a b l e  equipment 
wi th  h igh c a p a c i t y  
requi rement .  

A l r  s e a  r e s c u e  equipment. 
M,lrine Harkera. 

Air s e a  r e s c u e  equipment. 
Marine Markers 

Medical and n u c l e a r  
i n s t r u m e n t a t i o n  
end o t h e r  m i n i a t u r e  
a p p l i c a t i o n s  

' o r t a b l e  equipment 

rider development, but 
t t r a c t l v e  i f  c la im 
u b s t e n t i a t e d  

. over 40W e x c e p t  i n  
r c t i c  c o n d i t i o n s .  
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V e n t n d  

NICKEL HYDROXIDE 

Vented  

LEAD DIOXIDE 

Sealed. D r y  

NICKEL HYDROXIDE 

Cadmium 

Setded  Wet. 

CATHODE 

ANODE 

ELECTRLILVTE 

Lead  D i o x i d e  

Cadmium ! Lead-Ant imony 

P o t a s s i u m  H y d r o x i d e  P o t a s s i u m  H y d r o x i d e  S u l o h u r i c  A c i d  G e l 1  
o r  F i b r e b l a s a  M a t t i n g .  

OPEN CIRCUIT VOLTAGE ,L 
I CLOSED CIRCUIT VOLTAGE 

ENERGY DENSITY o n  1 s t  
charge. 

( W a t t  h r  p e r  lb.) 
--- 

0.8 t o  1.1 

20 C  

1.9 ( 2  h o u r  R a t e )  

ENERGY DENSITY o n  l a t  
c h a r g e  

( J a t t  h r  p e r  c u  in.) 

I PEAK POWER DISCHARGE 
RATE 20 C  

1.80 (1 Hour R e t e )  

-50 t o  55% 

0  t o  20•‹c 

AVERAGE DISCHaRGE 
VCLTiiGE 

NCRMAL OPERATING TEMP. 

PIORIIAL STORnGE TEMP. 

1.20 ( 1  H o u r  R a t e )  

-40 t o  60•‹c 

-50 t o  7 0 ' ~  

1.22 (1 H o u r  Ra te )  

-50 t o  6o0c 

-50 t o  75% 0  t o  2oDc 

Medium 

T a p s r  C u r r e n t  

VCLTtlGE STAOILITV 
DURING DISCHARGE F a i r  Good Good 

CHARGING tlETHDD C o n s t a n t  C u r r a n t  C o n s t a n t  V o l t a g e  o r  Cona tan l  
C u r r e n t .  

Taper  C u r r e n t  o r  C o n s t a n t  
V o l t a g e  

60 Days 1 5  months 
CHKRirE RETENTION 
(50% C a p a c i t y  @ B O F )  1 Vaar 90  Days 

CYCLE L I F E  

I COll5TiiUCTION OPTIONS Q e c t a n g u l a r ,  c y l i n d r i c a l .  R e c t a n g u l a r ,  c y l i n d r i c a l .  R e c t a n g u l a r ,  square.  R e c t e n g u l a r ,  s q u a r e  

I I i i I T I A L  COST H i g h  H i g h  

' = s t  r e c h a r g e  c a p a b i l i t y .  
: x c e l l s n t  c y c l a  l i f e ,  good  
i i g h  and  l o w  t e m p e r a t u r e  
w r f o r m a n c e ;  good polder 
Z a p a b i l i t y ,  shock  r e s i s t a n c e ;  
Lou s e l f - d i s c h a r g e  r a t e ;  
s tands  o v e r c h a r g a .  
l e r y  l o w  i n t e r n a l  r e s i s t a n c e .  

H i g h  c e l l  v o l t a g e ;  l o w  c o s t  
p e r  w a t t  Ihr o f  c a p a c i t y ;  
h i g h  d i s c h a r g e  c a p a b i l i t y ;  
l o u  1mped.Pnce; good  
v o l t a g e  r r l g u l a t i o n ;  good 
s t o r a g e  l t f e .  

E x c e l l e n t  c y c l e  l i f e ;  good 
r e l i a b i l i t y ;  e x c e l l e n t  p o w 1  
c a p a b i l i t y ;  good  c h a r g e  
r e t e n t i o n .  

Lo8dast c o s t  o f  r e c h a r g e a b l a s  
h i g h  v o l t a g e  p e r  c a l l ;  
r u g g e d  c o n s t r u c t i o n .  

L i m i t e d  l o w  t e m p e r a t u r e  
c h a r a c t e r i s t i c s ;  l o w  power 
d e n s i t i e s ;  l i m i t e d  deep 
c y c l e  l i f e ;  h i g h  ma in tenance  
n o t  s p l l l  p r o o f .  

P i o d e r a t e l y  e x p e n s i v e  F l o d e r a t e l y  e x p e n s i v e  

R a d i o s ,  T.V. s e t s .  
t o o t h b r u s h e s ,  s l i c i n g  k n i v e s  
shavers ,  t a p e  r e c o r d e r s ,  
p o r t a b l e  t o o l a ,  mov ie  
cumeras, phonographs  

- 

T.V. s e t s ,  t a p e  r e c o r d e r s ,  
' r a d i o s ,  r c c o r d  p l a y e r s ,  
p o r t a b l e  lawn and power 
t o o l s ,  p o l ' t a b l e  power  
packs. 

Rad ios ,  T.V. s e t s ,  s l i c i n g  
k n i v e s ,  t a p e  r e c o r d e r s ,  
t o o t h b r u s h e n ,  p o r t a b l e  
t o o l s ,  shavers ,  a m p l i f i e r s ,  
phonographs. 

Fower  mowers, hedge t r i m m e r s  
s t a r t e r s  ( o u t - d o o r  
a p p l i a n c e s ) .  

---- 1. E i t h e r  a l o n e  o r  i n  
h y b r i d  c o m b i n a t i o n .  

1 i 1 l I T A D I i I T Y  FOR MILIT1RV 
I:1IIPACKS 



SECONDARY SYSTEMS & STATIC GENERATOR / BATTERY HYBRJDS 

'SILVER CADMILittm 

Ventsd 

W L E P D  i ACID' "NICKEL 'IRON" 

Ventsd 

Sevled Yet. 

nn~n~~INE-MANGANESE' 

Sealmd. Dry. 

"SILVER-ZINC* 

Vented 

a i r  (ox Lead D i o x i d ~  I Nickel  Hydra te  I S i l v e r  Oxide I 
Lead Calcium I r o n  Oxide Zinc  Codmiurn I Zinc  Zinc 

Potass ium Hydroxide P o t a s s i u m  Hydroxide  Potass ium I 

1  

i d  S u l p h u r i c  Acid Gel1  Potass ium Hydroxide Potasnium Hydroxide  
o r  F i b r e g l a s s  Mat t ing .  

I I 

1.4 t o  3.0 2.0 t o  2.2 

1 0  C 2  C  

1.07 ( 1  hour R a t e )  1.15 ( 4  hour  R a t e )  

- -- 

1.9 ( 2  hour R a t e )  I 1.08 ( 1  hour  R a t e )  1 .50  ( 1  hour  R a t e )  

-40 t o  71 
u n a c t i v a  

-45 t o  40•‹C -40 t o  50% 

F a i r  I r r e g u l a r  

C o n s t a n t  Current  o r  
C o n s t a n t  Vol tage  

1 8  months 

Medium I F a i r  Poor  

C o n s t a n t  C u r r e n t  

1 8  months 

I r r e g u l a r  

Replacement i 

anodes ,  wash 
aoding water 

o n s t a n t  C o n s t a n t  C u r r e n t  o r  
C o n s t a n t  Vol tage  Taper C u r r e n t  

2 Years  

C o n s t a n t  C u r r a n t  o r  
Cons tant  V o l t a g e  

1  month If I 
s ea led .  1 5  months 1 25 d a y s  

re .  

100 t o  500 

R e c t a n g u l a r ,  c y l i n d r i c a l ,  
wafer.  

Very h i g h  

mod energy  d e n s i t i e s ;  
x c e l l e n t  c h a r g e  r e t e n t i o n .  

R e c t a n g u l a r ,  c y l i n d r i c a l ,  
s q u a r e ,  wafer.  

25 t o  40 

C y l i n d r i c a l  

LOW 

Lo" c o s t ;  good life. 

Rectenguli 

Moderate 

R e c t a n g u l a r ,  s q u a r e  

LOW I Moderate 

Clectanguler 

Uery h igh  
I 

High energy  d e n s i t i e s ;  h i g h  
c e l l  v o l t a g e ;  e x c e l l e n t  
power r e t e n t i o n ;  h igh  
power c a p a b i l i t y .  

High c e l l  v o l t a g e ;  low c o s t  
p e r  wat t  h r  of c a p a c i t y ;  
h i g h  d i s c h a r g e  c a p a b i l i t y ;  
low imped.lnce; good 
v o l t a g a  rc!guletion; good 
s t o r a g e  l i f e .  

h a r g e a b l e a ;  
e l l ;  
n. 

E x c e l l e n t  c y c l e  l i f a ;  
rugged c o n s t r u c t i o n ;  good 
r e l i a b i l i t y ;  long  s e r v i c e  
l i f e .  

Very high en1 
d e n s i t y .  F; 
recharg ing  10 minutes).  (I 

Poor c h e r g e  r e t e n t i o n ;  poor  
low tempir ra ture  per formance;  
l i m i t e d  a b i l i t y  t o  y i e l d  t o  
h i g h  p u l s e  c u r r e n t s  p e r  u n i t  
of volume. 

a t u r e  
ow power 

deep  
a i n t e n a n c e ;  

i q h  c c s t ;  u n c e r t a i n  c y c l e  
i f e ;  l o d  c e l l  d i s c h a r g e  
o l t a g e s ;  poor  low 
.empera ture  p e r f o r m a n c ~ .  

H i g h e s t  c o s t  of r e c h a r g e a b l e s  
puor  c y c l e  l i f e ;  poor  low 
t e m p a r a t u r e  performence. 

L i m i t e d  c y c l e  l i f e ;  low 
power c a p a b i l i t y ;  s p e c i a l  
c a r e  r e q u i r e d  f o r  c y c l i n g .  

n u s t  have a i l  
Shor t  storagr 
i n  charged sl  

Radios ,  s h a v e r s ,  T.U. s e t s ,  
w a l k i e - t a l k i e s ,  t a p e  
r e d o r d e r a ,  movie cameras. 

M i l i t a r y  man[ 
equipment.  
S i l e n t  generr 

T.U. s e t s ,  t a p e  r e c o r d e r s ,  
' r a d i o s ,  rl!cord p l a y e r s ,  
p o r t a b l e  !awn and power Motlwe power. 
t o o l s ,  p o r t a b l e  power 
packs. 

High power a p p l i c a t i o n s ;  T.U. 
cameras ,  h o b b y c r a f t  (model 
a i r c r a f t ,  r o a d r a c e r s ,  e t c . )  

( e  trimmers. T.V. cameras ,  
h o b b y c r a f t .  

- - 

. For  m i n i a t u r e  equipment. I -- 1. High e n e q  
d e n s i t y  i r  
l a r g e  s i z t  

2. For  m i n a t u r e  
equipment.  

3. Inconvsnient  
recharrjing. 

-- 

+# UNDER DEVELOPMENT 



SECONDARY SYSTEMS AND STATIC GENERATORS 

f I FUEL CELLS * I 3k 
HYDROGEN THERMO-ELECTRIC GENERRTDR 

(motor rumlo) 

nir (oxygen) - Nickel Hydroxldo I Air (oxygen) 

Hydrezinm 

Potassium Hydroxide Potassium Hydroxide 

~ydrogen (bottled or from - 
Metal Hydridm) 

Potasolum Hydroxido 

1.5 

-- 

Rny voltage to 50V. 

1.4 Regulated 

25 to 50 on first fuelling 
rising to M O  with 
refuelling. (Including NlCd 

Battery). I 200 Wett hr. per pound of 
fuel. 
Cell 28 lbe. 

2 to 5c with ~ i C d  Battery. Up to 20 amps. per unit. 

,A 

2 to 5C, with NiCd 3attery 

-15 to 60'~ -15 to 60•‹c 

Fair I Good Fair 1 Fair 

Constant current or I Refuelling. Constant Volta~e. Feriodic change of electrol! 
Refuelling. 
Periodic change of Refuelling. 

Indefinite if air 
sealed. 

Indefinite Unproved I Indefinite if air 
sealed. 

1,000 Hours. 

Rectangular 
1 
i 
1 Rectangular 
I 

Rectangular I Re=tangu1ar 

Moderate High High Moderate Moderate 

I Very high energy density 

Good energy density 
especially on refuelling. 
(Fuel ~ i e l d s  330 jatt hr. 
per lb.) 
Easy to start. Constant 

Usry common motor fuel. 
No change of electrolyte. 
Robust, Constant Voltage. Very high energy 

density. Fast 
recharging (5 - 
10 minutes). 

Very high energy density. 

Vry* fuel. 

I voltage. 

Expensive and uncomlon toxic 
Fuel, although probably 
more dangerous than hirjh 
octane fuel. 

Expensive. Unconmon fuel 
either with chemical 
oenerator or bottled cell 

Some noise in operation. 
High temperature 

Kust have air access. 
Short storage life 
in charged state. 

Special care in 
charging. 

must be stonoed to refuel. 1 operation. 
Hydrogen reflelling 
inconvenient. 

and large manpack 
Military Vanpacks. equipment. 

Hybrid power. 

- 
"Silent" generator. 

Silent generators. 
Underwater power. 
Aerospace power. 
Hybrid power. 

Military manpack 
equipment. 
Silent gensratore. 

.- 
1. High energy 

density in 
large sizes. 

2. Economical. 1. High energy density for 
large sets. 

-- 2. High energy on common 



TYPE O Y C E L L  I 
P l o s ~ ~ o y  Ilforrl, I V.K. .x.cutiva . . 

G E N F R A I .  ~ l e s a n y  hvionicu. Wcol Leigh 
'ALJd TYP1's) j'lcssey Ccn t ra l  Remearc! 

. Lalora to r i c s ,  Cnswcll 
Signxlc Hesca rch  an4 

Dowlopment  Est .  
Chy ie t~ lmrch .  

R.A. E., F a r t h r o u g h  
S.A.F.T: (C.U.) 

Hampton, Middlerex 
' Centra Nationale 

d1€tudes Spat iale ,  
F r a n c s  

"DRY" CELLS 

b c l a n c h e  S.A.F.T. (G.B.), 
Alkaline hlaD2 Hampton, htiddlesex 
( P r i m a r y  & Union Carbide G.B. Ltd. 

Secondary) London 
Magnesium 

( P r i m a r y )  
Mercury  

(P r imary  & 
Secondary) 

Si lver  Chloride 
(P r imary)  

Vanadium 
Pantonids ( P r i m )  
Titanium Alloy 

(Prinrary)  
Indium (Pr imary)  

WET CELLS \VITH 
I n R y t l  VEKSIONS- 

Nickel Cadmium S.A.F.T. (C .B.). 
(Secondary) Hamplon, Middlescx 

b a d  Acid (Sec.) All cxccpt Load Acid 
Si lver  Zinc Union Carbide C .I%. Ltd. 

(P r im.  & Soc.) London (Sickel  C a d , )  
S i lve r  Cadmium Elec t r i c  Powor Storagc 

(P r im.  & Scc.) hfanchester  (Lead Acid) 
Lithium Bromine Nife-Alcad, London 

e tc .  Sonncnchcin. Ccrmany  
( P r i m  k Sec. ) 

WET CEI.LS 

Magnesium S.A.F.T. (C.B.), 
Porch lo ra te  Hampton, Lliddlcsex 

High Energy Union Carbide C.U. Ltd. 
Lithium London 

Nickol-Zinc McMurdo Instrument  Co. 
Nickel I ron Portsmouth 
Load F luoro to r i c  

Acid (J leserve)  

Aluminium, Energy Conversion Ltd. ,  
M a ~ n c ~ i u m .  Zinc Eaainqstukc 
I ron ,  Cadmium Sitell l t c ~ c n r c h ,  Thornton 
A i r  - P r i m a r y ,  S . A .  V.T. (C. E.) Ltri. 
Sacondary, Hsmpton, Middlcscx. 
R a r e r v e  

I 

,WATER 1 
iC 'PIVhTI~~D ClCLLS 

Magnesium P o ~ ~ t s m o u t h  
Copper-cltlnridu. 

FUEL CELI? 

o r  a i r  Ltd., Swinton 
liydrozinr-oxygen 

o r  a i r  
Hydrocarbotl 

Full-oxygen ur 

G.E.C. 

-.- 

U.S.A. & CANADA 

De1mrt111r1.t of A r n ~ y ,  
F o r t  h(onnwuth 

U.S. N,ivnl l l e sea rch  
Labs. 

Bell Tclr]lhonc Labs ,  
h e r o  P ro l>u la~on  Labs.  
Canadian Ucpt of 

Defoncc. Ottowa 

Mallory Datterglo, 
Terrytown, N.Y. 

Union Carhide 
Ray-0-Vac 
Battery Corporat ion 

(Magncrium) 
E.S.B. (lnc.) 

hno tonc  (Marathon) 
I .  Pau l  

Yardncy E lec t r i c  Corp. 
Now York 

Z . E . C . ,  
Gainsville, Fa. 

Clulton Induhtriea, 
Metuchcn, N . J .  

Mallory, T e r r y t o u n  
S.A.F.T. Canada, 

Toronto 
Eagle P lchc r  Industr ies ,  

Joplin, Mo. 

Yardney Electr ic .  
Ncw York 

Zaglo P i she r  Industr ien 
Joplin, M o .  

Lcesona 1.100s, 
G r e r t  ticcl:, Now York 

C.S. 1 % .  , 1'l~~I:i~lclphia 
In rdnry  k:luctric, 
Now York 

I.A.F.T. Cnnxla,  
Toronto. 

En file Pichcr  l t ~ d u s t r i e r  
Joplin, Mo. 

Pnrd l~cy  Electric. 
New York 

L c e ~ o n a  hloos, 
Crcn t  Neck, New York 

T.K. \V.  System8 
Hedondo Bcach 

Clencrol E lec t r i c  

Sould 1on,cs, 
Cano~: .~  P a r k  

Mnllory. Te r ry town 

i o n o r a l  Inntrwnent  Co. ,  
1 i i~ ; l~sv i l l e ,  N.Y. 

Tnglr  Piclit,r Inr!untrirs, 
Joltlin. Plo. 

Plusbry Ducon 
Depnrlnwnl of Supply, 

Canhcr ra  

Plarscy Ducon 
Jnion Carbide 

P lcss ry  Ducon 

'laascy Ducon 

JAPAN 

i tachi  hiaxell 
la teushi ta ,  Osaka 
oyo D r y  Battcry Co. 

a p m  Storage Ba t t e ry  
Go., Kyoto 
uasa  Ba t t c ry  Co.  
Osaka  
hin Kobe E l e c t r i c  
Maranoucili 
0x10 n a t t e l y  ~ o r p .  
Nakn hlina:o 

bin Kobe E lec t r i c  
hlarnnouchi  
i tochi  hlaxcfl  
urakawa Dnttcry Co . ,  
Yokohama 

hin IC@bc E lec t r i c  
Llarn~iouchr 

Iitachi 
ippon  L lcc t r i c  
ayaknwa E lcc l r i c  

agoya Universi ty  
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LOW COST BALL I'.E.\RLr\;GS 

(Article extracted f rom O.E.M. Design, June 1972)  

Introduction 

It i s  not difficult to  see  why unground bearings,  o r  commerc ia l  
bearings a s  they a r e  sometimes called, have yet to find universal 
acceptance for  those applications where the degree of precision inherent 
in s tandard ball  bearings i s  not real ly  needed. F o r  a s t a r t ,  most  of them 
have been developed originally for  some specific purpose s o  that, with 
few exceptions, there  i s  no great  range of s izes  offered a s  standard. 
Secondly, unground bearings a r e  not generally available through local 
engineering factors .  Thirdly, there  a r e  no Bri t ish Standards 
governing the dimensions and performance of unground bearings for  
general  purpose use. Nevertheless,  the manufacturers '  catalogues 
i l lustrate  a wide and growing range of bearing types, many developed for  
volume use r s  and available f rom stock, which can be usefully employed 
by the designer for one-off o r  low volume applications. 

Where the order  quantity reaches two to three  thousand then the 
manufacturers  a r e  able to  offer an enormous number of variations in  
bearing design, if necessary  incorporating secondary components such 
as  g e a r s ,  sprockets,  cams ,  flanges, pulleys, e tc .  a s  an integral  par t  
of the unit. 

Pr inc ipa l  Bearing Types 

There  a r e  three  basic  types of unground bearing, plus a few 
variations on these.  They a r e  pressed  bearings,  turned bearings and 
moulded plastics bearings.  

P r e s s e d  bearings 

In these bearings the inner and outer r aces  a r e  pressed  out of 
sheet meta l ,  generally low-carbon mild s tee l ,  but in a few cases  aluminium 
and b r a s s  have been used. In the case  of s teel ,  the r aces  a r e  generally 
case-hardened to about 6 0  Rockwell C. 

Large  numbers of hearings of this type a r e  manufactured for use in 
conveyor ro l l e r s  and other mechanical handling equipment, They a r e  als  o 
established in  light agricul tural  and office equipment, toys,  building 
accessor ies  and domestic appliances. The cycle industry has been a 
large produced and user  since i ts  bir th  and possibly some reade r s  will 
r eca l l  instances of bicycle wheel spindles being pressed  into serv ice  to 
keep industr ia l  machinery going under war-time conditions when standard 
ball bear ings were in  shor t  supply. 
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Almost invariably bearings of this type have a full complement of 
balls,  a s  a resul t  of which they may be r a the r  noisy in operation. Most 
manufacturers l is t  light and heavy duty s e r i e s  and offer sea ls  and 
protective finishes a s  optional features .  

In a variation of the p r e s m d - r a c e  bearing, the pressings do not 
make contact with the bal l  but house two pa i r s  of hard  wire rings which 
act  a s  raceways. The four-point contact on the balls provides con- 
siderably axial  rigidity and reduced friction. This type of bearing i s  
produced by the General  Bearing Company, West Nyack, New York, 
U.S.A.,  but does not appear to be marketed in  the U.K. 

Turned bearings 

In these bearings the inner and outer r aces  a r e  turned on automatic 
lathes f rom carbon s tee l  rings and case-hardened. Occasionally they 
a r e  burnished. As might be expected, they have a higher load rating 
than p res sed  bearings of s imi lar  s ize and the cost i s  grea ter ,  though 
s t i l l  well below that of standard ball  bearings.  Both full-complement 
and bal l  re ta iner  designs a r e  offered. 

Again, i f  the o rde r  quantity i s  large enough bearings may be 
supplied with inner and/or  outer r aces  incorporating secondary features .  
Some manufacturers  offer bearings combining a turned inner  r ace  with a 
pressed  s tee l  outer r ace ,  and a fur ther  development i s  to  mould a 
plastics o r  e lastomer member  around the outer r a c e .  

Moulded bearings 

A fa i r ly  recent  development i s  the preduction of standard bearing 
designs in which the inner  and outer r aces  a r e  injection moulded f rom 
nylon o r  acetal  res in .  The balls a r e  normally carbon o r  stainless s teel ,  
but nylon and glass  a r e  specified for  severe  cor ros ive  conditions. No 
lubrication i s  needed and if s ta inless ,  nylon, o r  glass  balls a r e  used the 
bearings a r e  able to  run immersed .  They a r e  a l so  effective electr ical  
insulators ,  which i s  of value, for  example, i n  electroplating equipment 
where these bearings a r e  installed on cer tain plant beneath the surface 
of the electrolyte.  When fitted with nylon o r  glass  balls,  the bearings 
a r e ,  of course ,  completely non-magnetic and for  this reason  they have 
been used successfully in instruments  and r a d a r .  

In plastics moulded bearings it i s  easy  to incorporate features  such 
a s  gears ,  wheels, pylleys, e tc .  on the outer bearing r ace .  The load 
capacity does not, of course ,  compare with that of meta l - race  bearings 
of s imi lar  s ize ,  but i s  ent i rely adequate fo r  a host of light duty 
ztpplications . The plastics r ace  bearings a r e  cheap, quiet in  operation and 
may be expected to account for  an increasing share  of the underground 
bearing market .  

Typical examples of bearings a r e  shown on the following two pages. 



1. ,Typical light and medium duty pressed 4. A turned race, full complement bear- 8. A bearing with split outer race retain1 
bearings for gravity rollers. With a ing with divided inner race to allow the by pressed steel enclosure 

nominal od of about 2 in and a bore of balls to be assembled. After assembly, 
A in, the bearings would have rated loads the two inner races are riveted together 
of about 25 and 40 Ib respectively 

9. Turned race bearing with mould 
plastic ball retainer and plastics ty 
moulded on to the outer race 

5. A double row turned race bearing with 
a pulley groove on the outer track. A 
separate tubular rivet is used to assemble 
the inner races 

2. A combined pressed race bearing and 
V-belt pulley for a domestic appliance 

6. Another split race bearing assembled 
by riveting one of the inner members. 
Four-~oint  contact qives a very rigid con- - - - 
struciion 

10. Turned race bearing in which 1 
outer race forms an idler gear 

3. A guide roller built up from steel 
pnssingr running on a hardened steel pin 

11. Pressed steel claw-type ball retat, 
supplied by bearing manufacturers 
customer-made bearlngs 

7. A pressed steel bearing in which two 
pairs of hard wire rings form the raceways 



12. A selection of Australian-made 
Anthony bearings for conveyor applica- 
tions. These have turned inner races and 
moulded plastics outer races. A wide 
range of unground bearing types is mar- 
keted in the UK 

SUPPLIERS 
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13. Some of the plastics bearings manu- 
factured by Bearings (Non-Lube) Ltd from 
ICI Kematal acetal copolymer. The range 
includes ball and roller designs with full 
complement or acetal ball retainers. Balls 
may be carbon or stainless steel, nylon 
or glass 

Moulded Plast ics  Bearings 

Bearings ( N o n - ~ u b e )  Ltd.,  Walton, Boston Spa, Yorks. 
E.A. Best  & Co., 4 F r i th  Road, Croydon, Surrey  

(AUS t ral ian Anthony bearings). 

P ressed  and turned race  Bearings 

Bridge Bearings (sales)  Ltd.,  Stour Vale Road, Lye, Stourbridge, Worcs . 
Brockhouse Conveyor Bearings Ltd., Bri t ish Star  Works, Toll End Road, 

Tipton, Staffs. 
Commercial Bearings Ltd.,  Neachells Lane, Willenhall, Staffs. 
M.C . Hives Ltd., Bearing House, Pountney Street. ,  ~ o l v e r h a m p t o n ,  

Staffs. 
Industria ( ~ e a r i n ~ s )  Ltd. , Eskdale Road, Uxbridge, Middlesex. 
A.H. Jones and Co. Ltd., Alumwell Industrial Estate ,  Walsall, Staffs. 
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Additional methods for Process ine  Plast ics  

Foam Moulding 

In this method a liquid mix of the co-polymers of mater ia l s  such as  
Polyurethane, Polythene or  Polystyrene a r e  mixed with a foaming agent and 
injected into the mould. The mater ia l  se t s  to the mould shape with a surface 
skin of mater ia l  but an internal  honeycomb structure.  This process  can be 
used to produce flexible o r  rigid mouldings and the density and strength 
can be varied according to  the proportion of foaming agent. The gas in the 
bubbles of the foam i s  usually carbon dioxide but various foaming agents 
a r e  used. This i s  extremely useful for light-weight components. 

Sandwich Moulding 

An 1.C .I. developed process ,  this can be used for any plastic that can 
be injection moulded. 

Two polymer formulations a r e  injected f rom separate  units one after 
the other  via the same sprue.  The co re  may be a foamable polymer,  which 
forms a foamed core within a solid plastic shell .  Sometimes the mould 
may be opened to allow grea ter  expansion of the foam. 

Wide variations can be made in the proportion of foam to solid and 
the sandwich can be hard skin on hard  co re ,  soft skin on hard  core  o r  
vice-versa.  

There  a r e  considerable cost advantages. F o r  example a gear wheel 
can be made with expensive fluon-filled o r  carbon f ibre  filled nylon in  the 
tooth and other outer a reas  with a cheaper core  to  the wheel. Similarly 
the addition of other expensive additives such a s  U.V. absorbers ,  
reinforcing f ibres ,  pigments etc. can be confined to  the surface,  where 
they a r e  needed. Fur ther  information can be obtained f rom 1.C .I. Ref. 
Pamphlet G55. 

The process  i s  i l lustrated on the next page. 



Stage 3 ' 

As these  i l lustrations show, the sandwich moulding 
process  i s  simple in  principle,  but i t  depends upon 
the understanding and proper  use of the flow 
proper t ies  of e las t ic ,  high viscosity mel ts .  It also 
depends upon the use of mould cavities which operate 
on the "piston in cylinder" principle ("vertical flash" 
moulds) to prevent leakage and to allow expansion for 
foaming. They a r e  different f rom the "horizontal 
flash" moulds normally used in  the industry,  which 
prevent p r e s s u r e  leaks by intimate planar contact 
around the margins  of the cavity and which cannot 
be used in  the way descr ibed without leaking. 

The machinery itself ,  i s ,  of course ,  special,  
although based upon standard injection and hydraulic 
lock p r e s s  units. 

Stage 4A 

I 
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S E C T I O N  3 

3 .  MANUFACTURING PROCESSES 

Below i s  given a summarised  l is t  of manufacturing processes  
with a brief description of each, 

1. CASTINGS 

A,  Sand - most economical casting method but accuracy i s  not the 
best .  Tolerances of f 1/32" up to  12" possible, but because 
of surface imperfections and inclusions, c r i t ica l  surfaces 
must  include ext ra  mater ia l  to  a s su re  clean up to final 
dimension. 

B. Shell Mould (Precis ion)  - Similar to sand casting but the sand 
mould i s  bound with a r e s in  binder. This process  gives 
perfect pattern duplication, improved detail, smoother surface 
finish and little waste metal.  Tolerances 2 .010 f i r s t  inch t 
.02 2 each additional inch, parting line t .0  15 and draf t  .5 Per 
inch. It i s  suitable for  l a rge r  quantity production. 

C. Permanent  Mould - a s s u r e s  accuracy and precis ion in 
relatively complex castings.  Molten meta l  i s  poured by hand 
into permanent meta l  mould to f o r m  casting. Good surface 
quality possible. Tolerances + 1/64" for  f i r s t  incb with + .002 
additional for  each linear inch. Minimum draf t  2 per  inch 
pe r  side.  

D.  Die Casting - Very close tolerance, smooth finish and accurate  
reproduction of complicated detail. Two majo r  methods used ,  
in the f i r s t  a i r  injection forces  the meta l  into the mould under 
p res su re  and in the second vacuum i s  applied to  the mould and 
meta l  i s  flowed in. 

t t Tolerances - .002 for  f i r s t  inch and - .001 for  each additional 
l inear  inch. Dimensions affected by die parting line t .010 

0 - ,000 and minimum draf t  .0  10 pe r  inch. Wall thickness of 
.050 possible with this process  . 

E, Centrifugal Casting - In this process  the mould i s  spun and 
centrifugal force i s  utilised to c a r r y  meta l  to a l l  points in  the 
mould. This process  i s  used particularly for  casting ro to r s  
for  sma l l  motors .  
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F. Inves tmentcas t ing-  Excellentreproductionandclose 
tolerances possible. Wax i s  injected into a die under 
pressure  to form exact reproduction of part. After removal 
many pieces a r e  attached to a central runner or  t ree .  This 
t r ee  i s  then invested in a plaster flask. After plaster has 
been cured, flasks a r e  fired at high temperature to remove 
wax which melts out and molten metal i s  then poured into 
cavity formed by wax. 

Frozen Mercury Process  - Variation of F. above. Mercury 
i s  frozen in moulds to act a s  wax did above forming exact 
reproduction of part.  This frozen mandrel i s  dipped into a 
ceramic s lur ry  several  t imes until a coating approx. 11 16" 
thick i s  formed then mercury i s  allowed to melt and metal i s  
poured into the mould to reproduce the exact part.  This 
process i s  used extensively in producing complex waveguide 
shapes. 

H. Al Fin Process  - This casting process was developed by 
Fairchild and consists of bonding tubes o r  bosses of 
dissimilar metals into aluminium castings . The principal 
used for this process i s  for  high pressure  hydraulic parts and 
where i t  would be an advantage to have a material  with either 
greater  strength o r  greater  wear resistance without sacrificing 
the weight saving of aluminium. 

2.  FORGINGS 

Closed Die Forging - Forging material  i s  heated and formed 
under a drop hammer to the rough shape of the die, then this 
billet i s  inserted into die and hit until die closes. Excess 
material  i s  left around the part and a secondary operation of 
trimming this flash i s  necessary,  Tolerances a r e  quite loose 
especially those affected by the die parting line. Strength of 
forged materials  i s  usually much higher than cast .  

HERF - High energy rate  forming. The forging press  in 
this process i s  powered either by high pressure  hydraulics 
o r  high pressure  gas. The r a m  i s  delivered at tremendous 
velocity and a single impact forms the part. This process 
gives excellent detail and extremely high tensile strength in 
the finished piece. 

Gold Heading - In this process parts  a r e  formed from bar 
stock, by upsetting the rod into a closed die. Process  used 
extensively manufacturing bolts and screws . 
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D, Rotory Swaging - A number of shaped punches a r e  actuated 
by a cam causing a s e r i e s  of hammer  blows in rapid - 
succession. Used to reduce tubing diameter  such a s  choke in 
shotgun b a r r e l  and for  assy.  such a s  fastening a meta l  handle 
to a tool. 

POWDERED METALS 

Metal powder i s  compressed in a mould under high p res su re  
to f o r m  par t .  A secondary sintering at  high tempera ture  i s  
necessa ry  to bond powder together and increase  strength.  This 
ma te r i a l  makes an excellent bearing surface and new technology 
has  increased tensile strength to  make this  process  a ser ious  
contender for par t s  previously cast .  

EXTRUSIONS 

A.  Die Extrusion - This process  gives you bar  stock (produced 
f rom a solid billet of mater ia l )  a l ready formed to par t  
configuration on surfaces.  Die cost  relatively low. 
Eliminates much chip removal  by supplying ma te r i a l  t o  
finished shapes.  

B. Impact Extrusion - Used for  tubular o r  can shapes in  
aluminium produced f r o m  a slug of mater ial .  P r e s s u r e  
exerted by a r a m  forces  mater ia l  to  flow upward between 
punch and die. Excellent for  closed end tubes,  special  
shapes,  i , e .  s e r r a t ed  O.D., flashlight body, o r  for  screening 
cans with a number of compartments  and o r  channeled guides 
for  p. c . boards,  thick f i lm circui ts  etc.  

METAL FORMING 

A .  Hydroform - Deep drawing of sheet  meta l ,  Male die only i s  
used and rubber diaphragm backed by hydraulic p res su re  
fo rms  par t s  around punch. Good detail  and close tolerances 
possible. 

B. Explosive Forming - Two different processes  now in  use,  
f i r s t  uses  explosive power of dynamite to  f o r m  pa r t s  into 
female die. Second process  uses  capacitor discharge under 
water f o r  explosive force.  

C. Magneform - This process  uses  the power of a magnetic field 
collapsing around the pa r t  to f o r m  o r  p ierce  light metals .  
Fo rces  of around 50, 000 PSI a r e  possible. 
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D.  Metal Spinning & Hydro Spin - Flo Turn These a r e  all  
variations of the same  process  using power a s s i s t  to move 
metal .  Suited to  large parabolic re f lec tors ,  exhaust 
nozzles for  jet engine, e tc .  

E. Hobbing o r  Coining - Hydraulic p res su re  i s  used to force 
male punch into block to produce exact s ize and detail. This 
process  used in  the manufacture of magnetron tube bodies. 

METAL JOINING 

Lase r  Welding and Soldering - Lase r  beam has sufficient 
heat for  welding light gauges and can be utilised for  drilling 
tiny holes . 
Induction Soldering and Brazing - P a r t  i s  heated in  an 
e lec t r ica l  field. Very close control of heat and duration of 
he at  cycle . 
Frict ion Welding - P a r t s  a r e  rotated against each other until 
welding tempera ture  is reached a t  interface of par t s .  

Electron Beam Welding - Performed in  a high vacuum. 
Welds d iss imi lar  metals  and welds a r e  s t ronger  than parent 
metal.  Used for  p res su re  vesse ls ,  etc.  

Ultra-Sonic Welding & Soldering - Allows soldering without 
flux resulting in l e s s  contamination of finished part .  

P r e s s u r e  Welding - ( ~ i r t ~  Sheet ~ e t h o d )  - This process  i s  
used for  bonding two sheets of aluminium together. An 
inhibitor i s  sprayed in  those a r e a s  we do not want welded and 
p res su re  i s  applied welding sheets  together.  Then hydraulic 
p res su re  i s  introduced at  the edge to  c rea te  tubing effect, 
A good example of this technique i s  the f r eeze r  plate in your 
re f r igera tor .  

Impact Welding - Similar to  F. above but par t s  a r e  welded 
by being projected together. 

"Cryofit" Heat Shrink ( i r radiated)  Metal Tube - An irradiated 
meta l  tube (in various available alloys) i s  placed over a butt 
jolnt and heated to  join length of tubing. Patr icular ly useful 
on high strength high p res su re  tubing a s  in  a i rc raf t .  

7. METAL REMOVAL 
(other than conventional machining methods) 

A. C h e m i c a l M i l l i n g - P a r t s a r e m a s k e d a n d t h e n i m m e r s e d i n  
acid which mil ls  away parent metal .  Examples a r e  Wing 
Panels  X15 a i rc raf t  and circuit  boards.  



SECTION 3 Page 5 

ECM Electro Chemical Milling - High e lec t r ic  cur rent  passed 
through sal t  solution flowing over the par t  actually deplates 
mater ial .  

EDM Electro Discharge Machining - Capacitor discharge 
causes dis-integration of meta l  i n  front of tool. 

Ultrasonic I m ~ a c t  Grinder - Ultrasonic force dr ives  
abrasive into meta l  ahead of tool. 

Surface Broaching - Piece i s  secured to  table while broach 
i s  dragged a c r o s s  face of par t .  Very good for  generating 
contoured surfaces.  This process  i s  used extensively in  gun 
manufacture. 

Ultrasonic Machining - The tool i s , p r e s s e d  against the 
workpiece and ultrasonically vibrated, with o r  without 
an abrasive s lu r ry .  Very useful for  machining operations on 
hard,  br i t t le ,  substances such a s  glass ,  par t icular ly for  
drilling non-cylindrical holes . 
Spark Erosion - An electrode i s  used to  discharge a spark  
between i t  and a metall ic workpiece immersed  in  a dielectr ic  
fluid. This e rodes  the workpiece, Par t icuar ly  useful f o r  
drilling holes in  very hard  metals .  

Hot Turning - The me ta l  workpiece i s  heated electr ical ly  
o r  by gas f lame while being turned. This allows much higher 
machining speeds.  

8. METAL ADDITION 
(apart  f rom plating). 

A. Metalising - This method uses  a hand-held o r  mounted 
spray  gun. The meta l  to  be deposited i s  in  wire f o r m  and 
fed mechanically into an oxy-fuel gas flame and atomised by 
a compressed a i r  blast  which projects me ta l  par t ic les  onto 
the prepared surface of the workpiece. 

B e  Thermo Spray 

This i s  s imi lar  to A. above except that the meta l  to  be 
deposited i s  in  powder fo rm,  gravity fed into the flame and 
the hot meta l  liquid part ic les  a r e  projected onto the proposed 
surface of the workpiece direct ly  by the oxy-fuel flame jet. 
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C,  P la sma  F lame  - In this  process  the metal ,  in the form of 
wire,  i s  fed into a lagged water-cooled chamber in the gun, 
in  which an electr ic  a r c  r a i se s  the temperature to about 
30, 0 0 0 ~ ~ .  A jet of iner t  gas i s  a lso injected into the chamber 
and the gas-metal  vapour mixture i s  projected f rom the 
nozzle in  a "plasma jet" which appears  like an oxy-acetylene 
torch. This i s  passed over the prepared surface of the 
workpiece. 

D. Vacuum Deposition - A piece of the meta l  to be deposited i s  
heated in a re f rac tory  boat in a vacuum chamber.  The object 
on which the meta l  i s  to be deposited i s  placed in the chamber 
nea r  to the meta l  which evaporates and deposits on the cool 
surface of the object. 

E. Sputtering - This i s  s imi lar  to D above but a high voltage 
potential i s  applied between the metal  being vapourised and 
the workpiece, This gives better adhesion and also greatly 
reduces the waste of meta l  deposited on other cool surfaces 
in the chamber.  

9 .  PLASTIC FORMING ( F o r  greater  detail  see Section 2 . 2 )  

A. Vacuum Forming - In this process  a sheet  of thermo-plastic 
i s  placed ac ross  the mouth of a chamber in  which the mould 
pattern i s  placed, The sheet i s  heated, a vacuum i s  created 
in the chamber and the plastic i s  drawn into the mould. This 
i s  a very effective process  for smal l  or  medium quantity 
production. 

B. Injection Moulding - A thermo-plastic mater ia l  in  powder 
o r  granular form,  i s  heated to near  melting point and 
injected into a closed mould (with suitable vents). This 
method can be used a lso  for  a thermo-sett ing ma te r i a l  when 
the powder i s  injected into the mould, 

In some high-pressure injection moulding machines , the 
tool for  ve ry  fine, smal l ,  components has  an injection nozzle 
in  the fo rm of a very  sma l l  orifice,  perhaps 0 10"dia. 
Passage  of the semi-liquid plastic mater ia l  through the orifice 
causes additional heating a t  the point of entry into the mould 
s o  that the plastic i s  temporari ly  liquified. 

C .  Compression Moulding - This i s  used for  thermo-sett ing 
plastics.  A slug of pre-heated plastic i s  placed i n  an open, 
heated, mould which i s  then closed under p res su re  to shape 
and se t  the plastic in  the required shape. 
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Transfer  Moulding - This i s  used for Thermo-setting 
plastics of the melamine or  formaldehyde type which have 
a longer plastic flow time. A pre-heated slug i s  placed 
in a cavity in the tool in front of a r a m  and i s  injected into 
the closed, heated, mould tool. (Similar to injection 
moulding except that the injection i s  from one slug at a time). 
This process i s  fas ter  than compression moulding but i s  
limited to fairly simple and small  parts  of less  than 16 oz. 

WIREFORMING 

This process allows the substitution of simple wire forms welded 
together a s  an alternative to castings, deep-drawn housings o r  
complete assemblies. Low cost high dependability process.  

METAL FINISHING 

A. Ultrasonic Plating - Better adhesion - finer grain and less  
cleaning operations . 

B. Vibratory Deburring - Vibrating parts  with abrasive media 
to generate radii  and remove burrs .  

C. Electrostatic Painting - An electrostatic field i s  created 
around part being painted and paint coverage i s  equal front 
and r ea r  of part  without rotating work. 

D. Chlorine Deburring - Pa r t s  heated by radiant hear  source in 
a chlorine atmosphere. Since bur r s  a r e  so small,  they heat 
fas ter  than the mass  of the part ,  and combine with the 
chlorine and disappear a s  a gas. 

E ,  Shot Peening - Glass Bead Blasting - Removes bur r s  and 
work hardens surface area.  

I?. Electropolishing - Pa r t s  a r e  immersed in plating solution 
and polarity switched resulting in plate and deplate cycles 
which remove all high spots and polishing marks .  

G. Electroforming - Plating applied over mandrels to generate 
complex interior configurations. Used for waveguides, etc. 

H. Plastic Coating - Various emulsions and solutions a r e  available 
spraying on a s  paint, the coating being cured a t  various temperat1 
A more novel recent innovation i s  the supply of sheet metal to whi 
P. V.C . sheet has been bonded, with a variety of surface finishes 
f rom "high gloss" to "wood grain". In designing for the use of thi 
material ,  the cut edges must be protected o r  concealed by folding 
Available in various gauges and grades of aluminium, steel, and 
tin-plate, as  Bondene f rom BX Plastic or  Lamiplate f rom Huntlej 
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JOINT ECONOMY B Y  ULTRASONIC WELDING 

(Extract taken from Engineering Production, 6th July 1972) 

Ultrasonics a s  a plastics welding tool i s  becoming more  
popular a s  more  production engineers see  how simple the 
process  i s .  Understand ultrasonics and design your par t s  
with this assembly method in mind and you too could 
real ise  cost benefits. 

Cost Reduction and fas ter  production a r e  twr ~ h r a s e s  every production 
engineer must have heard t ime and again in his  strug, .i.: for profitable 
manufacture of h is  company's goods. 

Where plastics mouldings a r e  concerned - and this i s  s t i l l  the growth 
a r e a  for  components - i t  i s  often difficult to find ways of cutting costs  s t i l l  
further.  Value analysis of a part  o r  an assmbly can sometimes provide 
an answer by redesigning what i s  perhaps a complex component to  be 
injection moulded in two o r  more  parts  for subsequent assembly by ultra- 
sonic welding. 

Ultrasonic welding i s  quick, easy  to automate and incorporate in 
production lines and can therefore be an exceedingly cheap method of 
assembly. Total weld t imes  - including dwell .times - a r e  usually only a 
few seconds per  operation. F o r  example, the triangular reflector shown 
in  Fig. 1 (below) needs to be moulded in two pa r t s ;  the acrylic reflector 
moulding shown centre with i t s  many reflective facets and the backplate 
shown to i t s  left which must  hermetically sea l  those facets against 
moisture.  A weld time of 0.8 seconds i s  a l l  that i s  required to melt  the 
weld ridge moulded onto the backplate and fuse i t  against the reflector 
moulding. A further  0.2 seconds hold time - with pressure  retained but 
with ultrasonic vibration switched off - allows the joint to  se t  a s  heat 
diffuses away f rom i t .  This component i s  .welded using a ro tary  table feed 
system at the r a t e  of 30 ref lectors  each minute. 

Fig 1 .  Reflectors are moulded in two parts. Reflecting facets 
are sealed from moissture by welding on a backplate. 

I I 
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When one considers alternative fixing methods such as  using 
adhesives o r  screwing o r  bolting, i t  i s  easy  to see  why ultrasonic welding 
has seen such a high r i s e  to fame. So long as  there  i s  not a requirement 
to  separa te  component par t s  of a plastics assembly sticking them or  
ultrasonically welding them would appear to  have s imi lar  advantages over 
screwing. Ultrasonic welding wins by incorporating i t s  own adhesive in  
the fo rm of a concentrator (more  about this la te r )  moulded onto the part .  
Even the cyanoacrylate adhensives cannot make a joint in so  short  a t ime 
a s  the ultrasonically welded joint. 

How does ultrasonics weld ? 

Ultrasonic welding i s  a branch of friction welding really.  The two 
mater ia l s  a t  the joint face a r e  rubbed together until the scuffing builds up 
to such an extent that the mater ia l s  become molten locally and flow 
together.  Once this has happened there  i s  no need for  fur ther  ultrasonic 
action. All that i s  necessary  i s  for  p res su re  to be retained on the joint 
until the molten mater ia l  has  solidified. The weld i s  then complete. 

Fr ict ion needed to weld i s  produced by high speed vibration of low 
amplitude. The speed of vibration i s  just beyond the frequency that can 
be detected by the human e a r .  2 0  kHz i s  chosen by most  manufacturers 
of ultrasonic welding equipment. Sub-harmonics of the frequency can be 
heard and thus provide a useful clue that the sys tem i s  working. 

Two basic  methods of generating ultrasound a r e  in common usage: 
these a r e  magnetostrictive and piezo-electric methods. Both provide 
vert ical  vibration and weld by hammering and squashing the concentrator 
repeatedly until friction builds up heat inside i t  and i t  eventually melts .  

Magnetostrictive generation of ultrasound makes use of the property 
of t r ans fo rmer  core  mater ia l  expanding and contracting as  magnetic f l u  
changes through the ma te r i a l  f rom one polarity to the other.  The 
generator can  thus be likened to a "choke" o r  t ransformer  with a single 
e lec t r ica l  winding. Reveksal of cur rent  through the winding at  2 0  kHz 
produces a shortening and lengthening of a specially tuned co re  at  the 
same  frequency. To this core  i s  attached a welding horn which i s  a lso 
tuned to the frequency but i s  shaped to the form required by the par t  i t  
has to weld. 

The overal l  efficiency of magnetostrictive ultrasonic wel.ding 
t ransducers  i s  in the o rde r  of 50  pe r  cent of power required to dr ive the 
system. 

.s Piezo-electr ic  t ransducers  re ly  on the property of piezo-electric 
mater ia l s  to  change their  length when an e lec t r ic  charge i s  put ac ross  two 
faces.  Two such cylinders of piezo-electric ce ramics  a r e  mounted in  a 
back-to-back configuration and clamped to fo rm a tuned assembly. 



Alternating voltage, when applied to these ce ramics ,  makes them 
vibrate at  the drive frequency. In the same way a s  with magneto-strictive 

t ransducers ,  a horn i s  mounted onto the end of the assembly and so  shaped 
at i ts  f ree  end that i t  conforms to the shape of the par t  i t  has to weld. In 

Fig. 2 i s  the horn used to  weld our example shown in  Fig.  1. Although 

photographed on i t s  side, the horn  i s  mounted vertically beneath the 
transducer on a Kerry welder. Another example of a component welded 

by a Kerry Machine i s  the uni-coil shown in Fig.  3 .  It i s  used for  line- 

balancing in telephone installations and needs to be hermetically sealed 
and humidity tested after sealing. 

Fig 2. This is the horn used to weld the reflector .shown in Fig I .  fig 3. Another hermetic sear1 appllcation. 

Piezo-electric t ransducers  suffered f rom a tendency to unreliability 
in the ear ly days of ultrasonics,  but now they a r e  a s  robust as  their  magneto- 
strictive s i s t e r s .  Efficiency of the piezo-electric sys tem i s  95 pe r  cent. 

Transducers  of both types a r e  always mounted a t  a position of zero  
amplitude to minimise vibration t ransfer  to  the r e s t  of the machine. 
This position i s  termed a nodal plane, and i s  s.ituated half a wavelength 
(of sound through the mater ia l )  f rom the nodal plane that occurs  a t  the 
centre of the t ransducer  element. 

In some cases  a step-up or  step-down t ransformer  i s  required to  
adjust the amplitude of vibration to match a particular job. Such a 
t ransformer  can be incorporated in the horn design. A horn that tapers  
f rom large section a t  point of attachment to a smal l  one at  the work face 
will se rve  to  step up the amplitude at  the workface. 

Horn mater ial  i s  usually titanium, particularly i f  long production 
runs a r e  envisaged. This might appear to be unnecessary expense, but 
s t r e s ses  a r e  very high within the horn and a high strength i s  required to 
r e s i s t  f racture after long periods of use. Another reason i s  that 
titanium does not leave t r aces  of itself on the work as  does aluminium for  
instance. Aluminium i s  used for feasibility studies on horn design o r  
suitability of the process  to  cer tain jobs a s  i t  i s  easy  to machine, i s  light 
and i s  relatively cheap. 
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Whilst a cer tain amount of science goes into horn design, s o  does a 
lot m o r e  experience. It i s  difficult to predict  just how a cer ta in  shape of 
horn will function. Once i t  has  been machined to  shape i t  can only be 
rectified by removing more  mater ial .  If i t  i s  already too sma l l  the only 
answer i s  to  s t a r t  again. 

Design for  success  

To ensure  a successful weld between two plastics component par t s  
both the par t  design and the mater ia l s  must  be right. So too must  the 
design of the horn. 

Mater ial  and design a r e  interrelated to a cer tain extent. Some 
mater ia l s  weld best when the horn i s  c lose to the joint; others  can be 
welded almost  as well when the joint i s  remote f rom the horn. Fig.  4 
shows weldability of most  suitable thermoplast ics .  A.B.S., polycarbonate, 
polystyrene, nylon, rigid P .V.C.  and S.A.N. a l l  leave the designer f r e e  
to  choose his joint design uninhibited. Other mater ia l s ,  ,acetal ,  acryl ic  
and polyester a l so  weld very well but only close to the horn. 

MATERIAL POOR GOOD EXCELLENT 
2 

A B S 

ACRYLIC 

BUTYRATE 

NYLON 

pOLYCARBONATE 

POLYTHENE 

H.D. POLYTHENE 

POLYSTYRENE 

HIGH IMPACT 
POLYSTYRENE 

POLYPROPYLENE 

P V  C 

RIGID PVC 

S A N 

ACETAL 
COPOLYMER 

NORY L 
POLYESTER) 

MELINEX 

( 

- 
Fig 4 .  Weld&iIity o f  some well-known plastics. 

I I 
SEAM WELDING ONLY I 

CONTACT L- REMOTE r 

Joints should be properly designed for  ultrasonic welding techniques. 
It is not enough to design for adhesive assembly o r  s c r e w  fixing and expect 
a perfect weld. Ea r l i e r  we mentioned the concentrator on the reflector.  
This i s  present  in  a l l  good joints. It i s  a raised ridge of tr iangular o r  
trapezoidal f o r m  that is  between 2 and of the width of the final weld. It 
se rves  to concentrate the action on a fixed boundary. The concentrator 
ma te r i a l  forms the eventual weld "adhesive" when the par t s  a r e  pressed  

- C - 7 - - - - ~ c  7 c n l n ~ t i n n  of ~ 0 0 d  joint designs. 
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BEFORE WELDING 

El 
AFTER WELDING 

- - - -  

Fig 5. Some simple examples of good joint design. 

A m o r e  recent  development in  ultrasonics techniques on plastics 
mater ia l s  i s  the ultrasonic sewing machine f rom Branson Sonic Power. 
This has been developed to make welded seams  in thermoplastics f ibre  
cloth with up to 35 per  cent natural  f ibre  content. The principle of 
welding i s  the same except that a rotating wheel beneath the cloth allows 
both top and bottom cloths to  move freely beneath the work horn. The 
periphery of the wheel i s  shaped to form the des i red  design of stitch, o r  
a continuous s e a m  as  required. This sewing machine i s ,  of course,  too 
sophisticated and too expensive fo r  the small-t ime use r .  It i s  intended 
for  commerc ia l  u se r s  on a la rge  scale.  

Staking plastics "rivets" over other mater ials  i s  another technique 
used frequently in assembly of plastics par t s  o r  meta l  par t s  inside 
plastics components. In this case  the horn comes into d i rec t  control with 
the rivet blank and has the m i r r o r  of the desired head form machined 
into i t s  end face. 

Insertion of tapped inse r t s  into plastics components i s  another field 
of great  interest .  It i s  much quicker to put these inse r t s  in the required 
position in  ready-moulded wells than to load a number of in se r t s  to the 
inside of the mould to be moulded in.  Inser ts  designed for ultrasonic 
insertion have a waisted form on their  body and a pa i r  of opposing helix 
knurls.  The waist prevents pull-out while the double helix prevents 
turning of the inser t  in i t s  hole. Ultrasonic energy melts  mater ia l  a s  
the inset i s  driven home, and this  mater ia l  flows into the waist and se ts  
around the knurl  form. 

Large components can be welded a s  well a s  sma l l  ones. In Fig.  6 
a double-skinner ice  bucket body i s  being welded by the la test  high power 
welder f rom Dawe. Because the horn i s  of la rge  diameter  i t  has  to 
incorporate s l i ts  to prevent t r ansve r se  vibrations building up and marking 
the product. 

< 

Miniature indocator lights a r e  staked and then remotely welded a t  
Thorn Bendix by a Ker ry  machine i n  Fig. 7.  
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Fig 7 .  Welding and staking indicator 
Fig 6. Welding an ice bucket ( h w e ) .  lights (Kerry). 

A rotary fixture on the inter therm machine, Fig. 8, allows the 
operator to load milometers while the ultrasonic head welds at another 
station. This cuts assembly time down st i l l  further.  

Fig 8. Milometer welding set up (Inter- 
therm). 

Often i t  i s  worth while for the moulder to install  a machine at his 
own works so that he can offer a complete moulding and assembly service 
to his customers. John Dale Ltd. has done just this,  and cosmetic bowls 
a r e  assembled there for the customer on Radyne equipment. 

Ultrasonic welding i s  growing in popularity and application at an 
unprecedented rate.  Further  increases in  precision moulding of 
thermoplastics - that a r e  bound to come - can only be a healthy sign for 
the ultrasonic welding industry. 



SECTION 3 .  Table  1 

COMPARISON O F  PROCESSES FOR 
SOLID CONCENTRIC SHAPES 

Isand Cas t ing  Usually r e q u i r e s  
machining.  

I 

GENERAL PROCESS 

I 
Under l l b  up t o  1 / 1 6  - 118 I foundry capac i ty /  

Die Cas t ing  

I 

COMMENTS 

Centr i fugal  
Cast ing 

/ TOL. INS .  
I 

SIZE RANGE 

F o r  i n t r i c a t e  
shapes  non- 
f e r r o u s  al loys 

F o r  long o r  l a rge  
r egu l a r  hollow 
shapes  

Shell  Moulding Excellent  f in ish  

Investment  
Cast ing 

Die Fo rg ing  

Sinter ing 

Impact  
ex t rus ion  

Under 1 oz .  t o  
3 01b. 

F o r  i n t r i c a t e  
shape s 

Inc r ea se  s t e e l  
s t reng th  f o r  
high s t r e s s  
pa r t s .  

Bes t  f o r  p a r t s  
under 4 in.  d i a ,  

F o r  a luminium,  
zinc,  copper  & 
some  s t e e l  p a r t s  

j Under l l b u p t o  ,005  to  .015 

1501b. 

.002 to  ,010  

2 l / ~ i a ,  x wall  
t o  1 OOOlb weight 

I 

11 16 - 118 

Under l l b  to  
1000 lb. 

- - - 

Up to  10 - 15 lb. 

Under l lb .  

.003 t o  .005 

I 

Hot upset t ing F o r  complex 
small p a r t s  

I 

.020 t o  1 in .  dia.1 .002 to  .005 
up t o  9 in.  long I 

1 

Cold heading High production 
r a t e  improve  s 

I 1 m e t a l  s t reng th  



SECTION 3 .  Table 2 

COMPARISON OF DIECASTING - SINTERING - 
INJECTION MOULDING 

Initial tooling 
& equipment 

Tool 
Maintenance 

Tool life 

I Materials 

Production 
Speed 

Economic 
qyantities 

Type of Component 

Die Casting 

High to very  high dep- 
endent upon number 
of cavities & casting 
temp. Dies may be 
required f o r  f lash 
removal.  

High depending on 
alloy, surface 
finish requi re-  
ments e tc . 

Limited. Usually over 
1 million par t s  for  
zinc but 10, 000 to 
250, 000 for high 
temp. alloys.  

Generally low cost  
per  pound. 

Generally low cost 
depending on degree 
of automation. 

High to  very high 
depending on alloy & 
par t  s ize  150/hour 

Sintering 

Very high. 
Coining may be 
required fo r  
high quality & 
low tolerances.  

Low unless a 
high density 
pa r t  i s  
required. 

Indefinite 

May be high fo r  
stainless par t s  
o r  par t s  having 
a high copper 
content but 
generally low. 

Injection 
Moulding 

High. Dependent 
on cavities 
required. 

Very low except 
when high 
p res su res  a r e  
required to f i l l  
heavy sections . 

Indefinite, unless 
high temp. & 
pressu res  a r e  
used. 

Generally low 
but can be much 
higher i f  
cer tain qualities 
a r e  required. 

Low cost - no 
skilled labour 
required,  

Very high. 
12 0/hour.  

Low cost  dep- 
ending on 
degree of 
automation. 

High depending 
on par t  s ize.  
60/hour.  



Raw Materials Cost 

Tool and Die Costs 

Optimum Sized Lots 

Direct Labour Costs 

Finishing Costs 

Scrap  Loss 

Choice of Materials 

Complexity of P a r t s  

Maximum Size 

Minimum Size 

Mechanical Properties 

Precision and 
~ o l e r a n c e s  

Special Structural 
Characteristics 

Surface Smoothness 

Surface Detail 

Getting into 
Production 

Rate of Output 

Remarks 

Gravity Sand Castings 

Low to medium, depending 
upon metal. 

Low as compared to dies 
and moulds. 

Wide range f rom a few 
pieces to 10. 000. 

High - men needed to mould 
melt ,  clean, snag, etc. 

High - require machining, 
cleaning and snagging. 

Moderate - foundry s c r a p  
can be remelted. 

Wide - fe r rous ,  nonferrous 
light and heavy alloys. 

Considerable - holes, bos- 
s e s ,  locating pads, com- 
plex shapes. 

High - a s  large or  l a rger  
a s  any other method. 

118th in. i s  the smallest  
pract ical  section thicknes: 

F a i r  to high, depending upo 
the material .  

Low - ? 11 16th in. per  in. 
of casting except for  shell 
moulding. 

Good bearing structure. 

Poor 

Fa i r  

Moderate - 3 t o  5 days for  
pattern to be made. 

25 to  600 o r  more pieces 
per  hour by using modern 
methods. 

Most sand castings require 
some machining. 

Permanent Mould 
Gravity Castings 

Medium - nonferrous alloy. 
used primarily. 

Moderate - higher than 
other casting methods 
except die casting. 

Large - requirements in 
thousands best. 

Medium 

Low to moderate - l ess  
machining than sand 
casting. 

Low - most s c r a p  can be 
re-used. 

Wide - nonferrous alloys 
and gray iron. 

Limited - mould cannot be 
highly complex. 

Moderate - 501b i s  practi- 
ca l  l imit  in aluminium. 

Small - 1 oz. sections a s  
thin a s  0.1 in. often cast: 
some smaller .  

F a i r  - good in centrifugal 
castings. 

Low to moderate - f 1164tt 
in. per  in. in aluminium. 
bet ter  in brass.  

Centrifugal castings have 
high strength and density. 

Good. often obviate finishin 

Good 

Moderate - several  days to 
severa l  weeks. 

Moderate - up to 100 per 
hour easy. often more.  

Fal l  between sand castings 
and die castings as far  a s  
most production factors 
a r e  concerned. 

Shell Mould Castings 

Medium - nonferrous alloys 
only. 

Medium - between perma- 
nent mould and castings. 

Small - 100 to 2.000 best 
range. 

High - many skilled 
operators  necessary. 

Low - little machining 
needed. 

Low - most i s  foundry 
s c r a p  which can be re -use  

Narrow - limited to brass ,  
bronze and aluminium. 

Great  - mould destroyed 
after  casting. 

Moderate - up to  151b in  
most materials .  

Small - down to 1132nd in. 
section possible. 

F a i r  

Good - + 0.010 to + 0.005 
in. 

None 

Good 

Good 

Moderate - several  days to 
a few weeks. 

High - up to 1,000 per hour 
depending upon size. 

Over-all costs less  than for 
sand castings. 

Die Castings 

Medium - mostly zinc. 
aluminium and magnesium 

Kigh, more than for other 
casting methods - 5200 
to  53000 o r  more. 

Large. 1.000 to hundreds 
of thousands. 

Low t o  medium. 

Low - little if any 
machining, only a simple 
t r im,  

Low - gates sprues ,  etc .  
c a n  be remelted. 

Narrow, zinc, aluminium, 
magnesium and brass .  

Great - limited only to die. 
which can be complex. 

Moderate - about 351b for  
zinc, l ess  for  light metals 

Tiny - from fractions of an 
ounce down to 0.012 in. 
sections. 

Fa i r  to good 

High - f 0.001 to ? 0.003 
in. common. 

lnserts  of other metals can 
he cas t  in. 

Good, often obviate finishin5 

Good 

Moderate to slow - f rom a 
week to several  weeks. 

High - usual range f rom 
100 to 1,000 per hour, up 
to 3.500. 

Among the most economical 
metal  forms  for l a rger  
quantities. 

Investment Castings 

High - process best suited 
to special, costly alloys. 

Low to moderate depending 
upon a model being 
available. 

Wide, although best for  l ess  
than 1,000 pieces. 

High - many hand operations 
required. 

Low - machine not 
generally necessary.  

Low - most sc rap  can be 
remelted. 

Wide - include materials  
hard  to machine o r  forge. 

Great - mould destroyed 
after  cas5r.g. 

Moderate - large s izes  pos- 
sible, but under 21b best. 

Small - sections down to 
0.030 in. 

Good. 

Good - to  + 0.005 in. per  
in. general. 

None. 

Excellent. 

Excellent 

Fas t  - sometimes in a few 
hours . 

Slow - up to 100 per  hour. 

Used best on parts  too com- 
plicated for other casting 
methods or  where 
machining i s  difficult. 



Raw Materials Cost 

Tool and Die Costs 

Optimum Sized Lots 

Direct Labour Costs 

Finishing Costs 

Scrap Loss 

Choice of materials 

Complexity of Par t s  

Maximum Size 

Minimum Size 

Mechanical Properties 

Precision and 
Tolerances 

Special Structural 
Characteristics 

Surface Smoothness 

Surface D e t a l  

Getting into 
Production 

Rate of Output 

Remarks 

Drop Forgings 

Low to moderate - steels UE 

to high alloys. 

ligh, great care  needed in 
dies - f 100 to f 1,000 or 
more. 

Large. 10.000 or  more b e s ~  
although used on smaller 
quantities. 

Medium - skilled labour 
needed for heating and 
hammer work. 

Medium - ferrous need 
more than nonierrous due 
to scaling. 

Medium - depending on size 
shape and machining 
needed. 

Medium - many alloys a re  
forgeable. 

Moderate - limited by die 
. restr ict ions.  

Large, largest require 
steam hammers. 

Small - to fractions of an 
ounce on board hammers. 

High 

Medium - + 0.010 t o ?  
0.030 without coining. 

Grain flow provides 
toughness . 

Fair 

Fair  

Slow - one to several weeks 
to make dies. 

Medium - 120 per hour for 
small parts, less  on largt 

Used when high strength 
and high production a r e  
required. Preferred for  
large pieces 

P r e s s  Forgings 

>ow to moderate - compare 
with drop forgings. 

iigh, but usually less than 
drop forgings. 

dedium to high production 
lots. 

d e d u m  - but less  than 
drop forgings. 

dedium - same conditions 
a s  with drop forgings. 

Nedium - usually less than 
drop forgings. 

Nedium - best for non- 
ferrous alloys. 

Limited - but better than 
drop forgings. 

Noderate - 25-301b a 
practical maximum. 

small - to fractions of an 
ounce, better than drop 
forgings. 

3igh 

Medium - somewhat better 
than drop forgings. 

Hot worked structure a 
mechamcal advantage. 

Fair 

Fair 

Slow, possibly somewhat 
faster than drop forgings. 

Medium - slower than drop 
forgings. 

Somewhat closer tolerances 
than drop forgings; per- 
mit greater design 
intricacy. 

Upset Forgings 

Low to moderate, as  with 
other forgings. 

3igh - often because of 
number of impressions 
or  difficult design. 

Medium to high lot pro- 
duction best. 

biedlum - lowest of forging 
processes. 

Med~um - often less than 
other forgings. 

Medium - often less than 
other forging processes. 

Medium - many ferrous 
and nonferrous materials. 

Limited to cylindrical 
shapes and certain 
dimensional limitations. 

Medium - 9 in. bar about 
largest s ize;  weights ma) 
he high. 

Moderate - not comparable 
to casting processes. 

High 

Medium - similar  to press 
forgings. 

Grain flow provides 
toughness. 

Medium 

Medium 

Slow - similar to drop 
forgings. 

Medium - equal to or  bettei 
than drop forgings. 

Best sulted to relatively 
small parts. Uses: bar 
stock. 

Cold Headed Par t s  

Low to moderate - steel 
wire chiefly. 

Medium 

Large - not suited to 
small  quantities. 

Low - almost entirely 
automatic. 

Low - thread grinding or  
rolling sometimes 
necessary. 

Low - practically no scrap 
loss. 

Narrow - confined to steel 
and highly ductile metals 

Limited - less  flexibility 
than forging. 

Small - 7 in. long by $ i n .  
dia. usual maximum. 

Small - 118th in. dla. part 
can be made. 

High 

Medium - + 0.002 in. pos- 
sible; t 0.010 in. 
common. 

Grain flow adds to 
toughness. 

High 

Fa i r  

Fair  - dies a r e  relatively 
simple. 

Hlgh - 4,800 per hour corr 
mon; higher possible. 

Method is  competitive witk 
screw machining on 
fasteners and simple 
flanged or headed parts. 

5tamped and Formed Par t s  

Low to moderate, ranging 
from carbon steel to 
stainless. 

High 

Large - over 10,000 best. 

Medium - depending on 
size and shape. 

Low - cleaning and trim- 

ming most frequent. 

Low to moderate - some 
scrap in blanks can be 
re-used. 

Wide - includes all work- 
able sheet metals ; plastics 

Limited - many restricted 
design rules. 

Large - can be used on 
very large parts. 

Small - sections as thin a s  
0.003 to 0.005 in. 
possible. 

Fa i r  to High 

High - !: 0.001 in common, 
closer on small parts. 

None. 

High 

Fa i r  

Slow - dies may require 
several weeks. 

High - up to several 
thousand pieces per hour. 

Usually the cheapest when 
quantities a re  high enough ; 
best for thin sections. 



Raw Materials Cost 

Tool and Die Costs 

Optimum Sized Lots 

Direct Labour Costs 

Finishing Costs 

Scrap Loss 

Choice of materials 

Complexity of Parts  

Maximum Size 

Minimum Size 

Mechanical Propertie 

Precision and 
Tolerances 

Special Structural 
Characteristics 

Surface Smoothness 

Getting into 
Production 

Rate of Output 

Remarks 

Impact Extrusions 

Moderate - usually zinc, 
lead and aluminium. 

Medium - some dies less  
than f 100. 

Wide range - from thou- 
sands to millions. 

Low - little skilled labour 
needed. 

Low - possibly no finishing. 

Low - most loss In 
blanking scrap. 

Narrow - best on soft 
metals, lead, copper. 
aluminium, zinc. 

Limited to shell-like shape, 
usually. 

Medium - 4 in. dia. by 
12 in. length. 

Small - fractions of an 
ounce: walls a s  thin as 
0.003 in. 

High - Metals cold worked. 

High - tolerances closer 
than 0.001 in. a re  commo 

Grain flow improves 
properties somewhat. 

Good 

Fair  - dies can be had in a 
few days. 

High - small parts can be 
produced at  rates  over 
2.000 per hour, 

Method now be~ng  used on 
mechanical parts as well 
as containers. 

Machined Extruded Shapes 

vledium - in soft metals 
ligh - in harder metals 

>ow - cutting done with 
simple tools. 

Nide range - useful for 
large and small lots. 

Low - skilled labour not 
required. 

Low - tumbling or  de- 
burring might be needed. 

Low - waste removal at 
extruding mills. 

'Jarrow - copper and hght 
metals, but steel 
processes being developed 
plastics. 

Limited - can be complex 
in cross-section only. 

Medium - 8 or 10 in. dia. 
i s  usual maximum. 

small - 0.050 in. sections 
posslble in aluminium and 
magnesium. 

20od - light metals can be 
heat treated; strong 
copper alloys used. 

Fair - ? 0.005 in. to  0.020 
in. common 

>rain flow improves 
properties somewhat. 

Fast - when shapes a r e  in 
stock. 

High - 1,000 small parts pe 
hour: possible on autom- 

atic saws. 

Sometimes used as blanks 
for forging. 

Powder Metal Par t s  

Medium to high 

Medium - range from i 100 
to $1,500. 

Large lots best (10,000). 
but small runs might be 
necessary. 

Moderate - some skilled 
labour needed for 
certain stops. 

Low - machining seldom 
needed. 

Low - practically no scrap. 

Varrow - iron brass  and 
combinations: plastics 
combinations. 

Limited - powders flow 
poorly and do not t r m r -  
mit pressures. 

Low - parts below 4 in. sq. 
a re  best: larger a r e  madl 

Small - parts smaller than 
l l l6 th  in. dia. can be 
made. 

Fair to good - impact 
values low, wear re -  
sistance high. 

High - + 0.005 in. through 
sizing; t 0.001 to 0.005 
in. common. 

Many possible structures: 
controlled porosity, 
complex materials. 

Fair - depends upon 
porosity. 

Medium - dies must be 
carefully deslgned and 
made. 

High - 1,800 per hour i s  no 
uncommon: can be higher 

Can use materials not form 
able by other methods. 

Spun Shapes 

>ow to moderate. 

.ow - forms cost from 
f 10 to f iOO. 

LOW - quaniities under 
1,000. 

Xigh - skilled craftsmen 
needed. 

>ow - cleaning and 
trimming. 

uioderate - comes in cuttin 
blanks. 

Nide - many sheet metals 
a re  spimable. 

Lmited - cylindrical or  
concentric shapes. 

Large - can be several fee 
in diameter: max. gauge 
118th to 5 in. 

Moderate - 5 in. dia. in 
gauges less  than 0.040 in 
are  made. 

Fair - ! 0.015 to 0,060 in. 
common; ? 0.005 in. car 
b+ had. 

;rain flow and cold work 
improve p r o p ~ r t i e s .  

Sood - often better than 
other methods. 

Fast - forms can be made 
quickly. 

Slow - 12 to 30 per hour 

common. 

Over-all costs on large 
pieces less than by other 
methods. 

Screw Machine Parts  

Low to medium - seldom 
used on high cost alloys. 

Medium - from f 20 to 
f 100 common. 

Large - the larger the 
better, over 1.000. 

Low - one operator can 
handle several machines. 

Low - cleaning and 
deburring. 

3igh - large quantities of 
chips generated. 

Wide - although highly 
machinable materials 
best, including plastics. 

Limited to rotational 
shapes. 

Medium - most machines 
w e  stock up to 2) in. dia. 
and 6 in. long. 

5-11 - often under 11 16th 
in. d ~ a .  and wexghing 
fractions of an ounce. 

High 

High - f 0.005 to 0.001 in. 
possible; + 0.001 to 0.003 
in. common. 

None. 

Excellent. 

Moderately fast - tooling 
and set-up may take 
several days. 

High - 3,000 to 4. 000 per 

hour on small  parts. 

When shape and materials 
agree, process i s  fastest 
cheapest & most accurate. 



Raw Materials Cost 

Tool and Die Costs 

Optimum Sized Lots 

Direct Labour Costs 

Finishing Costs 

Scrap Loss 

Choice of Materials 

Complexity of Par t s  

Maximum Size 

Minimum Size 

Mechanical 
Propert ies .  

Precis ion and 
Tolerances 

Special Structural 
Characteristics 

Surface Smoothness 

Surface Detail 

Getting into 
Production 

Rate of Output 

Remarks 

Electroformed Par t s  

Low to  high - i ron to 
chromium. 

Hlgh - mould lasts ,  but 
must be perfect. 

Small - best when few 
pieces a r e  needed. 

Medium to  high - both 
skilled and unskilled 
labour needed. 

Low - no subsequent 
fimshlng. 

Low - little if any scrap.  

Narrow, iron.copper, 
nickel, chromium. 

Great - extreme com- 
plexity possible. 

Limited - by plating 
equipment, sections up to 
$ in. possible. 

Small - 0.005 in. or  l e s s  
possible. 

Fair  - lower than wrought 
forms.  

High - ' 0.002 to 0.0002 
in. met  regularly. 

Sectioned Tubing 

Moderate to high. 

Low - cuttlng done with 
simple tools. 

Wide range - good for  
small  and large quantltie 

Low - skilled labour not 
required. 

Low - generally. 

Low- practically no sc rap  

Wide - a l l  ductile metals 
and plastics. 

Limited by sectional shape 
of available tubing. 

Usually 4 to 6 in. O.D. 
some materials up to 22 
in. in welded tube. 

Moderate - ! O.D. in. 
most ,  although speciality 
tubing a s  small  a s  0.012 

Good - cold working adds 
to  properties. 

Good - small  s izes  to ? 
0.002 in. ; larger  to 

f 0.004 to  0.025 in. 

laminated metals possible 

Excellent, high finish 
attained. 

Excellent - minute detail 
and intricate patterns 
reproduced. 

Extremely dense s t ructures;  

Slow - maste r  o r  die might 
take severa l  weeks to 
prepare.  

Grain flow improves 

Slow - time usually 
in hours o r  days. 

Best when parts  a r e  com- 
plex and surface accuracy 
i s  important. 

properties. 

Good 

None 

Fas t  - shapes often 
available f rom stock. 

High - automatic machines 
often used. 

Costs can be reduced con- 
siderably through lower 
sc rap  losses .  

Welded and Brazed P a r t s  

Low to moderate 

Low to moderate - jigs 
often used. 

Small, but brazing can 
handle large lots. 

Medium to  high - skilled 
labour required. 

Medium - joints must be 
cleaned. 

Low - practically no sc rap  

Wide - dissimilar  metals 
can be joined. 

Complex and intricate form 
can be produced. 

Unlimited. 

Moderate - usually not 
smal l  - thin and thick 

, sections can be joined. 

Depends upon components. 

Medium - joints seldom 
closer  than f 0.070 in. 

Special property parts  can 
be combined. 

Depends upon components 

None in joining process .  

F a i r  - when components 
have been decided upon. 

Varies - brazing can be 
fas t  a s  can resistance 
welding. 

Often the only way to meet 
design requirements. 

Moulded Plastics 

Medium to high - on a per 
1.b. basis. 

Lfedium to high. 

Large - over 5 ,000 best 

Low - most operations 
automatic. 

Low - fins and flash 
removed by tumbling. 

Medium to low - Tbermo- 
p l a s t ~ c s  a r e  reusable. 

Wide range of plastics with 
many characteristics. 

Limited by die, but some 
coring i s  possible. 

Moderate - under 2 lb best 
in some mater ials :  
l z rger  possible. 

Small 1132nd in. thick i s  
common minimum. 

Low as  compared to metals 

High - ? 0.005 in. common 
can be closer  

Inserts can be moulded in. 

Excellent 

Good 

Slow - moulds require 
considerable time. 

Moderate - 20 to  300 shots 
per  hour. 

Can serve as  alternates fol 
metal  par ts  at lower cost 

Moulded Nonmettllics 

Moderate to high. 

Medium - most dies and 
moulds of simple shape. 

Wide - from low to high. 
Special properties a r e  
guide. 

Moderate - processes not 
automatic. 

Low except where low tol- 
erances a r e  involved. 

Low - most sc rap  re-used. 

Narrow, ceramics, rubbers 
carbon, graphite. 

Limited by dies and moulds. 

Small best - i~cln.lir.g 
cylinders up to 6 in. 
I.D. 

Fair ly  small ,  depends upon 
mater ial  being formed. 

Low a s  compared to  metals 

Moderate - close dimen- 
sions obtained by extra  
operations. 

None 

Fa i r ,  depends upon 
mate r ia l  

F a i r  to  Poor 

F a i r  - dies and mould 
fair ly  simple. 

Slow - parts  require 
baking o r  curing after 
forming. 

All mater ials  have special 
characteristics which 
dictate their choice. 



S E C T I O N  4 

VALUE ENGINEERING CASE STUDIES 

Introduction 

Case Studies a r e  useful to i l lustrate  some of the points made in the 
Pro jec t  Workbook and in this Reference Manual. They can often t r igger  
ideas for  improving other designs. 

They a r e  not given a s  unique cases  but a r e  important only insofar as  
they a s s i s t  in  the understanding and use of the Value Engineering approach, 

There a r e  two main groups of case  studies,  those f rom outside the 
P lessey  Company and those f rom within. 

The case  studies cited f rom outside the Company (Section 4.1) a r e  
extracted f rom various sources  including ext rac ts  f rom a thesis  on Value 
Engineering by a Graduate Student. 

The case  studies f rom within the P lessey  Company (Section 4.2) a r e  
drawn f rom various Businesses ,  and a r e  the resu l t  of team studies often 
initiated at  a training seminar .  

They include both mechanical and electronic circui t  studies. It i s  
often thought that Value Engineering can only be applied to mechanical 
designs and assemblies  o r  layouts of e lec t r ica l  components. This i s  not 
so .  The discipline can be effectively applied to  basic  electronic c i rcu i t s .  

Because of the t ime limitation in preparing this Manual, the P lessey  
section i s  f a r  f rom complete and will be augmented by examples to  be issued 
la te r .  
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CASE STUDIES TAKEN FROM OUTSIDE THE COMPANY 

It i s  a wrong impression that Value Engineering o r  -4nalysis i s  made 
necessary only by poor original engineering. There a r e  many factors 
which result  in a design that may be improved later .  Not the least of 
these i s  the fact that a design engineering department cannot do 100-percent 
value engineering at the same time it does design engineering. This i s  
because the design group normally does not have the time to do both 
simultaneously. The "pick and shovel" part  of Value Engineering i s  
performed by a team working on high cost a reas  of a particular product. 
No design engineer needs to be ashamed that Value Engineering can make 
cost improvements. 

Another aspect that leaves room for design improvement i s  the 
particularly high specialisation in all  fields. 

A look at the following case histories will i l lustrate much of what 
has been said in the previous paragraphs. 

CASE HISTORY NO. 1 

In the drawing office of an electric clock factory, the word 
"crystal" was always used to designate clock faces, as  a matter  of 
habit. They were called clock crystals .  This meant that drawings 
delineating the exact shape and dimensions of clock faces always 
specified these as crystals .  

In general auditing of freight bills,  i t  became accepted practice 
to expect the crystals  to require a very high freight ra te .  However, 
when the time came for making a special audit of freight r a tes ,  the 
question arose ,  "How does a clock factory use so much crystal?".  
The investigation which followed disclosed that the clock faces were 
indeed window glass,  warmed and sagged. The investigation also 
brought forth the information that the transportation of crystal ,  a 
very expensive grade of glass ,  i s  extremely costly, while window 
glass,  in  any form,  t ravels  at a much lower ra te .  

Crystal  shipped "less than carload" costs 1.25 t imes the 
f i rs t -c lass  freight ra te ,  while "bent window glass",  which correctly 
described the product being shipped, travels at only 0.85 times the 
f i rs t-class  freight rate .  

w 

The resul t  was that the name was changed on the drawings, in 
the specifications, on the orders ,  and on the bills of lading so that , 
instead of being wro called crystal ,  the material  was correct ly 
called bent window The freight ra te  was cut by 32 per  cent. 
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F r o m  this case  we can see  that the "historical", but erroneous 
terminology for  clock faces appeared on drawings, specifications, etc.  
Moreover, because of this the prople had become fair ly  conditioned to 
high cost ,  At f i r s t  look some would say,  "You don't need Value 
Engineering to find this type of improvement". This i s  true.  However, 
i t  i s  also t rue  that the application of Value Analysis will find these types 
of hidden costs  - and find them quickly. 

CASE HISTORY NO. 2 

. . . . . . case  of an electr ical  control. It worked very well indeed, 
but i t s  cost was too high, Sales had dropped off. The makers  brought 
the control in for  value engineering with a statement which said,  
"We give you this with tongue in cheek; we don't think another penny 
can be taken out of the cos t ,  but we 're  desperate".  

In applying the value engineering approach to the device, one 
of the f i r s t  par t s  to come up fo r  review was a wire clip which held 
the cover on. It was made of phosphor bronze and cost  $7,  000 a 
year .  The value specialist  asked, "What i s  the function? Now does 
the phosphor bronze contribute to  that function? It i s  a mater ia l  
that i s  commonly used when a par t  has to  flex millions of t imes.  
But this clip i s  flexed only when the cover i s  removed for servicing 
an average of six t imes  in the l ife of the productt ' .  By changing to  
spring b r a s s ,  the same job could be done for  $3, 000 a yea r ,  that i s ,  
for  l e s s  than half. 

The cover itself cost  4 cents,  an expenditure of $40,000 a 

year .  Its function was to  keep extraneous mater ia l  out of the sma.11 
mechanism. The ent i re  control was mounted inside another 
enclosure.  Using a plain piece of laminated plastic reduced the 
cost f rom 4 cents to  1.5 cents each, and out went $25,000. Many 
s imi lar  findings were made as  the Engineering of the complete 
device proceeded. 

This case  i l lustrates  where selection of the subject was unnecessary 
because the maker s  brought the product in for  study. In addition, i t  should 
be noted that the philosophy of no fur ther  cost  reduction being possible was 
held by the maker s  . 

CASE HISTORY NO. 3 

A manufacturer produced a piece of hardware - the p r imary  
function of this piece was to guide bolts. It cost  $1.63 to make each 
piece. Cost reduction methods (changing the handling and tooling 
methods) reduced this to  $0,81. Value control came up with a 
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total  of $0.08, and s t i l l  provided the essent ial  function (guide bolts). 

CASE HISTORY NO. 4 

. . . . . . in the c a r r i e r  programme,  i t  was found that the guard 
r a i l  for  hatches required by the working plans was composed of wire 
rope 318 in.  diameter  cut to length and special  s ta inless  s tee l  
fittings put on each end. The wire rope i s  preserved  with paint 
wrapped with musl in and served with mar l ine  cord. This in  turn  i s  
again wrapped with muslin and the whole length covered with hand- 
stitched canvas.  Ezch end of the canvas i s  served  with copper wire 
and soldered. One end i s  fastened to the hatch cover by means of a 
shor t  length of 114 in.  close-link chain, the other to  the deck o r  
stanchion. This i s  an expensive i tem. There a r e  approximately 
344 hatches pe r  c a r r i e r  and the guard r a i l  outlined cost  $16,438 
per  c a r r i e r .  Its function ? To guard people. F o r  this application, 
the substitution of 1 / 4  in. chain was recommended at  a cost  of 
$1,233 pe r  c a r r i e r .  The acceptance of this recommendation saved 
apprxomately $15, 000 per  ship! 

This case  i l lustrates  the influence of tradition. Often a specification 
remains  unchallenged af ter  initial approval. In an age of daily break-  
throughs of new mate r i a l s ,  methods,  techniques, etc . , we cannot be 
satisfied until the applicability of a l l  specifications have been thoroughly 
examined. 

CASE HISTORY NO. 5 

Value Engineering study was conducted on circui t  board 
bracket.  Original bracket  consisted of 15 pieces plus r ive ts ,  cost  
$10.25. Re-engineered bracket i s  produced a s  one piece, costs  
only 21.91. 

CASE HISTORY NO. 6 

A requirement  existed for  ta rge ts  for r i f le  marksmanship 
training. These ta rge ts  had to  possess  cer ta in  shock-transmitting 
charac ter i s t ics  s o  that a hit would be recorded.  In addition, the 
ta rge t  had to withstand the effects of weather for  a stated period of 
t ime while rnaintaining required rigidity. A ve ry  suitable ta rge t  of 
plastic -impregnated fibreglas s was developed - cost  in  quantity, 
$2. each. 
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This was a good product, soundly engineered. It served the 
function and was reliable,  but, to the value engineer,  we were 
paying f a r  too much for the function. An exhaustive sea rch  in 
co-operation with designers ,  engineers,  procurement special is ts ,  
and suppliers,  revealed that a specially t reated paper board would 
accomplish a l l  required functions with the necessary  degree of 
reliabili ty,  but in this case  the pr ice  in  quantity was only 24 cents 
each. These i t ems  a r e  procured in quantity and the savings on the 
f i r s t  o rde r  amounted to  $709,764. 

A fundamental lesson in  this case  i s  the key role that Purchasing can 
play in cost  reduction and Value Engineering. Procurement ,  when 
properly used, i s  an integral  par t  of the business operation and not 
mere ly  a group of c le rks  processing purchase requests .  However, i t  
requi res  communication and co-ordination between al l  departments.  In 
this respec t ,  Value Engineering provides the integrating function which 
can unify a company's operation. 

CASE HISTORY NO. 7 

. . . . . . we have the example wherein special  aluminium alloys 
were substituted for the m o r e  expensive beryllium and titanium 
specified in the design of cer tain miss i le  components. These 
modifications - pr io r  to  production - precluded costs  estimated to  
be approximately $3.8 million dol lars  over the current ly planned 
programme for  one miss i le  system. Here  again the question was 
ra i sed  : What e l se  will do the job and what does that cos t ?  Such 
questioning i s  typical of the Value Engineering approach. 

This case  highlights the fact that a sma l l  saving per  unit resul ts  in 
substantial  savings when a large quantity of units a r e  produced. 

CASE HISTORY NO. 8 

F o r  want of a bet ter  idea,  the bore sight for  the 106 mm.  
r i f le  had been designed a s  an aluminium casting requiring extensive 
machining. When Value Engineering found that i t  cost  $3.2 1 to 
per form the simple function of holding a peep sight on the axis of 
the r i f le  tube, a simple sheet-metal  stamping was devised. At a 
production cost  of only 36 cents ,  a reduction cost of 89 pe r  cent 
was achieved. 

This case  i s  indicative of the advantages of two things : (1) the 
functional approach brings a l l  elements of i t em cost  under scrutiny, and 
( 2 )  the team approach makes i t  possible to get expert  information either 
f r o m  the t eam o r  through the team.  
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CASE HISTORY NO. 9 

A striking example of the savings inherent in simple 
components of missi le  systems was a fuse holder used in ground- 
control vans. Carr ied  over in essentially the same form from 
early ground-control systenis,  i t  consisted of a drilled stainless 
s teel  bracket on which 37 machined and threaded bolt, nut and 
washer assemblies were mounted. The sole function of the assembly 
was to hold spare fuses. 

Although i t  was immediately obvious to the team that cost was 
out of proportion to the necessary function, confirmation was supplied 
during the information phase. The cost per  holder was found to be 
$195. 

Brainstorming, a common Value Engineering technique, was 
employed in the speculative phase. A stenographer in the value 
engineering office asked : Why can't you dr i l l  holes in a metal  sheet 
and put in rubber grommets to hold the fuses ? A hand-built model 
was easily constructed and found to be suitable for the purpose. 
Production cost was estimated at less  than $1.50 - a 99 per cent 
reduction. 

This i s  another example of "hidden" costs.  A carry-over from some 
other application may become a standard i tem and remain unchallenged 
unless Value Engineering i s  applied. Many, many other i tems most likely 
passed examination without exciting savings. Each item like the fuse 
holder, however, rewards the Engineer with a feeling of accomplishment, 

CASE HISTORY NO. 10 

At an electronics company, a shop worker noticed the similarity 
between a $1.35 "heat sink" clip (used to bleed off heat from a 
transistor  during soldering of a connecting wire) and a 2 cent clip 
used by his wife in setting her  ha i r .  Changeover to the hair clip 
resulted in savings of $1,330 a year .  

Creative thinking and suggestions a r e  avai lable to all  companies, 
Value Engineering can benefit greatly through the employee suggestion 
plan. However, the suggestion plan requires careful handling. This i s  
particularly true where the suggestion i s  good but will not resul t  in a cost 
saving because of such other factors a s  retrofit ,  etc.  In all  cases ,  the 
employee should be given an early and complete explanation and, perhaps, 

s 

a suitable commendation or  recognition for a good suggestion. 
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CASE HISTORY NO. 11 

Often i t  i s  cheaper to buy a part  from a speciality supplier 
than to make i t  yourself,  particularly if the supplier's production 
i s  automated. One f i rm discovered that i t  could buy a small  
bracket from a supplier for a delivered cost of $3 per thousand. 
The same kind of bracket had been costing this f i rm $13 per 
thousand when made in i t s  own shop. 

Many large companies have a "Make-or-Buy" committee. A "fall- 
out" benefit f rom Value Engineering i s  a technical l ibrary on the costs of 
i tems,  processes,  materials ,  components, and other elements of cost. 
This information, provided by value studies, may be compiled by 
electronic data processing (EDP) to provide the Make-or-Buy Committee 
much greater  effectiveness . 

CASE HISTORY NO. 12 

A simple, throwaway clip to hold four washers has knocked 
$3, 000 a year off a jet engine manufacturer's costs.  Formerly 
cemented as  a stack, the three washers and one flat washer were 
messy and difficult for Associated Spring Corporation to assemble 
and ship. ASC asked permission to run a V.E. study, suggested 
the clip, and costs dropped over 50%. In addition, there i s  no 
chance of cement getting on the washer faces. 

One would hardly expect a cost improvement of $3,000 from four 
washers. However, after experience in Value Engineering i t  i s  hard not 
to find cost savings hanging from every t r e e  ! 

CASE HISTORY NO. 13 

The case of the building wire involved a number of interesting 
aspects. A study showed the analysts that a less  expensive, l e s s  
heavily insulated building wire could perform the required function 
and meet all  safety requirements in  certain locations . 

Plant engineers were willing enough to consider the change 
but said i t  would be more  expensive to use since i t  would be more  
difficult to install  than the wire then in use. The analysts then 

* 

went to maintenance and asked if they could install the wire without 
additional labour cost. The answer was yes,  and when engineering 
saw that i t  could be done - and at a material  saving of $15, 000 - 
they readily agreed to the change. 

This case also il lustrates the integration roles played by Value 
. .  - 8 .  -1 - - - - - - A - ~ - + ~  t n n P f p , ~ , .  
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CASE HISTORY NO. 14 

The mechanical pencil c a s e  offers a good example of how 
different value techniques can be applied to a relatively simple 
i t em to produce unexpected savings. Burnette and Murray ' s  original 
study showed that one plant had been distributing a 34 cent mechanical 
pencil to employees, while the other was using a 24 cent product that 
performed just a s  well. By standardising on the 24 cent pencil, UCC 
was able to save seve ra l  hundred dol lars .  

The t eam didn't stop there ,  however. It analysed usage of the 
pencils and found that Institute was issuing one pencil p e r  man in a 
given period, while South Charleston was issuing more .  By 
changing to  one standard of i ssue ,  the company was able to  save 
another $3,  000. 

Burnette & Murray went a little fur ther .  What was the function 
of the advertising imprinted on each pencil? How much did 
imprinting cos t?  The answer was, of course ,  that UCC was simply 
advertising itself to itself at  a cost of 2+ cents a pencil. The 
unnecessary advertising came off, and the total  saving on the 
project zoomed close to $4, 000. 

Value Engineering may be applied to  any element of cost.  In this 
case ,  the pencils a r e  not a product. Any department could have explored 
this.  However, the functional approach of Value Engineering even 
challenged the function of the advertising. Was i t  a p r imary  function? 
Was i t  a secondary function? 

CASE HISTORY NO. 15 

We sa t  down one day to  deliberately pick an i tem that you just 
could not cut any cost  out of. We wanted to  use i t  to  prove a point 
a t  a meeting. 

After concluding that a plain standard threaded pipe nipple was 
what we were  looking for ,  we began to  gather some data  on it.  We 
were shocked to discover  a potential $12, 000 a yea r  saving in i t  - we 
had been buying premium quality in  a "standard" i t em where adequate 
quality was a l l  we needed. 

This shor t  c a s e  i l lus t ra tes  that every element of cos t  should be 
subjected to Value Engineering. 

C? 
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CASE STUDY NO. 16 

American Airlines dr ive for  standardisation i s  the immediate 
responsibility of Value Engineer M.E. Malet, who recently saved 
$1 10, 000 by reducing the tremendous variety of clamps used by the 
airl ine.  Malet, whose 2 5  years  with American have given him a 
thorough knowledge of pa r t  functions, highlights the basic nature 
of any standards programme.  

"All c lamps do the same  thing", he says ,  "they squeeze". 
We just s ta r ted  asking a few simple questions : How many different 
c lamps do we have ? Do we really need s o  many different types ? 
Why do many apparently identical clamps have such a variety of 
par t  numbers and pr ices  ? How many can we eliminate ? How 
much can we save ? 

To recru i t  help in  answering these questions, the purchase 
analysis group gathered a sample of every clamp ca r r i ed  in stock. 
Similar  clamps were then displayed on la rge  pegboards in  the 
purchasing area .  

"The boards were there  a s  a challenge to  everyone - mechanics,  
engineers and suppl iers ,  a s  well as purchasing people - to suggest 
where we could s tandardise  and te l l  us where we couldn't ". Malet 
says .  "The response was tremendous. Of course  the project got 
plenty of useful information f rom EDP, technical drawings and 
catalogues. But i t  was only through the boards that we could 
determine quickly whether two apparently identical clamps real ly  
were  the same,  o r  whether they differed in some important 
respec t ,  like chemical  resis tance,  that an engineer would spot 
immediately". 

Over a period of t ime,  a variety of par t s  with a s imi lar  function will 
accumulate in  most  companies. One reason i s  that, a s  personnel turns 
over ,  there  i s  an amalgamation of employees with experience f rom diverse 
companies. Each man i s  used to  cer tain pa r t s  and design considerations 
and these show up in  his specifications. In many cases ,  specifications a r e  
determined by individual draf tsmen.  These i tems s l ip  by. To compound 
the problem, purchasing may be too busy with the la rge  dollar o rde r s  to  
pay close attention to  bolts,  c lamps,  screws and other minor i tems.  This 
ca r r i ed  over into the provisioning of operational spa re  par t s  and 
maintenance spa re  par t s .  Very soon we find a situation para l le l  to the 
clamp story.  
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CASE HISTORY NO. 17 

A dust cap applied to numerous electr ical  fittings on the 
Minuteman missile was designed as  a threaded metal  fitting, with 
a chain attached. A change to a plastic clip cap reduced cost per 
cover from $6 to 2 cents. This amounts to a saving of $73 ,  000 a 
year  - and the idea will be extended to other weapons. 

One cause of high cost in engineering design, for instance, i s  that 
many of the catalogues provided by suppliers do not l is t  the prices.  An 
engineer will research those catalogues his memory suggests and, very 
often, stop at the f i rs t  i tem which meets his need. He will leave the 
details of procurement to the purchasing department. At the same t ime,  
purchasing figures the i tem selected by the engineer i s  exactly what i s  
required. Value Engineering can make the engineers more  aware of 
prices.  Value Engineering can bring engineering and procurement closer 
together. 

CASE HISTORY NO. 18 

. . . . . . St. Louis' Emerson Electric Company, in a l is t  of 
otherwise sophisticated Value Engineering resul ts ,  tosses in this 
neat solution to a problem in the cost of a bathroom light fixture. 
The company was struggling with the design of a rectangular 
reflector,  to be made of sheet metal. Finally, a Value Engineer 
noticed that the reflector looked a lot like a cake pan: now 
Emerson goes outside to buy actual cake pans, using them in the 
light fixture. 

CASE HISTORY NO. 19 

The roll-proof door holder was designed for an electronic 
cabinet on board ship. It cost $65. Value Engineering of the 
part  indicated that a strong version of a brace  normally used on 
ca rd  tables would reliably perform the same function. Cost of 
the new part: $0.57. 

It i s  quite a leap from electronic cabinets to card tables. It i s  also 
quite a drop f rom $65 to $0.57. The engineering mind has a tendency to 
reinvent the wheel. At the same t ime,  however, designing a card table 
brace i s  hardly a matter  of the electronic discipline. 
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CASE STUDY NO. 2 0  

A welded par t  cost $100.59. It was designed a s  a fabricated 
par t  because in the past a s imi lar  c a s t  par t  had failed in  service.  
A redesigned casting of equal strength to the welded one i s  now used. 
It costs  $4.50, 

This case  i s  quite significant in highlighting the extreme cos t  
penalty of a failure without follow-up to improve the part .  Value Engineering 
provides companies and employees a bet ter  cost  picture of the various 
processes  and mater ia l s .  Until a dollar comparison i s  made, few people 
will be aware of the cost difference between welding and casting. The 
benefits of Value Engineering a r e  cumulative. In some companies, the 
accounting department provides the engineering department with "broad 
gauge" cost units. Value Engineering i s  in a position to  provide 
engineering maintenance, procurement ,  and other departments with 
detailed information on various costs  that a r e  accumulated a s  a by-product 
of Value Engineering projects.  

CASE HISTORY NO. 21 

One of the f i r s t  i t ems to be value engineered was the automatic 
cold control  of a re f r igera tor .  This par t ,  an expensive one, had 
gone through cost-reduction studies,  and the department manager 
told us "If you can take another nickel out of i t ,  I ' l l  eat  my hat! " 

Presumably he ate  i t ,  because the records  show that value 
engineering in 1947-48 eliminated $500, 000 a yea r  f rom the cost of 
that one re f r igera tor  par t .  

A savings of $500, 000 i s  a sizeable amount. But when this amount 
i s  saved af ter  cost reduction has already been applied, i t  becomes even 
m o r e  impressive.  

CASE HISTORY NO. 22 

. . . . . . attended a seminar  for  executives of oil well se rv ice  
f i r m s  conducted recently by William G. McMurry, Value Control 
Administrator f o r  the Military Electronics  Division of Motorola, 
in Scottsdale, Arizona. F o r  study, McMurry i s  given a cigar-shaped 
aluminium tube with slots in  the side.  The oilmen tel l  him that i t ' s  
called a "bull plug". 

What does i t  do, he asks.  It protects detonators sent  down 
oi l  wells to  perforate  the pipe and let  in oil. 

What does it cost  ? Seventy-nine cents.  
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How else could you possibly convey and protect a detonator? 
Various suggestions a r e  made. One student suggests : place it in 
a paper bag. Ridiculous ? Yet that i s  the suggestion which, with 
a slight refinement, was actually adopted. Tests  showed that a 
cylinder of heavy, impregnated paper would do the job just as  well 
as  the aluminium tube. The paper tube costs 7 cents, a reduction 
of more  than 90 per cent - and i t  i s  now a standard item in the 
oil well servicing industry, which uses bull plugs by the thousands. 

This brings to mind the story of not being able to see  the wood for 
the t r ees .  A 79 cent cost seemed negligible enough to go unchallenged. 
But an aggressive attitude and proper philosophy toward cost will not 
accept any cost as  valid. 

SAVINGS BY USING COLD FORMED WIRE . 

Below a r e  given some typical case studies of savings made by 
changing from turned to wire formed parts .  
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PLUG PIN 



SECTION 4 . 2  

CASE STUDIES FROM WITHIN THE PLESSEY COMPANY 

Introduction 

A few case  studies follow which a r e  typical of the resul ts  of team 
s tudie s within the Company . 

Fur the r  examples will be circulated a s  they become available. One 
of the difficulties i s  the natural  des i re  of Businesses in many cases  to keep 
confidential the savings that they have achieved, both with regard  to  their  
competitors and cus tomers ,  s o  that they a r e  careful  in selecting case  
studies which they agree  to  being included in this manual. 

F o r  this reason  and because of the t ime limit  of going into print 
' with the new manual,  the examples cited so  f a r  a r e  fewer than intended. 

Also, because this is intended to be a live document and provision 
has been made for  the addition of case  studies f rom t ime to t ime,  
Mechanical and Electronic examples a r e  not segregated. 
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CASE STUDY No. 1 

Bus ine s s P lessey  Numerical Controls Ltd. 

Unit Studied NC . 2 2  A i r  Cooling System 

Production Rate 60 single 2 0  double per  annum 

Works Cost 
( ~ e f o r e  Study) Fan  

Fan  Mounting 
Fi l te r  
Securing Studs & Assembly 

Date of Study Apri l  - May 1972 

Background The NC. 22  originated f rom an Ame r ican Company, 
Allen-Bradley, and the equipment was anglicised and 
made under licence by Plessey  Numerical Controls 
Ltd. The design had been in production for three years  
and other value engineering savings had been incorporated. 

The a i r  cooling sys tem consisted of an electrically 
operated fan that passed ambient a i r  through the cabinet 
to ex t rac t  heat f r o m  the internal  components. Air 
f i l te rs  were used on both the inlet and outlet apertures  
and the fan was mounted in the lower par t  of the cabinet. 

Two types of equipment were available, a single and a 
double cabinet, and the existing fan was large enough to 
accommodate the cooling requirements  of the l a rge r  
cabinet. The proposed change had a fan that met  the 
cooling requirements  of an existing single cabinet and an 
ext ra  identical fan was used for  the double cabinet. 

Details of Study The cost  of a fan fo r  a par t icular  sys tem depended to a 
large extent on the back p res su re  of the complete sys tem 
and the airflow requirements .  If the back p res su re  
could be reduced the fan cos ts  to achieve the same 
airflow would be considerably reduced. The centrifugal 
fan used on the existing sys tem was one of the most  
expensive types whereas if an axial  o r  tangental fan were 
used the cost  would be l e s s .  

To reduce the back p res su re  i t  was proposed that the 
outflow a i r  f i l t e ~  would be dispensed with a s  the a i r  only 
passed f rom inside the cabinet to the outside and the 
f i l ter  was not serving a useful purpose. One reason 
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given for  the f i l ter  was that when the equipment was not 
i n  use  any a i r  that entered the cabinet would be clean.  

But because no f i l ter  i s  1000/o effective,  some d i r t  would 
pass  through the inlet f i l ter  and collect  on the inside of 
the outlet f i l t e r  when the sys tem i s  working. Some of 
this d i r t  would be picked up by any a i r  passing in the 
r e v e r s e  direction when the equipment was idle and would 
be deposited inside the equipment, defeating the effect 
of having the f i l ter  on the outlet. 

The airflow requirements  of the fan would a l so  be 
reduced by using one fan in the single cabinet and two 
identical  fans in the double cabinet.  Most NC 22 
equipments in  fact  used the single cabinet. 

Dispensing with one f i l ter  would almost  halve the sys t em 
back p r e s s u r e  and using a fan for  each cabinet would 
a lmos t  halve the flow requi rements .  Low cos t  tengental 
fans were investigated and the optimum type selected.  

Summary SINGLE CABINET SINGLE CABINET 

OLD - NEW 

- 
COSTS : Old Single Cabinet 242.38 

New Single Cabinet Fan  2 4 .13 
Mounting $2.80 

86 .93  

SAVING /UNIT 
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Gross  s a v i n g / y e a r  Implementation 
f 2, 127 f 120 

DOUBLE CABINET 

Single cabinet saving f 35.45 l e s s  second Fan  and 
Mounting f 6 . 9 3  = 228 .52  

Gross  s a v i n g / y e a r  Implementation 
2 5 7 0  f 100  

Additional 1. The number of f i l te rs  changed in  the field would 
Benefits be cut by 50% 

2. Only one f i l ter  to instal l  instead of two. 

3 .  The smal le r  fan and the l e s s  airflow allows the 
sys tem to operate with l e s s  audible noise. 



Business 
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CASE STUDY No. 2 

P lessey  Numerical Control Limited 

Unit Studied N.C . 11 00 Module Rack 

Production Rate 100 pe r  annum 

Works Cost P.C .B. Connector Gold Plate  (9)  
( ~ e f o r e  study) Interface connectors on panel and 

harne s s 
Labour Wiring 
Wire, Screws etc .  
Assembly 
Inspection 

Date of Study December 197 1 - March 1972 

Background The N.C. 1100 was designed by Plessey  Numerical 
Control Ltd. ,  a s  a low cost  machine tool control system. 

Value Engineering and cost reduction exerc ises  had been 
ca r r i ed  out and this work was continuing in an effort to 
maintain o r  reduce the works cost of the basic system. 

This equipment had recently been introduced into 
production and an initial batch of 10 units was almost 
complete and was to be followed by a fur ther  50 units, 
af ter  which full production of a 100 plus units per  
annum was envis aged. 

The actual number of modules used in the N. C . 1 100 
depended upon the number of axes and the type of option. 
The basic  two axes sys tem had six modules and nine 
was used a s  an average figure of modules for  ear ly  
production runs.  The maximum number of modules 
possible eventually was 2 2 .  The nine module sys tem 
consisted of the following equipment : 

9 modules 
250 wires  

7 PCB connectors 
1 x 47-way interface connectors 
1 x 23-way interface connectors 
2 x 41-way interface connectors 
2 x 17-way interface connectors 
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Details of Study The use of a semi-automatic wire wrap machine was 
investigated for  assis tance with the sys tem wiring 
instead of using the hand method a s  on the ea r l i e r  units. 
This machine automatically located the te rminal  
required and then found the next location when signalled 
by the operator .  

With this sys tem the number of wires  completed (two 
ends) per  hour increased f rom 41 to 11 0 and the 
inspection and test  t imes  were reduced considerably. 
This sys tem required a m o r e  prec ise  location of the 
terminations than previously necessary  . 
The existing P.C .B. 80-way Pye Ether  connector 
contacts were gold plated and cost f 3.27 each and by 
using the same connector with gold f lash contacts the 
cost  would be 2 1.40 each resulting in a saving of 2 1.87 
per  module. 

The interface connector requirements  were discussed 
with various suppl iers ,  including Varalco who supply 
the present  connectors.  Connectors with long wire 
wrap termination were required to enable the wire wrap 
machine to be used. McMurdo connectors met  these 
requirements  and were supplied completely assembled,  
ready for  use,  with male and female connectors at  2 0.01 
each way. The cost  of the Varalco connectors used on 
the panel was f 6.63 and the mating par t  on the harness  
23.00, a total  of 29.63. The McMurdo equivalent cost 
only $2.00 complete; a saving of 27.63 should resul t  
f rom each equipment. 

Summary Old Works Cost = 268.39 

New Works Cost : 
f 

P. C . B . Connector Gold Flash  9 12.60 
Interface connectors,  on Panel  and Harness  2,00 
Labour wiring 5.67 
Wire, Screws etc .  1.50 . 
Assembly 2.00 
Inspection 1.53 

225.30 

Gross  s a v i n g / y e a r  Implementation 
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Additional 1. Amendments to  wiring can be incorporated 
Benefits in l e s s  t ime 

2 .  A standard wire wrap termination i s  used. 

3 .  More reliable electr ical  terminations.  

4.  Reduction of operator wiring e r r o r s .  
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CASE STUDY NO. 3 

Busines s Aerospace 

Unit Studied P.D.U. 100 Planet Gear Assembly 

.............. Production Rate Initial order  50 per annum 

........... Potential order  130 per annum 

Works Cost Material ................. 2 24.35 
(Before Study) ....... Labour & Overheads f 33.68 

TOTAL 258.03 each 

Date of S w  -- December 1972 

BackgrouncJ -- The Planet Gear Assembly had just completed develop- 
ment testing and was about to enter a limited production 
phase. 

The study was undertaken because the assembly had a 
long production cycle and was a potential holding item 
on the complete gearbox assembly. 

This was mainly due to bearing tracks which were 
ground and balls and cages assembled by a specialist 
supplier. 

Details of Study During the information phase it was found that as  part  of 
a previous gearbox re-design the speed of the Planet 
Gear Assembly had been significantly reduced, this 
enabled other bearing arrangements of a low load 
carrying capacity to be used. 

The gear cluster  on the existing unit had been designed 
in  two par ts  so that the bearing balls and cages could be 
assembled, but now these had been eliminated a one 
piece gear could be used. This made three dowels 
redundant a s  "transmit torque" function between gears  
was not required. 

The information phase highlighted the high cost of the 
shaft, This was attributed to the counter weight suppart 
a r m .  During the investigating phase i t  was found that 
by re-designing the counter weight the function "support 
counter weight1' could be eliminated. 
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Additional 
Benefits -. . - -- . - - - . - 

Old (See Sketch) - Cost : f 58.03 

New (See Sketch) Cost : 521.35 - 

Gross  sav ingIyear  : 54,760  

Implementation cost  : f 1, 050 

1. Specialist  sub-contract  work eliminated.  

2. Gear  tooth concentricity improved. 

3 .  Lighter unit. 

PLANET GEAR ASSEMBLY 

OLD NEW 
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CASE STUDY NO. 4 

Business 

Unit s 

Production 
Quantitv 

Works Cost 
(Before Study) 

Date of Studv 
- -  

Background 

Ples  sey Avionics 

Tuning Unit. T u r r e t  Rotor Cheek Assembly. 

6,000 per  annum 

210.77 each 

July 1971 

The t u r r e t  ro tor  assembly was the core  of the tuner 
unit for a manpack radio.  

It consisted of four cheeks which formed guides into 
which two se ts  of s ix  miniature printed circui t  boards 
were mounted being held in place by screws located in 
tapped holes on the cheeks.  (An additional cheek was 
used to fo rm a screen) .  The cheeks were soldered to 
a mounting tube, and the tube was mounted on a coaxial 
shaft which ca r r i ed  a boss for connection to the drive.  

ROTOR DTCC ' 

ASSY 

SHAFT ASSY 
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Details of Study Each of the four cheek sub-assemblies cost 38/6d. ( f  1.93) 
---.. ---. 

and the four cheeks thus represented 80% of the cost of the 
overall assemblies.  

The cheeks were studied f i r s t  and were each found to 
comprise 2 3  parts  (plate, 6 special nuts, 15 rivets and one 
nylon moulding to form the inner guides for the P .  C . 
boards near the centre.  

It was found that a single mazak die casting could replace 
each cheek assembly, or an investment casting. 
Surprisingly the tooling for a die casting was estimated to 
be less  expensive than the jigs and tools needed to 
manufacture and assemble the 2 3 components. Obviously 
reliability would be improved because of the elimination of 
assembly e r r o r s  (loosening rivet s etc. ) and inspection, 
parts  supply etc.  were all  improved. 

A further saving was made because the die casting could 
include a more satisfactory central  boss. This enabled 
the new cheek to be attached by a Loctite adhesive instead 
of soldering. 

Similarly, on the shaft assembly an appreciable saving 
could be made by making a one piece die casting in place 
of the two part  assembly of a turned part  and pressed 
par t ,  with the added advantage of the stop plate and boss 
being in one piece and needing less  inspection. 
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OLD NEW 

Cheek Assembly  f 1,925 
(23 pa r t )  

DT CT  Rotor  Assembly  

(2 cheeks ,  tube,  s c r e e n )  f 5.29 

Osc.  Rotor  Assembly  
(2 cheeks  & tube) f 4.53 

Shaft .33  

Stop P l a t e  .27   ASS^) 

Tota l  Shaft As s y  f 0.98 

f 1.488 

f 

, 05  ( ~ e w  suppl ie r )  

.O1 ( ~ i e  Cast ing)  

.38  

TOTAL f 10.80 22.796 

Tota l  f o r  6 ,  000 f 64 ,800  2 16,776 

ESTIMATED GROSS SAVING f 48 ,000  

Tooling f 2 ,882 (A) f 2,  062 

Redrawing e t c  .f 1 , 250  



SECTION 4.2 Page 1 2  

Net Implementation Cost (B  - A) 2430 

EST. NET SAVING $47,500 on f i r s t  6,  000 

NOTE : Subsequent to the proposal above, there  was 
fur ther  study in the light of reduced quantities. The 
casting was changed to an investment casting, raising the 
unit cost  but reducing the tooling cost .  Also the design 
detail  was varied to  stiffen the 'spokesr of the casting. 
The savings per  unit will be only slightly reduced by this 
change and the basic concept remains unaltered. 
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CASE STUDY No. 5 

Busines s P lessey  Telecommunications (Australia) 

Unit Studied 8501 Telephone Plinth Supply Circuit  

Production Rate 10, 000 per  year  

Works Cost 
before Study 

$A 8.2 7 (including as  s embly) 

Date of Study Apri l  1971 

Background - This equipment had been designed for  the Australian 
Pos t  Office. It had to meet  their  requirements  which 
included shor t  c i rcui t  protection. 

Details of Only the circui t  was studied at  this stage. It was found 
Study that a s impler  c ircui t  could be expected to  per form the 

same  function. This involved changing f rom a s e r i e s  to 
a shunt regulator with active short  circuit  protection. 
One t rans is tor  was changed f r o m  PNP to a cheaper 
NPN and one was deleted. 

OLD CIRCUIT (17 camps) NEW CIRCUIT (12 comps) 

Summary Es t .  Cost of present  Unit 
Es t .  Cost of New Unit 
Es t .  Savings pe r  unit 

Total savings on 10, 000 $A 23,600 

Implementation Costs : 
Engineering, A .  P. 0.  Correspondence 
Prototype tes t ,  Drawings etc.  $A 1, 000 

Total Es t .  Net Saving 1st  year  $A 22,600 



Additional 
Advantage s 
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i) Positive Protection. 

ii) Components reduced f rom 17 to 12 

iii) Eas ier  replacement of components 

iv) Less  Maintenance 

v) No grading of components needed 

vi) No selection on Test of res is tors  

vii) Labour content reduced. 
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CASE STUDY No. 6 

Business Hydraulic s 

Unit Studied Lift Pump 

Production Rate 12, 000 p e r  annum 

Works Cost Mater ia l  ............ 53.10 
( ~ e f o r e  Study) 

Labour ............ 20.65 

Overhe ads ............ 22.33 

TOTAL 56.08 

Date of Study June 1971 

Background This unit has  been in  production for  approximately th ree  
yea r s .  In this period i t  has  undergone two t eam studies ,  
and numerous l e s s e r  cost  investigations. Some 
proposals have been incorporated and others  a r e  s t i l l  
awaiting implementation. 

Details  of Study During an investigation into the cos t s  of the pump 
components the gea r s  were taken a s  the ini t ia l  i t ems  for  
examination. In o rde r  to find the purchase pr ice  of the 
forgings being used i t  was neces sa ry  to es tabl ish the 
relevant forging par t  numbers .  It was found, however,  
that  f o r  the par t  numbers  quoted on machining drawing 
there  were no pr ice  r eco rds .  F r o m  discussions with 
var ious  people the forgings actually used were found. 
These forgings were in  fact  much l a r g e r  than those quoted 
on the drawing. I t  was found that  the " large forgings1'  had 
been used when this pump had s ta r ted  production a s  at  
that t ime the production programme was not sufficient to 
warran t  laying down tooling. The production programme 
had in the meant ime increased  to  reasonably r e v e r s e  this 
decision but had been overlooked during no rma l  day to 
day routine.  

Quotations received by Purchasing established that  
substantial  savings could be made in both the ma te r i a l  
cos t  and the machining cos t ,  and because the quantity 
was high the re  was no charge for  forging dies .  

Summarv  OLD NEW 

Cost  of Forging f 0.76 50.35 

Cost of Machining 5'1.18 f 1.14 

TOTAL 51 ,94  21.49 
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Savings 20.44 each pump 

Gross  Savings p e r  yea r  Implementation Cost  

f 5,280  Nil .  

NOTE: This i s  a good example of a study which shows 
up a design whicht i s  perpetuated because of - 

t empora ry  reasons  that no longer apply. 
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CASE STUDY No. 7 

Business 
... . -. Hydraulic s 

Unit Studied .- Gear  Pump with Tank 

Production Rate Variable current ly 15, 000/annum. 
~. - -. . . . . - 

Works Cost Mater ial  . . . . . . . . . . . . . . . . f 2.86 -. 
( ~ e f o r e  Study) 

Labour ................. $0.65 

Overheads .............. $2.99 

TOTAL 

Date of Study . . -. - .. . - . - - -- February  1972 

Background, 

Details of 
Studv. 

26.50 each 

The gear  pump had been in production for  some yea r s ,  but 
had recently undergone design changes a t  the request  of the 
customer.  These design changes had crea ted  a situation 
where the complete unit could not be tested in  the original 
manner .  It had been decided to t e s t  the unit without the 
tank, assembling finally af ter  tes t .  This meant a reduction 
in t e s t  r a t e  to half the previous value, i. e .  the cost of 
testing had doubled. 

Value Engineering was notified of the situation. The study 
was undertaken because : 

1. The increase  in  tes t  cost would ser iously affect 
the profitability of the unit. 

2 .  Emergency action was required as  units were 
awaiting test .  

The study was ca r r i ed  out informally by the Value 
Engineer,  Engineering Manager,  Planning Engineer and 
the ~ s s e m b l ~ / ~ e s t  Foreman.  The basic facts were 
established a s  follows : - 

1. The redesign of the tank had included an "Ever 
Open" breather .  

2. This brea ther  would point downwards during test .  

3 .  The angular position of the vent valve when 
assembled to the t e s t  r ig  could not be changed a s  
this would affect the position of the Relief Valve, 
causing difficulties fo r  "intest" adjustment. 



SECTION 4.2 Page 18 

It was decided that to overcome the difficulties a cap should 
be held over the vent valve by a s t rap .  This could easily 
be passed over the tank. The t e s t  r a t e  was thus returned 
to  the pre-modification level. During this investigation i t  
was found that a torque requirement  on the screwing in  of 
the cent ra l  stud retaining the tank was creat ing difficulties 
in assembling the stud to the cover.  It was agreed that 
there  was no r e a l  requirement  for the torque tightening 
which was then deleted. Loctiting of the stud thread was 
incorporated to ensure  the stud did not disassemble due to  
vibration. 

Summary OLD 

Test  Rate 2 pe r  hour : C o s t :  = 21.12 

N E W  

Tes t  Rate 3 i  per  hour : C o s t :  = 20 .64  

Thus saving pe r  unit : = 20.48 

Gross  Savings pe r  year  Implementation . Cost 

57, 155 El05 
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Business . - .  -- Hydraulics 

Unit Studied ..-- -- - Tandem Gear  Pump 

Producti~g-_Rate Variable current ly 2 0, 000/annum 

Wprks Cost Material  .............. 
(Before Studv) 

J I Labour 

Overheads .............. f 6.00 

TOTAL 

Date .. of Study . . . -  September 1970 

Background - - - -  - This unit has been in production for  about 4L y e a r s .  
During this t ime i t  has been uprated due to new customer 
requirements  . Fur the r ,  a continuous Value Engineering 
surveillance has been maintained in addition to specific 
team studies.  Numerous proposals have been accepted 
and some have already been incorporated. 

Details -- of Study - - During the follow up to a team study the Foundry Manager - 
was consulted on ma t t e r s  ra i sed  during the study. It was 
whilst in discussion with him that he made the suggestion 
to  change the body mater ia l  f rom LM. 11 to LM. 2 2 .  At 
the t ime of using LM. 1 1 a considerable s c r a p  r a t e  was 
being incurred  during machining of the body due to 
porosity in the casting. The change f rom LM. 11 to LM. 2 2  
was expected not only to reduce the pr ice of the casting but 
a lso to reduce the s c r a p  r a t e  on machining. 

OLD - Summary - - -  -- . 

Casting Cost - - 2841.3 pe r  1 ,000 

Scrap  Cost @ 2570 - - $241.1 per  1, 000 

NEW 

Casting Cost - - f 758.8 per  1, 000 

Scrap  Cost @ 1070 - - f 96.4 pe r  1, 000 

TOTAL 

Saving 

- - f 855.2 pe r  1 ,000 

- - 2227.2 pe r  1,000 

Gross  Savings p e r  year  Implementation Cost 

f 4,554 Ni 1 
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CASE STUDY NO. 9 

Busines s Wound Components Division, Titchfield 

Unit Studied - - - - - - - - -. Battery Operated 5 Point Gas Ingition Unit (Case only) 

Production Rate 30, 000 pe r  yea]. - - - - - - - - 

Date of Study - - - - - - - . October 1969 

Works Cost 1 19d. ( 9 ~ )  
( ~ e f o r e  study) 

Background Original design conception, a printed circui t  board and 
component assembly to  be housed in  a "Metal Can" (deep 
drawing and meta l  and plate) which would be attached to a 
cooker by fixing s t r aps ,  "Metal Can" would need 
insulation (internal).  By investigating other mater ia l s  
and methods an extruded P. V.C. section was designed 
providing a case  into which the P.C .B. assembly was 
slid and trapped in position by two common end mouldings 
which a lso  facilitated fixing to cooker.  

Separate insulation was no longer requi red.  Fixing 
s t r aps  were no longer required. 

By varying the length of the extrusion i t  would be 
possible to  cover 6 and 8 units without additional tooling 
cos ts .  

Best  quotation for "Metal Can", made by impact 
extrusion technique, was 1 /8d. (8*p) each - end plate 
ld .  (ip). each. 

P r i c e  of extruded case  and end mouldings 1/3d. (6p) 
pe r  set .  In addition, by using bulk packaging and well 
designed assembly fixtures fur ther  costs  would be 
avoided of a t  least  5d. (zp) per  unit. 

Es t imatedTota lCostAvoidance  = 213 ,500p .a .  

Additional i) Separate insulation no longer required. 
Advantages 

* . - . . . i i )  Fixing s t r aps  no longer required. 

iii) Reduced Weight 

iv)  Improved appearance. 

See Old and New Sketches on following page. 
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BATTERY O P E R A T E D  5 POINT GAS IGNITION UNIT 

OLD DESIGN 

NEW DESIGN 
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CASE STUDY NO. 10 

Business 

Unit Studied 

Production Rate 
-" ----- - --. - 

Works Cost 
( ~ e f o r e  study) 

Date of Study 
- .  -- 

Background - -- 

Details of Study - . . . . . . . - - 

Interconnect ( ~ e s i s t o r s )  

Switch Assembly 

100,000 per  year  

June 1968 

The assembly was basically a 2 amp . ,  2 pole, ro ta ry  
action, on-off mains switch for  panel mounting on TV 
rece ive r s .  The unit had been in production for  12 months 
a t  the t ime of the study and performance in the field was 
sat isfactory.  

The Information Phase showed that there  were three 
readily identifiable cost a r e a s  within the assembly: the 
switch, the bush and bracket and the spindle and stop 
plate. The switch accounted for  40% of the cost  and the 
other two sub-assemblies 20% each. 

Although i t  represented the highest cost a r e a ,  the switch 
was not studied because i t s  design had been approved to 
European Standards. 

The bush and bracket  were turned and pressed  pa r t s  
respectively in  b r a s s  and s tee l  which were rivetted together,  
Analysis of the functions of these par t s  showed that they 
did not need to be separate  o r  necessar i ly  in b r a s s  o r  
s teel .  Attention was therefore given to  producing these 
par t s  a s  a single piece bearing in mind that an electr ical  
function "conduct cur rent"  was required in  addition to the 
mechanical ones.  This ruled out plastic mouldings, but 
discussion with a p res su re  die cas t e r  produced a 
component in  Mazak in which only the thickness of the 
bracket needed to be increased to meet  the mechanical 
requirements .  

The cos t  of the casting was 0 . 5 5 ~ .  compared with 2,08p . 
and the tooling cos t  f 370. 

Similarly the spindle and stop plate were produced a s  
separate  s tee l  pa r t s  and then rivetted. In this case  a 
single plastic moulding was found to be capable of 
providing a l l  the functions required and in  addition 
provided a desirable  insulating function as well. A 
Delvin moulding was obtained 0 . 7 4 ~ .  against 2 . 1 3 ~ .  with 
a tooling cost  of f 400. 



Summary 
. . ... --.- 

Additional 
Benefits 
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OLD 

1. Bush & Bracke t  Assy.  2. Spindle & Stop P la te  Assy.  

Turned and p re s sed  pa r t s  
r ivetted together .  

Turned and p re s sed  pa r t s  
r ivetted together 

2 . 1 3 ~ .  

TOTALCOST 4 . 2 1 ~ .  

NEW 

Single diecasting in  
MAZAK 

Single plastic moulding in 
D e lvin 

0 . 7 4 ~ .  

TOTAL COST 1 . 2 9 ~ .  

Gross  Savings / y e a r  Implementation Cost 

1. The new insulated spindle conformed to  BS. 415 
(safety Requirements for  Mains Operated ~ ~ u i p m e n t )  
and thereby increased  the marke t  potential. 



Business - . --.- - 

Unit Studied 
,+-.-.-- "-- 

Production Rate ........ ----..- 

Works Cost .- --.- 

Date of Study -- 

Background 
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CASE STUDY NO. 11 

Gar ra rd  

Zero 100 c l ~ a l a n c e  Weight, 

120,000 ~ n i t s l a n n u m  

.............. Mat.eria1 

Labour .............. 
.............. Overhead 

TOTAL 

January 1972 

The study was initiated by a request f rom Marketing to 
improve the design of the counterbalance weight by the 
following : 

i) To eliminate sagging of the weight in position 
on i ts  P . U .  a rm.  

ii) To improve squareness of assembly. 

iii) To improve accuracy of setting. 

iv) To maintain o r  improve the performance. 

The main a r ea  for improvement was the type of 
mounting used. The physical weight and styling 
requirement must remain unchanged. The costs showed 
that the mounting represented 2 . 8 9 ~  of the 20.5 p of the 
total system. 

Many alternatives were considered and models produced 
and performance checked. An improved system was 
derived that satisfied all  functional requirements at 1 . 8 ~ .  

The lead weight, currently costing 7.8p, was circulated 
on enquiry and one quotation received was for 4 . 6 ~ .  

The brass  cover purchased a s  a pressing and brushed 
grained and lacquered within Garrard  was also circulated 
on enquiry. Quotations were received from a 
manufacturer of appliance control knobs for 3 . 9 ~ .  com- 
pared with the Gar ra rd  cost of 5 . 8 5 ~ .  

Similar reductions were obtained for the end t r im.  



Summary ---- OLD 

Rubber  
Mount i  

B r a s s  
C o v e r  

. 

,Lead  
Weigl 

\End 
T r i m  

NEW 

Mount ing  
Washers  
(2) Lead 

,/ Weight  

Mount ing  - 
S l e e v e  

End 
Trim 
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Lead  Weight 
Mounting 
Cover  
End T r i m  
Assembly  

Lead Weight 
Mounting 

Washers  
Mounting Sleeve 6 .00  
Cover  39.00 
End T r i m  19.00 
Assemb ly  16.88 

/ I 

Di arno nd B r a s s  
T u r n e d  C o v e r  
Chamfer  

ESTIMATED 
WORKS COST f72 .105 /1000  
SAVINGS 

Additional i )  The improved  des ign sa t i s f i ed  the r equ i r emen t s .  
Benefi ts  - . . . ii) The ove ra l l  appearance  was improved by the 

diamond turned f in ish  and chamfe r .  

iii) The cos t  reduct ions  shown were  addit ional  to  the 
t e r m s  of r e f e r e n c e .  
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CASE STUDY No. 12 

Business . . . .  

Unit Studied 
& -..-..---- 

Production Rate 
. - -- 

Works Cost 

Date of Study 
.... - . - -.. 

Background 

Details of Study 

Summary 

G a r r a r d  

Zero 100 Control Paddles 

120, 000 Units per  .snnum 
3 Paddles per  se t .  

f / 1000 se ts  
.............. Material  55 ,55  

Labour .............. 64.28 
Overhead .............. 163.78 

TOTAL 283.61 

December 1971 

The 2100 unit i s  a recent introduction to the G a r r a r d  range 
of Record P laye r s ,  occupying the top pr ice position in the 
range. The main appearance styling i s  b r a s s  and aluminium. 

The paddles were produced f rom extruded b r a s s  in o r d e r  to 
match the other b ras s  features  of the unit. 

The b r a s s  paddles were milled f rom lengths of b r a s s  
extrusion, dril led,  brushed grained and lacquered. 
Damage ra te  was high during the machining operations 
and costly brush graining was necessary  for salvage. 

It was quite evident that the ~ o s t / ~ o r t h  rat io  was 
excessive by the fact that other units used moulded A.B.S. 
paddles costing 2 54.9 1 / 1000. Work ca r r i ed  out during the 
original design had shown that B r a s s  colour,  anodised 
aluminium paddles failed to  colour match the b r a s s  
components on the unit. 

On consultation with suppliers a name plate manufacturer 
claimed that any shade of Gold Anodising could be done 
with their  plant and produced samples to match the b r a s s  
components costing f 165.931 1000 se ts .  This permitted 
the deletion of a l l  the brushing operations.  

BRUSH OLD GRAIN 6 Material Extrusion. Bras 

Finish Brush 

Drilled Hole 

s 

Grain 

E.W.C. 
1/1000 



Additional 
Benefi ts  
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NEW 

Mate r i a l  - Aluminium 

F in i sh  - Gold Anodise 

No Brushing 

GROSS SAVINGS /YEAR 

f 14, 000 

i )  Removal  of Product ion of bott leneck caused  by 
b r u s h  graining.  

ii) Reduced ex t rus ion  die wea r .  

iii) Improved s c r a t c h  r e s i s t an t  product .  

N. B.  F u r t h e r  consultat ion with the supp l ie r  r e su l t ed  i n  the 
supp l ie r  offering t o  produce the following des ign complete:  

E.W.C.  

f 11000 

M a t e r i a l  Aluminium 

F u l l y  e x t r u d e d  

No d r i l l i n g  

111.77 

ADDITIONAL PROPOSED SAVINGS f 54.17 

GROSS PROPOSED SAVINGS / Y  EAR 

AS' 

TOTAL SAVING BOTH PROPOSALS f 20,5001annurn 
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CASE STUDY NO. 13 

Business - .- Garrard  ........ 

Unit Studied - - Voltage Changeover Facility 

Production Rate 589, 000 ~ o o m s  Iannum - -- 

Est .  Works f / lo00 
Cost Material ............ 

- -- 95.58 
...... ........ . 

Labour ............ 22.64 

Overhead ............ 56.61 

TOTAL 174.83 

Date of Study 
. - - -- - - - - -. - March 1970 

Background 
- . -. -- - The voltage change facility provides means of wiring 

to dual range motors for use at either : 

ii) 2 0 0 / 2 5 0 ~ .  5 0 H  Z 

The changeover facility in the form of a changeover 
block permitting selection of voltage range by connecting 
links being positioned on pins connecting the coils of the 
motor in  either se r i es  or  parallel. 

The changeover block used was a high cost a rea ,  using 
three stage hand soldered assembly operation. 

, Detail of Study The study was carr ied  out at a V.E.  training seminar.  
. - 

It was noted that connection to the motor was by small  
2 way plugs that were attached to the motor bobbib on the 
final record player assembly lines. 

On consultation with vendors the manufacturer of the two 
way plus suggested using a three way system. This was 
taken up by the team and a simple plug in system 
completely dispensed with the changeover block. 
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OLD 

L i n k s  
I 

/ 
Plug  C o n n e c t i o n s  

Block 

NEW 

M a i n s  M a t e r i a l  
L a b o u r  
O v e r h e a d  

3 Way P l u g  
R e v e r s e  t o  
Change 
C i r c u i t  M a t e r i a l  

L a b o u r  
O v e r h e a d  

ch  SAVINGS/ 
UNIT 

3 Way P lug  
Reve r se  t o  
Change C i r c u i t  
Shown f o r  High Range 

G r o s s  S a v i n g s l y e a r  

f 64.400  

I m p l e m e n t a t i o n  C o s t  

f 7, 850  



S E C T I O N  F I V E  

SOURCES OF INFORMATION 

One of the f i r s t  hurdles to  overcome in  trying to  improve the value of 
a design i s  to  find a good source of information applicable to  the particular 
subject in  question. 

Usually when an engineer se ts  out to  achieve a function, mechanical 
(including pneumatic, hydraulic e tc )  he has a fa i r  idea of ways in which to 
achieve i t .  On the other hand he may only know of one way based on past  
experience, 

Information being sought in  Value Engineering is therefore generally 
of two kinds, namely - 

1) Specific information in  a broadly defined field. 

2 )  Information in  an ill defined field on finding general  solutions to a 
functional problem. 

9 ~ e c i f i c  Information in a Broadlv Defined Field 

1. Contact Specialists 

a )  Within P lessey  . 
Fi r s t ly  there  a r e  specialists in numerous fields within 

the P lessey  Company. Not only can they be found in our variaus 
Research Establishments such a s  those at  Caswell, Roke Manor, 
Taplow Court e tc  . but a lso i n  the development laborator ies  
attached to most  of our businesses .  

On a new project it i s  always worth discussing with another 
specialist  on ways of achieving a solution to a functional problem, 
even if the engineer seeking the solution considers himself to be 
a specialist .  I t  i s  surpris ing how often engineers do not know of 
the existence of par t icular  specialists within the Company o r  if 
they do, how to find them. 

There  a r e  seve ra l  ways of finding out - 

In one's own business o r  in  another Business on the s i te .  
Do dot be afraid to ask  the technical manager o r  chief 
engineer of the Business on site who e lse  i s  working on a 
s imi lar  project in  his a r e a .  There  a r e  numerous cases  to 
i l lustrate  this but one could be cited of a problem to which 
the solution was eventually to use electron beam welding. 
The Engineer concerned, and those associated with him,  
did not know that there  was an electron beam welder being 
used on the same si te ,  but in another Business,  and that 
there  was a lot of specialist  information available,  built 
up over four years .  
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i i )  In other Businesses within the Company. 
Make use of e i ther  the old P lessey  Product Di.rectory 
(now out of pr int  but available in many Business Stationery 
Stores)  o r  the new one titled "Plessey  - What we make 
and where we are" .  (Publication 20221611) to  find an a r e a  
in which work i s  being c a r r i e d  out in the problems of 
in te res t .  A phone ca l l  to  the Secre tary  of the Technical 
Manager of the business or  administrative manager of the 
Research  Laboratory will lead to the specialist  who may 
be able to help, either direct ly  o r  by passing the ca l l  on 
to someone m o r e  direct ly  concerned. 

b) Outside the Company 

There  i s  a fund of information, most  of i t  f reely available 
f r o m  specialists in Trade Associations and Suppliers and f r o m  
Journals ,  Journals  which give condensed extracts  f rom 
Journals  etc.  

In t rade  associations one could cite the various meta l  
development associations (z inc  D .A., Aluminium D .A. e tc )  
P.E.R.A. and numerous others .  

F o r  specialists among suppliers one can scan the few 
references  given in this manual, consult the Business Purchasing 
staff o r  the Value Engineer in the Business . Similarly for  advice 
on Journals  one could go to the Librar ian,  or  the Value Engineer.  
In this field one should not forget the journals of the professional 
institutions. 

2 .  Search  publications 

As mentioned above, s ea rch  journals. If i t  i s  a new subject 
seek advice f rom a cent ra l  'specialist '  source of information. 

Information on an I11 Defined Field 

If seeking alternative ways of attacking a broad functional problem a 
s imi lar  approach i s  adopted as  for  specific information but i t  may  be ha rde r  
to  define the specialist  whom one i s  seeking o r  the journal in which to search .  

Nevertheless,  a discussion with a specialist  in  a s imi lar  field i s  
nearly always helpful in  leading to  other new ones in  the same field who can 
suggest fundamentally different approaches to the problem using a different 
a r e a  of technology. 

1J 

Also i t  i s  always most  creat ive,  if a major  project i s  concerned, to  
hold a discussion with a number of specialists f rom different fields. 
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In this a r e a  again the value engineer can  often be useful in  leading the 
way to people likely to  be helpful. Because you can  see  only one possible 
way to approach the problem i s  a l l  the more  reason  for finding an alternative.  

Find out how competitors tackle the problem. The Japanese a r e  
generally expert  at  this.  They do - not copy, as  they used to, but select the 
best  ideas,  combine, modify and add their  ideas to produce a bet ter  solution 
in  many products. We could learn  much f r o m  this technique in  many a r e a s ,  
even in some of those in  which we consider ourselves to be leaders .  

The main thing i s ,  do not be afraid to ask.  No one can be a specialist  
in  a l l  fields and even another specialist  in  the same field will have new 
approaches and new ideas.  

Apart  f rom the above suggestions, this section of the Reference 
Manual i s  largely a do-it-yourself section. A few pages follow in  which you 
yourself can enter  useful names ,  addresses  and telephone numbers of 
specialists likely to be helpful to you. 
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