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My research project is based in industry and I have spent half my time with
Serck Limited., whc have enployed me as a managament trainee. The

remainder cf my work has been carried out at Aston University Management
Centres. This unusual arrangement has been organised by the Interdisciplinary
Higher Degree Department at Aston.

TeHelts

——

I.HeDe is a research scheme aimed at training graduates for careers in
industry and public service, It involves working on a practical problem
within a sponsoring organisation and at Aston University, and takes graduates
with science or social science backgrounds. There is a similar 'Total
Technology'! scheme for engineers and physical scientists.s The research leads
to a Ph.D or M.Phil and the student spends twc cr three years as a member of
the organisation in which the project is based, between 30% and 7Ux of this

time being spent with the organisation and the rest at the University.

There are many different types of organisations involved in ths scheme and
so a wide choice of projects is available. The student has.considerable
influence on the direction the project takes and can select relevant course-—
work from any University clazsses. The projéct is jointly supervised by the

University and the crganisaiion.

SERCK LIMITED

My sponsor - Serck, is a broadly based British engineering group providing
specialised and related products and services.
It is a major supplier of capital aoods and services to such industries as

natural gas gathering and distribution, petrolewn, chemicals, petrochemicals,
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electricity generation and distribution; process &ngineering, snap

building, transportation and water supply

(N

The group is organised into seven operating units in this country.

erck Industries Ltde, the British holding

4
1771

These are divisions o
Companye ‘fhere are several overseas subsidiaries and associated
companies, wholly or partly owned by Serck, and in addition sales

offices and agents who cover most of the worlds

The company's turnover in 1976 was £68 million, giving a ﬁrofié of

' £7.06 million before tax (£3.6 million after tax)e. Total assets
employed were £33.3 million. £31.4 million of the sales were abroad,
m2inly in Europe. The group employed 5100 people, 4314 of whom were

in the U.Ko Diagram one shows the British subsidiaries in more detail.

HISTORY.

The founder of‘the company was Peter Oscar Serck, a Russién born
Norwegian, who bought a partnership in the Zimmerman Engineering Co. in
Mannheim in 1904. This company first developed and patented the honey-
comb fadiator. He set up in London in 1905 and moved to Birmingham in
1911, In 1213 the partnership was dissolved and Peter Serck became the

owner of the British business.

Duging the first World War the company was taken over by the Government
and became the first national radiator company. At this time a tube
mill was added to the factory. After the war the factory was offered
back to Peter Serck who formed Serck Radiators Ltd. as a public company
in which he held more than half the shares, and was the managing director.

By 1922 about 180 people were employed at Sercks
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Between the wars the company continued to concentrate on motor vehicle
radiators, but also extended its activities to include equipment for
marine diesel engines, rail traction and aircrait. By 123& the company

employed around 900 people and had branches in several parts of the

countrye.

puring the Second World War the company was again comandeered by the
Government and concentrated on aircraft and marine engine coolerse The
fondon branch made fuel tarks, and vehicle radiators were provided for
service vehicles, fire pumps, engines and other essential Transporte

This wer time work established Serck!s reputation for quality and reliab—

1litye

In the post war years the company continued to expande In 1955 hudley
Engineering Co., a valve manufacturer, was taken over by Serck and became
Serck Audco vaives. In 1957, Serck Services and Serck Tubes were formed
from Serck Radiators and Serck Ltd. became the parent company cf the four
divisions. Tn the 1960's Serck Viscc was acquired and Serck Glocon; a
specialist valve manufacturer, formed by buying a licence from an
American organisation to make the valves used in Blue Streak, combined
with some in-house expertise. This division was later merged with
Serck Audco. In 1961 a joint venture =— Jamesbury Serck Ltd. was under-
token between Serck Ltd. and the Jamesbury Ceorporation of Massachusetts
to make ball valves. Serck bought out Jamesbury in 1967 and renamed
the company Serck Jamesbury Ltd. In 1970 this was merged with Serck

Audco.

Herman Oscar Serck, Peter's brother, had set up a business in Manchester

in 1929 to manufacture and service radiatorse This was bought by the

company on his retirement in 1964 and became the H.O. Serck divisione.



Tn 1968 the last car radiator was made by Serck Radiators and the
division was renamed Serck Heat Transfer and HeOe Serck became part

of this division. Between 1967 and 1972 there was a Central Research
and Development Division, from which there emerged Serck Water Process—

ing, Serck Instruments - later to become Serck Glocon, and a Power
hydraulics business which was jater sold off. This division came ouc
of Serck Controls, which had itself come from Serck Heat Transfer's
research laboratorye. By the early 1570's the company had reachead

its present structure, having expanded its fields of activity
considerably within less than twenty years. Since then Serck has
adopted a policy of growth of the present business rather than

diversification.

SERCK HEAT TRANSFER

"I work in the Advanced Development Department of Serck Heat Transfe;.
This division is organised into product based manufacturing groups
which are semi;autonompus, and a central services Qroups " This
structure was set up in 1972 and is shown in detail in diagram 2.

The division is based in Birmingham except for H.O. Serck, which is in
Manchester. Most of Serck Heat Transfer's work 1is concerned with
cooling equipment for engines and they have a strong position in several

parts of the British Market (see diagram 2)e

Th; Advanced Development Department was set up in 1972 as a central
service. AL present it consists of a Manager, three development
engineers and two students and uses the engineering laboratory for

much of its experimental worke. The department conducts medium and
short term development projects to enhance the present product range by

improving manufacturing methods and cutting costse.
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fI?HE PROJECT

When I joined Serck Heat Transfer in September 1975 they were just
acquiring a licence on a new method of scldering which was claimed

to have a number of advantages over present methods - in particular

that of sal&erix;g aluminium easily to itself and alnes mt&l&, which

peasible. H:,r pmieet title was “&he



The project outline given to me by Serck when 1 started was as followss:

THE COMMERCIAL USE OF A NEW METHOD OF SOLDERING

INTRODUCTION

Serck has entered into an agreement with an overseas organisation for the
use of a new method of soldering that brings substantial agvantages in the

manufacture of some forms of heat exchangerse

For certain of Jerck's existing heat exchanger designs it has the prospect
of reducing production costs, improving preduct quality and improving

working conditionse

It should alsc provide the opportunity to use lower cost materieis in some
heat exchangers. This may require some design changes and, in particuler,

would require the assessment of suitability and acceptapbility in the market.

THE PROJECT

To participate in the evolution and carrying through of a strategy for
Serck to obtain maximum benefits from the use of the new method. Some of

the stages are likely to be:~

- understanding the method and ensuring proper recording

of the information transferred from the licensor.

- reviewing the potential for the method over the range of

Serck products.



P e

- co-operating in the introduction of the method for
the manufacture of existing Serck products, analysing the
cost advantages gained, the improvement in woriing

conditions, and the increased market potential due to

improved product qualitve

- assessing the appropriate ways of extending these benefits

to other Serck productse

- assessing the potential for use of cheaper materials.

- encouraging the full use of the capability of the method

in the design of new heat exchangers.

- considering the possibility of gaining income by sub-

licensing of the process to other companiese.

THE ‘'UNIBOND' PROCESS

T spent the first two weeks at Serck reading the files about the new
process,called the 'Unibond' process. I discovered that Serck had
first heard of it in March 1972. They had tested the process as
set out in the patent, found that it worked and started licence

negotiations. The final agreement was signed in October 1975 and

the process details delivered shortly afterwards.

The 'Unibond‘ process is based on soldering in a hot oil bath and
had been usad by the licensors to make vehicle radiators and heater

cores. The process is similar to conventicnal methods of making



radiators, but offers the advantiége or Deing able to solder aluminium

(]
(1]

to itse and other metals. Tt was this ability to bond many types

of metal together which led to the trade name "Unibond' being used.

A typical fin and tube vehicle radiator is shown in diagram three.

Tt is made from a core of flat sided, solder coated brass tubes laced
into copper fins, the ends of which are enclosed in two tanks. The
hot water flows through the tubes and is cooled by air flowing across
the fins. The tubes are soldered to the fins in a hot air oven, and.

then the tubeplates and tanks soldered on by hand.

The 'Unibond' process is claimed to produce a better quality preduct
than conventional soldering techniques because the soldering temperature
remains gnnstnnt and is easily contrcllable, also the unit being soldered
reaches é uniform temperature very quicklye Using aluminium instead of
copper for the fins of a radiator could produce a substential cost saving
without reducing the performance of the unit, depending on the relative
prices of the metals, Because the tubes remain brass there are no

corrosion problems with the water circuit.

Other current aluminium joining techniques used to make heat exchangers
involve the use of expensive plant, highly corrosive fluxes and expensively
treated, or "clad" aluminium and do not allow aluminium to be easily
bonded to other metalse By comparison the 'Unibond' process uses

normal soft solders and the aluminium does not have to be "clad",

although a surface treatment is necessary in some cases., The flux is
non-corrosive and the joining temperature is lower than in most other

processes, so the aluminium is less annealed.






The process appears to have few disagvantajges = there is a possible
safety problem with the hot oil and fumes, Also some of the
recommended solders are more expensive than conventional ones, and
the aluminium has to be surface treated if cheaper sclders are used.

The major problem is likely to be that of electrochemical cerrosion
of the aluminium csused by the proximity of the other metals. This is a
common difficulty with any aluminium heat exchangers.

THE DEVELOFMENT PROGRAMME

A development programme had been drawn up before I joined the companye
1t had two main objectives. The first was to learn the potential and
limitations of the oil bath technique, to assist in the desiagn of manu-
facturing equipment for several of Serck Heat Transfer's divisions and’
to investicate other applications of the process. The second objective

was to investigate the possibility of substituting aluminium for coppere

The development projects are set out in more detail in diagram four.

T was asked to plan and supervise one of the projects - the cnviron-
mental tests, and to help plan the other projects. I worked out a flow
chart for tie projects and calculated the critical path and time for
each. I compared the flow charts to see if there were any times at
which resources would be over=-stretched and drew up a chart to help
monitor the progress of the projects. The critical path analyses

the
are set out inkappendix

MY PROJECT - STRUCTURING

By the end cf my first two months with Serck I had decided that the
initial brief needed some modification to make it into a project. I
wrote out a set of objectives which were to constitute the first stage

of my worke My first aims were to find out as much about making



PP(‘ JECT 1.

PROJECT 2.

The
ne

1.1

1.2

1.3

1.4

"Unibond* Process

(a) Learn by laboratory experiments the
potential and limitations of the process.

(b) Assist in the design of manufacturing
equivment for the applicaticn of the
process to radiator manufacture.

(c) Investigate the application of the

process to the manufacture of other
heat exchangerse

Standards programme- specify standards for
soldered fin and tube and tube to tubeplate
jointse.

(a) Provide basic data for designs.

- (b) Compare results with present productse

(c) Determine the best solder alloys, base
metal combinations and coating thickness.

(a) Specify tolerancese

Help design and install a production facility
at H.OQ. Serck division.

Develop a system to use the process in the manuf-
acture of quided flow oil coolers in Small Engine
Cooler Division. Help design and install a ‘
production facility.

Develop a system to use the process in the manuf-
acture of secticnal air coolers and ribbon wound
tube in Air Cooling Division. Help design and
install a production facility.

Substitute aluminium for copper in heat exchangers.

201

Environmental test programme - manufacture field
trial and laboratory test samples. Conduct a
series of corrosion tests in the field and in
the laboratory.



runninde T was then going to move on to lock at other possible
uses of the new process. These objectives are shown in diagram
! J s

five.

My supervisors and I discussed the objectives and decided that
in the long term I should lock at the marketing opportunities
presented by the new process and also monitor and evaluate the

introduction of the new process.

T spent three months working on the application of the fUnibwond’
process to radiator manufacture and planning the environmentsl test
programme. I then decided to do some market research into customer
réaétions to the proposed change in product and possible associated
changes ip price and quality. The aim of this exercise was to draw

.up a marketing strateaqy to maximise returns from the new process.

During Maé and June 1976 a discovery which came from the development
programme had a significant impact on the future of the 'Unibond’
project and Sn my projects I started an investigation into
soldering and soldering fluxes which continued until early 1977 and

became a major part of my projecte

By the middle of 1976 I had nearly completed the planning of my
project - I wrote a first annual review paper which was discussed by
my supervisors and from this I worked out a list of thesis chapter

headings.

The final shape of the project is shown in diagram six. My aim in

structuring it this way was to take part in as many stages of the

development programme as possible without beccming involved in the
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TMMEDIATE OBIJECTIVES

1.1

1.2

1.3

Derive simple models of the production process at the
Manchester factory using materials, labour and variable
overheads as inputs,. These will be based on brass

tube, copper fin radiators so as to directly compare

the present and proposed soldering systems. This will
take account of changes in production methods, labour
factors and market factors in order to produce a
comparison of production costs and an estimate of profits.

Compare the returns and capital expenditure of the new
method to give a guide to the return on investment.

Assess the model of the new production method in the
light of actual results as they are available.

Supervise a procgramme of environmental tests. This will
provide management experience and help in assessing
product qualitye.

It is hoped that the majority of this work will be completed in
6~9-months although section 1-3 and parts of secticn 1-4 will not .
be concluded for 2 years or mores

LONG TERM OBJECTIVES

201

202

203

2.4

Explore the possibilities of changing the materials used
in radiator production at Manchester.

Investigate the potential uses of the new method in the
manufacture of other Serck products, with particular
regard to sectional air cooclers and guided flow o3l
coolers.

Tdentify new markets which Serck could profitably enter
using the new processe.

Inquire into the prospects of sub-licensing the new
process to other companies.
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detailed engineering. At the same time I wanted to obtain an over-view

of the process of research and development in Serck Heat Transfer and

see how this affected the progress of the 'i-ln-i:bond'- Programnes

.y
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DIAGRAM 6
B ITIVA LT

An analysis of the costs and benefilt‘.s of using the
'Unibond® process to make radiatorse.

» search and experiments on soldering and .




SECTION I: INTRODUCTION
My first objectives were:

(a) to derive a simple model of the productiocn process for

radiators at the Manchester factorye.

(b) to derive a similar model for the new process

(c) to compare the two models and estimate the savings cobtained

by using the new processe

Tc accomplish these objectives it was necessary for me to understand the
productionﬁprncess so I spent three days on the factory floor in Manchester
being shown round by the foremen. During this time I learned how a
radiator was made, and also the details of the costing system used at

Manchester.

Production at Manchester is on a jobbing basis, dealing mainly with smail
orders and producing many variations on basic units to suit customers'
requirements. Present sales are maluly to a specialised section of the
radiator market - off highway vehicles, cranes,compressors and agricult-
ural equipmente The radiators are all of the fin and lock-~seam tube
type, at present using copper fins and brass tubes. The copper used in
the radiator is one of the major parts of the cost of the unit, and as
the market price.of copper tends to vary considerably, an allowance for
this h=s been built into the price quoted. he division is planning

to greatly increase sales over the next few years and to increase

the average size of the units it makes to cater for the more powerful

end of the engine markete



SECTICN 23 THE PRESENT PRCCESS

A flow chart of the present manufacturing process is shown in
diagram 1. This is explained in detail below.
Tube Manufacture: 1.,3" wide brass strip is automatically sclder

coated on both sides with 70:30 lead:tin solder,
formed into a lock seam tube and cut to lengthe
(see diagram 2). Seam strength and tube length

are checked by the operator.

Fin Manufacture: Fins are automatically stamped out and cut to

length. They are sorted and stacked by the

operator as they come off the machine.

Assembly: The fins are placed in a jig and the tubes laced
in, their ends having been dipped in a lubricant.
A full length lacing tool is used and no expander
is needed. The. lacing tool resembles & sword,
the blade of which is run inside the tube. An
expander is a tip placed on the lacing tcol which

is sometimes used to widen the holes in the fins.

Checking and )
S~uaring: The block is checdked and squared up on

a metal base plate.

Flux Dip: Two or three units are dipped in Bakers No.1
Flux at the same time, and the excess allowed
to run off. The flux is acidic and removes
metal oxides from the solder and surfaces to be
soldered. Tt also helps the solder to flow when

molten.



Diagram 1

The Present Manufacturing Systen

Tube
manufacture

Make
frame

'in
manufzcture

Assembly

Y

Check and
sguare

Y

Mux dip

B

Bake

cap

dip

Haﬁh

Make tube
pletes

Meke

headers

Put on headers
and frame

leak t
and re

]

(0]
20
r{.

o
H

Paint




Y
¥
o

i
m

1 \1 -|f"-:| II._‘-‘\ L'lf_-




Tubeplate
Man ufacture:

End Capping:

End Dippings

Washing:

between 4 and 12 minutes, depending heir size,
in lots of two or three. They are then placed in
a press and allowed to cocl until the next units

are bakeds

A standard size plate is cut out of brass strip and
holes punched out. The plate is then pressed into

shape. It is large enough for an 8 row unit,

The two tubeplates are put on and eight small metal
strengtheners are put in the corner tube ends on
each side. These are cut from brass strip.

The tube ende are then checked and opened out if
necessary. The tubeplate positions are checked

and then they are hammered into place.

The ends of the unit are flux dipped in a shallow
bath, then the units are stood to drain and warm
upe The ends are solder dipped in 70:30 lead:tin
solder and air is blown through to clear the tubes.
The outsides of the tubeplate are wiped clean and

the joints inspected visuallye

The units are washed in dilute acid, folliowed by an
air and water jet, and finally dipped in hot water.

They are then stood to dry.



Header Manufac

Frame Manufacture:

Fitting Headers and
Frames:

Leak Testing and
Repairing:

Painting:

plate and soldered.

The headers are stamped out of &

sheet of brass in several operations,; and

The sides are cutter

annealed.
and holes drilled ocut for The
pipes are cut to size and assembled by brazing.

The components are then cleaned and degreased.

The frame is manufactured from steel components,

cut to size and welded together as required.

The header tanks are sprung into place on the tube
Header pipes are soldered in

and the frame soldered cn all using a fluxless solder.

The completed unit is air pressure tested under
water and all leaks repaireds A final check is

carried out and any damage repaired.

The units are spray painted in Radiator Black, and

then packed for despatchinge.

A breakdown of the manufacturing times and costs of an average sized

radiator is shown in Table 1.

by 610 mm.

This unit has a biock measuring 560 mm

The figures used are all standard accounting data except

for solder usage which is an estimate (which I have checked and found

to be accurate).

The costing system in use is rather crude, based

partly on historical data and partly on work study measurements, with

a blanket allowance for relaxation and repair time added on.

Overheads are allocated on a direct labour hour basis (250% of labour



TABLE 13

s

The cost analysis is for a series 500
poundse.
£450 per ton and brass at £349 per ton.

to be adde

£.11.

block, and all cost figures

2 LN

Copper parts have been priced with copper at a market price of

The variation factor; or amount

d to each radiator for a movement of £10 in the copper price is

labour rate used is £1.35 per hour.

end dipping is all entered against end dipping, and is an estimate.

Time costs include a 20% relaxation and repair allowance

, and the

Block solder used on tubes and in

Miscellanecus materials used in the final assembly such as filler cap and

labels are entered against "Test Radiator".

CORE
Tubes 190 at 2 secs. each
Fins 197 at 2 secs. each
Stack 197 at 5 secs. each
Lace 19C at 5 secs. each
Comb 1 core at 2,50 mins
Bake i core at 6.00 mins
Plates 2 manuf. at 3.00 mins each
Plates 2 cleaned and fitted at
3.50 mins each
Dip 1 core dipped both ends
at 4.00 mins -
Wash 1 core at 3,00 mins
TOTALs
Tanks TOTALs
Frame TOTAL:
Acssembly
Assemble tanks to core and
solder 2 at 10.00 mins each
Solder fittings at 5.00 mins
Solder frame &t 6.00 mins
Test radiator
Fit overflow
Paint radiator
TOTALS

TOTAT. FOR RADIATCR:

TIME TAKEN MATERIALS LABOUR
(mins) &%) (£)

6433 2.261 1702
6.57 2.1473 <1774
16.42 4433
15.83 04274
2450 0675
6.00 « 1620
6.00 <6808 <1620
7.00 «1820
4,00 1.5000 «10B0
3.00 0144 0810
73465 6.6035 1,9685
14.25 2.7374 +3848
16,00 «5540 «4320
.20 ) 5400
5 ; 1.350 +1350
6 ) «1620
6 «7468 1620

2 02684 0540

6 « 2500 01620
45 2.3752 162150
148.9 1227 4,0203
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cost)s Stock costs are ignored and inter-process stocks allow a

considerable amount of slacke




SECTION 33 THE 'UNIBOND®' OIL BATH PRCCESS

The oil bath process is an improved method of soldering which offers
4-1 = - de =y ~ 2 e =Tl Y 1 =T vamd g ey 4 i = S e ey - 3
the advancages oI oDeling asie to solder aluminium to brass, Lrncreasing
production without increasing the labour employed in soldering, and

giving a greater throughput. It also gives a better uality bond
between the fins and tubes, thus improving the heat transfer. The
price of aluminium is relatively stable, and although its heat transfer
characteristics are not as good as those of copper, using a double-
thickness of aluminium, and with the imp;ovement in bond guality,
aluminium finned units will perform the same duty as the equivalent
copper finned units. A further advantage in the use of aluminium

is that it is much léss dense than copper and so a smaller weight of
material is used to produce a radiators.

'The main difference between the present system and the oil bath is

that the oil bath system contains a semi~automated solderina plant.
This comprises a hot oil bath, a cooling station, a hot trichlorethylene

bath, a cold trichlorethylene bath and a vapour degreasing station.

Units have to be end capped and placed in a jig before soldering, and
the fins and tubes may need one of several pretreatments - either applied
during manufacture, or to the completed block by dippings The pre-

treatment reouired depends on the type of solder used and the fin material.

Units remain in the oil bath for about 3 minutes, and the complete
soldering cycle takes 32 minutes. The plant will be fed by a conveyor
belt and can take a unit every 3 minutes. The oil bath composition

requires checking every day. (See diagram 3)
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Three variants appear likely to be used for fin and tube units, and

the details of these and the reguired pretreatments are discussed
below,.
Variant Solder Used Fin Pretreatment LFrijﬁﬁ?mfﬁi§é§£i

Tube Fin
A 30~60% Tin/Lead D33 for Aluminium D?lo -
] 7 =

B10 60% Tin/Lead D34 . DPlCa DP:Oa
B 8 Tin/Zinc None M Mo

30 P%. Tin/ad 25 25

D_7Zs The fin coil is pretreated before it enters the stamping
machine. This may affect the rate of fin production as there
is a limit of 5 meters a minute on this stage. The golution
requires a density check twice a day. Treated fin stocks can
only be kept for 10 days before use. |

DP, .t This is a tube lubricant/flux and .could be applied to the tube

10
by spraying.after it has been formed, before it is cut to length.
Alternatively the assembled block can be dipped in 0910 solution

~as there is a danger that the coating could be rubbed off the tube
during lacinge.

DP t This is a fin and tube lubricent/flux and could be applied to

10a
fins and tubes before assembly or to a completed block by dipping.

o5t This serves a similar purpose to DplOa' but is much more viscous.

Tt eould also be applied before or after block assemblye

Further to these pretreatments, if aluminium fin units are made, some

form of corrosion preventing coating may need to be applied to the



soldered unit.

There are several further cost saving developments possible with this

process. These arei=-

‘”t soldering ‘of the hlock and the tubeplates -
lacﬁ.ng solder on the
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SECTION 4: COST COMPARISONS

Tn order to compare costs I chose to study three sizes of unit; a small
one, a medium one and a large one (Series 200, 500 and 700). These
sizes of unit account for about 50% of present sales (15%, 30% and 5%
resp.) with the medium sized unit representing an average of the
present output mix. For each of ‘these sizes of unit chosen the costs

of each variant were compared and also an overall comparison of returns

and capital expenditure was made.

The me{al prices used were extrapolated from a comparisocn of thé Londen
Metal Exchance annual average prices with the Index of Basic Materials
and Fuels Purchased by Manufacturing Industry , issued Dby the Department
of Industry. (See appendix). The other assumptions made in comparing

costs are:”

(a) The quality of the bond between fin and tubes is as good
with the new process as the old, and unaffected by the
type of solder used.

F 3

(b) Solder use, chemical use and power use have been estimated.

(c) Overheads have been ignored &s has the possibility of a
reduction in repair time due to improved bond quality,

and any changes in stock costs.

The savings achievable by using the oil bath process are in:

(a) Substituting aluminium fins for copper fins

(b) Using a semi-automated plant and thus saving labour.



The costs are:

(a) Either extra solder costs because more expensive
solders are used or if standard production solders are

used it is necessary to pretreat the fins.
(b) - The cost of chemical fluxes.

(c) The extra cost of power.

The sawinge are dependant on the relative prices of metals and on the
level of output. Flux and power costs are relatively minor factors
except for Variant 330 where the flux cost is relatively high. The
detailed calculations (see appendix) show that using the oil bath process
to make copper finned units would save 3% or less of the total material
and labour cost of a conventional product, The use of aluminium in the
radiator give. rather better results - savings of between 2 and 15% for
Variant A, % to 12% for Variant B,, and =1% to 11% for Variant B,,,

depending on the price of copper. (See graphs 1 to 4) .

These results were based on the following metal prices (in £ per tonne):

Aluminium  £600

Tin £4,000
Zinc £425
Lead £310

Subsequently the price of tin has risen sharply to £6,000 and the price of
zinc fallen to £320. These changes will decrease the savings of variants
B1n and R3U  about 2%. An increase in the price of Aluminium by £1C0
would decrease the savings of all variants by between 4 and 1%. Being
able to solder the block and tubeplates simultaneously would add 2% to the

savings of Series 200 units, 1% to series 500 units and 4% to Series 700

unitse.
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SECTION 53  DISCOUNTED CASH FLOW ANALYSIS

In this section the rate of return on investment in the oil bath process
is investigated. It is assumed that a series 500 unit can be used as a
representative unit = which is at present reasonable.

-

The capital cost of installing the oil bath process in Manchester is

P 'I‘s“"‘ ‘ti_:. .

L

The resulting figures for output are shown in the appendixe

Also it is assumed that:

(a) 50% of the cost savings realised by using the oil bath

process to manufacture aluminium finned units is given
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to the customer as a reducticn in price, thus realising

approximately half of the true rate of return.

§

(b) Tax is not taken into account, and inflation is assumed

to affect costs and benefits equallye
(c) The project is assessed over 10 years.

s Sl O g L
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SECTION 6Gs BAKTING USING 'UNIBOND?!
puring April and May 1976 a discovery arising out of the development
programme had significant repercussions on the 'Unibond' project and

the cost comparisonse It was found that the 'Unibend' fluxes and
solders could be used to solder aluminium in an crdinary baking ovens
The semi-automated oil bath plant could be replaced by a semi-autcmated
paking oven and trichlorethylene washing tank, making the process

simpler and cutting the capital costse.

The development affects the costs in three arcas:

(a) There will be no power costs

(b) Only M, can be used as & flux, and less is used
° than for the oil bath process.

(c) The piant cost and hence the capital cost change.

The savings achieved using variant A increase by about .2%,for
variant B, by about ,1% and for variant B,y by about «7%. For

details of these see the appendixe.

The rates of return of this process have been assessed in a similar
way to those of the oil bath processs The only change is that the
plant cost is about £20,000 and so the total capital cost is £100,000,
The. rate of return given is again about 4 of the true rate because
50% of the savings are assumed to be given to the customer as a price

reduction.

(a) Comparison of variants and output growth rates - see

graph 7. Detailed figures are given in the appendix.
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1f a new plant is not installed and hence no labour

saving is made on soldering, assuming a 15% growth

pattern the increase in the rate of return is 4 to 5%

over those -givgr{ above, It would be advisable to

install new plant if output is expected to rise




The conclusions at this stage re that the economic success of ti
‘Unibond'! process depended mainly on five factors. These are:

(a) At least one of the variants must be demonstrated
to be satisfactorye
(b) Modifications of the process to increasge the return,

e.ge the baking method, tube to tubeplate bonding,

solder saving.

(c) The level of output achieved at Manchester and the

proportion of output with aluminium fins.

(a) The relative prices of copper and aluminium over the
oy next few years.
(e) which variants are best at resisting corrosion.

Variants A and Bﬁo are the cheapest but may not be as good at resisting

corrosion as variant B30.

The oil‘bath plant is expensive and therefore provides a relatively
low return on capital unless the price of copper becomes high for
some years. The baking method appears to be attractive, providing
a fair return for a low copper price whatever the variant chosen.
It is important that some research is carried out into the areas of
tube to tubeplate bonding, solder economy and corrosion preofinge.
Tn view of the effect of output on rate of return it would be useful

if some market research were carried out on customers!' reactions to

the proposed change in product and any associated changes in price and



SECTION 8: FURTHER DEVELCPMENTS

The baking process was developed as the main process because of its more
+ 4 ;3'-{—" voa Ffinancial oitrcome =2rncl tho 1639 -—_)'i orment orooramme O -r.-'.{— ~ated

attractive financial outcome, and the developlent programme: concentratea

cn cost cutting by using cheaper solders, which at the same time would
resist corrosion better than the original variantse This led tc the use

of higher zinz content zinc:tin solders.

In May 1977 the costings were updated and extended so that the progress
and potential of the whole project could be judgeds The total costs were
estimtéd to be £248,800 including royalties, all being incurred. in the
first three ycars. The benefits received were estimated to be between
£44,000 and £250,000 a year, A sumvarised cash flow of a likely estimate

of the benefiis is given below:

YEAR oUT (Cumul.) IN  (Cumul.) BALANCE -
1 (1975/6) 25,600 - . (25,600)
3 248,800 23,000 (225;800)
5 248,800 218,000 (30,800)
7 248,600 428,000 179,200

10 . 248,800 743,000 4944200

15 248,800 1,268,000 1,019,200

These benefits included some licence income, using the process to make

guided flow oil coolers and to make Manchester's oil cooler.

Later in 1977 the figures for radiators and oil coolers were updated and
the savings presented in graph form - see appendixe As can be seen

from these updated figures, with copper at 1lts present price of between

- £600 and £700 per tonne, heat exchangers with sluminium fins are not



= O

commercially attractive unless the cheaper high zinc sclders can be
useds If copper increases to £1400 or more then the savings are

considerable.

At the present _s‘-tage of development th&'_bmefits, provided by the
y frm ap:m-eff- Labour saving at. Eamhestex‘ through




SECTION 93 CONCLUSICNS
This proved to be an interesting and useful introcduction to the -

'Unibond' project. It gave me an insight into the production
techniques involved in radiator and oil ccoler manufacture and into
the new process. The exercise highlighted the need to look for

cheaper plant and solders than those used in the original process, and

. 3 .
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SECTION 4: INTRODUCTION

The *Unibond! procéss originally consisted of a hot oil soldering plant
and several combinations of flux and solder which could be used for
different types of product. Tts main advantage was that it could solder
aluminium easily to other metals, using non-corrosive fluxes. This was

not thought to be possible using normal soldering techniques.

Tt was discovered at an early stage in the development programme that it
was possible to use the recommended fluxes and solders to solder aluminium
ir an ordingry baking cven. This wac a major breakthrough, saving a

considerable capital cost, and led to the present Serck 'Unibond'process.

The solders and fluxes were now seen to be the key element in th» success
or failure of soldering. I therefore decided to do some research to see
if the original fluxes were the only useful ones, and also to learn as
much about soldering, and in particular about aluminium soldering, as I
coulde This exercise started in May 1976 and the first stage was

completed by November.

This- included a search of all the relevant bocks and articles I could find,
and an investigation of a wide range of potential fluxes. By the end of
this research one group of organic chemicals = the monocarboxylic acids,

seemed to be the most promising for use as a fluxe

Tt was decided that Serck would apply for a patent to cover this processe



A | A | |
The second stage of my research concentrated on finding the inforration
for this patent. I followed up the initial literature 'su.:vey by 1doking
at past patents on soldering and some older books on the subjecte ';l'he
experimental work was also extended to obtain more information about

the behaviour of -manacarbaxyl-ic acid flmceé and to ixr&;estigate +the range

of aﬁlder anays am mes of mml which the process cauld use. 'ms
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A OLDERING THE(

The Action of Fluxes

A flux is a chemical which removes oxide and other impurities
from the surface of the base metal and the solder sg that the

solder is free to flow over the metal and bond to ite

The f£lux must displace the layer of adsorbed gas on the metal

surfaces and then remove the oxide £ilm by chemical actione

n

The solder can now wet the metal. The flux will promote
wetting by influencing the balance of surface enéﬁgie; -
lowering the surface tension of the molten solder. Its action
is akin to that of a catalyst in promoting the reaction between
the solder and base metail.

There is a number of factors which determine whether a chemical

will act as a good fluxe.

€1y .. Chemical Activity

All the oxide layer and other tarnishes have to be removed
pefore solderinge. This is usually done chemically by the
flux. This involves the formation of an oxide compound
which is soluble in the flux, or the reduction of the

oxide to the original metal.

(ii) Thermal Stability

After a chemical reaction, the flux must provide a
protective coating over the clean metal to prevent
reoxidation. Thus the flux must not evaporate or
preak down too quickly at the soldering temperature.

.
TF the [lux is capable of thls 21t <can b2 held o Q



L ' volatile carrier.' If not, it is necessary to use an

inert carrier to provide the coating and to aid wetting.

(1ii) Activation and Deactivation temperatures

(a) Activation:  The flux will become sufficiently

active to remuve the oxide film at a

-certa;n-temperatune. This mnat be

()

The flux must be able to influence the surface enerqgy 3
equilibrium in the direction of solder spreading, andfalsp:
be easily displaced by the solder. In order to influence
spreading the flux must be able to reduce the surface
tension of the solder, e.g. by forming a flux/solder

compound.



The £ ust fulfill all 2 essential re r s, and it
is desirable that it should have t followi propertcies:
(a) It should be non-corrosive, or at least have low activity

at normal room temperatures.

(b) The residue should be non=corrcsive at operating temperatures

or be easy to remove after scldering.

(c) The fumes given off while soldering should be non~corrosive

or have low activity and should be non-toxice
(d) It should be safe to use, i.e. have a high flash point,
decompose slowly, not irritating, non-toxic, not react

o violently to other chemicals.

(e) It should act quickly

(f) It should be cheape

2. (b)  Fluxing Materials.

The two major flux groups are inorganic and organic chemicals.

Inorganic: There are three types of inorganic flux.

(i) TInorganic acids: these are highly active and corrosive
and include hydrochloric acid and
orthophosphoric acide They are normally

used as a part of other inorganic systems.

(ii) Inorganic salts: these are less corrosive at room temperat-—

ure but become active when molten. It is

often necessary to use them in weak acid
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(iii) Inorganic gases: These are active at high tempersz

hydrogen and hydrogen chloride are in this

groups
Organic: There are four main types of organic flux.
(i) - Organic acids: these are of medium activity and are

temperature sensitive. Acids used include
Lactic, Oleic, Stearic, Glutamic, Phthalic

« and Citrice

(i1) Organic Halogens: these are much more active and corrosive.
They are temperature sensitive and include
compounds such as Aniline Hydrochloridg,_
Glutamic Hydrochloride and Hydrazine

Hydrochloride.

(iii) Amines and Amides: these are less active than the halogen
derivatives, but are still corrosive and
temperature sensitive. Chemicals such as

Urea and Ethylene Diamine are in this group.

(iv) Rosin type: Water white gum rosin is a mixture of
aromatic acids which will act as a weak,
temperature sensitive flux, or as a carrier

for more active fluxes T+ 35 8 oood

- -~
- SeF a SO0

wetting and spreading agent,



to choose those wit

consider are:

(i) Temperature: Solder alloys have a wide range of
melting points.‘ The licuidus of a
metal mixture can be determined from
a phase diagram, and it is usudlly wise

to work at least 30 to 40°C above this.

(ii) Intermetallic

Compound
Formations Some solders combine with the base metal
to form crystalline structures in the
5 solder matrix, which is considered undes-

irable as it weakens the joint and

hampers solder flow.

(iii) Physical :
Properties: these include mechanical strength and

fatigue strength at the operating temperature
and also ductility. They must be matched

to the needs of the applicatione

, (iv) Wetting Power: the solder should flow easily. This is
Y
determined by the balance of surface
energies between the solder, the base

metal and the fluxe.
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(d)

applications where the bond is in contact
Wil ionic liquid such & ter. o
solder should have an electropotentiaj

similar to that of the base metal or else
the presence of the liguid, bridging che
base metal and the solder, will lead to an
electric cell being set up and rapid

corrosion of the more electropositive

metala

(vi) Cost solders vary considerably in cost, and it

may be necessary to consider trade off's

between cost and cother desirable featuress

Conclusions on Theory

It is important to consider the baée metal, flux and solder as a
systems All thé parts must be carefully chosen to match cne
another or the system will not weork correctly. Developing the
best system for a particular joh may take some time. Tt appears'
that although certain broad guidelines are set out to help this

choice, much of the work has to be on a trial and error basis.

As far as I am aware, there is no precice theoretical way of
predicting the behaviour of a particular system or comparing it
to ancther. It may be possible to do this experimentally by
measuring bond strengths and the wetting ability cr solders and

fluxes.



Coventional Methods
There are two types of flux normally used for aluminium - an organic
flux and an inorganic fluXa The inorganic flux is very active

and contains a mixture of salts of heavy metals such as ting zinec,
cadmium or lead. A typical mixture would contain zinc chloride,
ammonium bromide and sodium flucride. These fluxes penetrate the
oxide film so that the salts come into contact with the aluminiume
This may occur when heating causes +he oxide film to crack due to -

the different rates of expansion of the aluminium and the oxide.

At the soldering temperature the chlorides are reduced by the
aluminium to form gaseous aluminium chloride and metallic zinc or
tif deposits on the exposed aluminiume The gas breaks up the

remaining oxide film and the zinc or tin deposit wets the solder.

The organic flux is slightly less active, although still very
corrosive, and usually contains an organic fluoroborate, a heavy -

metal flucroborate, an organic solvent and a uplasticiser". Its

" action is similar to that of the inorganic flux, leading to

deposition of the heavy metale

These fluxes and the fumes they emitwhen heated are toxic. The
residue is highly corrosive and the fluxes temperature sensitive
and expensive. There are some new organic fluxes which are
claimad to leave a non-corrosive residue. These fluxes have not
found favour in heat exchanger manufacture, although they are used

in the electronics industry.
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Aluminium solders are normally one of four TYE

(a) Pure zinc or zinc and a
(b) Zinc and cadmium
(c) Zinc and tin

(d) Zinc, lead and tin.

(a) and (b) are high melting point solders, usually used at 400
to 500°C with the mixture containing SO to 95% zinc.  (c) and
(d) are lower mellluy soft solders used al or above 300°C. The
relative proportions of the constituents vary and there may be .
smali amounts of other metals such as silver or indium present
to add strength or other desirable features to the solderss

The main problem when choosing a solder for aluminium where the
finished product will come into contact with water, or other
ionic liquids, is corrosion. Aluminium is very electropositive
and sc lead tin solders are not normally used. The best metals
to use, in theory, are zinc, aluminium and magnesium as these all
have similar electropotentials. The small amounts of cther
metals are present often to lower the melting point of these

solders because the fluxes available cannct cope with high

temperaturese.

' Unibond'

The new method of soldering aluminium consists primarily of a
discovery that it is possible to use a range of fairly thermally
stable and relatively non=corrosive fluxes. These new fluxes are

easy to use, safe to handle and may not need washing off after use



because they leave a non=-corrosive residue. It is also

possible that they may be usable at higher temperatures than
conventional fluxes, thus being compatible with high zinc content
solders. ' These are more electropositive and hence less corrosive

than the more usual low temperature tin, zinc and tin, lead, zinc

soldars.

These fluxes consist of an organic acid which may be mixed with an
jnert carrier and a solvent. Initially only one acid was known to
work, but it was thought that several more might do so. A series
of experiments were carried out to determine which acids worked,

and if possible why they worked and under what conditions.

At tirst, a wide range of organic acid groups were tested, choosing
mainly those acids already known as fluxes. The results were
largely negative, the only successes being two members of the same

group of acids as the original flux.

The next step was to try some of the more promising failures with
a range of inert carriers = oil, glycerol, paraffin wax, petroleum
jelly and silicone grease, to add thermal stability. These did

not helpe.

A series of high melting point acids were then tested, on the
hypothesis that the temperature of deactivation might be the problem.
These were also unsuccessful. Finally some more acids from the
original flux group were tried and found to work. For the details

of these experiments and the results sece the appendixe.



In order to derive nypothesis ut the system it 1s necessar)
to look at the properties of the chemicals in relat to the
requirements of a flux. A list of some of thelr physical

properties is shown in the appendix.

The only successful chemicals are some of the monocarboxylic
acidse. There appears to be no single property that distinguishes
a flux (for aluminium or lock seam) from a non f£flwx. It may be
that a combination of properties is important - having the rignt
level of activity (not too strong or weak an acid), and enough
thermal stability to be active before decomposing and to promote

wetting when the solder is melten.

The difference between those acids which bonded the aluminium and

those which only bonded the lock seam arei-

(a) The successful acids are thermally stable at the soldering

temperature and have a high boiling point.

(b) The successful acids have a low density and a natural
waxiness. Thus they may posses special surface

properties.

The other acid groups tested may have been unsuccessful for a
number of reasons. Tt is possible that one of the groups,

the sulphonic acids, are too strong - they are hard to displace
from the base metal. Conversely another .group, the phenols,

may be too weake The other compounds all tend to decompose

rapidly at or before the soldering temperature.



*
Because of a shortage of .=, these experiments are not complete.
More work could usefully be done in the following areas.
(a) PFluxes: (1) Try the remaining untested Monorcarb-

| oxylic acids to see if they work.

(ii) Try some comparative tests of wettlig

.:h L"I'I(.';‘; ;Iill:ﬁ-;é' .‘-,.-\;. :

.
i

iy

possible a range of solders and soldering temperatures.
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SECTION 4= LITERATURE AND PAT SEARCH

Literature search: The first literature search had covered mainly
recent work on aluminium and soldering (refs.1 to 14). However, I came
across a book written in 1926 by R.J. Anderson (refe. 15), which mentioned

stearic acid as an aluminium flux, although saying that it was of no use.
Following up the references in this book (refs. 16 to 21) led to a U.Se
Bureau of Standards report of 1919 (ref. 21). This reported tests on
ajuminium fluxes, including stearic acid, but did not recommend their
use. I then looked at early bocks on aluminium and soldering (refs. 22
toc 25) and discovered a reference from 1509 to patents on aluminium
soldering (ref. 26)e This encouraged me to search through British
patents and led to some interesting and surﬁrising finds.

The books ;nd papers were, for the most part, not very informative.
Richards in 1 .s book of 1890 (ref.16) mentions stearin in a list of
fluxes, and Burgess and Hambuechen in their 1903 paper (ref.17) recommend
scraping the surface of the aluminium and then applying stearic acid
prior to soldering. Andrews in two 1921 papers (refs.19 and 20) contra-
dicts ﬁimself as to whether it is necessary to scrape the surface of the
aluminium before soldering or not. He recommends using stearin or lard
0il as the flux. The U.S. Bureau of Standards recommend carefully
cleaning the surface to be soldered wiFh a file or emery paper and then
tin?ing them -~ coating with a layer of solder, prior to joining them by
heating without using a fluxe They further state that "tests made at
this Bureau hive not shown any advantage in the use of such fluxes (as
stea;ic acid, rosin, zinc chloride, soap, sﬁqar or ﬁaraffin) either in
the ease of application (tinning) or in the resultant adhesion of such

fluxed metal."



This report was later used by Anderson in his book (rer 15) to say

"in the case of aluminium, few of the fluxes reco mended for soldering
are of any use at all, since the principal requirement of a flux is that
i+ shall dissolve aluminium oxide; soldering fluxes consisting of wax,
grease, SO0ap, étc., are therefore, useless" and also, later in the book =
sAs mentioned, fluxes are often recommended for use with the various
commercial sclders, and scme of the more common fluxes suggested and

used include the following: stearic acid; rosin, zinc chloride, soap,
sugar or mixtures of these substances. The employment of Such‘so

called fluxes is totally useless, and actual tests have shown nc advantage

gained by applying them either in the actual tinning or in the subsequent

soldering".

Anderson réhommends scraping the surface and tinning prior to joining.
Later books mention only the use of strong inorganic fluxes, or the
fluorcborate organic type, patented in 1952, but not much used commer-

ciallye

A 1909 reference (No. 26) in a journal to "hundreds of patents having
been taken out in this country, in France, in Germany and in America,
all with the object of soldering aluminium" led to a patent searche.

I examined British patent abridgements from 1623 to 1975, concentrating
on the late 1800's and early 1900's, and locked at any original patents

which seemed to be relevant.

It appears that between 1890 and 1916 organic fluxes were well known =
many examples were given of the use of tallow, stearin, linseed oil,
olive oil, palm oil and others. The earliest patent concerning the use

of these chemicals as fluxes dates from 1850. There are also many examples



found and are summarised below.
5 of the patents cover a soldering system similar to that of 'Unibond)
four of which state that the parts to be soldered must be cleaned cor

thoroughly cleaned prior te applying the flux. This may mean that

the inventors thought it necessarf to scrape the surface cof the aluminium,
All cases specify a special or preferred solder. 4 patents specifically
recommend scraping the surface of the aluminium before fluxing and sold=-
eringe 3 recommend tinning the aluminium before scldering, using organic
fluxes such as stearic acid for the tinning and subseguent soldering. A
further 12 patents contain complex flux mixture including fatty acids,
sometimes for use with complex solders. There is only one mention of
this type of flux after the 1920's - in 1946 G.E.C. patented a method of
soldering ﬁ;ralumin using palm oil as a flux, zinc plating the metal prior

to solderinge.

It seems therefore, that monocarboxylic acid fluxes were well known in the
19th century and early 20th century, and when aluminium was first producéd
in quantity these fluxes were used to solder it. The first industrial
extraction process was developed in 1854, and the first industrial plant
built in 1886, The new metal stimulated great excitement at the time and
much research was done on ite This interest died down and between the
20's and 40's not much work was done. There was a resurgence of interest

during the second world war due to its possible use in aircraft, but for

some reason the organic fluxes were overlooked.
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5. (a) Experiments and results

The second stage of the experimental work was to explore the range
of mnnqcarbnxylic acid fluxes by testing all the easily available
types and also to experiment with different bases. The experim=
ental methed was the same as in the first set of tests (see appendix]

using 3003 alloy aluminium strip-and flat sided, lock-seam brass

radiator tubes coated with 80:20 tintzinc solder.

Experiments were also carried out to test the range of possible
solders and alloys by a metallurgist at Serck, using as a quide

a list of typical aluminium solders derived from the literature

seagchs

For deicails of the experiments see the appendixe.

As a result of the experimental work and the literature search, a
provisional patent application was drafteds This was phrased in
such a way as to overcome the problems of the prior art discovered
during the patent search. The early patents were methods of making
single joints, using special flux and solder mixtures, usually
specifying cleaning prior to soldering. The *Unibond' patent
application is for "“a method of making a plurality of joints
simultaneously", covering a wide range of possible fluxes,; solders

and base metals. (see appendix)



5. (b) Work for the final specification.

After the provisional patent specification had been submitted,
work continued to try and £ind a suitable flux mixture to
--oparate at high temperatures (450 c+) without severe charringe

ms muld, al,‘_n.nw the usa ef cheap, =high z:lnc content solders,

cal corresion
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This part of my project was an unexpected bonus arising out of a
discovery during the development of the licensed process. It pre

to be a most interesting and valuable exercise — both from the company's
point of view and my own. The experimental work became & major part of

my project and involved me directly in the process development to a iar
greater extent than originally seemed possible. The literature search
was fascinating and taught me a valuable lesson on the usefulness of

such an exerciseq

Further work remains to be done on these fluxes = specifically to develop
a .suitable hidgh température soldering system if possible, and to invest-
iqate the mechanism of the fluxes® action on aluminium to derive a theory

to accouné for their successful use.

The impact of this discovery could be great, both on the company and on
the heat exchanger and electronics industries as a whole.. It seems to
provide the only presently available method of joining aluminium to
itself and to other metals easily without using corrosive, temperature

sensitive fluxes or complicated and expensive plant.

Its technical success seems assured but commercial success depends on
two factors - whether it is possible to produce ai: aluminium heat
exéﬁanger with as long a life as a conventicnal copper unit — i.e. which
is reasonably corrosion resistant; and also whether the customer will
accept the proposed new product, and on what terms. In the next chapter
I will consider the corrosion resistance of the new product, and in the

following chapter I will give the results of a market research exercise

that I conducted with some of Serck's customers.
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Thia- exe.x:ci-se has demonstrated a number of important geﬁeral principles.
Firstly it has shown that in-house expertise and innovation are useful
even when buying in new developments. Secondly, the need for flexibility
~ vhen plaming for and .c}erveloping‘ new pnﬁcesses can be clearly seens
Thirdly the value of loaking at past research in a subject is highlighted -
ture searches should & Pinally it

arch _ﬁm'jeét.
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AT ATRT O - VST T TR
SECTION 1. IMNTRODUCT LON

When I joined Berck in September 1975, my first project was to supervise
and help plan an environmental test programme to assess the corrosion

resistance of the new products made by the 'Uni ond! processe T worked
with a development engineer who had rouﬁhly planned the programme before

I started. The cbjectives were:

(a) To selectively apply the Serck 'Unibond! process to the
manufacture of test units, field trial vehicle aend other

such block radiator units.

(p) To evaluate the performance of these units and assess the
1ife expectancy of various base metal materials and solders
relative to their applicatione.
It was expected that the units would be subject to electrochemical
corrosion. This haprens when two or more metals of dissimilar electro-
potential are in contact with an electrolyte such as water. The more
electro—negativelelement is corroded at a rate which devends on the
voltage difference between the metals, the distance they are avart and
thé.nature of the electrolyte. luminium in particular is open to this
type of attack because it is the most electro-negative metal except for
magnesium anc zinc. Therefore, if a normal leadstin solder is used with
aluminium the jeint is attacked at the point of contact between the
aluminium and the solder where a thin fusion layer is present, which

rapidly corrodess If a zinc based solder is used, the whole surface of
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the solder is attacked. As there is & relatively large amount of this
the effects of the corrosicn are much less severe and the joint tends

to last for some time. (see photographs 8, 9, 10 and 11).

There were to be two types of test. Some full size radiators were to be

built and placed on field trial with customers, and at the same time &
number of small units would be placed on a laboratory test rig 2nd subjected
to accelerated life tests, The aim was to be able to compare the laboratory

test results with the field trials so as to be able to predict the performe-

ance of units in the field from the laboratory test results.

The planning and manufacturing of the units was expected to take a year,
and then-the tests would run for a year, finishing in late 1°77. I
started byfdrawing up a network diacgram of the project and calculaiing the
critical path to assist in planning and monitoring progresse (see
appendix)e The next stage wvas the design of the laboratory test rig and
finding suitablé customers for field trial units. Whils£ the rig was
being built, the plans for the laboratory tests were completed and agree-
ment was reached on the field trial programme. This planning stage was

completed by September 1976.

By the end of March 1977 the test rig had been running for two months and
a number of field trial units had been made, some of which had been placed
on trial. These units were proving more difficult to make than had been
anticipated and so this part of the project was behind schedule. At this
time the labcratory test programme was revised in the light of the two months

experience, a number of new units were put on the rig and the test procedures

were improved.



3

The rig then ran sati‘sfac{:orili( until Saeptember, when a further review

of progress was made, resulting in a rethink of the test programme. 1In

January 1978 the tests were stopped and the units taken off for examination.

The field trial programme continued to progress slowly. The manufacturing

blems wers largely solved but it became difficult to get the necestary

"

-




SECTION

23 OCTOBER 1975 to MARCH 1976

(a)

T o S - MYy o e =
Labhoratory L1estsS

The first stage of planning the laboratory tests was to decide
on the fyoe of tests to conduct and the type of test unit to
use so that the rig couid pe designed. It was decided thati
the test units would be 4 inch sguare radiator Llocks, made
both from the fin and tube design currently in production and
also from a pack construction where corrugated fins are placed
between rows of tubes. (See photograph 6). After some
discussion it was agreed that the tests would involve placing
the units in the front of a large box and sucking air through
them by means of a fan at the rear of the boxe The units would
;ave hot water pumped through them and there would be a water
spy 1y system to give wet or dry conditions and to spray salt

water on some of the unitse.

The air flow rate would remain constant, but the circulating hot
water could be turned off to simulate cold running. A cycle was
to be run which resembled normal use — €«ge cold start; runniné hot,
stand and cool down. This could be run with or without water
sprays-and pollutants such as salt., Several different types of

environment were to be simulated.

We decided to make 51 test models, and use several combinations of
metals and solders in the models. We hoped to measure the change
in performance of the models over time, and would regularly inspect

them.



(b)

rom thi c plan t cest ri signed manufactur

e (See photograph o 5)e Instructions were issued to
make the experimental units using the ‘'Unibond' ¢ 1 bath method.
T was not greatly involved in the detailed design or manufacture

of the riq, this being done by the development engineer with
whom 1 worked, in conjunction with the drawing office and

engineering laboratorye.

Field Trials

During this period a programme of field trials was set up in
co-operation with the Manchester radiator manufacturing division.
I+ was decided that normal production radiators would be re-
blocked with aluminium fins and brass tubes by means of the
JUnibond' oil bath technigue. Variocus different solders and
coatings would be used to make the blocks.' A list of customers
who might test these units was drawn up so as to cover as wide

a range of applications as possible. The customers were

contacted, and in all cases agreed to test the radiators.

23 field trial units were planned, of which 11 were to be placed
in cars, vans and lorries owned by Sercke The remainder were
to be placed on tractors, cranes, cCOmMpressors and large off~
highwéy dump truckse. It was ﬁcped that the units would be

made by the autumn of 1976.



Laboratory Tests

The discovery of the baking process meant that the planned test

units were now to be made by this process. The plans for tests
and measurements were finalised during this time. These final

plans are given below.

We will place 52 small blocks in a test rig and subject them
to an accelerated life test in simulated operational conditiocns,
Air will be sucked through the units and hot water pumped through

the tubes.

We will be testing 10 combinations of metals and solder in each
of three types of environment, and also comparing painted and
unpainted units and cleaned and uncleaned unitse All the units

will be baked.

We w;ll measufe the water—side temperature drop across each unit
periodically. These measurements will be taken at standard
operating conditions and should indicate the performance of the
unite Units will be inspected for signs of corrosion and weighed
before and after the exveriment. The results will be analysed
statistically using analysis of Qariance technigues which measure

the differences between and within groups of results. The tests

will run for about a yeare.

. Bnvironments

We are going to simulate three situationsj highway use, off

highway use and semi-continuous runninge
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ay to rep nt n Al use, ix € 11 contain
periods of hot i cold © ing, water spr esel
and salt sprays ere appropri . It will be adjusted €
suit winter and summer conditions, changing every three n
(a) Highway use:
Winter cycle: Hour 1 2 3

Summer cycle:

(b) Off-Highway use:

(c) Semi~-continuous
running

Materials

We will be testing the following combinations of metals and

solder in each of the three environments.

be baked and will be

stated otherwise.

Cold Dry Hot Wet <Ccld Wet

There will he a one minute salt spray
every cycle at the end of hour 3 and
diesel fumes will be added during cne

cycle every week.

As above except that there is no selt
spray and only % hour of water spray

every cycle,

As for highway but with no salt spray

used in the winter.

4
Hot Dry

As for off-hichway use except that hour

3 is hot wet running instead of cold wet

unpainted and uncleaned except where

All units are to



Aluminium/Brass 60:40 Ly " :'s,m 2

5t o 70230 ) " A 2

o " 80:20 tin:zinc BBD 2
Aluminium/Alum. S i = it X Cﬁm 1

" 1" " 11" n 1] X B3O 'l

" & 70:30 lead:tin XA 2
Aluninium/Brass " = i . A : 3 o

* 1 off painted, not cleaned; 1 off painted, cleaned;

1 off unpainted, cleaned.

©

(ii) Packed Block Units

Aluninium/Aluminium 80:20 Tin:Zinc ciO g .
Aluminiun/Brass " L CéC 2
.Copper/Brass 70330 Lead:Tin A 1

® 2 off these in semi-continuocus rune

Arrangement on Test Rig

The rig has four rows of 13 spaces. Because of corrosion
problems it is necessary to keep the water system of the
aluminium tube units separate from that of the brass tube
units. We are going to arrange the units as shown in
diagram 1 The individual units will be randomly arranged

within each envircnment.



DIAGRAM 1
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Plans for the field trial prog: i re also finalised during
this periode. It was decided that the radietcrs would be made
from brass tubes and aluminium fins using the new baking processSe
Each block was to be made in two vertical sections using different

solders, and the lower half of each block was to be made with normal
production solder - 70:30 lead:tin, and pre~treated fins. The
other half would be made from ﬁntreated fins and 80:20 tintzinc
solder = corresponding to variants A and 830 of tbc 'Uﬁibond‘

processe

Units were to be performance tested before and after the trials and
inspected occasionally thle in uss. The units were to be in the
field for at least a year. Details of placings were agreed and é
production schedule drawn up with manufacture starting in October.
This part of the programme was the_responsibility of the deveiopment
engineér workipg with the Manchester factory and Ehe engineering

laboratory. A list of the planned field trials is given below:

2 off large mobile cranes (outside customer)
2 off small mobile cranes (outside customer)
2 off off-highway dump trucks (outside customer)
2 off agricultural tractors (outslde customer)

4 off compressors
3 off Bedford lorries
3 off Transit vans

5 off company carse

(two outside customers)

(Serck owned)

(Serck owned)
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The test riq was completed in December 1976, moved to its present
site in the engineering laboratory in January 1977 and started
runiiing on 26th January. The test units were built in Nove.ber,

Deceinber and January, the last seven being put on the rig in mid-
February. Some manufacturing difficulties aroce, but these were
overcomes. Only three rows of units were built = the all aluminium
ones being postponed until the method of manuracture could be

finalised.

I had not been greatly involved with the rig since late 1976, having
been working on aluminium fiuxes. When I inspected the rig in mid-
March I discovered that of the 39 units in place, 18 had little or

no bond remaining between the fins and the tubes. I also discovered
that only 18 of the units had been weighed before heing placed on the
rig and that no performance tests had been ®nducted, Furthermore,
becauﬁe of inadequate heating and timers, all the unite had been

running on roughly the same cycle under the same cenditionse

I decided to stop the rig in order to inspect some of the bad units
and replace them. I also arrangéd for improvements to be made to
the heating and timing devices, and worked out a programme of tests
to be conducted when the rig recommenced runninge Details of these
are given in the next section. The results of the rig inspection
are given in TABLE 1, when the units were examined, it was discov-
ered that the joint had corrodéd at the point of contact between

the fins and the solder, as expected.



By Manifolds

bad cnes

(58]

Row 3 = 5 good units;

(¥ ]

Row 4 - 10 " <

Row 5 = 6 1" "o 7 "

By variants

Fin and tube

Big (treated fin, 60:40 tin:lead solder)
Bio (gqtreated fin, 80:20 tin:zinc solder)
A (treated fin, 70330 lead:tin solder)
A (painted, cleaned)

A  (painted, uncleaned)

A  (unpainted, uncleaned)

A (coppor fins)

Packed blecck

€50 (untreated £in, 80:20 tin:zinc solder)

<50 (copper fins)

i

all 6 bad
3 good,
3 good,
2 good,
2 good,
2 good,

All 3 good

3 good,

All 3 good

=

3 ba



Manufacturing difficulti del o) field al proarsa
during this vericd - it proved difficult to make large blocks

without charring the flux on the tubes and so making it impossible
to nbiain a leak-free tube to tubeplate join. By January the

threes Ford Transit radiators, one Rover car radiator and a tractor
radiator were builte. The Transit and Rover radiators were cut on

test. (see photograph 12).

Unfortunately none of these units had been performance tested, and
only 80:20 tin:zinc solder and untreated fin had been useds Tt vas
hoped that further units would incorporate treated fins and product--
jon solder, but difficulties in the pre-treatment process prevented

&

this from happenind.

By the end of March, both tractor, radiators had been built and one
was out on t;ial; all four compressor radiators had been built and
were awaiting performance testss Also five heater cores for

~ Allegro cars had been made with aluminium fins, for British Leyland
to test. Manufacturing problems were still occurring and a number

of pcor quality units had to be scrapped.



The rig began running with the new cycle on 4th lMaye Details of

this cycle and the test scheme are given below:

Jaw Cvcles and Test Svystem
vew Lvcles and 1est oVol

The rig is running on a 3 hour cycle, 24 hours a day. At

present we are operating a winter cycle, Details are given

below:
Highway use - 34 minutes hot wet, 55 minutes
cold wet and 90 minutes celd drye
One minute of 5% salt spray is
3 added every 3 hours.
Off-highway use - as above but with no salt spray
Semi--continuous

running - 20 minutes hot wet, 70 minutes
cold wet, 55 minutes hot dry and

35 minutes cold dry.

13 new units have been added to the rig - 7 of B,y variant
- and 6 of C20 variante. These have replaced the bad 510,

an itse

C20 d B30 units

A record is kept of all changes in the rig's operation -
particularly if it is shut down for any time., Each unit on
the rig has a history card which records when the new unit was

made, who made it, its identification number, the method of



Tests are carried out larly = resent fortnightly.
The tests measure the temperature drop across the units and
alsc- include a visual inspection of the bond guality and
appearance. The spray system is switched off when readings

are takene.

During May 3 sets of readings were made = on the 4th, 11th and
18th. The first set was only of manifold 3 and 1 unit from each
of the other rows, and was made to check the cycle and the test
scheiiee The.remaining two were sets of every unit on the rigs
Also some readings were made of units with the water sprays oOn.
The . asults of the readings were encouraging, in that they were
consistent - within 1°C from time to time for each unit. The
averane temperature drop was Sq:, and the packed block units,

as exvected, had a lower performance than the fin and tube unité.
_ Tﬁe water sprays increased the temperature drop by between 1 and

8°¢ (see appendix) «

Unfortunately the rig was shut down between the 9th and 16th of
June because of a fire. 1 unit was removed from the rig because
it was leaking at the tube to tubeplate joint (C20 on 5G) and was
replaced by a ZQO unit, made using 90% zinc, 10% tin solder.

Onlv nne set of readings was taken in June, on the 23rd., and
because a new thermostat had been installed with an incorrect
setting, these readings were taken at high inlet water temperat—

urese.



(b)

No trends could as yet be drawn from the resultse If the new
units did corrode thi should be accompanied by & Cne > 1N
the temperature drope The riext few months should pi vide a
good indication of whether this will happen. As the test

procedure proved to be rather laborious we planned to semi-
automate this using thermocouples permanently in place on th=o
rig and a switch boxe We also hoped to build 6 models of the
new variant using 90% zinc solder, and 13 all aluminium units,

to be completed in 2 to 3 monthse

Field Trials

Production problems were largely solved during this period
and two Bedford truck radiators were made. The Transit
radiators were inspected and found to be in a satisfactory
coi.dition after 6 months and up to 25,000 miles use. The
tests conducted by British Leyland on the heater cores

produced reasonable resultse



(a) Laboratory Tests
Thermocouples were installed on one row of units on 4th July
and performed wella The remaining two rows were wired up on

i5th August and after that all readings were made using this
systems A thermocouple was placed in each outlet pipe, and
at each end of the inlet. There were also thermocouples to
measure the tank temperature and ambient. Readings could now

be taken much more quicklye

Regular meésurements were made of the temperature déops, and

;he units were inspected visuallye By mid-September nine sets
of readings had been taken and I then rev jeved the results to date
2-d had four units removed frem the rig for testinge. These
vere réplaced by three units made using 60: 40 tinszzinc solder
(7,4, and one C,, unite The planned Z and.all aluminium

20

units were not built because of manufacturing difficulties..

By the end of October a further 8 sets of readings had been
taken and the four units taken off the rig had been examined.
One further set of readings at a new pump setting was taken
early in November and I then analysed tne results in detail to
try and draw some cocnclusions as to the usefulness of the

evercise in order to plan the next stage.

There was a considerable variation in behavicur during the tests -
Ao{..‘_:.i’.,&

as can be seen in Tables 1, 3, 4 and 5« The units tended to

follow a basic pattern, set by the menifold they were on. The
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jinlet temperatures of the manifolds 1 o foll
variations in ambient t erature, and accounted r > of
the variation in temperature drop readings = vhere the inlet
temperature was high, the temperature drops were also hidhe
The average inlet temperature was lower for row 5 than for

4 or 3, which were similare

Individual units gave a variety of results (gee appendix) and
some were noticeably strange - 3E is very high and 4C is high
and reacts unusually to alterations in inlet temperaiucre.
&nalysing the results in more depth leads to the following

conclusions:

= (a) There is a significant difference between the
results from manifold 3 and those from 4 and 5.
Units on manifold 3 tend to have higher temp-—

erature dropse.

(b) There is a significant difference between the
pack block units and the fin and tube units, the

pack block units tending to give lower resultse.

(c) There are no real differences between copper fin
and aluminium fin units, or between types of
variant A unit, or between types of fin and tube

unit (B A, and copper)

30?

Further to these results, Row 4 units tend to have a higher

standard deviation than the other twoc rows, and row 5 units

show less difference between pack units and f£fin and tube
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block units are giving 1 2 ture drop readil ner
expected - but no conclusions can be drawn from this as so

few readings are available (see appendix for details of the

results and analysis).

There seems to be little difference in results between those
units thought to have little or no bond left and thp'good unitse.
A better analysis of these differences mast wait until all the

units have been taken off the rig and examined.

«The four units removed for inspection were - 5D, a copper £in
unit, and 5B, 3J and 3E, all 830 units. 3J and 3E were found
to have sludge blocking the tubes, 3E being very badly effected
with about 75% of flow blocked, which would account ior its high
readingse. 5J was 30-40% blocked. 5D was unaffected by the
tests and still had a 100% bond. 5B had no bond left, and some
of the fins were beginning to crumble. 3J had about 30% bonding
and 3E was still 100% bonded. Corrosion in 3J was mainly along
the solder-aluminium boundary, as expected, and could have been
encouraged by poor initial bon&ing. This could account for the
difference in the condition of the two row 3 B,, units., (See

photographs 8, 9, 10 and 11).

(b) Field Trials.

Only one more scund field trial unit was made during these months =
the last of the Bedford truck units. There was little spare

manufactucing time in which to make field trial units because
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a backlog of orders had arisen at the Manchester factory. All
three Bedford units were put out on trial, as was the second
tractor unit. The four compressor units were tested and found
to be satisfactorye Two of these were delivered and two
waited for oil coolers to complete them before deliverye

ors were built put both had to be

BITY

ik
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As the results of the temperature drep changes seemest hot o Be
yielding any useful information it was decided that tests would

stop and that the units would be removed from the rig and
inspectede The rig was shut down on 30th January and the units
removed for examination. The rig had run for some 5,500 hours

in the year since it started.

All 39 units were examined visually, and 12 of these were
investigated in more detail. The condition of the bond and the
fin was classified A, B or C, A being the best and C the worst.
The visual inspection, when compared with the more detailed
examination, tended to give an optimistic assessment of
ccadition, and so the results have been adjusted to reflect this.
A detailed analysis of the results is given in the appendixe.

In most cases, as expected, corrosion was present at the joint

between the solder and the fins.

The results indicate that:

(a) Units on row 5 suffered the most, both on bonding

and on fin condition.

(b) The copper unlits performed better than the

aluminium units.

(c) The fins of the aluminium pack block units
corroded more than those of the aluminium fin and

tube unitse.



(d) Variant A painted, uncleaned, had s

31ightly less

f£in corrosiocn than other variant A units.

(e) The three new pack block units were still in good

condition, but the new Z fin and tube unit and

.
N
"ﬁ*'u'

the 250 unit fared badly.
b |

It seems that the temperature ‘drop readings and visual inspection
have not reflected accurately the condition of the units. Therefore
a revised plan of operation for the laboratory rig is now needed.

The temperature drop readings seem to be of no value, but visual
inspection, if thorough, should give a reasonable auide to changes
in condition. It is suggested that one row only is run under
stendard conditions, excluding salt spraye This row would include
units from each of the variants of interest. Hopefully this would

indicate the time taken before the bond corrocdes.

(1) Field Trials

I Considerable progress was made during this time. Both the large
crane radiators, one of the small crane radiators and one of the
off~highway dump truck radiators were made and are awaiting tests.
The two compressor radiators which had been delivered have been
placed on trial and the Allegro car radiators have been running
satisfactorily since November. The Rover car radiators and
tractor radiators have been inspected and are in good condition,
as are the three Transit radiators. Two of these Transit
radiators, which have covered over 50,000 miles, are to be removed
and examined. The Bedford truck radiators are to be examined

soon, having been in use for nearly nine months.
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The remaining four company car radiators are not now going to
be built, because of a shortage of aluminium. This leaves only

two outstanding field trial radiators, and two compressor units

awaiting oil coolers. A summary of this programme is given
in Table 2. e , S

¥’

>




TABLE 2

UMMARY OF FIELD TRIAL UNITS

JNITS RO s PERFORMANCE DATE ON TRIAL VISITS AND COMMENTS -
DATE MADE
TESTED
FEEENES Ll
o sit Van Radiators December 1876 No January 1977 As of February 1978, all in
| and January 1977 reasonable condition. 2 which
| have done over 50,000 miles to
m be removed and examined.
RS SRt
W 1 R r Car Radiator January 1977 No January 1977 As of March 1978, in good condition
|3 June & July No August and To be visited soon
| 197 September 1977
| 2 Tractor Radiators January and No March and Visited January and April 1978
“ February 1977 July 1977 Both in good coadition
w 2 Compressor Radiators July 1977 July 1577 December and -
| . January 1977/8
| 2 Compressor Radiators February 1977 August 1977 - Awaiting oil coolers before being

delivered. :




SUMMARY OF FIELD TRIAL UNITS

TARBLE 2 {continued)

| UNITS DATE MADE PERFORMANCE DATE ON TRIAL VISITS AND COMMENTS
__ TESTED
| ne Radiators February 1978 - - Awaiting Tests
|
| C tors one = - - Awaiting Tests
February 1978 One more to make

| ruc One = - - Awalting Tests

1 February 1978 One more to make

- - - - Not now to be made
_“
L3




The results of the tests show that the copper finned units are more
corrosion resistant than the aluminium finned units, and that the salt
spray environment was more damaging than the other environments. The

results do not give a very clear indication of the life of the test
units - those subjected to salt spray have probably suffered severe
bond corrosion within 3 months, and the others within © months. The
temperature drop readings did not reflect this corrosion = perhaps
because the conditions were too variable, or the change in performance
too smalles It is also possible that the water flow rate was too low
so that readings depended more on fluctuations in the flow rate than on

changes in the condition of the test unit.

The field trial programme, although subject to considerable delay, has
provided ¢ couraging results. However, until a field trial unit fails
there is no way of linking laboratory test results to performance in the

field.

Certainly this type of test programme is a necessary pre-requisite to the
manufacture and sale of aluminium finned radiatorse It would seem best to
start the tests as soon as possible during the development programme, but
preferably after the manufacturing Fechniques have been worked out. Some
of thé delays in the field trial programme were caused by manufacturing

difficultics leading to a number of poor quality units being built.

Careful planning and regqular progress monitoring are needed, and there
should be some definite arrangement made with the production unit to

manufacture the field trial units to an agreed plan.



Tt is unfortunate that the laboratory tests didn't provide more useful

results - in principle this type of test could be of gréat value, but the

inspection and testing scheme needs further consideration.

For me this Was a useful exercise in supervision and provided a
build n:y knwleﬂga bf W 'ﬁ process and its techmmgy,

iy
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SECTION 13 INTRODUCTION AND PLANNING
This exercise formed the final piece of my practical researcn connected
with *Unibondt, The need for an understanding of customer reaction to the

propused new product emerged at an early stage in the project - the cost/
benefit analysis (Chapter 3) indicated that market acceptance was an
important factor in the economic success of ‘Unibond'. In addition, as
Lot yasearcn had heen done hy Serck Heat Transfer,. the
project would help te astablish the value of close links between researcch

and the market.

I sarted by reading a nucber of bocks about merketing and market research
(see references) and also by discovering what the market pozition of H.Os Serck
WeSe I then .cesented a paper at each of three marketina worksheps run by
‘I.H.D. at Aston. On the basis of this work and the discussions at the
workshops I drew up pfoposals for the market research shown overleaf.

I planned tc investigate the U.K. market for specialist vehicle radiators'to
discover - (a) what the market was and how it operated and (b) how customers
would react to the use of aluminium in radiators. This would involve some
background research and a series of interviews with major customers of H.O.
Serck, the radiator manufacturing divisione.

Over the next year discussions were held with HeO. Serck, and some background
research was done. By June 1977 H.O. Serck had agreed to a survey of some of
their mainr ~ustomers and I had worked out an interview framework. By
September a list of customers had been drawm up and contacts had been provided

by HeOe Serck and I conducted the survey during October and Hovember,



Research’
Objectivess:

The United Kingdom market for specialist vehicle radiators

To investigate original equipment manufacturers and try to

assessi=-

(a)

(b)

(c)

(d)

(e)

Market size, structure and trends including:-
the size of customers

how many of their units we supply |

who supplies the éthers

who we do not supply

what determines demand

ratio of new to replacement sales

Competitors shares

Selling Methods

Pricing Policies.

Customer§ buying authority, practices and motives,
particularly important in assessing the nrospects for:-
expansion

the effects of design changes

desirable product and service features

advertising effectiveness.

Product developments within the radiator industry

Market opportunities and problems.
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The results of the research will give a guide tot-
desirable preduct and gservice features
the reaction to the preoposed design change
pricing policy

using the new product as a company advertisment.

& ) N Lot 2 s i,

o

i

The precise nature of this survey will depend on

‘the results obtained by the desk research detailed
above and at this stage m:;ly tentative suggestions

can be made.

o
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Acting on the assumption that a small number of companies will
control a large section of the market, it is intended t}mt as
many as possible of these companies will be interviewed -

hopefully most of them will be testing field trial units.

S In additim_ to this a posta’i. or te:lephane snrvey of some of




=S o R

R - ARG, NT MEPHADOTOGY
SECTION 23 BACKGROUND AND METHODOLOGY

H.O. Serck Division is a specialist radiator manufacturer wnhc mainly sell
small and medium sized radiators. They do not mass produce and many of
their units are specially adapted to suit the customer. A breakdown

of their potential U.K. Market is shown below:

Type of Application % Proportion
(1) Industrial Engines 50 =~ 200 H.FP. 59.2

200 - 500 HePe ' 2043

500 = 1000 H.P. 2.4
Diesel Engines for Rail Traction (¢ P
Armoured Vehicles - Wheeled 0.2
Speclallst Commercial Vehicles 10,2

(2) Agricultural Tractors 7.0

(1) This category includes engines for agricultural machines (exzept wheeled
tractors), eartn moving ecuipment, cranes, industrial 1ift trucks,

generator sets, compressors, pumps etc.

(2) As H.O. Serck are equipped to produce for the smaller volume models only,

this figure is 20% of the whole market for tractor radiatorse.

The +otal market is worth £9.6 million, and H.O. Serck have about a 20% share
spread evenly across the groups except for Industrial Engines above 200 H.P.,
where they have only recently begun to compete. Their main competitors are
Covrad - part of Associated Engineering, and Marston = part of I.M.I., who both
have a little over 30% of the market. The remaining 15% is shared by a number

of smaller companies of which 8 are listed in Kompasse. Covrad do not make



radiator blocks - they buy these from British Leyland and assemble the unit,

and Marston concentrate on mass produced series radiatorse

I surveyed H.O. Serck's top twenty British customers, excluding those i.n the

newly mtm:ed 1ar:ge industrial engines market, and successfully interviewed

¢ "
&




(b)

(c)

(d)

(e)

rele

How large is the market, what is our share, who has the
rest (What determines growth?).

wWho are our customers.

(i) Which companies are in the market

(ii) What is their share of it
(iii) Who do we supply and what proportion of their total
demand do we meeta

(iv) Who supplies the rest (Multisourcing?)

What de they want

(i) who makes the buy decision

(ii) wWhat is important to him/them about a radi;tor;
e.g. Price, Performance, Service before and after

 sales, Reliability, Delivery, Credit, Guarantees,

Size, Weight, etc. and how important are these
factors relative to one another.

{iii) How important is the type of radiator as compared

to other parts of the producte

How do they choose (Probably depends cn the type of purchase)

What do they think of Serck and its product as compared to its

competitors (Product feature comparison)
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2, How will people accept aluminium finned and ai]_. aluninium units.

; i.'e-

.
.

In what way could radiators be improved

e.g. size, efficiency, weight, use of aluminium fins,

in tubes, reliability etc.

" ¥ . -
=

- -

| pro's ami con's of our new mﬁ.ts as




Buying Practices - when looking for a radiator for a new design

of product the following buying pattern is
typical of the customers interviewed.
(i) A request is sent out to one or more manufacturers to -

design a prototype unit in conjunction with the customers.
If dual or multi-sourcing the customer will compare the
speed of response and the quality of the design service
offered. For most applications the manufacturer will

be working with a tight size restraint on the unit.

(ii) The prototype is performance tested and if it is satisfactory
“ it is specified as being acceplable for producticn. Some
account may be taken at this stage of the manufacturer's

reputation for reliability, and the after sales service.

(iii) TIf the customer is single sourcing, this recommendation is
passed on to the buyer who will monitor price and delivery.
If these are unsatisfactory either the buyer or the designer

will put pressure on the suppiier to improve them = to the

extent of getting a competitor's quote.

TIf the customer is dual or multisourcing the buyer compares
the recommended manufacturers' prices and deliveries and
chooses a supplier for production. The supplier may be
varied from time to time to take advantage of differences

in price and deliverye.



(b)

(03]
g}
1

I found 11 of the 16 customers single sourced, but most said they

kept a close watch on price and delivery. Some obtained quotes
from other manufacturers which they used for comparisen and as an
emergency second sources 4 customers dual sourced wherever possible,

the buyer héving the final choice in all except one where it was
policy to give each suppli&f half the business. One company
multiscurced ~ they were unusual in that radiators were used on only
2% of their engine output, and they were apparently not very concerned

about the guality of the unit or the service provided by the manufacturer,

but mainly about the price and delivery.

13 of the companies interviewed said that before sales service and the
quality of the unit (reliability and performance) were the most important
factgrs in choosing a prototype. Some mentioned after sales service
and the speed of designing and building the prototype as additional
factors. Price and delivery were qonsidered at the production stAge'by
the buyers; or checked by the designer before specifging the unite.

They seemed to be less important to most of my interviewees than the
service and quality. 2 companies regarded before sales service, price
and delivery as the most important factors and one, menticned earliér,
was only interested in price and deliverye. 12 of the companies
mentioned size as a major constraint, but none regarded weight as being

important.

Opinions of Serck = Serck's major assets appear to be its reputation

for quality and its good service, both before and after sales.

13 customers said that Serck provided good quality and service - a typical
comment was that "they have a good name'. 7 of these stressed the

personal contact with the salesman as being importante The remaining
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¥ customers found little to choose between the manufacturers.
4 customers gave the impression of being loyal to Sercic because of a 1ong

association with them, and 4 mentioned the fact that ‘.:he company was

1as:q¢9,mt a back street set wp. 3 custorers thought that Serck was

expensive, and 3 thought f.hey mma eap. - 2 mentioned that they

P et oy



1.

2

3.

4o

New Product

Prototype design

- note speed and qguality of service

Test Prototype
- note gquality and reliability of

unite

Choose one or more designs for
production

- may assess after sales service

(a) If single sourcing the designer
will specify the unit and either
he or the buyer will assess price

and delivery from time to time

(b) 1f dual or multi-sourcing the
buyer chooses a unit for
production - price and delivéry
are compared. After sales

service may be looked at here.

(a)

(B)

Straiont Replacement

If single sourcing the
buyef or engiﬂé;f will
monitor price and delivery
to ensure that these are
reasonable -~ may cbtain

secutid yuoles [rom O

companies to compare with.

if dual or multi-sourcing
the buyer will loock at
price and delivery and
switch between the :
suppliers whenever a price
cor delivery advantage
arises., There ma; Be a
policy of using each of
two suppliers for half the

business or some other

similar arrangemente



SECTION

(b)

Meost requests for product improvements arose because of the size
constraint and the problem of noise. 10 customers would like to
have a more efficient radiator so that the size could be reduced,
and 3 others mentioned size as a major problem. Ideas for
development in this area included ;sing higher operating pressures,
cross flow radiators (to reduce height) and mounting the radiator
away from the engine. 4 mentioned noise as a problem. Of these,
one sugiested using a more efficient fan and cowl, 1 thought of
mounting the radiator horizontally to enable him to duct the air

awvay upwards and 1 is considering using an air cooled engine of the

type used by Deutz of Germany.

4 companies found that blockage of tbe fins was a problem and 1
suggested using a higher fin pitching whereas another sugoested
using a lower fin pitchinge. 3 companies mentioned development
to produce cneaper units -~ more efficient production techniques,
using packed block type radiators and the use of aluminium being
suggested. 3 companies would like to have oil coolers with the
radiator, 1 of these preferring the cooler to be in the bottom

tank.

Using Aluminium.

3 companies would welcome the use of aluminium in radiators, because it
would be cheaper. 3 would be interested in trying it - “We would

try it and see how it performed", "It would depend on the price",

"Interesting, but it would probably need protecting against corrosion'.



¢ had no reaction either for or against - they were apparently not
. jnterested in the details of the radiater as long as it performed
satisfactorily. 1 company was hostile to the idea, seeing it as
entailing a drop in quality.

Any saving in weight through the use of Aluminium would not be a
selling feature = weight was not seen as a problem - it was
associated with cost and strengthe A lighter unit could suggest

cheapness and & loss of strength.

The expected life of the radiator varied with the application -
compréssor manu;acturers expected the unit to fail through abuse
in abeut three years. Most people expected at least a five year
life and 3 customers expected ten yearse Blockage of the fins is
expected to occur every one to two years in the construction and
earthmoving industry and in agricultural machinery. From this
it would appear that an aluminium radiator should have five to

seven years life to satisfy most customers' expectations.



(a) Ruvino Practices:

11 customers sinole sourced, 4 dual sourced, 1 nulti-sourceds
12 customers considered before sales service and guality to be.
the most important factors when chcosing a radiator, 3 wanted
before sales service, price and delivery, 1 locked for price
and delivery only. (Although most customers said price and

delivery were important at the production stage).

{b) Serck's Reputation:

13 customers thought that Serck had a reputation for geod cuality
and service, 3 thought there was little to choose between
man;facturers.

3 cus’ omers thought Serck expensive and 3 thought them cheape.

2 customers said that Serck was not as good at producing new ideas

as their competitors.

(c) ‘Product Develooments:
13 customers would like a more efficient and/or smaller radiator,
4 have a problem with noise, 4 suffer from fin blockage, 2 would
like oil coolers supplied with the radiator and 3 would like

cheaper radiators.

(d) Aluminiums
3 customers would welcome aluminium finned radiators, 3 would be
interested in them, 9 had no reaction or wvere indifferent and 1

was against the idea because he thought that it would mean a loss

of qualitye.



SECTION 4: CONCLUSICNKS

There is a bias in this survey in that all the companies I contacted use
Serck radiators and so must be reascnably happy with theme It is possible
that if I had spcken to people who did rnot use Serck there would have been
more criticism of the company. Also because I mainly interviewed engineers

and desianers it is possible that the importance of before sales service and

reliability has been overstated.

The buying mechanism appears to be in two parts = firstly a prototype is
designed and builte puring this stage the service, speed éf re;ponse and
quality of unit are importants The next stage is to choose a supplier for
production = here price and delivery are the important factorse. The
response to price changes is not likely to be very great unless the change

is large — 5 to 10%. It appears to be difficult to break into the long
established relationships between the engineer and the salesman except by
offering a new design of product — more efficient or substantially cheaper.
Serck appears to have the reputation of being good on the service and quality
side, but not good on new product development. The oil coolers appearlnog

to be a success al present, but could help sales if well made.

The main customer requireﬁents for the future centre on more efficient,
smaller radiators, and ways of reducing noise. Preventing blockage of the
fins and making the radiators cheaper would also be welcomed. Theré does not
appéar to be any strong feeling against using Aluminium in radiators. It
could be a useful development if allied to more efficient production
techniques and sold both on the basis of price reduction and to advertise

the company's concern with development of new, cheaper and more efficient

radiators. The units must be relisble so as not to damage the company's



reputation on this aspect, and should have at least a five year 1li
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Because welgnt appears Tto De assoclia cea with 5‘.1”;--.;._4% Serck may need to
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onvince the customers that a lichter unit is not necessarily weaker.

These results are similar to those suggested in the literature on

industrial marketings:

(a) Purchasing mechanisms differ for "new buys" and rebuys"

(b) The decision making unit is complex, involving two or

more dapartments.

{c) The most often involved departments are design and

development and huying.

(d) The engineers tend to make the decisions about new

¢ products and the buyers have the major say in "rebuys"

(e) There is a low sensitivity to price if other factors

are satisfactory.

(f) There are a small number of suppllers.

The main differences between my results and the literature were that a
surprising number of companies single sourced, and that price was put lower

dovn the list of priorities than expected.

The market research has been of value in many ways = I have gained useful
information for H.O. Serck from scme of the customers, and they were pleased

to feel that the manufacturer was interested in their problems. It has also
been usefnl for Advanced Development in highlighting the type of development
work wanted by the customer, and indicating the reaction to Aluminium radiators,
Also some impression of the company's image with its customers has emerged.

Further work would involve talking to other companies in the market who do not -



buy Serck pz:odqéts, or buy only a small proportion of their total requirements

from Serck to obtain a more balanced picture.




REFERENCES

1. Jo Arnold Pricing and output decisions




SECTION 13 INTRODUCTION

T have now completed the practical work on the 'Unibond' proiects In
this chapter I will summarise the progress of the development programme,
indicate how my work has fitted in to it and assess the future prospects
of 'Unibond'. Finally I will analyse the successes and failures of the
development which will provide tne background to a more general assessmc;t

of ihe state o° research, development and planning in Serck Heat Transfer

in the next three chapters.

SECTION 23 THE DEVELOPMENT PROGRAMME

The development programme had two main objectives, The first was to learn
the potential and limitations of the hot oil bath technique, to assist in
the design of manufacturing equipment for several of Serck Heat Transfer's
divisions and to investigate other applications of the process. The second
objective was to investigate the possibility of substituting aluminium for

copper in heat exchangerse.

The first objective was to be met by four inter-related projects:-
(1) a basic data programme to investigate the process and provide

standards for soldered fin and tube to tubeplate jointse.

(ii) the design and installation of a production facility at

HeO. Serck (radiator) division.



(1ii) the development of a system for use in guided flow oil
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cooler manufacture in Small Engine Cooler Division.

(iv) the development of a system for use in secticnal air
cooler and ribbon wound tube manufacture in Air Cooling

Division (See diagram 4 in chapter 2).

The second objective led to the environmental test programme described in

chapter 5.

The initial plans were that the basic data programme should run for 10
months, finishing in July 1976, and the three manufacturing plant projects
should take 11, 2 and 2% years, finishing in May 1977, January 1978 and
July 1278 respactively. The environmental test programme was expected tn

take 3 years, being completed in October 1978 (See diagram 1).

. These plans were upset by the discovery that the oil bath techaicue was not
economically viable and that a cheaper and simpler method ~ the baking process,
would have to né developed instead (see chapter 3). This led to the bagic;data
programme beina extended and caused delays and some confusion in the other.
programmes. A considerable amount of research now had+te ‘be done to make

the baking process a viable production technique - the basic data programme
continued until mid 1977, concentrating cn the development of suitable fluxes

and solders (see chapter 4).

The field trial part of the environmental test programme also suffered from
the resulting confusion - many poor quality radiators were bullt and some of
the units were a year late in completion. The delay in the H.Oe. Serck plant

programme was partly caused by this change in the process, but was probably
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mainly because of the poor economic cutlook for aluminium heat exchangers

due to the low price of copper.

The remaining two plant programimnes were similarly delayed by the change of
process, but the main causes of the slow development of these projects were
economic and orcanisational factorse. Diagram 2 indicates the actual progress

of the development programme, and vhere my work fitted into this.

§§§TION 32 FUTURE PLANS
At present, the results of the development programme have been:

(1) the installation of a quick~bake oven in HaO. Serck division
. which, with the use of a commercially available non-corrosive

flux, saves labour and makes the production process more
efficients This baking facility enables the ‘'Unibond'
_process to be used if it becomes economically attractive.

(ii) A process for solder coating oil cooler tubes has been
developad to the pilot plant stage which, if successful, will
be used in the production of guided flow oil coolers with
copper and aluminium fins. The aluminium finned units will

be prototypes requested by a major customer.

(iid) The use of the 'Unibond' non-corrosive fluxes in the manuf-
acture of copper finned ribbon wound tubes is being invest—

jgated by Air Cooling Division.

(iv) Some aluminium finned radiators are currently in use as field

trial units.
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Also, the baking process has been shown to be a technically viable production
method for use in radiators and in the manufacture of a redesigned sectional
air cooler, It could prove to be a useful insurance against increased

material costs caused by high copper prices.

The process will probably not be used in the near future unléss the cost of
solder can be much reduced without affecting the quality or corrosion resis—
tance of the product. The market research discussed in chaper €& indicated
that product quality and long life were importent factors in choosing a
radiator, and also that a substantial cost saving would be necessairy in order
to .sell the product at a reduced price, unless the price of copper increases
greatly (to £1400 per tonne).

&

Thus the future plans for ‘Unibond! must centre on guided flow cil cooler
manufacture and the development of cheaper solders without affecting product
quality. The process could also be of use in the manufacture of a redesigned

sectional air ccolere.

SECTION 4: CONCLUSIONS

On the basis of the original plans and expectations the 'Unibond' development
could be said to have been a failure. Certainly the oil bath technique would
not have been successful — the cost of the plant was very high and the hot oil

bath would have posed safety problems. The baking process successfully over-

came these difficulties.

However, this new technicue has not solved the remaining problems - the use of
expensive solders is still necessary unless the heat exchanger is not subject

to corrosion, and the low price of copper does not encourage the use of aluminium
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in that there is at present little, if any, price advantage in this substitution.
The development programme was hindered py shortcomings in the system of

research and development management, planning and control in Serck Heat Transfer.
In particular the need for a comprehensive system of project choice, involving
market research, technical research and financial assessment, is clearly
indicated. Also there were considerable communications problems with HeO.

Serck division, which could have been alleviated by having development engineers
in the divisions = either on secondment or as permanent members of staffe .
The research, development and planning system is discussed in the next three
chapters and a section of chapter nine is devoted to the effect of the system

on the 'Unibond! programmes

‘Unibond' has teen most successful in helping to promote cest saving procedures

- tube coating in oil ccoler manufacture, using a non-cor}
wound tube manufacture and using a quick bake oven in ra&i tor manufactures
‘These are all valuable spin offs arising from the development prodramme.
Serck now have the ablllty to switch rapidly from copper to aluminium shculd
the price of copper rise suddenly and supplies become difficult to obtair. ;

Future work on the use of cheaper solders could make the process more attractive

even if the price of copper remains lowes



SECTICN 1:  INTRODUCTION
This chapter summarises the results of a literature survey on the management
of research and development in industry. I have tried to pick out the main
jdeas in this asrea and fit them into a "model" of the Re & D. process, which

is shown in Fiqure 1.

The model is in four parts - firstly the company strategy is decided which
contains an allocation of money to Re & De and an Re. & D. strategy in terms
of subject aféas and time scales. The second stage is that of choosing >
spécific projects and collecting the resources to run theme The third is
that of running the selected programmese Finally, in parallel to these,

' is a process of planning and managing Re & De to encourage idea generaticn
throughout the company and the successful conversion of ideas into .

r i

commercially vi=zble new products or processes.

In the chapter I consider each of these stages in turn and present a picture
of the processes involved and the techniques used as described in the

literature.

References 4, 5, 6.
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SECTION 23 STRATEGY

The most important factor to censider when drawing up an R. & D. strategy

is how well it fits in with the company strategy. Hopefully the company
has & clearly defined long term plan which has been drawn up'in consultation
with the R. & L. Department, and other departments and is revised as
necessary. - The company plan may involve some technological forecasting and
should certainly include a careful study of the company, its oppertunities
and ithe competitione The result would bc 2 product-market strateqy within

whiclhi the role of Re. & Ds would be specified.

The e & De plan and budget are thus generated from the company plan, and
there should be some allowance made for flexibility in the budget so that

chance discoveries can be followed up. (See Figure 2.)

The important specificationsof the R. & D. plan are a list of subject areas

and an indication of the time scale to operate withine. The list should
contain both low'risk, low pay off projects and high risk, high pay off cﬁ;s;
giving rise to a portfolio. The financing policy should be consistent -
neither sharp cutsnor sharp increases. Different levels of rescurce will be
required for different strategies - aggressive research is expensive, defensive
feSearch is less costly. The level of spending is also determined to scme
degree by the industry within which the company operates, and the size of the

companye

References 1, 2, 3, 14, 30, 35, 36, 41, 46,
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SECTICN 13z PROJECT SELECTION AND EVALUATION
This is a two part process - firstly the ideas have to be found and this
I will cover in Section S. Secondly the projects should be evaluated to see

if they are worth pursuinge The major problems are those of uncertainty and
riske The outcbme; costs and returns of a project are rarely known in
advance and so the selection procesé is based on informed guesses. The risk
can be spread by using a portfolio system of project choice balancing high and
low risk projects. The uncertainty should be reduced by a rigerous, and as

far as possible, accurate evaluation of proposed projects.

The accuracy oi estimates can be improved by training the assessors to improve
their judgements, and analysing past results to try and derive an error factor.

It has also been proposed to use incentive schemes to encourage accuracye

o
-

However the estimates will always remain guesses, and so no matter how complex
the selection *=chniques are, the ultimate choice depends on the manager's

judgement, Selection techniques are only an aid to this.

Tt is probably helpful if the review system is formal and explicit, as it
provides a basis for discussion and co-operation between Re & D. and other
departments. There are many suggested evaluation systems in the literatu?e,
the main types of which are set out below. For most companies and most
projects the simpler systems are the best. . The amount of time and effort

devoted to sele~tion should depend on the size of the projects.
Techniques
(a) Subjective ranking of projects.

(b) Review against a check list - this can be used to generate

a project profiles



(c) ' Indices and scoring systems
(a) ' Discounted cash flow techniques

(e) Risk assessment — Decision trees, portfolio analysis,

sensitivity analysis and otherse.

(£) More complex models ~ linear programming, utility models,

computer based behavioural models and others.

The svaluation requires frequent review, and should beccme more thorough
and gquantitative as the project progresses. The simpler systems of check
lists and scoring systems afe useful initiallye. Discounting and risk
assessments can be used at a later stage, where more information is
availables, It is best Eo use several different approaches to obtain as
complete a picture as possible.

5

. Resource Collec*ion

This is dependant on the amount of money allocated to Re & D. Tt can act
as a constraint on project choice. Resources should be chosen to match
planned needs allowing some slacke Linear programming can be useful here

if the R. & D. set up is large.

References 10, 14, 24, 30, 32, 37, 38, 39, 41,

44, 45, 48, 52



SECTION 43 RUNNING PROJECTS

There are two main activities involved in running projects ~ the initial
planning of the projeéts, and controlling and reviewing their progress

on a regular basis.

Project planning is aimed at getting a list of activities worked cut so
that resources can be allocated where reguired and any clashes between
programmes in the portfolio avoided. Techniques useful in this area
are research planning diagrams, which can be analysed mathematlically to
give times and probabilities of outcomes. Also contingency planning can
ﬁe useful - potential problems and crises are looked at in advance and

methods of dealing with them worked oute.

‘Control is ongoing and should be based on the planning systeme It 1s also
useful to monitor the project selection criteria from time to time. If a
project is going wrong, corrective action to modify or scrap it must be taken
as soon as possible - cpsts escalate sharply the nearer the market launch
point becomes. A formal control system ensures that all the relevant

factors are consldered.

The plan and control system should be based on a clear definition of the

. project in terms of objectives. The definition will become more precise

as the project progresses and also moré informatinn will be available.

At the same time expenditure will increase rapidly. The control system must
take these factors into account. The planning should be done on the basis
of portfolio management, and it is a good idéa to limit the number of projects

in the portfolio, provided an acceptable spread of risk can be obtained.

T N Sy e S S M ) - . - -~ -y | g 4



AR AT e EBATTHE ANT SUCCESSFULLY USING IDEAS
SECTICN 5% GENERATING AND HUCCLosE ULLY USIKG 1LUGAS

Ideas are vital to Re & D. They may come from inside or outside the
company, but even if outside ideas are used it is often necessary to do
some inventing to put the idea to practical usea Creativity can be
encouraged by recruiting creative people, having an environment in which

creativity is cncouraged, and using problem solving techniques.

There are tests available which are claimed to select out creative people,
but probaply the best guide is the past history of the individual. The
organisation's climate is vital to the encouragement of creativity - there
should be some freedom for people to follow areas of interest - multidiscip-
linary exposure, good communications, tolerance of non~-conformity and other
faciors. (S?e Figure 3). These requirements will conflict to scme extent
with those of the organisation, and the manager will have to minimise the
detrimental eftrects of such conflicte There has to be some compromise

_between the need for planning and control, and the encouragement of creativity.

Techniques to stimulate ideas can be useful. Thege may be analytical -
attribute analysis, morphological analysis, needs research and others; or
non-analytical - breaking logical thought patterns = brainstorming, synectics,
lateral thinking and otherse. It is important when using these techniques that
the problem is carefully specified in advance. Good communications with
outside academic and technical scurces also help the flow of ideas into the

companye

Roforences 17, 30, 36, 42.
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SECTICN 63 SuCcCass IN ]

Many studies have looked at the factors which influsnce success and fallure
in innovation. in general they have arrived at the same conclusionse

The factors which help success are:

Good market analysis and an understanding of user needs.
Good communications in and outside the company
Re & De strenath

Individual commitment to the project - one or more pecple
prepared to push for the project, who preferably have some

"influence in the company.

&

Other factors which are impcrtant are:—

A good project selection and evaluation system - the -

project must be of benefit to the company.
Good manacement and control of projectse

A source of ideas and a company receptive to innovation.
Innovation is a process of matching a need and a technology and so this

requires good contacts with the market, and with development in science and

technology. Also these sources of information must e linked.

References 10, 11, 14, 19, 21, 22, 27, 30, 43.



This is an important factor underlying Success in innovation and it has bee

much discussed, mainly from a theoretical point of view. It is cbviously
vital that R. & D. management and top management in general are intelligent,
flexible and reteptive to innovation. staff motivation and training are
important as is the ability to overcome communications barriers and technoloay
transfer problems. It is possible that the type of structure required depends

on the stage of the innovation process being dealt with.

Gond project selection and management is nécessary, altnouqﬁ the.systems-used
must not be tco rigid because of the uncertainties involved. The projects are
best handled as a portfolio because this spreads the risk, and enables bottle~
ne ks to be spotted in advance and dealt with. Consultaiion between Re & De
and other'd;partments is helpful to the choice of good projects and communs-

jcations should continue throughout the life of the project.

The tie up betweén company strategy and R.'& D. strategy is importaﬁt if Re & Do
is to usefully serve the companye The structure of the company and its-
policies can Le reiated to its "technological profile". Each company has a
unigue ;et of characteristics and should organise jtself around these. Many
different types of structure have been tried - some of the more common include
matrix organisations, new venture grcups,lspecial groups to encourage technoloay
transfer and many others.

Probably the ideal is to use a number of structures, depending on the company,
the type of research project and the stage in its development. For instance
there could be a central research lab. organised by disciplines, for long term
researche Tn addition a matrix organisation could be used to look after the

majority of projects dealing with the present business and some new venture
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groups set up to run a few projects of major importance which could lead

to diversification. : . ;

The variety is endless, and each company should from time to time ._examin'e- '

tures critically to see i t*hey are the most sultable ones for

47, 49, 50, 51, 53, 54, 55
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SECTION 13 INTRODUCTIGN

This chapter Gascribes the research, development and planning systems in

Serck Heat Transfer. As T started this part of my project a series of changes
were announced which heralded the formation of a new research and planning
structure. This chapter compares the present and proposed systems with the .

1iterature based model set out in chapter B.

The comparison is based on a series of interviews I conducted with senior
managers and engineers at Serck Heat Transfer. I also visited Serck Audco

Valves Internacional to find out how their research and planning systems

operatede.

- I begin by briefly outlining the past history of research in Seirck Heat
Transfer because this hagrg significant impact on the present structure,.
and then considérinq the old and new structures in turne I shall use the
proiect I have been working on, the 'Unibond' project, as an example of the
ways in which past history and the present system have affected the results

and progress of development work in the division.



Until the 1950's research in Serck was all product based - it was aimed at
improving heat transfer performance and developing new types of fin surface
and was contrclled by the Chief Engineer, Tn 1949 the first research and
devclopment m=nager was appointed. He was responsible for research into
surfaces and joining technigues. The development department was set up in
the engineering laboratory and consisted of about 12 engineers and 12
technicians. Research was wholly centralised, was closely contrelled and

e v mad 3
well run with a good information system.

Throughout the 1950's and 60's research grew in importance and is par£ly
responsible for the growth and diversification of the company during that
tine. In‘the 1950's research was still heavily product orientated, but
there was some process work done., TIn 1963 a small group was set up to look
at product development and applied research., In 1967 Serck Heat Transfer
was divisionalised along market lines with the aim of achieving high volume
salesa Develcpment was to be carried out in the divisions and so the central
organisation w2s dismantled and the laboratory substantially cut in staff;

The engineers were distributed among the divisions. The cut-back was sharp

and sudden and much expertise was lost.

‘Alco in 1967 a central research division was set up by Serck Ltd. This
comprised a small central policy team, a laboratory and a computing service.
The idea behind this was that there was a certain minimum effective size for
research laborztories, and that there would be economies of scales The
laborateory worled for the other divisions on a repaymént basise In 1972 the
laboratory was closed down because of a change in board policy - it was felt

thg
that the work generated was not relevant to the present businesses andicompany's
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rapid expansion had caused cash flow problemse A'pqlicy-of'consalidétian
was adopted and divisional research departments were set up to replace the

central facility.

Between 1967 and 1972 very little development work had been done in Serck

Heat Transfer. In 1972 there vas a further reorganisatior

¥

i

£
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SECTION 33 THE PRESENT SYSTEM

{a)

(c)

Strategy

There is no explicit company strategy for new products to give long

term growth or expansion. The development manager has tried to set

up a reseércﬁ strategy but has been unable to obtain board approval for
this, and so there is no long term research plan. A budget is submitted
by the development manager for the resources needed and is paid for by

the divisions on a percentage of turnover basis.

Project selection and resource collection

Projects are selected by the development manager on an informal basis,

and reviewed informally as they progresse A portfolio approach is not
used 1'311 the present projects are of the low to medium risk type, mainly
cost cutting exercises either requested by the divisions or initiated by
the Development Department. Resources consist of a small team of
development engineers and the laboratory which acts as a central service
to the whole company. The development engineers in the divisions,

where present, are engaged in da& to day production engineering rather

than new product development.

Running projects

There is an initial plan drawn up oh a networke Monitoring and control
are informal = meetings with the development manager and occasionally the
divisions concerned with the project. A weekly meeting between the
development department and laboratory staff has been set up to avoid

bottlenecks and set priorities.



(d) Encouraging ideas and their successiul use

e e s e e . e S

The company does not at present actively encourage idea generation
and creativity = contacts with outside science and engineering are not
good, partly because there are few highly qualified scientists or
engineers in the company to attend conferences and scienﬁific meetings,
and alsc little applied research is done on which to write scientific
papers. The attitude of senior management has not been encouraging,
partly because of history, and is reflected by a lack of development
engineers in management positions. This has resulted in a. fallina
behind in development and old fashioned products, particularly in
Tubular.Cooler Diyision, Air Cooling Division and HeO. Serck (rédiator)
Division.

.“‘
Contact between research and the market is not good = when selecting
projects, too little attention is paid to custcmers, and narket

research to find out their needs is not done.

Communicatiohs in the Company should be improved = although senior"
managers receive a monthly repert from the development department all
the general managers said that they didn't know enough ahout development
work. This problem may be accentuated by a lack of development
engineers in senior positions in the divisions = particularly HeO.Se
where there are none. Communications with H.0.S. suffer also because

they are geographically distant from the rest of the companye

R. % D. ~trength is now roughly half that of the mechanical engine~ring
sector as a whole, and if the company is expanding it could well wish to
spend more than the average. This would mean an increase of more than

100% in the present level of expenditure.
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RESEARCH AND DEVELCPMENT EXPENDITURE

This is expressed as a percentage of Turnover.

Figures are given for Serck Group, Serck Heat Transfer and the mechanicul

engineering sector of the industry.

- YEAR 1964 | 65 66 | 67 €8 169 {70 171 172 473 174

SF."'er Group 0.9 0.9 ‘1.2 1.5 2.3 1.5 1.0 1-1 0.9 0-8 0.6

Serck Heat
Transfer - - - - |:1ad - 404 0,9 1 0.6 10,5 06

MECh. .Enga i ! 2.1 2.1 1.6  of o 1.0 -— —
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Individual commitment in the development department is at present good, and

at a high enough level in the company to be effective.

The financing system has a built in bias towards short term projects for the

present business = some mix of central and divisional payment would be best.

The present structure in the divisions is too centralised and this lezds to
technology transfer problems. For example, at HOS the only liaison is wlth
the divisional manager or the works manaéer but as it is the unqualified staff

who actually do the work this leads to misunderstandings and mistakes.
Sstaff conditions need improving - particularly training and career progression..

The information recording and library system is Inadequate - the system of projec
files is tod skeletal to provide a useful reference document at the end of a
project. There should be some system for regularly recording the progress of a
project and the information gained from it. The library system needs supple-

" menting for developmental use by having a éentral store of project reports,
technical papers of interest, company literature on products and processes, and

articles from journals, properly indexed and accessible.

Back up facilities also need supplementing - more space and manpower in the
laboratory, regular management services contact, a buyer with specific
responsibility for advanced development. Develorment engineers should control

their own expenditure within the agreed budget limit.

The problems with the present system have arisen because of lack of central
planning and motivation to change, and because of the history of development in
the company. The short term projects are necessary and useful, but it is

unwise to neglect the future of the business.
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SECTION 4: THE NEW SYSTEM

(a)

(b)

(c)

(a)

Strateay
at i

A long term planning department is being set up and will report to
the newly appointed merketing director who will also be responsible
for dewvloément. This department will plan the ccmpahy's future
progress which may include growth by increasing overseas sales, by
diversifying into new product areas and perhaps by acquisition of
suitable companies. This plan will include an R. & D. strategy and

alsc 2 centrally financed budgst,

Project Selection and resource collection

The development manager will select projects and collect rescurces.
The department will be encouraged to concentrate mere on long term
projects. The manufacturing divisions will have small development

teams to work on present products and markets.

-

kunning Projects

Projects will be run by project supervisors and the type of system

used will vary with the type of project.

Encouraging ideas and their successful use

Experts in the fields of heat transfer, materials and joining may be
;ecruited to help raise the level of technical awareness in the company
and foster links with outside scienceand technology. Transfer of staff
between tha centre and the divisions will also be used to help this.

One of the aims of the new system is to change the attitude of the

company to innovation.



The contact between research and the market should improve, as should
communications in the company, aided by the transfer of staff, development
departments in the divisions and a formal communications system that is to

be set up between the centre and the divisions.

Re & D. strength should increase, but individual commitment may be at too

low a level in the management structure of the company to aid progresse. The
financing system will help leng term research, but it is perhaps too one sidede.
Some divisionalised financing would help maintain contact between development

and the divisions.

The structure of project management may vary with the project. Some projects
may be treated as new ventures or joint ventures, with pecple from the centre
moving into ¥he new business, some may be handled entirely in the divisions

_ and others may be initiated in the centre and moved intc the divisions, again
involving a transfer of staff. The central facility is necessary te do the

. initial research on most projects, to act as a source of expértise and to
co-ordinate divisional de;elopment. However it should not be used to control

divisional development.

This system closely resembles the literature model. The details are not yet
clear but the aims seem to be good. The areatest problem is likely to be
persuading pecpile to accept change and co-operate with the new systems.

Some areas appe+r to be neglected, and others need more consideration -~ these

are discussed in detail in the next chapter.



SECTION 53 VUNIEBOND!

The 'Unibond' process was developed in Romania, and patents applied for in
the U.Ke in 1970. Tt was first heard of by Serck in March 1972, by the
staff office for development and technology - part of the central research
division. Some experiments were conducted on the process in late 1972,

and when the reasults of these proved satisfactory, negotiations for a licence
were started. In May 1974, representatives from S.H.T. saw the pilet plant
operating in Romania, and in October 1974 an initial agreement was signede
The final agreement was signed in September 1975, and the technical details

received in January 1976. In May and June 1976, a new method of bonding was

déveloped from the Romanianprocess by SeH.T.

The licence necotiations tock much longer than expected because the Romanians
were initially very slow to respond, and later proved difficult to satisfy
over the details of royalty paviments in the licence. The initial experiments
in 1972 were not fcllowed up until 1975, and the development programme began

- in October 1975. It was planned to continue until 1978 by which time three
plants would have been iﬂstalled in S.H.T. and a programme of environmental
tests would have indicated whether aluainium could successfully be used

instead of copper in radiators.

It was sdon discovered that the process as bought was probably not commercially
viable because the plant was expensive,'the.combinations of materials best at
resié%ing corrosion were expensive, and also the hot oil posed safety prcblems.
Luckily, the development programne led to a much simpler, cheaper process which
used standard plant, cheaper materials, and was not hazardous. This new

process was commercially attractive.

‘The change in approach has resulted in much more research werk being done, and



has delayed the development programmes This delay has been increased by the

problems of

finding time at H.0.S. to make field trials, and coated tubes, and

also communication problems with HeOeSe, which resulted in a large number of

bad units being built. Also, the present prices of metals, with copper being

very low, have slowed the implementation of the new system. These three

factors have led to a delay of at least a year in the programme.

The history of this project provides some useful examples of the faults of

the present system of R. & D at S.H.T.

(a)

(b)

(c)

“(a)

The initial experiments, if continued as part ef a hasic -
research progromme on aluminium soldering, could have led
to the present 'Unibond!' precess without having to buy the

‘Romanian processe

The development programme's progress indicates the necessity
of having a sound base of in-house expertise when Bbéﬁ buying

in knqwledge.

The need for a comprehensive system of project choice is clearly
indicated - this should involve market research, technical

research, and a financial assessment.

A formal planning and monitoring system could have helped to
avoid delays and bottlenecks - more research could have been
planned initially, before plant development and field trials
were started. It is also clear that this system needs to be

flexible, with regular updating of the plan.



(e) The communications problems with HeOeS. could have been
alleviated by having development engineers in the dlvision
in senior positions. Meetings with the divisions concerned,

when held regularly, were a useful way of keeping everyone
informed of progress.

More manpower back-ip in the engineering laboratory might

have speeded up the development programme.

A good information recording system would have saved some

confusion over the experimental worke

Some formal arrangements to use production facilities for

making experimental units would have saved time.

The best project management structure for this type of
development would be where the initial work 1s done in the
. ‘centre and then the project is transferred to the divisions

concerned at the plant specification stage. This would
involve continuing liazison with the divisions throughout
tﬁe later stages of the development and possibly a (ransfer

of staif from the centre to the divisions.

The project has helped to initiate some improvements in the present Rs & Da

system: -

(a) There have been regular meetings with the divisions concerned

with the process

(b) The development has helped re~establish the position of

dovelopment at S.H.T.

(c) A regular series of meetings with laboratory staff has been

started to help plan the development worke
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(a) There has been some valuable spin off from the project,
both in terms of cost cutting in the manufacture of

some heat exchangers, and by establishing the need for

market liaison, field trials and some basic re

¢

2’::‘{‘;-.{(‘ L
e

b
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SECTION 6:  CONCLUSIONS

T think the new system is better for the future of the company than the
present one, although this may 'ha-vle been an essential first step in re-

establishing the credibility of research and development in the company.




UADTER TEN
CHAPTER TEN

RECOMMENDATIONS FOR Re & D. MANAGEMENT IN SaH.l.

STRATEGY
PRS-
o et e et

The coporate plan should consist of a set of objectives and the
strategies to be used to reach theme. The objectives could be
product and market based with quantified targets and specific time-

scales for such factors as market share, turnover and profit.

The choice of strategy should be based on an inspection of the
company's environment, leading to a forecast of what the coupany

might do; an analysis of the company's capabilities - what the

company can do, and finally a choice of what the company should do.

This is obviously an iterative process which must involve all levsls

of management in the companye

The plan ;ill need to be reassessed freguently, and the planners will.
need good contacts with the company to ensure a sufficient input of
information, and to monitor the company's progress. It is particularly

important that Re & De. is involved in the planning processe

* From the plan there should emegge an R. & D. strategy. This would
include well defined subject areas, an indication of the time scale
desired »nd an idea of the acceptable level of riske. This strategy
should be based on a portfolio approach where some mix of low and high
risk projects is undertaken. The precise strategy will depend on the

capability of the company and on the markets it is in.

-
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I think that, in its present markets, the company snould concentrate

i1

e

=
~

on a defensive and licensing in stretegy with the emphasis being on

product and process improvements to cut manufacturing costs, using
existing technologies and short to medium term projects. At the
same time, the company should keep an eye open for possible future
threats #nd oppertunities. As the new research structure becomes
established in the company and the company's attitude to change
improves, research could become more aggressive, looking for new

products and new technologies, both in the existing markets and in

new marketse.

A suagested breakdown of the central research department's budget would
be to spend 5% on applied research, 20% on new products Or processes,
50% on‘major improvements to present products and processes, 20% on
minor improvements and 5% on technical services. The divisicnal
development departments would spend most of their time on product and
process improvements and on technical services - 5% on new preducts
and processes, 20% ;n major improvements, 50% on minor improvements .

and 25% on technical services.

The research and development budget should be based on the company's
long term needs for new products and improvements to present products.
It is important to maintain stability in research - no sudden cuts cr
-in;reaSes. TIdeally the budget would be split between the centre and
the divisions. The company would provide the centre with money to
support applied research, new product work, and the initial stages of

major improvement worke The divisions should be allowed some minimum

figure when their targets are set to spend on R« & D., both in the



B.

division and bouaght from the centre. They may spend more or less

than their allowance on their own derartment and paving the centre

This would provide a way of mcpitoring the centre's su&cess in doing
useful work for the present business and also the use the divisions
make of research and development - both central and divisionale.

Ratios such as Re & D. expenditure vs Production expenditure, Sales

expenditure ana turnover couid be used for comparison.:

PROJECT CHOICE

Projects should be chosen to conform with the company plan, and their
effect on current programmes must be assesseds The amount of time and
effort devoted to selection should depend on the cost and importance of

the project.

Where a hiéh‘degree of uncertainty surrounds the outcome of a project -
particularly in the early stages of longer term research, I would
recommend the use of a comprehensive checklist leading to a project
profile. (See Fige1)e This system ensures that all the relevant
factors are explicitly considered. 'The choice will involve a

. considerable element of judgement.

Where the level of uncertainty is low - in development and shorter
term research, and in the later stages of all projects, the assessnent
can be more quantitative and rigorouss The checklist will still be
useful, with the factors considered more thoroughlya The financial

analysis can be supplemented by a detailed cash flow statement, DCF



A Corporate ahieclives,
1 Is it compatibie w nd lore range plan?
2, 15 ity paresmiixl such 153t 1288T 12 usTent STFILCEY I8 waranted?
3. Isit consisient: D
£. Is it co
5. Is i co th th n?
6. Does it meet the carporate needs 1og
B. Mzreeling critemia
1. Does it mecta cleariv defined matket need?
2. Estimated total rmarket size.
8. Estimated marker shire,
4. Esumazted product life.
5. Protabiaty of nercial success.
6. Lo used on items 2 to 5).
7.  Tunc scale and relziionship to the market plan.
8. Efiect upancurrent products
9., Fricing and customer accepiance.
}0. Competline position.
11. Compatibiliny withi existing distribution channels.
12. Estimnasted launcning costs.
C. Researca end dereiopment criteria

1. s it consistent with the companv's R& D strategy?
9, Does its poteniis) warrant a chanze 1o the R & D strategy?
5.  Probabilitv of 1echnical success.
4, Development cost and time. 2
5. Parent position.
. 6.  Availzbiluv of R & D resources. =
7. Fossible future deselopments of the product and future zpplications of the new
it technology generated.
. 8. Effect upun other projects.
. 9. Environmental cffects
(5 D. Finencwsl eriteria

1. Research and development cast:
fa) capital
{b) revenue. 2
A 2. Manufacturing invelnent
5. Marketing imvestment.
4. Avalabilitv of finance related to time scaie.
5. Eficct upan othicr projects requiring finance.
6. Time to hreak-cven and maximum negative cash flow.
7.  Poiential annual benelit and ume scale.
\ 8. Expected prefit marzin.
9. Does it meet the company’s investment criteria?

E. Production eniteria
; 2 1.  New processes involved.
2. Avababilitv of manufacturing persennei—numbers and skills,

| ; 8.  Compatability with existing capabiity.
4. Cost and availability of raw material !
5. Cost oi manufacture.
6. Requirements for additional facilities.
. 7.  Manufacturing sfety.

8. \alue added in production

e Project profile

EVALUATION ! ‘
Very gcod  Good Average . Poor Ver
FACM | : _ ; e

{A) Corporate critena
)
£2)-..
) 1o
(4) ...
(B) Marketing criteria
L
2).-..
3)..
(4) ...
(5)..
(6} ...
3.

etc.
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analysis, risk analysis and sensitivity analysis to give as complete
as possible a picture of the likely outcome (see below). It is very
important that all projects are carefully assessed in this way so

that bad projects can be terminated as soon as possible.

(i) Qualitative risk analysis - the two types of risk involved
in Re & De projects can be expressed as the probability of
technical success pt, and the probability of commercial
success Pc. The risk that a project will fail is then
1 - -

Pt x Pc
The results of risk analysis can be used to compare the
desirability of projects both in relation to each other and
in relation to the portfolio as a whole. In the diagram
below it can be seen that project A is preferable to B,

C is preferable to D and E is rejected.

X =~ y represent

Expected
: the minimum
Benefit: Cost acceptable
conditions

Risk
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The shaded area represents the set of acceptable outcomes
for the portfolio, with Z being the minimum acceptable
benefiticost ratio. Thus a choice of projects A and C
would lead to an acceptable overall position, whereas a
choice of A and B, whilst giving a higher benefit cost:ratio,

1éads to an unnaceptably high risk level.

Obviously this is only a rough comparison but it is a suitable
means of identifying those projects which can be readily
rejected. The selection of others will depend on further

analysis.

(i1i) Sensitivity Analaysis - this is simply identifying areas where
the estimate of business success of a project is sensitive to
errors in the figures usedes Resources should be allocated
to obtain better information in the sensitive areas, and then

decisions made on the strength of the better estimates.

Some simple indices can also be useful when choosing between development

projects (see fig.2).

The accuracy of estimating during project choice could be improved by
feedback of eventual results, and an analysis of any major variations
from the estimates. An intensive effort by the R. & D. department in
the early stages of a project can help to provide more certain information
at an carly stage for little extra cost ~ this would help the early

identification of potential failures.

Small projects can be easily assessed by the Re. & D. manager in

consultation with other parts of the company concerned.



Larger projects cencerning one or more divisions could be
assessed and monitored by & committee of & or 7 people including
the development manager, the project supervisor (central or
divisional) and representatives from the division or divisions
concerned, including people from sales, production and
accbuﬂ£ancy, Other interested parties could be kept in touch

bv being sent the committee's papers and being briefed by the

project leader or committee chairman.

As an extension of this system it would be useful te have a
permanartly established committee to chocse and monitor all

large projects which do not directly concern the present business.
This could be composed of the development manager, & representative
from marketing and the general managers of the operating divisions
.Qor their representatives, This committee would meet every three
m.aths to consider major new project proposals suggested by any
membgr of the committee, and to review the progress of the
existing major research projects. This would be one way of

involving the whole of the company in the central research .

effort.

Some arranaements should be made for the centre to use
divisional equipment for model building and trials, or pilot
plant equipment should be provided for the centre. The
arrangement could be negotiated at the start of a project,

based on the plan, and revised as necessarys



FIGURE 2.

There are many project ranking indices, most of which are useful if the
data is accurate. An example of one of the simpler types of index is shown
belowe ;

RATING SysTEM

Criterion i Question | Range af answeérs E‘:IJ'::fI':k

M LA j—————— et
Promise uf ! What is the best estimate of the { Eafarcseeabild s covisivmsvear R
cuccess (P) promise of technical success B T T R T Lt
\ consistent  with known eco- | FBiidcde, 5 i s mnssea ey l 3

nomics and the state of the ant? l |

| |
Time to com- | How long will it tike to complete ' Greator Than0 3 FOarE oo vrne e s [
pletion (1) the research effort from this | r o yeard.. ..o eeiert b
L. time forward? { Lessithan 1 Yat. s cwmenasns =

i N =

Cost of proj- | How much will it cost ta com- | Greater than §1 mitlion TG
ect (C) plete the research effort {rom 1 Sto0,000 tu & milliion. ... R
this time forwand? Leéss this $100,000. i viansis bl 3

Strategic need | To what extent is successful re- | No apparent market applica-

-

{(N) search needed from a markel tion; must be develgped. ..
stanpoint? Desirahle to maintain, rein-
force, or expand position I
within market applications |
 currenilyserved. .. ol i 2
. Essential in relation to cur- |
rent or projectel paskets !
within market applications
not cursently seeved . ... ~ 3
Market zafn What is the net muirket zain po- ' Less thea 3t mithon/yr....! o
(M) . tential for the company after | St to $13 million/3f... ... 2
1 takisg nto secosnr lusses | Grewter than Sio millicn/yr... 3
< through product repticesent? 'r i

The Tndex = PxTxCxNxM

The hest score vossible is 243 and the worst is 1. Using the project scores,,
the research manager can arrange his programme in relation to various budget
amounts. - The valwes for the different criteria can also be shown in two-way
tables to illustrate various features of the programme such as success vVersus
market gain in relation to budget request.

(See Mottley and Newton, reference 44)
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RUNNING PROJECTS

The project must be carefully defined , end iis cbijectives specified.
This information will need to be revised as the project progressese
The next step is to allocate resources, bearing in mind the effect of
this praoraﬁme én the rest of the portfolio. It is usually better to
concentrate resources on a few ﬁrojects at a time, with priorities

determined by their cash flow characteristics. A project team and

project manager should be assigned to each project.

It is important to plan projects carefully at the outset ~ the best way
of doing tiis is to use a network diagrame Where there is a little
uncertainty as to outcomes and times, a critical path analysis ca3n be
usede This gives an indication of the time the project will take, the

critical parts of the programme affecting this time and how a crash

programme ° ill cut the time and alter the cost.

Where there is some uncertainty surrounding a project, a system of
research planning diagrams is more useful. They are more flexible and
subjective probabilities can be applied, permitting quantitative anyalses

of the costs and time probabilities to be made (see Fig.3).

The main purpose of these planning systems is to aid effective project
control. They must identify critical events at which major reviews of
the project are desirable, and provide a.basis for recular monitoring of
progresse The plan, along with the project definition and obhjectives,
and the original selection criteria are the standards which provide the
basis of controle. The assessment should become more rigorous and
quantitative as the project proceedss Feedback of the results of

projects compared to the estimates could help to improve the accuracy of

forescasting.



Example of a research planning diagram
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Ssurce: D.G.S Dayv-ss, Research Planning Diagrams’, R 4 D Managesnent Vell No 1 Ozt 1970
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There should be regular monitoring of costs, times, and the progress

of the work using a standard recording system.

A record of the trends in these figures provides a useful picture

of the preoject's progress. (See Figs.4 and 5). The necessary
information for this could be more easily collected if all develoupment
staff kept a notebook in which project work was recorded on a daily
basis, supplementing the present working files system. Also it should
be possible to discover how much has been spent on each project every -

monthe

At major review points the project's progress should bhe thoroughly

reviewed, the selection criteria reassessed, and if necessary, the
project objectives and plan altered. A decision must be taken &t

these points whether to proceed with the project or o stop ite

The project plans, objectives, and selection data should b incorporated
into tbe-prgject files and the monthly progress reports, major review
documents, and any other relevant papers added. The proposed
laboratory notebook and present working files would provide all the-

necessary data.

ENCOURAGING IDEAS AND THEIR SUCCLSSFUL USE.

There are several ways in which idea generation could be enccuraged

in SeHaTai~

(a) Recruit creative people
(b) Conduct some basic research
(e) Recruit experts in fields of interest to S.H.T. to act

as consultants.



Dz=te of review 3

Reviewed by s

| Project title :

Objectives :

Pime of completion

|Estimated cost :

Stert date

Technical progress

in this period

; Pochnicrl feasibility index s * Tt
% Completion : Projected completion date @
Cost of progr-zmme s |This period To date PFuture
Lo bour
Veterials
Letoratory and tesis
Ouiside (Divisional) .

4. of original cost estimete now spont @

Any recommend.d changes in programme plen or objectives :

Main factors causing any delay or unexpected expense i

% The technical feasibility index starts at 0.5, and is increased
towards 1 if difficulties ares being cvercome, or decreased towards
0 if unexpected difficultles snise., It sorves as & measure of the
project leader's technicsl pessimism or optimism and its movements

with time are a useful guide to & projectts progress.
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(d) Improve the information storage and retrieval system

(e) Use creativity stimulating techniques.

A good information storage and retrieval system would not only be of
use to R. & De,but also to corporate planning and the company a&s a
vhole. This would include project files, papers of interest, patents,
text books, notes on useful techniques, reference sources, literature
from other companies and internally.generated data and reports on such
areas as markets, product costs, manufacturing methods and historical
sales data. There would need to be & geod indexing system, and it

might be necessary to restrict access to some of the information.

Some of the techniques for encouraging idea generation could be of use
to the‘company -~ in particular the analytical methods such as attribute

analaysis, morphological analysis and technology monitoring.

(2) . Attribute analysist this system uses a matrix to examine
the possible relationships between two lists of parameters.
For instance, a list of the attributes of a techn&lcgicél
advance can be related to a list of possible practicalh
applications. The parameters in the list must be of the

same type, and should be exhaustive.

(L) Morphological analysis: in this, the main features of a
problem are identified, together with ways of achieving
each of them. All possible combinations of alternative
solutions can then be considered. In the example below
the ringed path would represent a coal-fired central

heating system using pumped hot-water and radiatorse.
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(c) Technology monitoring: this is a rigorous exainination

¢ information

of the environment as represented by ir

reaching an individuale. A storage and cross-indexing
system are used to suggest areas where a new devélapmcnt,
combined with existing knowledge, makes possible an
innovation. This technique also provides a possible
spin-off from the random association of pieces of
information during the review and indexing process.

A suggested scheme is where items are recorded in a
'Journal' under four headings = date, event ard technical
economic data, possible significance, and things to
consider. The list is then subjected to freguent

evaluation and review to monitor the speed and direction

of progress of new technologies.

There should be a much greater inflow of ideas from the divisions =

particularly sales and marketing.

Typically only 4 to 4 of ideas

would come from Re & De., these being mainly the more radical and

innevative onese.

Communications within the company Could be improved if forma) systems



were set up such as the proposed project selection committee
could meet monthly or gquarterly to monitor the progress of large
projects and consider major new project proeposals. The monthly
report system, staff transfers and development departments in the

divisions will also helpe.

Individuzl commitment to a oro;ect is an important factor in its
success - particularly at the level of the "business innovator", the
individual who is responsible within the management structure for the
cverall progress of the project. This emphasises the need for
devélopment supervisors in positions of influence witnin the management

structure of the companys.

The staff need a career progression and performance assessment scheme,
including facilities for further training and salary increments,
particulacly if it is intended to move people in and out of the centre
regularlye At present senior technical staff have few promoticn

prospects in S.H.Te and a narrow salary structure.

The structure of development and project management needs careful
consideration. Different types of project require differcnt structures
which should be tailored to help technology transfer and communicationse.

There will be four main classes of projects

-(1) New products or pProcesses which lie outside the present business
could be developed in the centre to the pilot plant stage. The
subsequent work could be done on a new venture or joint venture
system where people from the centre might move into the new

business with the projecte.



(i) New products or processes which will be placed in cne of the
pregent divisions could be developed in the centre, possibly
using some of the divisional staff, The project team would
then supervise the installation of the project in the division =

@#gain, staff could be transferred or seconded to the division

to sort out any initial problems.

(iii1) Major changes in existing products or processes could be
developed by both the contre and the divisions concerned on a
matrix basis, with the centre controlling the project -

particularly when several divisions are affected.

(iv) Minor changes in existing products or processes could be carried
out entirely in the division concerned with the centre providing
aavice, if needed, and co-ordination if several divisions are

involved.

It is important that research and development is not cver-centralised,
resulting in communications problems and potential isolation from the
existing business. Also it should not be completely deceniralised,

pecause this leads to a neglect of the future of the companye.
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CONCLUSIONS

SECTION 41t  INTRODUCTION

Tn this chapter I will examine the effect of the new manufacturing process
on the industrial organisation, summarising the work discussed in the

preceding chapters and giving my conclusions on the project.

re
The ;search has involved both practical exercises such as the cest comparisons
experiments on fluxes, envircnmental testing and market resescchi; and a more
genaral lock at the organisation = in particular a comparison of ithe theory

and pr&cticé‘of R. & D. management and planninge

The new process has affected the organisation at both these levels, In a
practical sense it has led to the alteration of production méthods, and it
has highlighted some of the strengths and weaknesses of the organisation of

Re. & De in Serck Heat Transfere.

I will start by examining the new process = what it is, the history of its
development and the results. T will then look at the industrial organisation
and how it has chanqeq during the project. I shall continue ky discussing
the éffect the new process has had on the organisation and conclude with a

discussion on the future of the process including an analysis of the benefits

gained from this project.



SECTION 23 THE NEW MANUFACTURING PRCCESS
ook et =2

The 'Unibond' process is a method of soldering which provides the ability

)

]

to join aluminium to jtself and other metals easi
corrosive fluxes and low melting point solderse. The novelty of the process
lies in its use of a group of wesk organic fluxes not normally ccnsidered

suitable for soldering aluminiume

The oil bath process, on which the licence was bought, was not commercially
vialles It used expensive plant and was potentially hazardouse The haking
process that was developed from this uses cheaper plant andlpose; no safety
pgablems. The major difficulty with this process is that it secems to be
necessary to use expensive solders tc obtain a corrosion resistanit product.
The use of cheaper solder leads to a high risk of corrosion at ths point where
the aluminiﬁh touches the solder. This problem has to be rescolved in any
method of manufacturing aluminium heat exchangers. It seems that there is an
inevitable link between product cost and quality in terms of corrosion
resistance. A fﬁrther factor which has impeded the success of the proccss has
been the very low price of copper which has meant that the use of aluminium as

a substitute has nokt been economically attractive.

The technical development of the process has been successful, although at first
. the change from the oil bath method to baking caused some confusion and delay.
The project was no longer concerned onl§ with developing plant to use a well
defi;ed.prOCess. Tt was now necessary to develop the process, involving
research into the use of different fluxes, solders and aluminium alloys as well
as the parameters of soldering such as temperature and time. Some of the
problems experienced during this stage of the development programme were caused

by faults in the organisation. For example, cormunications between the

central development team and the radiator manufacturing division were not good



enouah, and there were many misunderstandings.

o

The process development was completed by mid 1977, having taken 13 years -
almost twice as long as originally planned. Plant desian programmes are
continuing - a system for radiator manufacture has been completed and some
new plant installed, a technicue for oil cooler preduction is at the pilot
plant stage, and scme other applications are being investicated. Aluminium
is not in use in heat exchangers at present, however, because the low price

of copper makes it unnecessary.

Thé development has led to small cost savings in radiator manufacture and

may give some cost savings in oil cocler manufacture even if aluminium is not
users The ability to switch easily from copper to aluminium may prove to he
very useful as covper prices tend to rise very sharply from time to time.
Also, the field tris) programme is a valuable exercise and may give soﬁe
interesting results. The future of the 'Unibond! process would be more
assured if cheapef solders could be used without endangering.the corrosion
resistance of the product. This would probably mean the development of a

higher temperature zoldering system which used cheap high zinc content solders.
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_g_g{g_lpl{_“ THE INDUSTRIAL ORGANISATION

Serck Heat Transfer is an operating division of Serck Industries Ltda.,

the British holding company for Serck Ltd. It is orcoanised into semi-
autonomous manufacturing groups and a central service group which includes
the development department. The ‘structure of Serck Heat Transfer given
in chapter one has been altered recently. There are now only three
manufacturing groups = Air cooling division, Tubular cooler division and a
new Engine equipment division incorporating H.Os Serck (radiator) division,
Air:raf£ equipment division and Small engine cooler divisioﬁ. fhese three
divisions are run by general ma%%er/directors who sit on the board of Serck
Heat Transfer, and are of roughly equal size. Some parts of the central
services group, including the after sales division, have been transferred

into the ditvisions in order to increase their autonomy.

Earlier changes in the structure of the central services group included the

: appointment of a marketing director who is also responsible for oversea: sales,
: i rnrod wer

long term planning and research and development. A long term planning

manager was appointed at the same times The aim of these changes was to

" draw up_and implement a long term plan for the future growth of the company

and establish a corporate planning system.

There are probably some further rearrangements yet to be made within the
compény ~ in particular the structure of research and development is likely
to be reassesesed in the light of the increased decentralisation of the
companys It is possible that small development departments will be
established in the divisions to deal with short term projects and product
improvements liaising with the céntral Re & De groupe This group would

then be free to concentrate on longer term research projects which will arise

from the compary plarnie



Because these changes in the structure of the industrial organisaticn are
so recent, and incomplete, it is not possible to judge the effect they will
have. The corporate planning function will be a valuable addition to the
company and is long overdue. It should have good links with research and
marketing but will need to ensure the maintenance of close contacts with the
manufacturing divisions. I think that the central functions of marketing,

research and planning will need to grow in the near future = at present they

are too small to cater for the needs of a growing company.

There is a possibility of the manufacturing divisions becoming toe independant -

extreme decentralisation is as bad for a company as too much central controle

"Some form of central co-ordination is needed to avoid duplication of effort and
to encourage good communications within the companye This is particularly so if
an effective‘career progression scheme is to be established and the movement of

staff within the company is to be encouraced.

Finally there is a danger that the directors of the company will become uver
involved with the day to Aay business, thinking too little of the long term
future of the company. General manager/directors will inevitably attach a
greater drgency to the short term problems of their divisions than to the longer

term prospects of the whole company.
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SECTICON 43 THE EFFECT OF THE NZW PRCCESS ON TEE
e

INDUSTRIAL ORGANISATICN

The effect of the new process on the industrial organisation has not been as
great as was hopede There have been some alterations in the method of radiator
manufacture, e.g. cost saving by using a quick bake oven and a commercislly
available non-corrosive flux. A tube coating plant for the manufacture of
guided flow oil coolers using the *Unibond' fluxes is at the pilot plant stage.
This will cut product costs by using less solder than the present dipping
processe Also, the benefits of using the *Unibond' fluxes in thé manufacturs

of ribbon wound tubes are being investicated.

These effects are by%%oducts of the development of the 'Unibond' process. The
environmental test programme and my market research exercise have been useful
to the company, although having no immediate effect. A further potential
benefit is that the company can now switch fairly easily from using copper

to using aluminium if the price of copper rises. This may have a significant

effect on the profitability and market position of the company in the future.

The deveiopment of the new process has also played some part in re—establishing
research and development in Serck Heat Transfer. In particular it has helped

in the formation of contacts with the manufacturing divisions and in setting up
procedures such as the regular planning ﬁeeting with the laboratory managers.

In adbition, the progress of the deveclopment project may have an effect on the

future shape and orcanisation of research and development in the companye.

Tt has highlighted the weaknesses of the present system and could provide some

useful lessons for any future-recorganisation.



SECTICHN b5z DISCUSSION

The develcpment of the new process has had little direct effect on the
organisation, although this may change if the price of copper rises sharply.
This is a distinct possibility because of the unstable political situation in
the major copper producing countries - Zaire, Zambia, Chile and Perus The
project has had some effect on the structure of the organisation = in particular
in the research and development department. Again this may increase in the
future as lessons are learnt about the weaknesses of the present system
Although the project has nct been an immediete succesg, it may prove to he a

useful experience for the companye

The p;oject has, however, been a success for me. This is at least partly dae
to its failufe to achieve its objectives. If all had gone smoothly I would
have learned much less. During the course of the project I have locked at
soldering, accountancy, market research, metallurgy, management science and
the theory of organisations. This breadth of interests has been, for me, one

of the most exciting features of the work.

';n conclusion I would like to make two general cemments. Fi%?ly, there is a very
great gap between much that is written about organisations and management in

the journals and the actual practice in industry. This is unfortunate because
élthough much of the theorising is of little practical value, scme of the work

could be of great use to managers and could improve the efficiency and profit-

ability of industry.
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Secondly, it is counter-productive for an organisation to concentrate too
much on the short term problems of making and selling its products,

3







EDPENDIY TO CHAPTER THO

CRITICAL PATH ANALYSIS

Section One : Introduction

One of my first jobs at Serck was to help plan the
development programme. Each of the five projects had been set out
in some detail and rough times allocated to them. I divided the
projects into a series of activities and estimated a time for each
of them. I then drew networks for all five and analysed these using
a critical path analysis computer programme supplied by Honeywell.
The resulting print out listed the activities and their durations
and gave the earliest and latest start and finish dates for each
activity. It also indicated the critical activities and the amount
of free time or "float" available on the others.

I compared these analyses to see if resources in the engineering
laboratory or drawing office were likely to be over-stretched at any
time and drew up a chart to help monitor the progress of the projects.

Section Two : An Example

As an example I shall show how the environmental test
programme was analysed. The initial plan is shown on pages 2 to 4.
This was divided into activities and an estimated duration given to
each - these are shown on page 5. A network was drawn (page 6)
and the figures analysed by computer. The resulting print out is
shown on pages 7 to 9.
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PROGRAMME FOR THE FRODICTION CF ZNVIECNMENTAL
TIST WIITS AliD FIZELD TRILL UGILS,
PROGRAISAE CTIVIS.,

Y. Selectively apply the Serck 'Unibond' process to the manufacture
of test units, field trizl vehicle and other such block radiator
units.

2e Eveluate the performance of these units and assess the life
expectancy of various base metal materials and solders relative
to their application.

CBJECTIVES FOR EACH ACTIVITY.

j=2

2=3

3.4

Activity.

Specify apwlications:-

Witl. the help of the obﬂrathF D1v1a ions concerned select product
applications. for the development programme.

Have provisional discussions with Manufacturing Divisicns on
availability of component parts. Obtain estinates of labour
involvement from each Division including Engineering Laboratery.

Specify products:-

Obtain a full set of engincering drawings and specifications for
each selected product., Confirm starndard frame componenis are

available, Specify rerformance reaquirements of experimental
units,. Specify materials,

Snecify tests.
i

Define test specifications with operating Divisiors., Prepare
detailed test programme for field trisls and lab. tesis. Discuss
programmes with cperating Divisions. OCbtain agreement. Discuss
test progranme with Technical lManager. Oraw-up schedule for

installation programme.

Test Rig Specificationi-

Specify what is required of the rig.
Desipgn test rig.

Engincering drawvingste
——— —— e — e A

Prawing Office is tc prepare detailed &
spparatus, Discuss and raesolve any aroblems which
during this phase. Ixamine drowings.

awirgs of the rig and
may arise




9-10

10-11

J1l-12

12-1>

14-15

15-16

Select contractors t:
with cont .
recommendations for

Crder test rig.

Raise paperwork, obtzin aporoval, nlace orders for made~out parts.

Manufaciure.

Visit Contractors to review progress
Report cn progress.

Prepare site:-

Arrange with Engineering Laboratory to mzite space available Tfor test
o2 > .
rig.

Instail. : -

Assenble test rig on arrival. Install and connect services.

_Desiﬁn Hadiators.

Drawing Office is to prepare design drawings for each test unit,
Obtain approval.

Engineering drawinpgs:-~

Drawing Office is to prepare detailed drawings for productiion.

Examine drawings.

Obtain materisals.

Arrange for materials to be-ordered and raise paper weric for the
production of experimental units, installation znd test programme.

fanufacture sub-unitsi:-

Produce ccated tubes

Manufacture iins

Assemble sub-units

Assemble sub-units to tuvenlates

Degrease

Arrange shipment to Engineering Laboratory.
Solder

Clean g o
Inspect

Arrange shipment back to Manufacturing Division.

o Engineering Laboratory.

e e o e e e
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16-17

17-15

18-19

19-20

20-21

21-22

22-23

23-2k

ﬁhas

25-26

Performance testi=

y 1‘.—r1|-t‘ ™,

Uniguely

1,1-1] “Sneerin:

is to conduct performance test on selectad
uwnits
Obtain test resulis.

Install:-
Enpineering Laborztory eare to carry out environmental test prograume
Laboratory Technicians are to instell radiators in vehl icles ete.

Environnental Test '4A'.

Field trizl units under test.

Continually monitor performznce of units.

Engincering Laboratory are to hold original units and provide a
replacement in case of failure.

Environmental Test '3'.

Remainder of test units are installed in lest rig and subjected
to simulated environmental conditions.
Continually monitor performance of unitsz,

Analyse datai-

Collect information together, interpret. TLook for trends.
Hahe predictions.

Interim Reporti:-

Write progress report on experimental work to date.

RBemove radiateorsi-

Laboractory Technicians are to remove radiators from vehicles etc.
re-install original radiators. Arrange for shipment to Zngineering
Laboratory.

Ferformance Testi-

Engineering Loboratory are to performance test selected units a
second tirme.
Obtain results.

knalyse datz,

(as activity 20-21) A

Write rsvorti:-

Write final rerort, summarising findings of experimental work,




page o

Activity No. C.P.A. No. Duration Description
=2, =2 2 Select product applications.
e 2 Discuss availability of parts.
2 - 10 2 Obtain estimates of labour involvement.
2=3 3 = 4 3 Obtain engineering drawings and
specifications for each product.
4 -5 1 Confirm components are available.
4 - 6 16 Specify performance requirements.
4 - 7 I Specify materials. |
3 -4 & — 8 1 Define test specifications.
8 -9 1 Prepare test programme.
9 - 10 ) Discuss with division and get agreement.
10 - 11 L Discuss with Technical Manager.
11 = 29 2 Draw up schedule for installation.
4 -5 12 - 13 1 Specify requirements of test rig.
13 - 14 2 Design test rig.
5 =16, 14 - 15 6 Get drawings of test rig and examine.
6 = 7 16 =i1g 2 Select contractors, discuss specificatior
and get estimate.
16 = 17 1 Compare gquotes and recommend order
placing. -
7 -8 17 - 18 3 Raise paperwork and obtain approval.
L8 =019 5 Place orders for made out parts.
18 - 21 16 Manufacture. '
g -9 19 = 20 1l Visit contractors to review progress.
20 = 21 1 Report on progress.
9 = 10 19 - 21 1 Prepare site.
10 = 1L Tl - D2 4 Install test rig.
11 - 12 11 - 12 6 Design drawings for test units.
12 = 25 1 Get approval.
1z - 13 25 =~ 26 10 Detailed drawings for production.
26 - 28 2 Get approval. :
130 25 = 27 1o Order materials.
27 = 28 2 Raise paperwork.
14 - 15 28 — 29 6 Manufacture units and ship to
Engineering Laboratory.
28 - 30 1 Solder and inspect.
30 = I 1 Ship to Manufacturing Division.
150 ~"16 31 - 32 2 Assemble radiators and ship to
Engineering Laboratory.
TH=" 1 32 - 34 24 Performance test units.
17 -'18 32 = 33 6 Install radiators in vehicles.
igi =19 34 - 35 52 Monitor Test A,
19 - 20 22 - 23 1 Install units in test rig.
23 — 35 =53 Monitor Test B.
20=" 21 23 - 24 4 Collect information and analyse.
21 - 22 24 - 35 6 Write interim progress report.
22 = 23 35 = 36 6 Remove radiators from vehicles.
36 = 37 2 Ship to Engineering Laboratory.
23" - 24 35 = 37 20 Performance test selected units again.
24 =25 34~ 38 2 Collect and analyse data.
25 = 26 38 - 39 10 Write final report.



e TN e e R




C P M NETHORK ANALYSIS

107+ 1 ENVIROMMENTAL TEST PROGRAMME
PAGE 1
S E D  SORT ES LS EF LF ., D05 %

SFLECT PRODUCTS _ _ : - i
! 2 . 20 @ . B/VILIS  BILNLTS. VALINTS  LAZLLLTS Bk

.l_ ]

- AVALLABILITY OF PARTS 4 SR S ) P
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DRAWINGS FOR TEST RIG _ b2 .
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APPENDIX TO CHAPTER

Section One : This supplements parts 4,5 and 6 of chapter
three and includes the detailed figures and results used in
these sections.

Contents Table No. Page

The calculations of the benefits and costs of
using the “"Unibond" oil bath process rather than ; )
conventional soldering methods. ' g 2 to' 5

A comparison between using the "Unibond" oil bath
process variants and using conventional techniques. 2 to 6 6 to 1l

The output figures resulting from the assumptions

made in calculating the rate of return on invest-

ment yielded by the "Unibond" oil bath technique.

Also the detailed results of the rate of return

calculations. 7 5 7]

The effe~t on the costs of using the "Unibond"
baking process, and the results of the rate of
return on investment calculations for this process. g i3

Section Two : This outlines the procedure used to
arrive at metal price forecasts for chapter three. 14 to 21

Section Three : This contains updated calculations
of the savings associated with using the "Unibond"
baking process to make radiators and oil coolers with
aluminium fins. These revised figures are meuntioned
- in part 8 of chapter three. . 22 to 30
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The values used for metals were extrzvolated (See Section t3

They are given below in £ per meiric ton -

Aluminium £600

Tin £5,000
Zinc £425
Lead £290

It is assumed that the coversion cost of aluminium is £400 per ton and that
of copper is £270 per ton for series 200 and 500 units and £220 per ton for

series 700 units, All prices quoted are L.M.E. values, but costs include

cenversion costs,

(a) Cost of the fin mwaterial

The calculations assume that the aluminium fins are twice as thick
as the copper fins end hence that 60% as wuch aluminium is used by
weight as copper. The double thickness of aluminium is used because

Jf its poorer heat conductivity and strength, The variation factors

used for copper fins ares-

Series 200 £0,01-
Series 500 £0,03
Series 700 £0,08

L

The variation factor for aluminium is:-

for a £100 change in the aluminium price,

Series 200 £.06
Series 500 £,18
Series 700 £,48

Cost of aluminium fin = cost of copper fin x0.6x (Price of aluminium
; price oI copper

vhere prices include conversion costs,



(v)

Series

Cost of copper fins at £600
Cost of aluminium fins

Saving in cost per unit

Cost of copper fins at £1000
Cost of aluminium fins

Saving in cost per unit
Cost of copper fin at £1400

Cost of aluminium fin

Saving in cost per unit

Solder use

This is an estimate of block solder used assuming that an average
coating thickness of ,0005"is applied to both sides of the tubes in

all units,

Series

Solder used in grammes

Cost of using 70:30 lead:tin
solder in £'s

Cost of using 40:60 lead:tin
solder in £'s

Difference in cost

Series

Cost of using 80:20 tin:zinc
solder in £'s

Difference in cost

200

« 87
__+60
27

1,27
- 60

67
1,67

1,07

200

215

«30

<19

ol
024

L= |
Rk
==

|

®
-“\1
V"\

|
}

°
co
}—L

3.80

1.79
2,01

5,00

1,79
3021

500
680

«95

1.55
.60

500

76

700

1700
2,38

3.88
1.50

700

4,28
1,90
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The variation factors in these results for a £200 change in
price of tin are approx:=
Series : 200 500 700

Variation factor for 40:60
solder in £'s 01 o Ok adl

Variation factor for 80:20 .
gsolder in £'s «02 05 o

(c) Labour Cost.

A rate of £60 per man week is used.

Present labour uses-—

Ouiput (units per week) Labour use in men
Block End Dipping Washin
soldering
500 i 2 1
700 2 5 i
1000 3 L 1
1400 i 5 7

The new process only requires 1 man for block soldering whatever
the output, '

P Men saved Output £'s saved per week
' 400 0
1i 700 60
2 1000 120
3 1400 180

If a tube to tubeplate bond is possible, end dipping and washing are

unnecessary, but one extra man may be required to preplace solder

: ok Men saved(in total) Output £'s saved per week
' 400 120
L 700 240
6 1000 ' 360
100 L80

o



TABLE ONE cont.

(d) Cost of Chemicals,

- usage figures are estimates,

Chemical Cost per litre in £'s

YPyo .55

Dpll)a .59

Mos5 1,15

D_% o040

3
Series DP DP M, .* D.2
use locost use logoat use 2scoat cgst

200 20 mls ,01 20 mls ,L01 50 mls .06 «005
500 30 " .02 30 » .02 140 " ,16 005
700 40 v 02 o n 02 2450 " .28 005

¥ It is assumed that a coating of ,001 inches is applied to one
side of the fins only,

(e) Cost of Power

Present cost of heating baking ovens is about £6,00 per week
Estimated cost of electric power for new plant is about £14,00 per weel

o o« Cost of extra power used is about £,02 per unit,



o

ANALYSIS OF COSTS OF VARIANTS.

In the following analyses the costs or savings introduced by using the new
process and substituting aluminium for copper are considered, The results

are expressed in two forms, taking each type of unit in isolation, Firstly
the savings achievable are expressed as a percentage of total present
materials and labour cost, and secondly the results are expressed as pounds soved

per week, Both sets of figures are copper price and output dependant.

All figures are in pounds,

PARLE 2 Copper fin and brass tube units,

In this first section the effect of using the new process to solder

units with copper fins is assessed,

All savings are in labour, and there is a small extra power cost,

Three situations are considered:-

1, Using the new process

2, Using the new process and a non-corrosive flux for
end dipping, thus eliminating washing,

3 One shot soldering of tubes to tubeplate as well as
the block,

Savings expressed as a % of total materials and labour cost at

an output of 1000 units a week,

Copper price in £ per ton 600 800 1000 1200 1400

New Process

Series 200 .96 .87 .80 o7k .69
500 Pl o409 okl ok0 i
700 027 o2l .22 +20 .18

No Washing
Series 200 1.53 1,40 1,29 1,19 1,11
500 «87 078 70 o6l 059
700 o4k ) 035 02 029



Copper price in £ per ton 600 800 1000 1200 1100
One Shot
Series 200 Je25 2.97 2,73 2,53 2,35
500 1.85 1.66 1,50 1.36 1,25
700 «93 «83 o7k 67 61
Savings expressed in £ per week,,
Output - units per week £ saved per week
New Process No washing One shot
L00 - 10 50 110
700 46 106 226
1000 100 160 340
1400 150 210 450

TARLE 33 Aluminium fin and brass tube units using variant 'AS

Jn the following three sections the effect of using illie new process

to solder units with alwainium fins is assessed; lecoking at each of

th* three variants in turn,

Copper price in £ per ton 600
Series 200 ‘

fin saving 027
Cost DPIO + power (.01 each) 202
i Saving at output 400 25
e Saving at ouput 1000 37

(+ o12 per unit labour)

Total material and labour cost 10,45

Vs % saving (400) 2.39
(1000) 3454

£ per week saved (400) 100
(1000) 370

800 "1600 1200 1400
N7 67 087 1,07
,02 .02 .02 ,02
ok5 «65 «85 1,05
057 77 «97 1,17
11.115 12.#5 13.115 1&-&5
3695 522 6,32 7.27
4,98 6.18 7621 8,10
180 260 340 420
570 770 970 1170



Copper price in £ per ion

Series 500

fin saving

Cost of DP, + power( 02 + .02)

«*« Saving (400)
" Saving (1000)

Total material & labour

G‘l % Saving (11-00)
(1000)

£ saving (%00)
(1000)

Series 700
fin saving

Cost of DP__+ power( .02

10

&

.*. Saving (400)
Saving (1000)
Total material & labour

.*. %Saving (400)
(1000)

£ Saving (400)
(1000)

cost

cost

600

.81
.0k
o177
<89
18.54
L,20

.85

308
890

1.75

a0t

1,71
1.83
5640

© 4,70

5603
684
1830

800 1000 1200 1500
1.41 2,01 2,61 3,21
o 0k Ol o0 o0k
157 1,97 2,57 317
1,49 2,09 2,69 3.29
20,54 20 7% 24,94 27,14
6,67 8,66 10,30 11,68
v g.19 . 10,79~ 12.12
548 788 1028 1268
1490 2090 - 2690 3290
e 39 k.95 6,55 8.15
[ Oz‘ ._04 'GI{ [ Ok
i 7 7 & 4,91 6651 8.11
343 5,03 6.63 8,23
41,20 46,00 50,80 55060
8,073 10,67 12.81 14,59
8,33 10,93 13,05  14,8¢(
1324 1964 2604 324k
3430 5030 6630 8230

CABLE 4s Aluminium fin and brass tube units using variant B,

Fin savings and total material and labour costs are as

in Variant 'A!



Copper price in £ per ton 600

Series 200

Costs are DPIO“ + solder + power
o

= 01 #+19 + 01 = ,21 per unit

+'s Saving (hUU] 06
Saving (1000) .18

% Saving (%400) 0.57
(1000) 172

£ Saving (400) ol
(1000) 180

Series 500

Costs as above = .02 + 60 +,02
= .64 per unit

.%. Saving (400) wi?
Saving (1000) «29
% Saving (400) <93
(1000) 1.58
£ Saving (400) 68
(1000) 290

Series 700

Costs as above = .02 + 1,50 + 402

= 1,54 per unit

.*. Saving (%00) 21
Saving (1000) % 5

% Saving (400) .58
(1000) 91

£ Saving (400) 84

(1000) 330

800

o 77
89

375
4433

308
890

1,81
1.9

4e39
4,68

724
1930

1000

1,37
1.49
6,02
6.55

548
1590

Jobl
3653

71
7.67
1364
3530

1200

1,97
2,09

7.90
8,38

738
2090

5.01
5.13

9,86
10,10

200%
5130

1400

980

2.57
2,69
9.47
9.91
1028
2690

6,61
6.73
11.89
12,10
2644
6730



Aluminium fin and brass tube units

MABLE S s dss e e = fzgi:”i fif'i?’ 30
Fin savings and total material and labour cosSts are &s
|AT
Copper price in £ per ton 600 800 1000
Series 200
Costs are H95 + solder + pﬂwér
= 06 + 24 + 01 = ,31 per unit
"« Saving (400) - 04 .16 36

Saving (1000) .08 .28 118
% Saving (400) - 038 1,40 2,89
% Saving (1000} 77 2,45 3,86
£ Saving (400) - 16 6l 154
(1000) 80 280 480
Series 500
Costs as above = 16 + .76 + .02
= o9k per unit
.*. Saving (400) - o13 A7 1,07
Saving (1000) - .01 59 1,19
% Saving (400) P o G I s |
(1000) - ¢05 2,87 5023
£ Saving (400) - 52 188 423
(1000) - 10 590 1190
Series 700
Costs as above = .28 4+ 1,90 + .02
= 2,20 per unit
«*e Saving (400) - 45 1,15 2,75
Saving (1000) = o33 ARV T 28]
% Saving (400) - 1,26 2,79 5.98
(1000) - <91 3,08 6.2
£ Saving (400) - 180 460 1100
(1000) - 330 1270 2870

1t B,

in variant

Db

L 16
5.06
05

680

1,67
1.79
6,70
718

668
1790

he35
L 47

8;56
8,80

1740
L4770

1400

207
2.39
8.36
8.81

908
2390

5095
6,07

10,70
10,92
2380
6070



PARLE 6g0ne shot soldering and elimination of washing

In this section an assessment is made of the effect of being able
to solder tubes to tubeplate at the same time as the block is

soldered,

The results are expressed as an increment in % saving, this figure
being the same for all variants, The amount saved is the labour

saving as set out in section ¢ of table onee

Qutput per week £ saved per week Saving per unit
500 120 o350
1000 240 24

Increment in % saving

Copper price in £ per ton 600 800 1000 1200 1400
Series 200 ocutput 400 2.87 2,62 el 2230 2,08
1000 2.30 2,10 1,93 1,78 1,66
Series 500 4 400 1.6n 1,46 3 I 1520 g 1 b
1000 1,31 3417 1,06 .96 .88
Series ?00 i ,ioo ; a82 073 065 059 05&
1000 .66 B8 52 A7 o3

The elimination of washing by using a non-corrosive flux for end

dipping saves 1 man, i.e, £60 per week at all levels of output.

The effect of aluminium price variations,

These are shown for a change in price of £100 assuming the price

of copper remains constant,

Change in % saving

Copper Price 600 800 1000 1200 1%00
Series 200 D1 52 248 5 o2
500 098 «88 79 o 72 66
700 1.32 1,17 1,04 09k .86
Change in £ saving per weck
Series 200 500 700
Output 400 i 24 72 192

1000 60 180 480



TABLE 7 ¢+ OIL BATH BROCESS i

a) OUTPUT IN UNITS PER WEEK
Year O Total Aluminium Total Aluminium  Total Aluminium
(1976-77) Qutput Fin Units Output Fin Units Output Fin Units

1 700 123 580 102 525 92

2 1100 303 660 182 550 151

3 1650 677 760 312 580 238

4 2100 1103 880 462 GO0 315

5 2400 1560 1000 600 - 640 384

6 2600 1690 . 1160 754 670 436

7 2700 1823 1330 898 700 473

8 2800 1960 1530 1071 740 518

9 2900 2103 '1760 1276 780 566

10 3000 2250 2020 1515 820 615 -

b) RATES OF RETURN ON INVESTMENT :

Comparison of variants and output growth rates.

% Rates of Retuzn

Variagt Copper price £/ton High Growth 15% Growth 5% Growth

A 800 20 Vs -
A 1000 26 14 3
A 1200 32 17 7
A 1400 37 20° 10
Byo 1000 20 7 | =
B10 1200 26 ] 14 3
B 1400 32 17 7
0 7
Bl0 160 3 20 10
B30 1c00 16 4 -
B 1200 24 10 q
B 1400 29 15 5



TABLE 8 BAKING PROCESS ba

a) Effect on the costs of using the baking process.

The M2 solution used in baking costs £1.06 a litre, and a

=
=

coating of .0001 inches is applied to the tubes. The cost

of this is :-

Series Use of M, in mls. Cost per unit
200 3 0
500 10 .01
700 20 ' .02

The changes in the costs of the variants are :-

Variant "A" Series 200 500 700
Extra saving in £ per unit o2 .03 .02

.. Extra saving in £ per -
week (400) 8 12 8
{1000} 20 3G 20

This is an increase of about .2% in % savings.

Vvariant B__ - as in variant A, giving an increase of about
.1% in % savings.

Variant B

30
Bxtra.saving in £ per unit .07 o kT .28
. . Extra saving in £ per
week {400) 28 68 112
(1000) 70 170 280
Average increase in % savings +6 +75 .65

b) Rate of return on investment of the baking process.
- % Rates of Return
Variant Copper price £/ton High Growth 15% Growth 5% Growth

A 800 34 18 7
A 1000 42 24 14
A 1200 49 29 19
A 1400 55 34 23
B 1000 o 18 7
By 1200 42 24 14
Bio 1400 49 29 19
Blo 1600 55 34 23
Bos 1000 32 16 6
Bag 1200 40 : 23 13
B 1400 45 28 18

W
@]
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SECTION THO

METAL PRICE FORECASTS.

As stated earlier in this report the metal prices used were extrapolated
from a eomparison of London Metal Exchange annnal average prices with the
Index of Baaic }la"'erials aﬁ& Fuels Purahaaeé by ﬂmu.faeturiug Ih&uaﬁriea
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SECTICH THRE®

Sayinos associated with using Unibond to

make radiators with sluminium finc

The three araohs attached show the savines. uossible if the Unibond orocess
is used to make raaiatn. s *-ntn almmnim finz. Yhe sayinas are exnre%eﬁ as a -
nercentane of the total materia)l cost of a mediunm sived radiator, \ :
t&.«.. ::eam-a snr:-.- es En 0 un f‘as- as-; a\rerang». '!*hé winas will increu
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Guided-flow cil

T

The fout craphs zttached show the s=vings nossinle °f the Unibond nrocess is

w=ad to make guided—-Fflow Dil coolers with =luminium fins. The savings ars exprosse
as a percertage of the total materisl cost of 8 fin and tube matriy of a tvoe now

hoing develoned. The grapns show the variastion in savinos with changes in the
[...E. prices of coprer and aluminium, 2nd also state the effect of the nrice of t
on the fiqures. Ezch granh r-pr sents the resnlts for one snlcer. The 31C variani
nses a lead tin solder; we have used tee 221 solder to makte our field trial units
at H.C.S., and intend to use the Z40 sclier as snon &S a “lah sreed bekin~ facilit
ig intalled. The Z90 is our objective - we hone, eventually, t~ be able to use

& solder of this type.

The matrix used tc calculate the savings is 12.72" Jonc, has 134 conper tuhes ¢
3/16" C.lis and .01" thick, and has £.2" by 3.3" f£ins of .GO5" copner, 12 fins per
inch, This is euwuivalent in performance to an Al1C 'J' tyme cocler 353 lonag. The
results are arw~roximately the seme for the new and nld desinrs evcept for variant
141G where +he new desinr gives shont 28 hisher savines. The savings do rnot vary
rreatiy with crewqes in size of unit.

Tt has been assumed in calculatina the savinre thet the nrices of lend and zin
yopain constant at £375 per tonne each, that the conversion cntts of coprer and
aluminium are £370 and iAS0 per tonne rasrectively, thzt the nrice of tin “= 26,00
trnire, that an sverace co tino of «0715" of 75 land, 25 tin solder is vsed -n €

tubes, the aluminium fins are twice as thick as nresert corer cnss and ==t fer

A

varisnt B10 & .00025" coative of zinc is ~ut on both s¥des of e fin. L
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APPENDIX TO CHAPTER FOUR

Contents

Details of the initial experiments to find out
which groups of organic acids act as fluxes and
also a table of the properties of the compounds
tested. These details are mentioned in section
3b of chapter four.

Results of a further set of experiments (mentioned
in section 5a of chapter four) to explore the range
of monocarboxylic acid fluxes and to experiment

: i
. £ e
with different bases.

Further experimental work to try and find a
suitable high temperature flux mixture. (See
section 5b of chapter four).

A copy of the provisional patent application based
on the "Unibond" baking process.

Section No. Pages
i ¢ 2 to 4
2 S e
3 8 to 10
4 11 ¥o 20



Section 1.

Organic groups tested as fluxes include :

Monocarboxylic Acids eg. Formic, Acetic, Capric, Palmitic,Stearic.
Dicarboxylic Acids eg. Oxalic, Adipic, Maleic.

Hydroxy Acids egr Citric, Tartaric, Lactic.

Amino Acids eg. Glutamic

Aromatic Acids eg. Benzoic, Phthalic, Abietic. Cholic.
Sulphonic Acids eg. Benzenesulphonic.

Phenols eg. Phenol, Quinole.

Experimental Method

The experiments were carried cut using 80 ;20 tin:
zinc solder coated, flat sided. brass radiator tube:
and shaped aluminium 3003 adloy strip. Th= tube

was fluxed and the strip then attached and held in
place by bulldgg clips. The assembly was placed in
an oven at 300 C for one minute. This test showed
whether the flux soldered the tube to the aluminium
and also whether it soldered the lock seam on the

tube.
Test Piece Assembly :
' \
/‘-
/ '_‘ MNuminiwm ‘St'.rif
i - b %
f” 3
_ / s 1 i
T / ! Fe it o P
- 2 / i ST
' s e SwmeE—e . ———Flux
-_'____“____‘_“__...,...;q------—"'—'—"_—_D = 4 3"-_-.:“_ "_—-:- Selde‘-
NS : o= <saked
brass tube

Results -

Some of the chemicals succeeded in bonding both the
aluminium to the tube and the lock seam of the tube
Others only bonded the lock seam and the rest didn'
bond either and so did not appear to act as fluxes

even for conventional materials.

The details are given overleaf.



RESULTS OF EXPERIMENTS TO TEST FLUXES

Bonded Alumiumium Bonded Lock No Bonding
and Lock Seam. Seam Only. At All,
Capric acid Acetic acid Formic acid
Palmitic acid Glutamic acid - Maleic acid
Stearic acid Lactic acid Phenol
Oleic acid Oxalic acid Adipic Acid
(b)
Linoleic acid Benzoic acid BEnzenesulphonic acid
Tallow (aj Ablelic acid Quinule ()
Tartaric acid Cholic acid (b)

Citric acid
Phthalic acid
(a) Perhaps effective because of acid impurities
“

(b) High melting point chemicals

Almost all of the unsuccessful fluxes have been tested with one or
more of the inert carriers in various mixtures to no avail. Stearic
acid has been tested successfully with all the carriers - so although

they have not been shown to promote bonding, they do not hinder it.



TABLL B REPEATIES OF CHRMYGALS.
(1) (2)
Chemical Melting Boi 1)‘_;1,._50 Disscciation Densitiy
poici- C point = C constant
Capric-acid 315 270 ) « 8B 5
Palmitic acid 63 554 % +8F
Stearic acid 71.5 370 B B i o N L9408
Oleic acid 16 ogg 100 3 107" end 107 830
Linoleic acia -5 230 16 ) oV022
Acetic acid 16.6 117.9 179 10#5 1.049
Lactic acid 50 119 12, 1,20 x 1G*h 162059
Citric acid 153 g it o 7.45 x ot
fartaric acid © 170 - £ A0S 1077 1,7600
Oxalic acid 190 - 5,0 x 107 1,90
Glutamic acid 2173 Aty 2.4 x 1070 1,558
Benzoic acid 1924 249 6,3 x 07 1,30
Phthalic acid 206 N e R 1.60
Fornmic aci& 8.k 106.5 ] 1.22
Maleic acid 140 - 181 e 1.59
Adipic acid 153 065190 5 3,71 x 107 1,36
Phenol Cou 181.7 103 s 10 Pk 15072
Quinole ' e R e PRl S ks 1,32
Benzenesulphenic acid 65.6 - Strong

(1) Normally at 1 atmosphere (760 mn Hg) unless stated in superseript.
(2) A measurc of acidity, A strong mineral such as Hydrochloric acid
would have a measure of 1010 or more,
d Decomposes

8 Sublimes,



Section 2. 5

A number of monocarboxylic acids were tested to see if they would
act as fluxes.

Chemicals which succeeded included

n Butyric acid, n Valeric acid, n Hexanoic (Caproic) acid

n Heptanoic (Enanthic) acid . n Cctanoiec (Caprylic) acid,

n Nonanoic (Pelargonic) acid, n Decanoic (Capric) acid,

Palmitic acid Stearic acid, Olgic acid, Undecenoic acid,

Linoleic acid, Docosancic (Behenic) acid, Cyclohexanecarboxylic acid,
2 Ethylhexanoic acid, Olive 0il, tallow. :

Chemicais which did not succeed included :

Formic acid, Acetic acid, Propionic acid, Glycollic acid
Glyoxylic acid. Benzoic acid, Phthalic acid,
Monocarboxylic acids can be divided into several categories (ref. 27)

Each category is now considered in the light of the above results and

some conclusions drawn as to which types of acid are likely to be success-
ful as fluxes.

1. Straight chain saturated acids.

i Formic, Acetic, Propionic, Butyric, Valeric, Caproic,
Enanthic, Caprylic, Pelargonic, Capric, Palmitic,
Stearic and Behenic acids from this group were tested.

It is probable that every acid with a chain length greater
than three (Propionic) will act as a flux.

2. Straight chain unsaturated.

(i) Monounsaturated - Undecenoic and Oleic acids from
this group were tested.

It is probable that all the acids in this group will act as
fluxes.

(ii) Non-conjugated polyunsaturated - Linoleic from this group
was tested.

It is probable that all the acids in this group will act as
fluxes.

(iii) Conjugated polyunsaturated - No acids from this group
were tested. Most have a
chain length of 18 and many
contain O or OH groups.

It is possible that some or all of this group may act as
fluxes.
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Branched Chain.

These contain methyl, ethyl or other similar groups.

2 Ethylhexanoic acid from this group was tested.

It is probable that many of this group will act as fluxes.

Alicyclic acids.

Cyclohexanecarboxylic acid from this group was tested.
It is possible that many of this group will act as fluxes.

Aromatic acids.

Benzoic and Phthalic acids from this group were tested.
It appears that this group do not act as fluxes.

Other derivatives.

These include Hydroxy, Keto, Epoxy, Methoxy, Halogens and
others.

Tests were conducted on an Hydroxy and a Keto acid - i.e.
Glycollic and Glyoxylic. These are both derived from Acetic

acid.
It is hard to say which. if any, of these acids will act as fluxes.

Natural oils, fats and waxes.
@lycerides.

oil
Tests were conducted on tallow and olive/from this group.
it seems that many of the oils, fats and waxes could act as

fluxes, probably because of free acids present in them.

It does not appear that pure glycerides will act as fluxes,
although as they have not been tested this is not a firm conclusion.

T+ therefore seems that there are 300 or more possible fluxes.

CONCENTRATION OF FLUX IN BASE

3 Monocarboxylic acids were tested in an "inert" base by trving to bond
3003 alloy aluminium strip to flat sided, lock-seam brass radiator tubes
coated with 80 : 20 tin : zinc solder at about 400°C. The tests started
with a high concentration of the flux in the base and this was reduced
successively until no bond was cbtained.

RESULTS.

- (a)

(b)

Stearic, Oleic and Linoleic bonded until a
concentration cf 1% was reached.

Methanol base

.

Glycerol base : Linoleic bonded until a concentration of 30%
was reached.

Oleic bonded until a concentration of 10% was
reached.

Stearic is not miscible with glycerol.



(c) Silicone grease base : Stearic bonded until a concentration
of 5% was reached.

(4d) 0il base : Stearic bonded until a concentration
of 1% was reached.

Linoleic bonded until a concentration
of 1% was reached.

(% is % by weight).

CONCLUSTONS

The oil acts as a base better than either the glycerol or the gilicone
grease do at this temperature.

As all 3 acids tested have similar molecular weights,'they would be
expected to act in a similar way when added to a base.

It is possible that natural oils, fats and waxes provide the best base.

The amount of acid present (COOH) group) is probably the most important
factor, although unsaturation and the presence of other functional groups w
have an effect on the acid strength.

Thug one would expect an acid such as Caprylic with a molecular weight
roughly half that of the three tested, to be successful as a flux at

about ha'f the % concentration by weight of the three tested.

The surface properties of the individual acids may also affect the
results.



Section 3

A recent patent on the use of monocarboxylic acid mixtures for

soldering tin plate was discovered which claimed that a suitabl

1]

flux mixture, having a good thermal stability, could be composed of
-} i

1) A dimerised or trimerised acid with a low degree of unsaturation,
the monomer having at least 10 carbon atoms. The preferred

compound was an oleic acid dimer.

2) . In additicn, an aliphatic monocarboxylic acid and/or acid
organic phosphate having between seven and eleven carbon atoms.
The preferred compound in this case was "Versatic Acid",
manufactured by Shell - a trialkyl acid having ten carbon atoms
with the structure CR R2R

1 3
ieast one of which is a methyl group.

COOH where R is an alkyl group, at

The experiments covered this type of mixture as well as others and
used a range of fatty acids compounds drawn from natural oils, fats
and waxes. These included : '"Versatic acid", Safflower oil, Sova
Bean oil, Palm Kernel oil, Linseed oil, Coconut oil, Fish oil. a
linoleic and linolenic acid mixture, and "Dimac" = a proprietary-
dimerisc ! acid mixture similar to that described in the patent. The
compositions of these mixtures are shown in table two. They range
from the largely saturated coconut and palm kernel oils to the highly
unsaturated linseed and fish oils.

All except 'Dimac' and 'Versatic Acid' were successful as fluxes.
None of the compounds were good at high temperatures - they all
charred more or less badly. The mixture suggested in the patent

fared no better than any of the other compounds.
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of separate Jjoints simultaneously between at least two parts
of which at least one part has gn aluminiun oF aluminium 2lloy
surface and is more parti cularly, though not exclusively, concerntd

with ibe manulasciurc of a finned heat exchanger tube asscmbly

in whisa a plurality of swr ips_ of alumihiinm or aluminiun alloy

f0il are soldered to a plurality of tubes tormed of, for example,
brass, in a single soldeving operations

To form soldered joints it is gencrally necessary te
employ a flux which protects the metal suriaces to be joined
agalnst oxidation at.the soldering temperature which, in mos¢
casos, alsc serves 1o xemove any oxide 1aycé.so that the soldex
can wet and bond to the metal surfaces, Various typea of

fluxes can be employed and the type chosen depends upon the

types of metal to be soldered and the type of solder cmployeds

' Tn the case whnerc an alumninium partiis to be soldeced, a

so=-callcd xreactive flux which reacis with the strongly
adherent oxide ‘coating on the aluminium to cxpose the aluminiun
metal can be employed. Alternatively, a so-called organic flux

which releases the oxide layer and depositis a metal onto the

. bare aluminium £0 that the solder wets and vonds to the

deposited metal can be employecd. dne examnle of suchh
an 6r5anic flux is one which contains (1) an organic fiuorcborate,
such 28 borontrifluoridc~monocthunolauine to remove the

aluminium oxide layeXy: (2) a heavy mctal‘ £lucroborate such

as codmium fjugroboraﬁc [ca (HP“}E] to cont the bare aluminium

and (3) a base €8s meihyl alcohel and stearic acid, to give

the mixture bedy and to plasteoises Doth of these tvpas of

fluxes have problems associated with their usece ‘Inc reaction



fiuxes (generally heavy metal halides) are unpleasant to use
in wiew of the tox ie nature of the fumes sanerated during

.| " - - i wy E5 v .} o o B ] 4l
+he soldering operavion &i 1 tend to be very hygroscopllC and

therefore require careful siorare to avoid the formation of
undasirable oxvechlorides, The so=called organic Tluxes also
sdduce extremely tozic fumes due to the prescncc of

riverins and cadniium and are rclatively o.«:pcn:zivc; Dothh types

of flux leave ua deposit behind which requires to be removed

so as to prevent corrosion of the joint in SEIViCOoe

T+ has been proposcd many years apy Lo @se £20
consisting of or containing an organic acid, G.&e stearic acid,
NS phe nctive fluxing ingredient in making a soldered joint
beiween two aluminium parts., Such fluxes fall within the
group of so-called intermcdiate finxes which are generally
consideraed to be not as powverfiul as the commonly used
jinorganic fluxes and it hos been accepted that thorough
cleaniﬁg of the surfaces to be soldered is necessary in such
cases, especially when the two parts to be soldered are
aluminium parts. Thus, to form a plurality of separate
joints sirmltanecusly between at least two parts of

which at least onc part has an aluminium or aluminium alloy

surface, one would cxpect to use either a very strong flux

such as an inorgonic £1ux or the fluoroborate organic flux
descrived hereinabove to aveoid having to clean the surfaces,

with all the concomitant disadvantages of the use of such

. FlosuS

Tt has also pecen proposed to use a method
which invelves jimmersing the two parts in an oil bath which

4

ennuTes not only even healing but also excéludes air so that
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forther oxidation of the aluminiui « oo Juminiunt alaioy

suriazeces is avaoieds However, Ssuc a niethod is expensive in
that it requires ¢ ansive couipment and subseq iant cleanang
ofi:”‘ soldered parts in order o rcuove a ierent oil,

nF 34 . applicntic: is 1irrited to leow melting point solders
aséif‘ unsafe to operate the oil bath at temperatures above

An object of tho presenti invention is to provide &
simple opTOCESS wvherein a plurality of separate joints'can fels)
.fbrmed simul tancously between at least two parts of which
at least one part has an aluminium or aluminium alloy surface
wherein the process can be effected in anir ér an inert gas,
i.,¢. withéut reguiring an 0il bath, and willioud tlis nced

to effect a priox cleaning operation and which requires littile

or no ¢ubsequent cleaning operatlona.

Sgprisingl?, it has been found that the process can te
effected by using certain organic acid fluxes. This is totally'
unexchted:msv1ew of the imherent difficulties in forming a
plurality of Jjoints sirnulianeously with such paterials and
. ensuring consistently reliable jointse.

\
Accordinsly, the present inventicn provides a method of
forming a plurality of separate joints simultancously betweon
at ieast two parts of which at least one part nhas an aluminium
o sluminium alley surfmcc, wherein the bond between the
solder and the aluminium cr aluminium alloy surface is effectéd
in air or an 1Hort gés using a flux consisting of, or containinz

AT A . peNe el
famctrraed egn h ad taned one pruRsddintod o

saa oml 3nyeliic o aTron ntie monochrbLicxylic



not being benzoic acid, phthalic acid, fcrmic ac o ERG T e e
sropionic acid. glycolic acid or glyoX)y lig acid,
- 2 & o 9Jd o

"

Preferably, the menocarboxylic acid has the

formula R-COOH, wherein R is a straight or branched chain

-

substartuted or unsubstituted alkyl groeup having a chain
of at lecast three carbon atoms, a straight ox branched ch=2in,
conjugated or unconjugated, unsaturated aliphatic group,

an alicyclic group, or an aromatic containing group wherein

T - " . i % Y . - . e e ol B -
LILEe DUl LU LG Cal buayd pa vikp Lo FRLE AV E s tilc 4T oma

The followins fluxes were found to be suitable in
bonding 3003 aluminium alloy strip to Tlat-sided, loclk~-scam
hrass radintor tuboes conted with 80:20 tin:zinc soldex at

about  300°C ;=

n-Butyric _;c-:ic.ih, r-';;Valeric acid, n-H'e':-_:a_ndic' (Capﬁoic) acid,
n-Heptanoic (Enanthic) acid, n-Octanoic (Caprylic) acid,
n=Nonanoic (Pelargonic) acid, n-Decanoic (Capric) acid,
Palmitic acid, Stearic and Oleic acidy Undecenoic acid,

i : Linoleic acid, Docosancic (Behenic) acid, Cyclohexanecarbdxylic
acid, 2-Et'n‘ylhexanoic acid, Olive oil, Tallow, Safflower oil,
Soya bean oil, Palm Kernal oil., Coconut oil,; Fish oil,

Linseed oile.

fhe following materials were found not to be

satisrfactory for such a soldering operationi~

Formic acid, Acetic acid, Propiconic acid, Glycolic acié, Glyoxylic
1

: g o H o
acid, Benzoic acid, Phthalic acid, Versatic 10®, Dimac "57 .

¢ Shell Chemicals Ltd.

s APE admea =T £ T
& YICTOD $GiY revlewe



the tubes, By heating in air at 300 ’C. 3003 aluminiim alloy

" - S BRI Vejt e S SR S = o £ o 4= s b - a
strip was bonded satisfactorily to 4 lat-sided,; locit-s5cam
brass radiator tubes coated witly S0:20:tdinszinc solder aLn

. D . : s . . = . i v
about A400°C, using stecaric acid, oleic acid and lincleic acid

in a :"‘l.f_!i_"_"‘;ﬁi'LC'-ll bas: down to a concentration of 'lfi by weight
of the total weight of 1‘11:3;. 1inoleic acid in a glycerol
base was satisfactory dowvn to a concentration of 3G Ly
weighit of the total weisht of the flux whilst oleic acid was

[ e TS |

I el = i e e eSS ! g e 4
saLisfackory (oW VG 4 SOnSTi o ool 10Es Sy e i

Stearic acid bonded down to a concentration of 5 by weight
of the total weight of flux when a silicone grease base was

employed. ¥When a mineral 0il base was emploved stoaric acid
: Py 9

and linoleie acicd were found to be satisfactory dowvn to a

’ L3

concentration of 1% by weight of the total weight of flux.

A suitable solder foi* usg ih the method of the present
inventio? whcréin‘the flux émploycd is ¢ 107 stearic acid/silico
greasce mixture wherein the temperature is about 100°C
above the liquidus of the solder and vherein the £uo parts to
be joined is a enlder-coated brass tube fluxed and 5andwicﬁcd
betiveen a folded piece of 3003 aluwninium alloy foil is tin,t
zinc, any tin-zinc alloy, a tin-lead solder containing down to
20% bf weight of tin, a zinc-cadmium or tin-cadmium alloy
containing up to 40; cadmium, a tin-aluﬁinium alloy
enntaining dout: to 85¢5 tin. Zinc-aluminium solder alloys arec
found not-to he satisfactory in the above-described snldnrfng

operatiolt.

Tt has been found that the following materials



7 ;
can boe SaLiS actorily soldered u T a 05% zinc=>,» tin soldex
and 1C% stearic acid in ¢ t1icone grease base as a fluxs=

99,995 Fure Aluminivm, AL 1200,
A1 3063, Al 3003, A1 3103, Al 5005,

Al 8G9, and Duralumin,.

In effecting the method of the present invention,
o 5 P B pgsribie cither te pre~tin +he aluminium oI aluminium
alloy surface with the golder using the flux Lefore cffecting -
the jointing operation with the other part using any
suitable flux, Alternatively, the two partis may be joined

torecther without pre-tinning +he aluminium or alumininm alloy

surface,

In a preferred embodiment of the present invention,
LD
a plurality of strips of aluminium o¥ aluminium alloy foil
are soldered sirmltancously, in air or inert gas, to plurality

of tubes formed of €.8. LrasSe

In such a method, it is' preferred for the tubes
to be pre=iinned vith the solder using any suitable flux
and to effect the joints between the pre-tinned tubes and the

strips using the method of the invention.

Enbodiments of the present inveniion will now be

described in the following Examplese.

sxample 1

In moking a radiator matrix of tlwe nein~and-tubot

e A L e R I T R S ot e e ke ATlonvw Toila

vy JIG g A Adie

== ELTHHIULL TR e
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.



tubas made from brass strip 21 1 i
manufiacture, the brass strip being passed 00 th ¢
suitable conventional flux, then througi T £
molten 80:20 tin:zinc solder al Formed co, bHe 2

1 +3 favk atT i suitan

by means of seqaentisl forming Yolls, thon cut
lengths., DBefore cutiing, a layer of flux:.in App-: 3 0 (G = Sl
by brusaing, the flux comprising a liquid solution ol 37
stearic acid, 50% methanol and 459 mineral oil by weight, the

1 . . - 3 c‘
solution being maintained at 60°C.

The fins are held equally spacad in a suitable Jjig
.and the fluxcd tubes inserted into the holes in the f£ins in
the'manner vsual in the assembly of radizmioxr pateicas
of the‘“fip-andnﬁube“ typhe The watlxix is thea p
a forced air circulation oven at BOOOC, aftor vhich it 4s

removed and allowed to cool., In the resultant radintor matrix,

the fins are securecly soldered to-the tulies.
Exa@nlo 2

In making a radiator muirix of the "packeconstruction®
type, a corrugated £in strip is produced from 7072 aluminiunm alloy
foil, using forming rolls usual in the construction of this
type of radiatoxr, cut off to appropriate lengths ix ike
ustual manner. Fluxed tubes are produced in the same panhew
as 1n example 1 butb using a flux mixture o 25% tallow, 25

. 5T
methanol and 505 oile



The radial matris assem I b= pi insh. 3
suitable jig, two lockesonm flat-zidcd tubes sqce by fide,
parallel) to one another, laving a 1unnth of corrugated fin above

them then a furtier pair of tubes and so. on until the required

b

width of radiator matrix is obtained. The assembly is then

0

lampad and placed in a forced air circulation oven at 300 C,

as in Example 1. %The fins.are secuvcly solderad to the itubes

Examrple 2 is repeated except that the tubes arc of 18:8
stainless steel coated with 90:10 zinec:cadmiun solder and the
lux mixture is 204 palmitie acid in silicone graasze and the

temperature of the oven is 500°C.
Exopmle B

Exa&plé 3 is repeated except that the solder is ho:s60 -

.

tintlead soldcr, the corruzated fin is made from 3633 aluminium

sias i ; . . G y 0
foil the flux is oleic acid and the oven temperafture is 3507 C.

Ixa 111_‘-_3_;1_9 5

In the soldering of copper wires attached to elcctronic

components, to a printed circuit board comprising a 99,99 pure

aluminium foil Londed to an epoxy glass cloth substrate, a flux

olution of 7C¢% linoleic acid dissolved in JO5 math:

1

comprising a



is applied to the surface ofs the printed circuit koard by
_brushing after the wires to be soldered to the aluminium foil

have been ?1aced inzth;ir appropriate positions, and the afore-

said surface of the prlnted circuit board is then passad over

265°¢.,

cf with a wave of 66 40 t1n=lpad.ﬁa?dar at: 2:9'




APPENDIX TO CHAPTER FIVE

Graphs 1 and 2 show the new laboratory test rig cycle.

(See part five of chapter 5). Graph one is of a cycle with
the water sprays turned off so that readings can be taken and
graph two is of a cycle with the sprays on. ;

Tables 1 to 10 contain the results summarised in part six of
chapter five. Table 11 gives the analysis of results referred
to in part seven of chapter five.

Contents ' ; 25213
Temperature drop readings of the test rig units. b
Visual inspection results 2
Graphs of the temperature drop readings for 3 to 5

individual units.
.

Correlation between inlet temperatures and ambient. 6

Averages and standard deviations of the temperature 7
drop readings for each unit.

Analysis of the figures in table 7. - 8
Analysis of the variance in results. 9
The effec£ of water sprays on the results 10
Analysis of the results of the inspection of units 11

taken off the test rig.
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Date of Reading

Unit

Inlet
Amhient
Tank

No.

QHEEHDOOW

A G X

M
N

wuor

Type

A up.c.
A p.c.

MNO

g

OwO 40
20

A copper fin

A p.uc.

mo

A

A copper pack

wuo

up. -
Py -
uc. -

TEMFERATURE DROP MEASUREMENTS

Table 1

4/5 11/5 18/5
9 10 £l 2
8 8 9
5 5 5
e .
(11 12 35
T 7 (7
8 B 8
8 7 8
[9],. a =88
8 ) 7
q 7 7
7 7 7
e
| ibe e 6
'60 54 63
12 L3 13
New Unit
Unpainted
Painted
Uncleaned
Cleaned

1977

23/6 6/7 15/7 18/8 24/8 5/9 13/9 24/9 30/9 3/10 4/10 mmo mAO qmo w@m

14 A R 10 8 5 9 9 W0 8 9
11 T e 909, 9 9 9 W0 9 9
9 A e ¢ 5 5 5 5 6 5 5
7 RSy 5 6 6 6 1°6 6
14 BN R 13 o] 12 1 11 12 11 1
7 7 7 6 6 6 8 ¥ 7 7 6 7 6 7
L 10 e G Y At S 7 11 8 8 8 8 9 8 =]
8 N S 5 2. 7 7 T 1 6 1
9 e e TR R (R S SR S - S
7 AN 08 8 7 8 8 7 8
9 S G o s 8 @ 8 8 7 8
8 G G 6§ 6 6 6 6 6 6
i 6 9 g g 8 9 8 2] 8 8 8 8 8
70 68 63 63 66 68 67 67 63 66 66 65 67 68
14 R e 14 16 11 15 14 13 15 17
- - 8 - - - 8 80 77 79 79 79 8l 8l

2 po.m on 3E and 5B are pack blocks.

The one on 5D is fin and tube.

The 2 on 5G is fin and tube.

90 )

2/1]

i 3 O

1> o o T O 1 s SRS R, I & R
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TEMPERATURE DROP READINGS

1977
Date of Reading Type  4/5 11/5 18/5 23/6 6/7 15/7 18/8 24/8 5/9 13/9 24/9 30/9 3/10 4/10 5/10 6/10 7/10 29/ 2/1
Row 4A s 6] & *e 6 T LB g e S T TR SR TR S
B A“p.uc. 9L g e S R T IR N e 6. 5 5.4
C B Fol. gt 1d S G s g, 18 10 10 10 1o 1o 1lo 8
D A coppefr pack 6 7 10 6 2 <] 5 3 4 8 5 5 5 5 B 5 3
£ A up.can s 7 7 3 8 a S5ia 5 3 4 8 5 5 S 5 5o 23
F Bas AN AR 8 IR 5 - 03 4 PG e6 ' 6 & S5 5 73
¢ 20 58 “€ s T T S R S g 3 3 32
H A 7 . A 7 TG 1 6 6 6 6 6 6 4
J B § 7 .8 ey 7 T T ISR T4 45 AT 23
K A"p.c. 6 8 3D 6 ARG NE o4 4 PR 5 -5 5. 5 4 3
L A 6 6 BRI 6 4" 4 PR 5. "5 5 ‘5 S5 3§
M A copper fin 6 7 8 6 6 5 5 4 4 8 5 5 5 5 5 5 4
N C s 6 6 6 5 e e A G s 3 3. 3.2
Inlet 55 57 71 ENEIN Bl g 64 60 75 60 63 6L 62 63 65 €0
Ambient 13-% 03 = g B R i 16 10 15 14 13 15 17 -
Tank el TS o . . 85 83 78 8 -79 80 81 83 -
Row SA € (B AU i A g 4 4 4 R 4 4 .4 403
20
B B2 6 B itena 4 Ha ST sy ldol 8 7 7 8 8 8 5
c A R e e D 66 5 6 e s 56 6 6.4
D A copper fin 2, R S e es el s 5 & S 6 5 4
E Bl s [5] 5. es'td a4 5 04" 4. 4 4 CEENELs 4 5. 5 " 4 '3
F A TUp. o 5 S G0 6 5 4 5 - 4 6 4 4 4 4 4 4 3
G S Pan 7] 7. {33) 53 IR & 55 5 O T S S R R |
H 2%p. uc. R N v i L S ENSe 4 5 s PR s 5 4 5 3
3 A 65 SEioeE g S GRNAT 4. 4 4 Tooa RS S S S S,
K B, 6 [S1itEaT g5 SE B 5 - 5 s g6 -5 B 5 5 6,4
L Con 2| =4 fvir Sl L et R R EENE S s 3 3 3. 7
M Af.c. UESRT SR g S e T B TR A g 4 -4, #r2
N A copper pack 4 4 6 5 4 5 4 4 4 4 5 4 4 4 4 4 4 2
Inlet 30 e S G Gl sl N ey 54 S0 67 SL 53 53 53 53 57 52
Ambient TS R T Sl st 12 16 o - 15 14 3 13 17 -
Tank FON R e - - B8 @0 77 78 .78 79 79 82 -
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NOTES TO TABLE 1

Notes on Readings

4,577 . ‘This set was taken to test the new operating cycle.

= I S ety U Both these sets.of readings were taken at a low inlet
18.5.77 ) temperature.

23.6.77 This set of readings was taken at a high inlet temperature.
6.7.71 This set of readings was taken to test the thermocouples -

installed on manifold 5.

18.8.77 This set of readings was taken using thermocouples on
all manifolds.

24.8.77 )
5.9.77 ) These readings were taken by a different person.
L3957 )

30.9.77 For some unknown reason the inlet temperature on manifolds
4 and 5 was high during this set of readings.

2.11.77 Pumps were operating at an increased water flow rate for
this set of readings.
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TABLE 6

Correlations between the inlet temperatures and ambient.

-

Row 3 =~ cons:mérmg 13 inlet readings, discounting the first four
and the last one.
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ANALYSIS OF MEANS AND STANDARD DEVIATIONS

Pack Block Units

C =" 30 5.7 1i5 copper fin - 3M 6.4 .6 2 38
it R & 's.8 1ie = 2w
F 67 .6 5N 4.3 .6
J 6.9 .4 Average 5.5 @ 150

4h 4.4 1.5
G 4.1 1.6
N 38l d
5A 4.4 .8
L e e s
Average 5.1 1.1
Fin and Tube Units
Variant
A - 3K 7.6 8 unpainted - 32 g2 AR ' otd. 3R
3L 7 .8 cleaned 48 5.9 1.8 “elnd 4K
R 5F 4.7 .8 5M
4L s S Average 6.6 1.5 Rvag,
5C 6.0 7 painted 38 el .9
5J - S s uncleaned 4B 6.8 1.8
Average 6.4 1l.l 5H Sk .G
Average 8.3 13
L]
All A's - Average 6.4 1.2
Variant 330 3E 12.8 .5 copper fin ~ 3G 8.4
3J 75 1.4 4M 5.6
3N 8 ) 5D @ 60
4c 10.6 o8 Average ey
4F 6.3 1,8
47 4.6 1.2 290 - 5G 5.4
5B 4.7 1.4
S5E 4.6 il 2 - 5D 521
5K 5.6 .9 =
: Average Fo2 1.4
without 3E & 4C b9 1.2

‘6

o L

Wi o D



Table 8 cont..

Pack Fin and Tube All Units
3 6.4 .8 T2 i) 3 6.9 120
(7.2 with E) (8.6 with E) (7.6 with E)
4 5.4 1.6
4 4.5 1.6 5.9 1.5 (5.8 with C)
(6.4 1.6 withhaa)eos Ge3 .9
5 5.0 .3 5.4 i
All 5.4 140 (Spes f 1.2
(not 3E) (not 3E or 4C)

Bad Units

gg g:;k 3:; i:i ; Slightly high standard deviations

58 WL 4.7 1.4 )

3 A 9.3 LoBaan )

3B " 9.2 1.0 ) All the row 3 variant A-units. Do not
3H " qiad s ) differ noticeably from copper fin or B30
3x = 7.6 800 .
an " il 8% 1

5E 6 i) )

<y R 4.7 .8 ) Do not differ much from other row 5

=% R 4,6 1.5 ) wvariant A units.



Taplile =

ANALYSIS OF VARIANCE

Manifold 3 4 5 mean
c20 Pack 6.5 4.1 4.1 4.9
Copper Pack 6.4 5.8 4.3 D
Variant A 8.2 6.1 5D 6.4
i o . i ik
Variant BED i 5.5 5 6
Copper Fin 8.4 5.6 6.7 6.9
Mean TiuD 5.4 5.0 6.0
Souurce variation a.f. Variance Rario Proh. wvalue HO

Between
manifolds 18.05

Between i
units i3
ﬁnexplained 1.60

Total * 26.97

2 9:03 45.15 pr 4 <00L
4 1.83 9.15 py 4 0L
8 52

14

Row 3 differs from rows 4 and 5 significantly up to 99.9%.

pack block units differ from fin and tube up to 92% (CBOmore than Cu)

Otherwise no significant differences.

¢

b 5 L e ) Means with 90%
confidence interval.
m——m e e = Y e 1.2)
Cao
- - - - == +-=- == - -3 Y
CoPPER PRCA :
e
B0
EAIRERIGS o B i S
A
€--mmm e ]
CofPER  £in
el AT, . R
FACK wnhTS PN AND TuRe
AVERAGE.

uils AVERAGE



) Tl 5 f e e

Variant A A up/c A p/c A p/uc A copper Mean

4 RIE R 5.9 5.5 6.8 5.6 6.0

i 5.3 4.7 4.2 5.1 6.0 5.1

6.6 6.3 1o ST A L s

1
5



B el o S

TEMPERATURE DROP READINGS WITH SPRAYS ON

11, 12th and 18th May.

Unit Type No Spray Spray ’

8 16
7 13
7

g
g




Row 3

Row 4

Row 5

Pack Units

Fin and Tube

20

New pack

units

Copper
pack

30

up,c
P,uc

Pt

20

40

Copper
fin

o B ¥ P B P m

ANALYSIS OF INSPECTIOLH T_ET_HESL? LTS
Bond

acC 1B 3A

(no new units = 10c 1B 2A)

ac 4B 2A
11c 2B oA

8c 3B 3a
19C 4B 2A

8(: - -

- 2B 1A

= 1B 2A

4c 2B - )

All B's on

2 L ]row 4

2C 1B - )

3c - -

3 - -

i = =

1c = -

- - 24

A grade bonds

B grade bonds

3G
4D
3E
4ac
5B

copper fin 3M copper pack 37

Fin Condition

3C

5C

3C

1c
2C
ic

copper pack 4M copper fin

2 40 pack

B 4E A up,c 4F B

30

30

3B

5B
5B

6B

7B

1B

2B
1B
1B

2B
1B

4 HA

2 0 pack 5N copper pack

4

10A

6A
24

new C20 pack



Table 11

ANALYSIS OF INSPECTION RESULTS

Alloting a value of 5 to C, 3 to B and 1 to A; and correcting

manifold 3 results to allow for the presence of the new units.

Analysis of Variance

Bond
Row 3 4 S Mean
C20 5 5 : 5 5
Copper pack 1 & 3 : by
A 5 4.2 5 &7
B30 4.3 3l 5 4.3
Copper fin A1 1 3 2 Hp i
Mean a3 3.0 4.2 ;T;
Source Variation s i Variance F. Ratio
Between manifolds 3.9 ! 2 2 4.2
Between units ] 32.43 4 .8.11 16.9
Unexplained 3.84 8 .48

Total 40.17 14

Row 5 differs from 3 and 4 significantly at the 95% level.

Copper units differ from the others at the 95% level.

conti.vee 9

Prob.Value
Ho

«-05

£ .001



Table 11

cont...«. o

ANALYSIS OF INSPECTION RESULTS

Fin Conditicn

Row 3 4 5 Mean
- a 5"
C20 3 4.3 1 3.8
Copper pack 1 2 3 1.7
A )8 202 38 e
B30 X 2.7 2.3 o
Copper fin L ] 3 i
Meau 1.4 240 e kD 23
Source Variation d.f. Variance F. Ratio Prob.Value ”o
Between manifolds 12.95 2 6.5 5.0 ¢.001
Between units 8.91 4 2.2 16.9 {{001
Unexplained 1.01 8 13
Total 22.87 14

Copper units differ from the others significantly at the 99% level.

C20 units differ from the A and B30 significantly at the 99% level.

Marnifold 5 differs from 4 and 3 significantly at the 99.9% level.

A A up,c A pc A p,uc Mean
3 ;4 1 3 1 ¥
4 2 3 3 5 oS
5 5 5 3 1 3.5
Mean A 3 | i 223
Source Variation d.t. Variance F.Ratio Prob6Valu
H
" Between manifolds 12.52 2 6.3 6.3 <.05
Between units 7.02 3 2.3 23 <.25
Unexplained 6.25 6 120
Total 2519 11

Manifold 5 differs from 3 and 4 at the 90% level.

A p,uc differs from the others at the 75% level.






1a

2o

6.

7o

8,

9.

10,

11.

12.

13.

14,

15,
16,

Tr.

18,

19,

20,

o,

Rofapences to soldering and fluxes (Chapter 4)

Aluminium Association
Aluminium Asscciation

Aluninium Federation

American Welding Society
American W=21ding Society

G.We Eldridge

G.0c Hoglund

J.F. lancaster

Ae Latin

WeRa Lewis

HeH. Manko

D.R. Milner

H. Peters and W.B. Gonser
Silman & Stein

R.J. Anderson
JaWe Richards
C.F. Bu-rgess and
Co Hambueciien

A.E. Tucke

E. Andreyws

E. Andrews

Aluminium with food and chemicals
Aluminium Soldering Handbook

Soldering Aluminium = Metalworking
production 17.9.69, page 62-3

Soldering Manual 1964

Welding Handbook, Part 3 1965
Aluminium Soldering = BeWeds
October 1965, page 486-95

How to solder Aluminium - Melal-
working production 12.9.1962
pacge 78-81.

Metallurqy of Welding, Scldering

and Brazing 1970

Influence of fluxes on the spreading

power of solders. Trans. Faraday

Soce. 1938’ 34' 1384,

Notes on Soldering 1926
Solders and Soldering * 1964

A survey on scientific prinéiples
related to wetting and spreading
= BoWeJe 1958, 5, 90.

Researches for improved fluxes = Tin
and its uses, July 1941 and March 1942.

Non Corrosive Fluxes - Met. Inde
1943, 62, 306 and 325.

The metallurgy of aluminium 1926

Aluminium 18390
Some laboratory observaticns

on Aluminium = Electrochem. Ind. Volel
1903, page 165 to 168.

Joining of metals - J. Inste Metals, 8,
1912, page 258 to 281.

Joining aluminium and aluminium alloy.
parts = American Machinist, 54, 1921,
paage 167E to 172E.

Note on solders and soldering fluxes =
Amer. Mache. 54,1921, page 841 to 842



Ra-fereﬁoes to soldering and fluxes -(C,hapter 4) cont.

21.  U.S. Bureau of Standards Circular No. 78, Jenuary 28,1919

22, H.St.C. Deville . Aluminium
(Trans. 1933) . 1859

Jeffries :

1919
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References to marketing (Chapter 6)

1e Jo Arncld Pricing and output decisions

:I '_II'. B

' . !r .-'i.‘r_:._'._.. ‘ 3 |||_B - '“',.' ) :
- | N : . : ' . y 3 I|J.l‘|,-I ___' 'll'.l |'j"k"¢l|r”-'_; : ﬂr;.'-
K Ll - 1 i =i i L :
1

; y r al » s L

- " | ] k 9
» ! '
"._' - - 1 3 5 "



8.

9.

10a
11.
12.
13.
14.
15.
16

17+
18.
19.
20.
21.
22.
23.
24,
25,
264

274

e

References to R&D man=gement (Chapter 8)

Hels Ansoff

Heles ansoff (ed)
Je Argenti

S. Beer

S« Beer

8. Beer

C.Ha Buck

Burns and Stalker
CeSalale

CeSeEele

CuSeTlsls

Cept. of Industry
D. Dickson

C. Frecman

J.W. Forrester
Jay Galbraith

A. Gerstenfeld

C. Handy

JewK es et al
Kotler

Langrish et al

Ce Layton
Leavitt, Di'l and Eyring
T.S. McLeod
JaEaSe Rarker
Rogers & Shoemaker

R.N«. Skinner

Corporate Strategy
Business Strateqy
Corporate Planning
Decision and Control
Brain of the Firm

Platform for Change

Problems of Preduct Desian and Development

Maneagement of Innovation
Aspects of Spin Off

On the Shelf

Success and Failure in Industrial Innov.

Social Aspects of Ianovation
Alternative Technology :
Economics of Industrial Inﬁovation
Industrial Dynamics

Designing Complex Organisations
Effective Management of Re & D.
Understanding Organisations
Sources of Invention

Marketing Management

weal£h from Knowledge

10 Innovations

The Organisation World.

Management of Re & De in Industry
Economics of Innovation

Communication of Innovations

Launching MNew Products in Competitive
Marketsa



32.

33,

38.

39.

40,

41.

42,

43.

44,

45,

464

47.

=5

References to R&D management (Chapter 8) cont.

J. Thomas and We. Bennis (ed)
G.F. Thomason

Be Twiss

Zaltman, Duncan & Holbeck

hs Hart (Morganite Re & D.)

lHational Science Foundation

Luropean Industrial Research

Manaagement Association

J. Southall
(Serck Audcso Valve International)

DeBes Hertz

.

T.E. Clarke
G.A. Montgomerie

B.C. Twiss

Re. Rothwell and Ae. Robertson

R. Rothwell et al
Mottley and Newton
Clarky  Steeman and Verschmuir
Je«M. Hubert

TeJa Allen

Management of Change and Conflict

The Management of R. & D

Managing Technological Iﬁnovation
Innovations and Orcanisations

Planning and Contrcl of Re & B. T.ojects

Interactions of Science & Toch. in the
Innovation Process 12th March 1973

Communications in Research Laborctories
Allocation of Re & D. resources
Technological Forecusting anvd Long Range
Planning. :

Project Procedure

Risk Analysis in Capital Investment -
Harvard Business Review Feb. 1964

Decision Making in Technoloqically-ﬁésed
Organisations = I.E.E.E. Trans.Bng. Mot.
EM.21,1, Feb.74 '

Industrial Innovation-and The Inter—
disciplinary Approcach = Proce. I.E.E, 124,

Strategy for R. & D. - Long Range
Planning Sept. 1970,

The Role of Communications in Technolog-
ical Innovation - Research Policy Vol.8
page 204, 1973.

SAPPHO updated-Rescarch Policy, Vol.3
page 258, 1974.

The Selection of Projects for Industrial
Researcn = O.R. Vol.7 page 740, 1959.

The Evaluation of R. & D. Projects
Metallurgist and Materials Tech. Nov.1976

R. & D. and the Company's Reguirements -
R. & D. lManagement Vol.1l.

Communication Networks in R. & D Labs -
R. & D. Management Vol.1 Part 1 (1970)




53.

4.

55,

Les

References to R&D manasement (Chapter 8) cont.

Bradbury, Gallagher
and Suckling

J.B. Gardner

J.B. Wilkinson

S. Cooney and T.J. Allen

le Bierfelder

iReCe Parker

Gunz and Pearson

Longbottom and Hay

Qualitative Aspects of Evaluation and
contrel of Re & Do = Ra & Da ligt.
342y 1973

Innovation throuagh New Ventures - R. &D.

Management Structure in an Industrial
Research Laboratory — R.& D.Mat. 4,3,
1974,

Technological Gatekeeper and Policies
for National and Intermaticnal Transfer
of Information = R. & D. Mgt. Vol.5, 1975.

The Quality of Subjective Probabilities cf
Technical Success in Re & De = Re & D
Mgto Vole. 6

Innovation in Acceptable Doses - R. & 1IN
Mgt. Vol.6

Human Aspects of R. & D. Organisations -

:Rt & f.}_- th- 7, 3' ‘1977

The Introduction of & Matrix Structure
into an R. & D. Eztablishment — Re & Da
Mgt. 7, 3, 1977. i

Experience with the use oflnesearch
Planning Diagrams in a synthetic fibre
Re. & D. Unit - Re & D+ Mgt. 7, 3, 1977



