
 



THS EFFECT OF A NOW MANURACTURING PROCESS ON AN 

INDUSTRIAL ORGANISATION 

  

DAVID JOHN SAUNDERS DOCTOR OF FHILOSOPEY 1978 

This research ojest hes been carried out et Serck t+ Transfer, an 
opernting division of Serck Industries Ltd. This division specialises 

in producing heat exch ers for mobile end stationary engines. It is 
organised into three semi-cutonomous mnufacturing divisions end e small 

centrel services group. The Advanced Development Department in which I 
worked is a part of this central group. It is a small department which 
conducts medium and short-term development projects «imed at improving 
manufucturing methods and cutting costs. 

   

      

When ] joined the company they were acquiring a licence on a new 
menuracturing process, and I] wes given ea trief to participate in the 
development of this process. The programme wes to last three ye:rs 
and the objective wes to learn the potential and limitctions of the 
process, ani to assist in the design of manufecturing plent for 
severiul of S.H,T.'s divisions. Unfortunstely, the licenced process 
was discovered to be uneconomic. Luckily « cheaper process had been 
eveloped end this process was now adopted. This led to more resezre: 
being done than wes originally planned, and caused delays and some 
confusion in tie rest of the programme. 

My research hes involved both pructicul exercises, such a8 anclysing 
the costs and benefits of the new process, chemical research, 
environmental tests end murket research; and a more general look xt 
the organisation - in particular a comparison of the theory and 
practice of R & D Monagement and planning. My conclusions are thet 
the new process has had little direct effect on the organisetion, but 
it hes hid some effect on the structure of the research and development 
department. It could heve « considerable effect on the organisation in 
the future, both directly end by influencing changes in its structure. 
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This unusual arran nt has been organised by the Interdisciplinary 

    

ZIeHeD. 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. The research leads 

to a Ph.D or M.Phil and the student spends two or three years as a member of 

the organisation in which the project is based, between 30% and 7U~ of this 

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

There are many different types of organisations involved in the 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 clesses. The project is jointly supervised by the 

University and the organisations 

SERCK LIMITED 

My sponsor - Serck, is a broadly based British engineering group providing 

vices. 

  

specialised and related products and se 

It is a major supplier of capital goods and services to such industries as 

natural gag gathering and distribution, petrolewn, chemicals, petrochemica 

 



  

    The group is orgar d into seven ope! this country. 

These are divisions of Serck Industries Ltde, the British holding 

Companye ‘There 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 Bre: tt of 

“£7.06 million before tax (£3.6 million after tax)e Total assets 

employed were £33.23 million. £314 million of the sales were abroad, 

mainly in Europe. The group employed 5100 people, 4314 of whom were 

in the UeKe Diagram one shows the British subsidiaries in more detail. 

HISTORY - 

The founder of “ne company was Peter Oscar Serck, a Pussies born 

Norwegian, who bought a partnership in the Zimmerman Engineering Co. in 

Mannheim in 1904. This company first developed and patented the honey~ 

comb. eaaraeors He set up in London in 1905 and moved to Birmingham in 

1911. In 1913 the partnership was dissolved and Peter Serck became the 

owner of the British business. 

Darig 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 Ltde as a public company 

in which he held more than half the shares, nd was the managing director. 

By 1922 about 180 people were employed at Serck.
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During the Second World War the company was again comandeered by the 

Government and concentrated on aircraft and marine engine coolerse The 

Lendon branch made fuel tanks, and vehicle radiators were provided for 

service vehicles, fire pumps, engines and other essential transport. 

This war time work established Serck's reputation for quality and reliab~ 

dlity. 

in the post war years the company continued to expand. In 1955 Audley 

Engineering Co., a valve manufacturer, was taken over by Serck and became 

Serck Audco \aives. In 1957, Serck Services and Serck Tubes were formed 

from Serck Radiators and Serck Ltd. became the parent company of the four 

Givisionse In the 1960's Serck Visco was acquired and Serck Glocon, a 

specialist valve manufacturer, formed by buying a licence from an j 

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- 

taken between Serck Ltd. and the Jamesbury Cerporation 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 

Audcoe 

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

in 1929 to manufacture and service radiators. This was bought by the 

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

      

divisions Between al Research 

    

and Development Division, from which there em r _Process— 

ing, Serck Instruments - later to become Serck Glocon, and a Power 

hydraulics business which was later sold off. This division came ouc 

of Serck Controls, which had itself come from Serck Heat Transfer's 

research laboratory. By the early 1970's the company had reached 

its present structure, having expanded its fields of activity 

considerably within less than twenty yearse Since then Serck has 

adopted a policy of growth of the present business rather than ~ 

diversification. 

SERCK HEAT TRANSFER 

“a work in the Advanced Development Department of Serck Heat transfer. 

This division is organised into product based manufacturing groups 

which are send=autonomovs, and a central services groupe ' 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 is concerned with 

cooling equipment for engines and they have a strong position in several 

parts of the British Market (see diagram 2). 

The Advanced Development Department was set up in 1972 as a central 

service. At present it consists of a Manager, three development 

engineers and two students and uses the engineering laboratory for 

much of its experimental work. The department conducts medium and 

short term development projects to enhance the present product range by 

improving manufacturing methods and cutting costs.



  

00s 

*saayz0 ‘pue 
tseoyTades jUSuedeueYW 

équeudoteasq psotvapy 

sbupzexzen ‘ToazuoD 
Agyzteny *bupszecupbug 

squmcessy ‘[euucsied 

SADLIAYAS TWUINED     

es 

UOFTTTW 9°OF 

eTqeTTeae 
seambtz ou = 

peustiqeyse ATZUeDeU 

aebueyoxe 

q8ey TeT7ysnput 
ao [TeTOAauu0D Aue 

qsouwpte jo 5Supotaszes 
pue sofedea ‘saaedg 

UOTTTTU S°Os 

VOL 

UOTTTTY O°TS 

qeyreu Fo YO — 
*ye" UT sz9IN}Oe ue 
Z0ReTpez AsTLetfoads 
gsebazeT ey} Fo aug. 

soutbua Torjed 
pue Tesetp z0F 

szoReTper AST TeTOods 

uotT itu se*oz 

6cL 

UOTTTIW SL°Ts 

peoage sates 
suos UTM *y*n UT Buomqs Aza), 

edeu 

O0OT 03 dn soutbue [esetp 
AOF SABTOOD [TO MOTs pspTNy 

      AID SSIVS &     NOISIAIG WOUaS °O°H   NOISTAIG WAIOOD SNIONA ‘TIVWS 

  

    

  

UOFTTTU L°tS 

Lee 

UOTTTTU S°Ss 

     

  

*S28TOO>? saTTeus 
Jo xog *3exaeU raTooD 
eu ebaetT Fo aaeus %og 

suoTzemeueb xeamod 

Guy pue esn supazeu soy 
oyQaed sashueyoxe 

3eSy.agng pue [Tsus 

UOTTTYY S°*Ls 

6S2 

UOTTT Ee O°S3 

* 

*szeToco ate 
ebaeyo uz buozys Arey, 

_ *seuypbue cel Tews 

FO MOE 09 Sz UH “dey 
000€) FOXxTeU suTSue 
ebaet Fo eanus %0¢ 

queyd 

{etajgsnpuy fseutiue 
abreyT sox szehueyoxe 

3eeYy pETEOd ATW 

  

UCTTITY S*03 

£9 

UCTT TW Lets 

BACYS AOE OF SZ 
= qax7eu Guptood euTiue 

qyerATe UT SISpeeT PTI 
eyes" OF 

Aptepoedse peorge setes 

*u°N UT sxstoos TTO peTood 
qenz zo Ktodouow zesy 

seuTous euTganz 
seS suyTszew ue uotTjezeueb 

, aemodtasedsorse aoz 
szabueyoxe Jeey eoueuzozzed 

usty qubyemqubtT es4TA 

  
  

  

ISTAIG WAIOOD YvINdAL   NOESTALG SNTICOD      » KOISTATG INGWdINOS LdvsuLy   

padotdug Te}FdeD 

seskoTaug 

TeAousny, 

7exAeH UT UOTZTSOg 

JexzeW/ONpoT 

NOISIAIC 

  

  ¢ WwYoVId     

    



THE PROJECT 

When I joined Serck Heat Transfer in September 1975 they were just 

acquiring a licence on a new method of scidering which was claimed 

to have a number of advantages over present methods = in Soe tealer. 

that of | soldering aluminium easily to itself and other metals, which: 

not previously possible. My project title was "The 

 



  

The project outli 

THE COMM 

  

RXCIAL USE OF A_NEW 

  

INTRODUCTION 

  

Serck has entered into an agreement with an overseas organisation for the 

use of a new method of soldering that brings substantial advantages in the 

manufacture of some forms of heat exchangerse 

For certain of Serck's existing heat exchanger aesigns it has the prospect 

of reducing production costs, improving product quality and improving 

working conditions. 

It should also 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 acceptability in the market. 

THE PROJECT 

fo 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 licensors 

- reviewing the potential for the method over the range of 

Serck products.



  

the    

conditions, and the increased market potential due to 

improved product qualitye 

  

- assessing the appropriate ways of extending these benefits 

to other Serck products. 

” 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 

I spent the first two weeks at Serck reading the files about the new 

process,called the ‘Unibond! process. TI 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 used by the licensors to make vehicle radiators and heater 

cores. The process is similar to conventional methods of making



  

2 of being able to 

  

to itself and other metals. Lt was    of metal together which led to the tr 

  

& typical fin and tube vehicle radiator is 

    
Tt is ma om a core of flat sided, solder coated brass tub 

into copper fins, the ends of which are enclosed in two tankse The 

hot water flows through the tubes and is cooled by air flowing across 

the fins. The tubes are soldered to the fins ina hot air oven, and 

¢hen-the tubeplates and tanks soldered on by hand. 

The 'Unibond' process is claimed to produce a better quality product 

than conventional soldering techniques because the soldering temperature 

remains constant and is easily controllable, also the unit being soldered 

reaches y uniform temperature very quicklye Using aluminium instead of 

i 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 circuite 

Other current aluminium joining techniques used to make heat exchangers 

jnvolve the use of expensive plant, highly corrosive fluxes and expensively 

treated, or "clad" aluminium and do not allow aluminium to be easily 

ponded to other metals. 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.
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Also some of t       
n conventional ones, and 

x solders are used. 

  

the aluminium has to be 

  

The major problem is likely to be that of electroche: 

  

of the aluminium caused by the proximity of the other metals. 1! 

common difficulty with any aluminium heat exchangers. 

THE DEVELOPMENT PROGRAMME 

A development programme had been drawn up before I joined the companye 

it had two main objectives. The first was to learn the’ poteiitial and 

. limitations of the oil bath technique, to assist in the design of manu- 

facturing 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 coppers 

The development projects are set out in more detail in diagram fours 

I was asked to plan and supervise one of the projects - the environ= 

mental tests, and to help plan the other projects. I worked cut a flow 

chart for tiie projects and calculated the critical path and time for 

eache 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 

are set out in appendix 

MY PROJECT -- STRUCTURING 

By the end cf my first two months with Serck I had decided that the 

imitial 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 work. My first aims were to find out as much about making 

, Fadiators. = and te get the environmental test programme 

  

2



  

"Unibond? Process 

  

(a) @ 

  

  (>) Assist in the 
equipment for 
process to rad 

    

(c) Investigate the application of the 

process to the manufacture of other 

heat exchangerse 

4.1 Standards programme- specify standards for 

soldered fin and tube and tube to tubeplate 

joints. 

(a) Provide basic data for designs. 

» (b) Compare results with present products. 

(c) Determine the best solder alloys, base 

metal combinations and coating thickness. 

(a) Specify tolerancese 

402 Help design and install a production facility 

at HeQ. Serck division. 

103 Develop a system to use the process in the manut— 

acture of guided flow oil coolers in Small Engine 

Cooler Divisione Help design and install a 

production facility. 

1.4 Develop a system to use the process in the manuf- 

acture of sectional air coolers and ribbon wound 

tube in Air Cooling Division. Help design and 

install a production facility. 

PROJECT 26 Substitute aluminium for copper in heat exchangerse 

2e1 Environmental test programme - manufacture field 

trial and laboratory test samples. Conduct a 

series of corrosion tests in the field and in 

the laboratory.
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uses of the new pro 
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My supervisors and I discussed the objectives and decided tt 

in the long term I should look at the marketing: opportunities 

presented by the new process and also monitor and evaluate the 

introduction of the new processes 

I spent three months working on the application of the *Unibond’ 

process to radiator manufacture and planning the environmental test 

programme. I then decided to do some market research into customer 

eeections 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 strategy to maximise returns from the new processe 

During my and June 1976 a discovery which came from the development 

programme had a significant impact on the future of the ‘Unibond’ 

project and on my project. I started an investigation into 

soldering and soldering fluxes which continued until early 1977 and 

pecame a major part of my projects 

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 

headingse 

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 s es of the 

  

development programme as possible without becoming involved in the
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Derive sin 
Manchester £ 
overheads as inputs. These will be b 

tube, copper fin radiators so as to dire 

the present and proposed soldering systemse will 

take account of changes in production metic Jabour 

factors and market factors in order to produce 4 

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 an the 

light of actual results as they are available. 

Supervise a programme of environmental tests. This will 

provide management experience and help in assessing 

product quality. 

It is hoped that the majority of this work will be completed in 

6-9-months although section 1-3 and parts of section 1-4 will not. 

be concluded for 2 years or morée 

LONG TERM OBJECTIVES 

2o1 

202 

203 

204 

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 coolers and guided flow oil 

coolerse 

Identify 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 ‘Unibond! programmes 

  on
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de An analysis of the costs and benefits of using the 
"Unibond' process to make radiatorse 

20 A literature search and So eae on soldering eat 

sores in Biers 
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   My first 

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

radiators at the Manchester factory. 

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

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

by using the new processe 

To accomplish these objectives it was necessary for me to understand the 

production process 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 

Manchestere 

Production at Manchester is on a jobbing basis, dealing mainly with smal 

orders and producing many variations on basic units to suit customers’ 

requirements. Present sales are mainly to a specialised section of the 

radiator market - off highway vehicles, cranes,compressors and agricult- 

ural equipment. The radiators are al] 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 perts of the cost of the unit, and as 

the market price of copper tends to vary considerably, an allowance for 

this hes 

  

n 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 marketo



  

diagram 1. This is exp 

Dube Manufacture: 

Fin Manufacture: 

« 
Assembly: 

Checking and 
Squaring: 

Flux Dip: 

  

14.3" wide brass strip is a 

  

natically solder 

coated on both sides with 70:30 leaditin solder, 

formed into a lock seam tube and cut to lengths 

(See diagram 2). Seam strength and tube length 

are checked by the operator. 

Fins are automatically stamped out and cut to 

length. They are sorted and stacked by the 

operator as they come off the machine. 

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 a sword, 

the blade of which is rum inside the tube. An 

expander is a tip placed on the lacing tool which 

is sometimes used to widen the holes in the fins. 

The block is checked and squared up on 

a metal base plate. 

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. It also helps the solder to flow when
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Make tube 

plates 
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Paint 

     



 



  

Tubeplate 

Manufacture: 

End Capping: 

End Dipping: 

Washing: 

    a press ani 

are bakede 

A standard size plate is cut out of brass strip end 

holes punched out. The plate is then pressed into 

shape. It is large enough for an 8 row unite 

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 ends 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 visually. 

The units are washed in dilute acid, followed by an 

air and water jet, and finally dipped in hot water. 

They are then stood to dry.



  

Frame Manufactures 

Fitting Headers and 
Frames 

_Leak Testing and 

Repairing: 

Painting: 

   
annealed. The si 

  

and holes drilled out for the 

    

pipes are 

The components are then cleaned and di 

  

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 

_plate and soldered. 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 repaired. A final check is 

carried out and any damage repaired. 

The units are spray painted in Radiator Black, and 

then packed for despatching. 

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

radiator is shown in Table 1. This unit has a biock measuring 560 mm 

by 610 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



   

  

      

  

   

The cost analysis is 

pounds. Copr 

- ton and brass at £3 £450 p 

    

a movement 

  

to be ad to each radiator 

>» and the 

  

£.11. Time costs include a relaxation 

labour rate used is £1.35 per hour. Block solder used on tubes and in 

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

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

labels are entered against "Test Radiator". 

CORE TIME TAKEN MATERIALS LABOUR 

(mins) (£) (=) 

  
  

  
  

  
  

Tubes 190 at 2 secs. each 6.33 26261 01703 

Fins 197 at 2 secs. each 6.57 2.1473 - «1774 

Stack 197 at 5 secs. each 16.42 04433 

Lace 190 at 5 secse each 15.83 04274 

Comb 1 core at 2.50 mins 2250 20675 

Bake 1 core at 6-00 mins 6.00 © 1620 

Plates 2 manuf. at 3.00 mins each 6.00 «6808 21620 

Plates 2 cleaned and fitted at 

3250 mins each _ 7400 01890 

Dip 1 core dipped both ends i 

at 4.00 mins © 4.00 1.5000 21080 

Wash 1 core at 3.00 mins 3.00 20144 0810 

TOTAL: 73265 6.6035 1.9885 

Tanks TOTAL: 14.25 207374 03848 

Frame TOTAL: 16.00 ©5540 04320 

Assembly 

Assemble tanks to core and 

solder 2 at 10.00 mins each 20 ) 25400 

Solder fittings at 5.00 mins 5 ; 1.350 1350 

Solder frame et 6.00 mins 6 ) 21620 

Test radiator 6 07468 01620 

Fit overflow a 20284 20540 

Paint radiator 6 2500 01620 

TOTAL: 45 203752 122150 
  

TOTAT, FOR RADIATOR: 148.9 12027 420203
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cost). Stock costs are ighored and inter-process stocks allow a 

considerable amount of slacke 

 



  

production without increasing the 

    

giving a greater throughput. It also 

  

between the fins and tubes, thus improving the 

price of aluminium is relatively stable, and although its heat trensfer 

characteristics are not as good as those of copper, using a double- 

thickness of aluminium, and with the improvement in bond quality, 

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 Jess dense than copper and so a smaller weight of 

material is used to produce a radiator. 
i. 

“the main difference between the present system and the oil bath is 

that the oi] bath system contains a semi-automated soldering plante 

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 dippinge The pre- 

treatment recuired depends on the type of solder used and the fin materiale 

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)



DIAGRAM 3 

The Proposed Manufacturing System 

  

  

  

      
Tube Pin 

manufacture} manufacture| 

Asseml tube] 
plates   

  

   
    Wash 
   



     Tube 
A 30-60% Tin/Lead DZ for Aluniniun DP, - 

3 o 

Bao 60% Tin/Leed be ; DP oa DP soa 

Bao 80% Tin/Zine None Mos Mos 

Die 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 solution 

requires a density check twice a day. Treated fin stocks can 

only be kept for 10 days before use. 

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

by sprayina after it has been formed, before it is cut to length. 

Alternatively the assembled block can be dipped in DPyy solution 

_as there is a danger that the coating could be rubbed off the tube 

during lacinge 

DP soa? This is a fin and tube lubricant/flux and could be applied to 

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

Moo? This serves a similar purpose to DP aoa? but is much more viscous. 

It conld also be applied before or after block assembly. 

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

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

There are several further cost saving developments possible with this 

process. These aret— 

Cg One-shot soldering of the logs and the tubeplates - 

a require. a Se Ee. of preplacing solder on the 

eliminate t need for end dipping    



Cost CoM     

  

In order to compare costs I chos s of unit; a small     © study three siz 

  

one, a medium one and a large one ( s 200, 500 and 700). These 

  

sizes of unit account for about 50% of sales (15% 

    

resp.) with the medium sized unit representing an average 

present output mixe 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 metal prices used were extrapolated from a comparison of ‘hs London 

Metal Exchange annual average prices with the Index of Basic Materials 

and Fuels Purchased by Manufactucing Industry , issued by 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. 

or 

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

(c) Overheads have been ignored as has the possibility of a 

reduction in repair time due to improved bond quality, 

and any changes in stock costse 

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 so’ more     

  

solders are used or if stan    
used it is necessary to pretr 

(b) The cost of chemical fluxes. 

(c) The extra cost of power. 

The savings 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 Bao where the flux cost is relatively highe 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 gives rather better results ~ savings of between 2 and 15% for 

_ Variant A, % to 1% for Variant B, 4 and -1% to 11% for Variant B,), 

depending on the price of coppers (See graphs 7 to 4). 

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

Aluminium £600 

Tin £4,000 

Zine £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 

Bao and Bay by about 2%o An increase in the price of Aluminium by £100 

would decrease the savings of all variants by between + and 1%. Being 

able to solder the block and tubeplates simultaneously would add 2% to the 

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

unitse
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New Process 
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SECTION St DISCOUNTED CASH FLOW ANALYSIS 

In this section the rate of return on investment in the oil bath process 

is investigated. Tt is assumed that e 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 

  

i Ma | 

For all of these it is assumed that the proportion of : 

aluninium fins will £llow an $ shaped growth similar to that ee 

pattern (a) ~ see graph Se 

        

The resulting figures for output ere shown in the appendixe 

Also it is assumed thats 

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

process to manufacture aluminium finned units is given



curve put 
aluminium finned units 

cutput in unite per veok | 
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to the customer as a reduction 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 equally. 

(c) The project is assessed over 10 years. 

   



@ cash flow rates of return — oil bath plant. 

   



   

   During April and M ari 

     progr: e had s 

  

the cost comparisonse It was found that the 'Unibend' 

solders could be used to solder aluminium in an ordinary baking ovens    

  

The semi-automated oil bath plant could be replaced by a semi~a 

baking oven and trichlorethylene washing tank, making the process 

simpler and cutting the capital costs. 

The development affects the costs in three areas? 

(a) There will be no power costs 

(b) Only Nos can be used as a 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 o2hyfor 

variant Bio 

details of these see the appendix. 

by about .1% and for variant By by about 2.7%. For 

The rates of return of this process have been assessed in a similar 

way to those of the oii bath process. 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 appendixes
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* (b) I£ 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 Pemachise 4 to 5% 

ever those given above, It would be advisable to 

install new plant 4£ output is expected to rise 

substantially above 1000 units a weeks 

  
     



      

The conc. 

  

at this stage 

  

‘Unibond! proc ed mainly on five fa 

  

(a) At.least one of the variants must be dem 

  

to be satisfactory. 

(b) Modifications of the process to increase the return, 

@ege the baking method, tube to tubeplate bonding, 

solder saving- 

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

proportion of output with aluminium finse 

(da) The relative prices of copper and aluminium over the 

wy next few years. 

Ce) Which variants ere best at resisting corrosione 

Variants A end By, are the cheapest but may not be as good at resisting 

corrosion as variant Bags 

The oil path 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 chosene 

It is important that some research is carried out into the areas of 

tube to tubeplate bonding, solder economy and corrosion proofings 

In view of the effect of output on rate of return it would be useful 

  

4£ some market research were carried out on customers’ reactions to 
  

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

quality.



    

  

was develo;   

attractive financial outcome, and the 

      on cost cutting by using cheaper so: 

  

ca a resist corrosion better than the original verian’ 

of higher zinc 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 judged. The total costs were 

estimated to he £248,800 including royalties, all being eveeal in the 

first three years. The benefits received were estimated to be between 

£44,000 and £250,000 a year. A summarised cash flow of a likely estimate 

of the benefits is given below: 

XEAR our (Cumul.) IN (Cumul.) BALANCE 

4 (1975/6) 25,600 & ; (25,600) 

3 248,800 23,000 (225,800) 

2 248,800 218,000 (30,800) 

7 248,600 428,000 179,200 

10 248,800 743,000 494,200 

45 248,800 1,268,000 1,019, 200 

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

guided flow oii 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 its present price of between 

  

» £600 and £700 per tonne, heat exchangers with slumininm fins are not



Se 

commercially attractive unless the cheaper high zinc solders can be 

used. If copper increases to £1400 or more then the savings are 

considerable. 

At the present stage of development the benefits provided by the 

project are mainly from spin-off; Labour saving at Manchester through 

ick-bake © L x, labour saving at    



SECTION 9: CONCLUSIONS 

This proved to be an interesting and useful introduction to the - 

'Unibond' project. It gave me an insight into the production 

techniques involved in radiator and oil cooler manufacture and into 

the new processe The exercise highlighted the need to lock for 

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

also showed the dependence the return on the relative prices of ~ ‘ 
mt 

 



    

SECTION 43 INTRODUCTION 
  

The ‘Unibond' process originally consisted of a hot oil soldering plen 

  

and several combinations of flux and solder which could be used for 

different types of product. Its main advantage was that it could solder 

aluminium easily to other metals, using non-corrosive fluxese This was 

not thought to be possible using normal soldering techniques. 

It was discovered at an early stage in the development programme that it 

was possible to use the recommended fluxes and solders to solder aluminium 

in an ordinary baking even. This was 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 the 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 alwninium soldering, as T 

could. This exercise started in May 1976 and the first stage was 

completed by Novembere 

This- included a search of all the relevant books 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



at, j ‘ 

The he stage of my research concentrated on finding the information 

for this patent. I followed up the initial literature survey by looking 

at past patents on soldering and some older books on the subject. rhe 

experimental work was also extended to obtain more information about 

the behaviour of monocarboxylic acid fluxes and to tventienta the range 

of solder Eitoys and ree of oe enter the process coud USee ae 

work led to a provisional specification being. ae in April. 1977 a 

 



  

2. (a) 

  

solder is free to flow over the metal and be nd to ite 

Whe flux must displace the layer of adsorbed gas on the metal 

surfaces and then remove the oxide film by chemical actions 

The solder can now wet the metal. The flux will promote 

wetting by influencing the balance of surface Siieiés - 

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 metal. 

Wnere is a number of factors which determine whether a chemical 

will act as a good flux. 

Cid. Chemical Activity 

All the oxide layer and other tarnishes have to be removed 

before soldering. 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 

break down too quickly at the soldering temperature. 

held iw 

  

T£ the flux is capab



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

inert carrier to provide the coating and to aid wetting. 

(iii) Activation and Deactivation temperatures 

(a) Activation: The flux will become sufficiently 

active to remove the oxide film at a 

certain temperature. This must be 
a 7 s Pulse 

ae ‘below the soldering temperatures 

ois ine 

  

    
.  ) Spreading Activity 

The flux must be able to influence the surface energy 

equilibrium in the direction of solder spreading, and also 

be easily displaced by the solder. In order to influence 

spreading the flux must be able to reduce the surface 

tension of the solder, eeg. by forming a flux/solder 

compound.



2. (b) 

(c) 

(d) 

(e) 

(£) 

    

It should be non 

at normal room t 

  

The residue should be non-corrosive at operating temperatures 

or be easy to remove after scldering. 

fhe fumes given off while soldering should be non-corrosive 

or have low activity and should be non-toxic. 

It should be safe to use, ise. have a high fiash point, 

decompose slowly, not irritating, non-toxic, not react 

violently to other chemicals. 

It should act quickly 

It should be cheap. 

Fluxing Materials. 

The two major flux groups are inorganic and organic chemicals. 

Inorganics There are three types of inorganic flux. 

(i) 

(44) 

Inorganic acids: these are highly active and corrosive 

and include hydrochloric acid and 

erthophosphoric acid. They are normally 

used as a part of other inorganic systems. 

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



  

(iii) Inorganic gases: 

are dangerous, and so rarely used. UDry 

hydrogen and hydrogen chioride are in this 

groupe 

Organic: There are four main types of organic flux. 

(i). Organic acids: these are of medium activity and are 

temperature sensitivee Acids used include 

Lactic, Oleic, Stearic, Glutamic, Phthalic 

and Citrice 

(ii) Organic Halogens: these are much more active and corrosive. 

They are temperature sensitive and include 

compounds such as Aniline Hydrochloride, 

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 groupe 

(iv) Rosin types 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 activ athis & a   

wetting and spreading agent.  



    

a wide range of 

     h the 

consider are: 

(i) 

(id) 

Temperatures 

Intermetallic 
Compound 
Formation: 

(444) Physical 

(iv) 

Properties: 

Wetting Powers 

  

des 

Solder alloys have a wide range of 

melting pointse The licuidus of a 

   
metal mixture cen be determined from 

a phase diagram, and it is usually wise 

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

Some solders combine with the base metal 

to form crystalline structures in the 

solder matrix, which is considered undes- 

irable as it weakens the joint and 

hampers solder flowe 

these include mechanical strength and i 

fatigue strength at the operating temperature 

and also ductility. They must be matched 

to the needs of the applicatione 

the solder should flow easily. This is 

determined by the balance of surface 

energies between the solder, the base 

metal and the flux.



20 (d) 

    
the bond is in cor      

    

similar 

the presence of the liquid, 

  

base metal and the solder, will lead to an 

@lectric cell being set up and rapid 

corrosion of the more electropositive 

metals 

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

may be necessary to consider trade off's 

between cost and other desirable features. 

Conclusions on Theory 

It is important to consider the base metal, flux and solder as a 

system. All the parts must be carefully chosen to match one 

another or the system will not work correctlye Developing the 

best system for a particular jon may take some time. It 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 precise theoretical way of 

predicting the behaviour of a particular system or comparing it 

to anothers It may be possible to do this experimentally by 

measuring bond strengths and the wetting ability or solders and 

fluxes.



      

      
- an organic 

€ salts of heavy metals such as 

  

cadmium or lead. A typical mixture would contain zine chloride, 

ammonium bromide and sodium fluorides These fluxes penetrate the 

oxide film so that the salts come inte contact with the aluminium. 

This may occur when heating causes the 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 

tih deposits on the exposed aluminium. 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 stili very 

corrosive, and usually contains en organic fluoroborate, a heavy 

metal flucroborate, an organic solvent and a "plasticiser". 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 expensivee There are some new organic fluxes which are 

claimed to leave a non-corrosive residue. These fluxes have not 

found favour in heat exchanger manufacture, although they are used 

in the electronics industry.



  

(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 $0 to 95% zinc. (c) and 

(d) are lower melliny soft solders used at or above 300°C. the 

relative proportions of the constituents vary and there may be . 

Lae amounts of other metals such as silver or indium present 

to add strength or other desirable features to the solders. 

The main problem when choosing a solder for aluminium where the 

finished product will come into contact with water, or other 

donic liquids, is corrosion. Aluminium is very electropositive 

and sc lead tin solders are not normally usede The best metals 

to use, in theory, are zinc, aluminium and magnesium as these all 

have similar electropotentials. The small amounts of other 

metals are present often to lower the melting point of these 

solders because the fluxes available cannot cope with high 

temperaturese 

3. (b)  '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



    

conventional £ 

solders. These are 

    

than the more usual low temperature tin, zinc 

solderse 

These fluxes consist of an organic acid which may be mixed with an 

inert 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 first, 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 fluxe 

The next step was to try some of the more promising failures with 

a range of inert carriers - oil, glycerol, pareffin wex, 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 works For the details 

of these experiments and the results see the appendix.



is necessary 

  

1 to the 

  

perties of 

    

requirements of a f of some of     

ndire 

  

properties is shown in the apy 

  

The only successful chemicals are some of the monocarboxylic 

acidse There appears to be no single property that distinguishes 

a flux (or alunliinium or lock seam) from a non flux. Zt may be 

that a combination of properties is impertant - having the right 

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 molten. 

The difference between those acids which bonded the aluminium and 

those which only bonded the lock seam aret— 

(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 

waxinesSe Thus they may posses special surface 

properties. 

The other acid groups tested may have been unsuccessful for a 

number of reasons. It 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 ali tend to decompose 

rapidly at or before the soldering temperatures



ees 

* 

Because of a shortage of wis, these experiments are not complete. 

More work could usefully be done in the following areas. 

(a) Fluxes: (i) Try the remaining untested Monorarb- 

* oxylic acids to see if they worke 

_ GA) fry some comparative tests of wetting 

are is “ability and bond strength. Compare     
- give as low as possible a potential difference, and as wide as 

possible a range of solders and soldering temperatures.



   recent work on aluminium 

  

across a book written in « Ander     

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 US. 

Bureau of Standards report of 1919 (ref. 21). This reported tests on 

aluminium fluxes, including stearic acid, but did not recommend their 

uses I then looked at early books on aluminium and soldering (refs. 22 

to 25) and discovered a reference from 1909 to patents on aluminium 

soldering (ref. 26). This encouraged me to search through British 

patents and ied to some interesting and surprising finds. 

. 

The books and papers were, for the most part, not very informative. 

Richards in 1s 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 himself as to whether it is necessary to scrape the surface of the 

aluminium before soldering or not. He recommends using stearin or lard 

oil as the flux. The U.S. Bureau of Standards recommend carefully 

Cleaning the surface to be soldered with a file or emery paper and then 

tinning 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 heve not shown any advantage in the use of such fluxes (as 

stearic acid, rosin, zinc chloride, soap, sugar or paraffin) either in 

the ease of application (tinning) or in the resultant adhesion of such 

£luxed metal."
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    it shall dissolve aluminium oxide; so 
  

    
grease, Soap, étc., are therefore, usel nd also, later 

As mentioned, fluxes are often recommended for use with the various 

commercial solders, and some of the more common fluxes suqgested and 

used include the following: stearic eae rosin, zinc chloride, soap, 

suger or mixtures of these substances. The employment of such 50 

called fluxes is totally useless, and actual tests have shown no advantage 

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

soldering". 

Anderson recommends scraping the surface and tinning prior to joining. 

Later books mention only the use of strong inorganic fluxes, or the 

fluoroborate organic type, patented in 1952, ut not much used commer= 

cially. 

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 looked 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 otherse fhe earliest patent concerning the use 

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

  

Unibond’ Unibond} 

pe cleaned or 

  

four of which state that the parts to be soldered m 

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

the inventors thought it necessary to scrape the surface of the aluminiun. 

All cases specify a special or preferred solder. 4 patents specifically 

recommend scraping the surface of the aluminium before fluxing and sold- 

ering. 3 recommend tinning the aluminium before seldering, using organic 

fluxes such as stearic acid for the tinning and subsequent 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 Duet unin using palm oil as a flux, zinc plating the meta] prior 

to soldering. 

It seems therefore, that monocarboxylic acid fluxes were well known in the 

18th century and early 20th century, and when aluminium was first produced 

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 it. This interest died down and between the 

20's and 40's not much work was donee 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.



   explor range 

of monocarboxylic acid fluxes by testing all the easily available 

types and also to experiment with different bases. The experimn- 

ental method 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 metallurqist at Serck, using 3s a guide 

a list of typical aluminium solders derived from the literature 

seapche 

For devails of the experiments see the appendix. 

As a result of the experimental work and the literature search, a 

provisional patent application was drafted. 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 metalse (see appendix)



aad fine 

5. (b) Work for the final specification. 

After the provisional patent specification had been submitted, . 

work continued to try and find a suitable flux mixture to 

operate at high temperatures (450°%C+) without severe charring. | 

  

‘This would allow the use of cheap, high zinc content solders, 

eke in theory would be less liable to electrochemical corrosion 

3 ts 
     
  



    

   to be a most interes rom the 

    

point of view and my own. The ext ntal work 

  

ame a major part of 

my project and involved me directly in the process devel mt to a tar    

  greater extent than originally seemed possible. The literature search 

was fascinating and taught me a valuable lesson on the usefulness of 

such an exercise, 

Further work remains to be done on these fluxes - specifically to develop 

a suitable high temperature soldering system if possible, and to invest- 

igate the mechanism of the fluxes’ action on aluminium to derive a theory 

to account 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 plante 

Its technical success seems assured but commercial success depends on 

two factors - whether it is possible to produce ai aluminium heat 

eeeee with as long a life as a conventional copper unit - iee. 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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bes This exercise has peyonetra bed a number of important eanerar principles. 

Firstly it has shown that in-house expertise and innovation are asecul 

even when buying in new developments. Secondly, the need for flexibility = 

_ When planning for and Beis new processes can be clearly seens 

Thirdly the value of looking at past bee in a subject ee Bigeatnted = 

literature searches should be a part of any research project. Finally AS é wie 

le 
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2 I joined Serck i vas to 

  

ny first project 

  

and help pl 
       test progra to assess the corr 

  

Lon 
  

sistance of the new      mr products made by the ‘Unibond? processe I worked 

with a development engineer who had roughly planned the programme before 

I started. The objectives weret 

(a) To selectively apply the Serck ‘Unibond process to the 

manufacture of test units, field trial vehicle and other 

such block radiator units. 

(>) fo evaluate the performance of these units and assess the 

life expectancy of various base metal materials and solders 

relative to their application. 

It was expected that the units would be subject to electrochemical 

corrosion. This happens when two or more metals of dissimilar electro- 

potential are in contact with en electrolyte such as water. The more 

electro-negative element is corroded at a rate which devends on the 

voltage difference between the metals, the distance they are apart and 

the nature of the electrolyte. Aluminium in particular is open to this 

type of attack because it is the most electro-negative metal except for 

magnesium anc zince Therefore, if a normal lead:tin solder is used with 

aluminium the joint is attacked at the point of contact between the 

aluminium and the solder where a thin fusion layer is present, which 

rapidly corrodes. T£ a zinc based solder is used, the whole surface of
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to last for 

    

There were to be two types of test. 

built and pleced on field trial with customers, and at the same time 4 

  

number of small units would be placed on a laboratory test rig 2nd subj 

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 perform 

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 197 Ten oe 

started by drawing up a network diagram of the project and calculating the 

critical path to assist in planning and monitoring progresSe (see 

appendix). The next stage was the design of the laboratory test rig and 

finding suitable customers for field trial unitse vnilst 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 laboratory 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.



ea 

The rig then ran satisfactorily until ‘September, when a further review 

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

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

* 

The field trial programme continued to progress slowly. The manufacturing 

problems were largely solved but it became ifficult to get the necessary 

       



    

   

the    
£ test     on the type of te 

use so that the rig could be desi It was decided that 

    

the test units would be 4 inch square radiat ocks, meade 

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 box. The wits would 

have: hot water pumped through them and there would be a water 

spray system to give wet or dry conditions and to spray salt 

water on some of the units. 

The air flow rate would remain constant, but the circulating hot 

water could be turned off to simulate cold runninge A cycle was 

to be run which resembled normal use ~ eege cold start, running hot, 

stand and cool down. This could be run with or without weter 

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 

theme
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I was not gre ed in the det     of the rig, this being py the deve 

  

whom I worked, in conjunction with the ing office and 

  

ng laboratory. 

Field Trials 

During this period a programme of field trials was set up in 

co-operation with the Manchester radiator manufacturing division. 

It was decided that normal production radiators would he re~ 

blocked with aluminium fins and brass tubes by means of the 

s'Unibond! oi] path technique. Various different solders and 

coatings would be used to make the blocks. A list of customers ~ 

who might test these units was drawn up so 4s 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, compressors and large off- 

highway dump trucks. It was hoped that the units would be 

made by the autumn of 1976.



  

and » 

  

nents were finalised during this time, These final 

plans are given below. 

*< them 

  

We will place 52 small blocks in a test rig and subj< 

to an accelerated life test in simulated operational conditions. 

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 units. All the units 

will be bakede 

We will measure 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 experiment. The results will be analysed 

statistically using analysis of variance techniques which measure 

the differences between and within groups of results. The tests 

will run for about a yeare 

» Environments 

We are going to simulate three situations; highway use, off 

highway use and semi-continuous running.



    

(a) Highway 

  

Winter cycles; Hour a 2 3 4 

Cold Dry Hot Wet Cold Hot Dry 

  

There will be a one minute salt spray 

every cycle at the end of hour 3 and 

diesel fumes will be added during one 

cycle every week. 

Summer cycle: As above except that there is no selt 

spray and only + hour of water spray 

every cycles 

(b) Off-Highway use: As for highway but with no salt spray 

used in the winter. 

(c) Semi-continuous 
sunning As for off-highway use except that hour 

3 is hot wet running instead of cold wet 

Materials 

We will be testing the following combinations of metals and 

solder in each of the three environments. All units are to 

be baked and will be unpainted and uncleaned except where 

stated otherwise.



  

nN " " 70:30 " " A 

s a 80:20 tin:zinc Bao 2 

Aluminium/Alum. ee = i¢ x Cag 2 

" i" non oon " X Bay 4 

iy " 70:30 leadstin XA £ 

Aluminiun/Brass " " " # A 3 * 

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

1 off unpainted, cleaned. 

(ii) Packed Block Units 

Aluminium/Aluminium 80:20 Tin:Zine Cag 4, - 

Aluminium/Brass Ms ") &sg 2 

-Copper/Brass 70:30 Lead:Tin A £ 

* 2 off these in semi-continuous 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 es shown in 

diagram i. The individual units will be randomly arranged 

within each environment.



  

    
  

  
 



    

   Each block je in 

    
f of each block was to be mad 

  

solders, and the lower 

  

production solder - 70:30 lead:tin, and pre-tr: 

other hal£ would be made from untreated fins and 60:20 tint zine 

solder - corresponding to variants A and Bao of the "Unibond! 

processe 

Units were to be performance tested before and after the triais and 

inspected occasionally while in use. The units were to be in the 

field for at least a year. Details of placings were agreed and a 

production schedule drawn up with manuf: acture starting in Octobers 

This part of the programme was the responsibility of the Revelonnene 

engineer working with the Maneater factory and the encineering 

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 agriculturel tractors (outside customer) 

4 off compressors (two outside customers) 

3 off Bedford lorries (Serck owned) 

3 off Transit vans (Serck owned) 

5 of f company car: 

 



  

    

    

ber and J. seven being put on the rig in mid- 

    

February. Some manufacturing difficulties arose, but these were 

overcome. Only three rows of units were built - the all aluminium 

ones being postponed until the method of manufacture could be 

finalised. 

I had not been greatly involved with the rig since late 1976, having 

been working on aluminium fluxes. 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 being placed on the 

rig and that no performance tests had been mnducted. Furthermore, 

because of inadequate heating and timers, all the units had been 

running on roughly the same cycle under the same conditions. 

I decided to stop the rig in order to inspect some of the bad units 

ed for improvements to be made to   and replace them. I also arrar 

the heating and timing devices, and worked out a programme of tests 

to be conducted when the rig recommenced running. 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 corroded at the point of contact between 

the fins and the solder, as expected.



   

  

Row 3 = 5 good units; 8 bad ones 

w Row 4 -— 10 " as 

Row 5S. =. 6 ny Ts " 

By variants 

Fin and tube 

Bio (treated fin, 60:40 tin:lead solder) - all 6 bad 

Bao untreated fin, 80:20 tintzinc solder) - 3 good, 3 bad 

A (treated fin, 70:30 leadstin solder) = 3 good, 3 bad 

A (painted, cleaned) = 2 qood, 1 had 

A (painted, uncleaned) : - 2 good, 1 bad 

A (unpainted, uncleaned) - 2 good, 4 bad 

A (copper fins) = Ail 3 good 

Packed block 

Cog (untreated fin, 80:20 tin:zinc solder) - 3 good, 3 bad 

Cog (copper fins) - All 3 good



   
od ~ it proved di     3 the flux on the tubes and 

  

to obtain a le 

three Ford Transit rad 

  

  radiator were built. 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 usede Tt was 

hoped that further units would incorporate treated fins and product- 

ion solder, but difficulties in the pre-treatment process prevented 

« 

this from happenings 

By the end of March, both tractor, radiators had been built and one 

was out on trial; all four compressor radiators had been built and 

were awaiting performance tests. Also five heater cores for 

_ Allearo cars had been made with aluminium fins, for British Leyland 

to test. Manufacturing problems were still occurring and a number 

of poor quality units had to be scrapped.



        

TO JU 

  

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 cold dry. 

One minute of 5% salt spray is 

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 drye 

43 new units have been added to the rig - 7 of Bao variant 

and 6 of £a0 variant. These have replaced the bad Bao? 

Co9 and Bao units. 

A record is kept of all changes in the rig's eperation — 

particularly if it is shut dow for any times Each unit on 

the rig has a history card which xecords when the new unit was 

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



    

  

   

  

The tests 

alse: include a 

  

The spray system is switched o: 

  

are takene 

During May 3 sets of readings were made = on the 4th, 441th and 

18th. The first set was only of manifold 3 and 1 unit from each 

of tne other rows, and was made to check the cycle and the test 

scheinee The remaining two were sets of every unit on the rigs 

Also some readings were made of units with the water sprays one 

. 

The .esults of the readings were encouraging, in that they were 

consistent - within 1° from time to time for each unit. ‘The 

average temperature drop was 6c, and the packed block units, 

as expected, had a lower performance than the fin and tube units. 

' The water sprays increased the temperature drop by between 1 and 

8°c (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 (Cog on 5G) and was 

replaced by 2 2g unit, made using 90% zinc, 10% tin solder. 

Only one set of readings was taken in June, on the 23rde, and 

because a new thermostat had been installed with an incorrect 

setting, these readings were taken at high inlet weter temperat— 

ures.
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No trends could as yet be dr    

  

units did corr 

  

good indication of 

procedure proved to be rather labo 

  

automate this u 

  

ig thermocouples 

  

riq and a switch boxe We also hoped to build 6 models of the 

new variant using 90% zine solder, and 13 all aluminium units, 

to be completed in 2 to 3 months. 

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 usee The 

tests conducted by British Leyland on the heater cores 

produced reasonable resultse
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Thermocou row 4th July 

and performed well. ere wired up on 

i6th August and after that all readings were made using this      

system. A thermocouple was placed in each outlet pipe, and 

at each end of the inlet. There were also thermoccuples to 

measure the tank temperature and ambient. Readings could now 

be taken much more gquicklye 

Regular measurements were made of the temperature ease and 

the units were inspected visually. By mid-September nine sets 

of readings had been taken and I then rev jewed the results to date 

ed had four units removed from the rig for testing. These 

were replaced by three units made using 60:40 tinzzinc solder 

(Zso)s and one C,, unit. The planned Z,, end 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 examinede 

One further set of readings at a new pump setting was taken 

early in November and I then analysed the results in detail to 

try and draw some conclusions as to the usefulness of the 

evercise in order to plan the next stage. 

There was a considerable variation in behaviour during the tests 

Aypendix 
as can be seen in,T bles 1, 3, 4 and 5. The units tended to 

  

follow a basic pattern, set by the manifold they were one The



inlet tem     
  

  

variations in 
° 

the variation in ter 

t rature wes hi      
The average inlet t« 

  

4 or 3, which were similar. 

Individual units gave a variety of results (see appendix) and 

some were noticeably strange - 3B is very high and 4C is high 

and reacts unusually to alterations in inlet temperalurte 

Analysing 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 5e 

Units on manifold 3 tend to have higher temp- 

erature drops. 

(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 results. 

(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 two rows, and row 5 units 

show less difference between pack units and fin and tube
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expec 

  

few readings a4 

  

results and analy 

There seems to be little difference in results between those 

units thought to have little or no bond left and the good unitse 

A better analysis of these differences must wait until all the 

units have been teken off the rig and examined. 

“The four units removed for inspection were - 5D, @ Copper fin 

unit, and 5B, 33 and 3B, all Bao units. 33 and 3— were found 

to have sludge blocking the tubes, 3E being very badly effected 

with about 75% of flow blocked, which would account for its nigh 

readings. a 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. 33 had about 30% bonding 

and 3B was still 100% bonded. Corrosion in 3J was mainly along 

the solder-aluminium boundary, as expected, and could have been 

encouraged by poor initial bonding. This could account for the 

difference in the condition of the two row 3 Bao units. (See 

photographs 8, 9, 10 and 11). 

Field Trials. 

Only one more sound field trial unit was made during these months = 

  

the last of the Bedford truck units. There was little spare 

  

to make field trial units bec 

  

manufactucing time in whi



= ei 

  

a backlog of oneerernaa arisen at the Manchester factorye 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 satisfactory. Two of these were delivered and two 

waited for oil coolers to complete them before delivery. 

   

    

2 built but both had to be 

scrapped ~ one had no bond between the fins and tubes and one



      

   

As the 
i not to be 

yielding any useful inf a ests would 

stop and that the units would be removed from the rig and 

  

inspected. The rig was shut down on 30th Jani 

  

removed for examinatione 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 

Banner 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 units 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 units.



(b) 

    

(d) 

  

n other va. 

    

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

condition, but the new Z2,, fin and tube unit and 
40 

  

the Z 250 unit fared badly. 

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 

4m condition. It is suggested that one row only is run under 

standard conditions, excluding salt spray. This row would include 

units from each of the variants of interest. Hopefully this would 

indicate the time taken before the bond corrodes. 

Field Trials 

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 ere 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 monthse
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The remaining four company car radiators are not now going to 

pe 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. ; i ee 
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The re: 

  

corrosion resi 

  

spray enviro! 

  

results do not give a very 

units - those subjected to salt spray have probably s\ 

  

bond corrosion within 3 months, and the others within 9 monthse The 

temperature drop readings did not reflect this corrosion - perhaps 

pecause the conditions were too variable, or the change in performance 

too small. 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 crcouraging 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 radiators. It would seem best to 

start the tests as soon as possible during the development programme, but 

preferably after the manufacturing techniques have been worked out. Some 

of the deleys in the field trial programme were caused by manufacturing 

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

Careful planning and regular 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.
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It is unfortunate that the laboratory tests didn't provide more useful 

results - in principle this type of test could be of great value, but the 7 

inspection and testing scheme needs further consideration. 

For me this o a useful exercise in supervision and provided a good base 

on which i musta my knowledge of the "Unibond" process and its s technotesy, 
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This formed the final piece of my practical rese 

witt The need for an understanding of customer rea 

proposed new product emerged at an early stage in the project - the cost/   

penefit analysis (Chapter    3) indicated that market acceptance was an 

important factor in the econemic success of ‘Unibond’. In addition, as 

pttlo market research had heen done by Serck Heat Transfer,- the 

  

project would help to establish the value of close links between research 

and the markete 

I started by reading a number of books about merketing and market research 

(see references) and also by discovering what the tarket position of HeO. Serck 

WASe I then presented a paper at each of three marketing workshops mun by 

TeHeDe at Astone On the basis of this work and the discussions at the 

workshops I drew up proposals for the market research shown overleaf. 

I planned to 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 division. 

Over the next year discussions were held with HeO. Serck, and some background 

research was donee By June 1977 H.O. Serck had agreed to a survey of some of 

their maior customers and I had worked out an interview framework. By 

September a list of customers had been drawn up and contacts had been provided 

by HeO. Serck and I conducted the survey during October and November.



    

The United 

  

    

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 j 

who supplies the divers 

who we do not supply 

what determines demand 

ratio of new to replacement sales 

Competitors’ shares 

Selling Methods 

Pricing Policies. 

Customers buying authority, practices and motives, 

particularly important in assessing the prospects 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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z : The results of the research will give a guide tot- 

desirable product aaa service features 

the reaction to the proposed design change . 

pricing policy 

using the new product as a company advertisment. 

  

The first phase of the work will involve using i     

on competitors and customers. 

The precise nature of this survey will depend on * 

the results obtained by the desk research detailed 

above and at this stage only tentative suggestions 

can be made.



? 

  

Acting on the assumption es a smal] number of companies will 

control a large section of the market, it is intended that as 

many as possible of these companies will be interviewed ~ 

hopefully most of them will be testing field trial ieee 

. In addition to this a postal or telephone survey of some of 

 



  

wens 

  

   cturer whe mainly sell 

small and me 

  

They do not ma 

  

produ     > and many 

their units are 

  

adapted to suit the customer. A breakdown 

of their potential U.eK. Market is shown belows 

  

Type of Application 

4) Industrial Engines 50 ~ 200 HeP. 59.2 

200 - SOO Hebe f 20.3 

500 = 1000 HeP. 204 

Diesel Engines for Rail Traction 0.7 

: Armoured Vehicles - Wheeled 0.2 

Specialist Commercial Vehicles 10,2 

(2) Agricultural Tractors 720 

(4) This cateyory includes engines for agricultural machines (except wheeled 

tractors), earth moving equipment, cranes, industrial lift trucks, 

generator sets, compressors, pumps etc. 

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

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

The total market is worth £9.6 million, and H.Q. Serck have about a 20% share 

spread evenly across the group, except for Industrial Engines above 200 H«Pe, 

where they have only recently begun to compete. Their main competitors are 

Covrad — part of Associated Engineering, and Marston - part of IeMeI., 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 Kompass. Covrad do not make
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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 in the 

newly entered large industrial engines market, and successfully interviewed 

16: of these who accounted for enout coe of H.O.S's sales to this market — about     

   



  

(b) 

(ce) 

(d) 

(e) 

    

  How large 

  

rest (What determi 

Who are our customers 

(i) Which companies are in the market 

(44) What is their share of it 

(iid) Who do we supply and what proportion of their total 

demand do we meet. ; 

(iv) Who supplies the rest (Multisourcing?) 

What de they want 

(i) Who makes the buy decision 

(ii) What is important to him/them about a padeeters 

@.ge 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 product. 

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

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

competitors (Product feature comparison)



2. How will people accept aluminium finned and a1] alwtinium units. 

“ies In what way could radiators be improved 

eeg. Size, efficiency, weight, use of aluminium fins, 

in tubes, reliability etc. 

Try and assesst. ine ye Maat 

 



    

typical of 

(i) A request is sent out to one or more manufacturers to ° 

design a prototype unit in conjunction w th the customers 

I£ 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. 

(4) The prototype is performance tested and 4# it is satisfactory 

« it is specified as being acceptable for production. Some 

account may be taken at this stage of the manufacturer's 

reputation for reliability, and the after sales services 

(i510) > oe the: customer is single sourcing, this recommendation is 

passed on to the buyer who will monitor price and delivery. 

re these are unsatisfactory either the buyer or the designer 

wil put pressure on the supplier to improve them - to the 

extent of getting a competitor's quote. 

If 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 delivery.



(b) 

    I found 11. of 2 sourced, but mo 

kept a cle Some obtained quotes 

  

from other 

   eme 

  

gency second sources 4 customers 

the buyer having the final choice in all except one where it was 

policy to give each supplier half the business. One company 

multisourced ~ they were unusual in that radiators were used on only 

2% of their engine output, and oy were apparently not very concerned 

about the quality of the unit or the service provided by the manufactures; 

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 

Gaecace 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 considered at the production piracy 

the Rivals: or checked by the designer before Reins 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, mentioned earitens 

was only interested in price and delivery. 12 of the companies 

mentioned size as a major constraint, but none regarded weight as being 

important. 

Opinions ef Serck - Serck's major assets appear to be its reputation 

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

143 customers said that Serck provided good quality and service - a typicel 

comment was that ‘they have a good name". 7 of these stressed the 

personal contact with the salesman as being important. The remaining



    

3 customers found little to choose between the manufacturers. 

4 customers gave the impression of being loyal to Serck because of a ‘long 

association with them, and 4 mentioned the fact that the company wes 

large,not a back street set up. 3 customers thought that Serck was 

expensive, and 3 thought they were cheap.     
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Prototype design (a) 

- note speed and quality of service 

Test Prototype 

= note quality and reliability of 

unite 

Choose one or more designs for 

production (b) 

- 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) If dual or multi-sourcing the 

buyer chooses a unit for 

production - price and delivery 

are compared. After sales 

service may be looked at heree 

    

If single sour 

buyer or engineer will 

  

monitor price and delivery 

to ensure that these are 

reasonable ~ may. obtain 

ther second yuoles from o 

companies to compare withe 

If dual or multi-sourcing 

the buyer will look at 

price and delivery and 

switch between the . 

suppliers whenever a price 

or delivery advantage 

arises. There ay be a 

policy of using each of 

two suppliers for half the 

business or some other 

similar arrangements



  

(b) 

  

Most requests for product improvements arose because of 

  

constraint and the problem of noises 10 customers would like to 

have a more efficient radiator sc that the size could be reduced, 

and 3 others mentioned size as a major problem. Ideas for 

development in this area included caree higher operating pressures, 

cross flow radiators (to reduce height) and mounting the radiator 

away from the enginee 4 mentioned noise as a probleme Of these, 

one sugyested using a more efficient fan and cowl, 1 thought of 

mounting the radiator horizontally to enable him to duct the air 

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

type used by Deutz of Germany. 

4 companies found that blockage of the fins was a problem and 1 

suggested using a higher fin pitching whereas another suggested 

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 

tanke 

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 rea 

    

interested in the details of the rac 

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 strength. A lighter unit could suggest 

cheapness and a loss of strengths 

The expected life of the radiator varied with the application - 

eoere eee manufacturers expected the unit to fail through abuse 

dn about three years. Most people expected at least a five year 

life and 3 customers expected ten years. 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.
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414 customers single sourced, 4 dual sourced, 1 nmulti-sourcede 

42 customers considered before sales service and quality to be. 

the most important factors when choosing a radiator, 3 wanted 

before sales service, price and delivery, 4 looked for price 

and delivery only. (Although most customers said price end 

delivery were important at the production stage). 

(b) Serck's Reputation: 

43 customers thought that Serck had a reputation for good quality 

and service, 3 thought there was little to choose between 

manufacturers: 

3 cus'omers thought Serck expensive and 3 thought them cheap. 

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

as their competitors. 

(c) Product Development: 

43 customers would like a more efficient and/or smaller radiator, 

4 have a problem with noise, 4 suffer from fin blockage, 3 would 

like oil coolers supplied with the radiator and 3 would like 

cheaper radiatorse 

(da) Aluminium: 

3 customers would welcome aluminium finned radiators, 3 would be 

interested in them, 9 had no reaction or were indifferent and 1 

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

of quality.



    

There is a bias in in that all the comy s I contacted use 

  

  

Serck radiators and so must be 
sible 

  

them. It is ¢ 

  

that if I had spoken to people who did not use Se: there would have been 

  

     
more criticism of the company. Also because I m ly intervi i engineers 

and desi 

  

rs it is possible that the importance of before sales service end 

reliability has been overstated. 

The buying mechanism appears to be in two parts - firstly a prototype is 

designed and builte During this stage the service, speed of Pe ieee and 

quelity of unit are important. The next stage is to choose 4 supplier for 

production - here price and delivery are the important factors. The 

response to price changes is not likely to be very great unless the change 

is large - 5 to 10%. It appears to be aifficult 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 cheapers 

Serck appears to have the reputation of betad good on the service and quality 

side, but not good on new product development. The oil coolers appear not 

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

The main customer requirements 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. There does not 

appear 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 

radiatorse The units must be reliable so as not to damage the company's



        

reputat. 

Be    cause weight appears to be 

convince the customers 

    These results are similar to those sug ed in the literature on 

industriel marketing: 

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

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

{c) The most often involved departments are design and 

development and buying. 

(a) he 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 suppliers. 

The main differences between my results and the literature were that a 

surprising number of companies single sourced, and that price was put lower 

down 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 some of the customers, and they were pleased 

to feel that the manufacturer was interested in their problems, It has also 

been useful for Advanced Development in highlighting the type of development 

work wanted by the customer, end 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



  

we 

  

buy Sexck products, or buy only a sitall proportion of their total 

from Serck to obtain a more balanced picture. 
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INTRODUCTION 

T have now completed the practical work on the ‘Unibond! project. 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 the background to a more general eee icne 

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

Ain the next three chapters. 

SECTION 2: 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:— 

(i) a basic data programme to investigate the process and provide 

standards for soldered fin and tube to tubeplate joints. 

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

H.O. Serck (radiator) division.



  

(iid) 

  

é Cooler Division. 

(iv) the dev    
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 progremme should run for 10 

months, finishing in July 1976, and the three manufacturing plant projects 

should take 14, 2 and 2% years, finishing in May 1977, January 1978 and 

July 1978 respectively. The environmental test programme was expected to 

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

. These plans were upset by the discovery that the oil bath technique was not 

ecoriomically viable and that a cheaper and simpler method — the baking process, 

would have to pe developed instead (see chapter 3). This led to the baci: data 

programme being extended and caused delays and some confusion in the other. 

programmes. A considerable amount of research now hadto 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 built and some of 

the units were a year late in completion. The delay in the H-O. Serck plant 

programme was partly caused by this change in the process, but was probably
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Air cooling division paticute proces: sign_and order plant _____4Commisaion 4 

plant programe. ‘applicution weve constructed plant 
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mainly because of 

due to the low price of copper. 

  

yed by the change of 

  

mes were similarly del The remaining two plant prog 

  

process, but the main causes of the slow development of these 

economic and organisational factors. Diagram 2 indicates the actual progress 

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

SECTION 3: FUTURE PLANS 

At present, the results of the development programme have been? 

(i) the installation of a quick~bake oven in He. Serck division 

. which, with the use of a commercially available non-corrosive 

flux, saves labour and makes the production precess more 

efficient. 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 

developed 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. 

(444) The use of the tUnibond' non-corrosive fluxes in the manuf 

acture of copper finned ribbon wound tubes is being invest- 

igated by Air Cooling Division. 

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

trial units.
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Also, the bak     ng pro! 

  

    method for use in rad. and in the   

   
air cooler. It could e to be a us    

    material costs caused by high copper price 

The process will probably not be used in the near future unless 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 6 indicated 

that preduct quality and long life were importent factors in choosing a 

radiator, and also that a substantial cost saving would be necessay in order 

to sell the product at a reduced price, unless the price of copper increases 

greatly (to £1400 per tonne). 
6 

Thus the future plans for ‘Unibond! must centre on guided flow oi1 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 technique 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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substitution. 

  

in that the: 

  

is at present little, if any, price 

    
The development progrenme was hi ed by shortcomings in the syster 

E y Y 

   
research and development management, planning and control in Serck sat 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 H.O. 

Serck division, which could have been alleviated by having development engineers 

in the divisions = either on secondment or as permanent members of staff. = 

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 programme. 

‘Unibond! has keen most successful in helping to promote cost saving procedures 

~ tube coating in oil ccoler manufacture, using a non-c ive flux in ribbon 

wound tube manufacture and using a quick bake oven in radiator manufactures 

“These are all valuable spin offs arising from the development programme. 

Serck now have ae ability to switch rapidly from copper to aluminium should 

the price of copper rise suddenly and supplies become difficult to obtains ; 

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

even if the price of copper remains low.



  

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 

ideas in this erea and fit them into a "model" of the Re & De process, which 

is shown in Pigure 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 & De strategy in terms 

of subject atfeas and time scales. The second stage is that of choosing . 

; spécific projects and collecting the resources to run them. The third is 

that of running the selected programmese Finally, in parallel to these, 

‘4s a process of planning and managing Re & De to encourage idea generaticn 

throughout the company and the successful conversion of ideas into s 

commercially viable new products or processeSe 

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 

literatures 

References 4, 5, 6.
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STRATEGY 

  

The most important facter to consider when dr: 

  

up an R 

  

D. strategy 

  

is how well it fits in with the c 

  

Hopefully the compar 

has a clearly defined long term plan which has been drawn up in consultation 

with the Re & b. Department, and other departments and is revised as 

necessarye The company plan may involve some technological forecasting and 

should certainly include a careful study of the company, its oppertunities 

and the competition. The result would be a product-market stratesy within 

which the role of Re & De would be specified. 

The Re & 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 Re & De plan are a list of subject areas 

and an indication of the time scale to operate within. The list should 

contain both low risk, low pay off projects and high risk, high pay off eect 

giving rise to a portfolio. The financing policy should be consistent ~ 

neither sharp cutsnor sharp increases. Different levels of resource will be 

remiired for different strategies - aggressive research is expensive, defensive 

research is less costly. The level of spending is also determined to some 

degree by the industry within which the company operates, and the size of the 

company 

References 1, 2, 3, 14, 30, 35, 36, 41, 460



Figure 2 

Investment in R. & D. 

Sales of products Sales of Licences Technology based 

or services technology diversification     
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    TION AND EF 

    

Thi     is a two part process - firstly the this 

  

I will cover in Se faluated to see 

  

tion 5. Secondly the projec 

s are those of uncertainty and     if they are worth pursuing. The major probl 

viske The outcome, costs and returns of a project are rarely known in 

advance and so the selection process 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 rigorous, 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 factors 

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

However the petted will always remain guesses, and so no matter how complex 

the selection ‘2chniques are, the ultimate choice depends on the manager's 

judgement. Selection techniques are only an aid to this. 

It is probably helpful if the review system is formal and explicit, as it’ 

provides a basis for discussion and co-operation between Re & De and other 

departments. There are many suggested evaluation systems in the Peerate 

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 selection 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 profile.



    

(c) and scoring systems 

(a) Discounted cash flow technic 

(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 evaluation requires frequent review, and should become more thorough 

and quantitative as the project progresses. The simpler systems of check 

lists end scoring systems are useful initially. Discounting end risk 

assessments can be used at a later stage, where more information is 

available. It is best to use several different approaches to obtain as 

complete a picture as possible. 

° 

. Resource Collec*ion 

This is dependant on the amount of money allocated to Re & De 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 Re & De 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 projects, and controlling and reviewing their progress 

on a regular basis. 

Project planning is aimed at getting a list of activities worked out so 

that resources can be allocated where required and any clashes between 

programmes in the portfolio avoided. Techniques useful in this area 

are research planning diagrams, which can be analysed mathematically to 

give times and probabilities of outcomese Also Saeinseoey planning can 

be 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 system. It is also 

useful to monitor the project selection criteria from time to times Tf a 

project is going wrong, corrective action to modify or scrap it must be taken 

as soon as possible - costs escalate sharply the nearer the market launch 

point becomese A formal control system ensures that all the relevant 

factors are considered. 

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 more information 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 idea to limit the number of projects 

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

   



   

  

Ideas are \ 

  

to Re & De They may 

     company, but even if a je ideas are used is often 

    
some inventing to put the idea to pra cal use. Creativity can 

  

encouraged by recruiting creative people, having an environment in which 
  

creativity is encouraged, and using problem solving techniques. 

There are tests available which are claimed to select out creative people, 

put probably the best guide is the past history of the individual. The 

organisation's climate ds vital to the encouragement of creativi ty — there 

should be some freedom for people to follow areas of interest - multidiscip- 

linery exposure, good communications, tolerance of non-conformity and other 

factorse (See Figure 3). These requirements will conflict to some extent 

with those of the organisation, and the manager will have to minimise the 

detrimental eftects of such conflict. 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. These may be analytical — 

attribute analysis, morphological analysis, needs research and others; or 

non=analytical ~ breaking logical thought patterns - brainstorming, synectics, 

Jateral thinking and others. It is important when using these techniques that 

the problem is carefully specified in advance. Good communications with 

outside academic and technical sources also help the flow of ideas into the 

companye 
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ed at the £ 

  

Many studies have loc 

in innovation. In general they have arrived at the 

  

ie conclusionse 

The factors which help success are: 

Good market analysis and an understanding of user needse 

Good communications in and outside the company 

Re & De strength 

Individual commitment to the project - one or more people 

prepared to push for the project, who preferably have some 

“influence in the company. 

e 

Other factors which are important aret- 

A good project selection and evaluation system - the ~ 

project must be of benefit to the company. 

Good manacement and control of projects. 

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, end with development in science and 

technology. Also these sources of information must be linked. 

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



      

2 important fa     
wation and it he 

  

     discussed, mainly f point of views It is obviously 

vital that Re & D. management and nt in general are intelligent, 

  

flexible and reteptive to innovation. Staff motivation and trai 

  

ling ere 

important as is the ability to overcome communications barriers and technology 

transfer problems. It is possible that the type of structure required depends 

on the stage of the innovation process being dealt with. 

Good project selection and management is necessary, ay ehougt Reet etetaan! used 

must not be tco rigid because of the uncertainties involved. The projects are 

pest handled as a portfolio because this spreads the risk, and enables bottle- 

necks to be spotted in advance and dealt with. Consultation between R. & De 

and other departments is helpful to the choice of good projects,and commun= 

ications should continue throughout the life of the project. 

The tie up between company strategy and Re & D. strategy is imbortant if Re & De 

is to usefully serve the companye The structure of the company and its. 

policies can be related to its "technological profile. Each company has a 

unique eee of characteristics and should organise itself around these. Many 

different types of structure have been tried - some of the more common include 

matrix organisations, new venture groups, special groups to encourage technology 

transfer and many otherse 

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 

research. In addition a matrix organisation could be used to look after the 

majority of projects dealing with the present business and some new venture



  

1 

    

  

groups sét 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 examine 

its. own structures critically to see if they are the most suitable ones for 

‘his could be incorporated into the Jong tern pli 

      

16, 17, 26, 30, 34, 40, 42, 46, 47, 49, 50, 51, 53, 54, 55 
References 8,
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SECTION 1: INTRODUCTION 

This chapter describes the research, development and planning systems in 

Serck Heat Transfer. As I started this part of my project 2 series of changes 

were announced which heralded the formation of a new research and planning 

structure. This chapter compares the present and proposed systems witn the 

literature based model set out in chapter 8. 

fhe 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 International to find out how their research and planning systems 

operated. 

+I begin by briefly outlining the past history of research in Serck Heat 

Transfer because this as) significant impact on the present structure, } 

and then considering the old and new structures in turne I shall use the 

project I have been working ony 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.



  

   

    the 1950's research in Serck 

  

all prod 

improving heat transfer performance and developing new types of 

  

and was controlled by the Chief Engineer, In 1949 the finest 2 

development menager was eppointed.s He was responsible for research into 

surfaces and joining techniques. The development department was set up in 

the engineering laboratory and consisted of about 12 engineers and 2 

technicians. Research was wholly centralised, was closely controlled and 

  

well cun with a goo: 

Throughout the 1950's and 60's xesearch grew in importance and is eee 

responsible for the growth end diversification of the company during that 

tine. In pene 4950's research was still heavily product orientated, but 

there was some process work done. In 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 

sales. Development was to be carried out in the divisions and so the central 

organisation w2s dismantled and the laboratory substantially cut in stefe. 

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

and sudden and much expertise was lost. 

‘Also 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 laboratories, and that there would be economies of scale. The 

Jaboratery worked for the other divisions on a repayment basis. In 1972 the 

laboratory was closed down because of 4 change in board policy - it was felt 

; the 

that the work generated was not relevant to the present businesses and) company's



  

: = 108 - 5 

rapid expansion had caused cash flow problems. A policy of consolidation 

was adopted and divisional research departments were set up to replace the 

central facility. 

Between 1967 aoe ie very little development oo tee been done in serck | 

there oe further reorganisation 4 into product —     
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SECTION 33 THE PRESENT SYSTEM 

fa) 

(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 4 research strategy but has been unable to obtain board approval for 

this, and so there is no long term research plane 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 informa] basis, 

and reviewed informally as they progresse A portfolio approach is not 

used os all 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 day to day production engineering rather 

than new product development. 

Running projects 

There is an initial plan drawn up on 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.



(a) 

    

and crea 

  

ity — contacts with outside sc 

     good, partly because there are f hichly qualif 

engineers in the company to attend conferences and scientific meetings, 

  

and also little applied research is done on which to wri scientific 

paperse The attitude of senior management has not been encouraging, 

partly because of history, and is xreflected by a lack of development 

engineers in ma 

  

ement positions. This has resulted in a. falling 

behind in development and old fashioned products, particularly in : 

Tubular Cooler Division, Air Cooling Division and HO. Serck (races) 

" Division. 

~ 

Contact between research and the market is not good = when selecting 

projects, too little attention is paid to customers, and market 

research to find out their needs is not done. 

Communications in the Company should be improved - although senior : 

managers receive a monthly report from the development department all 

the general managers said that they didn't know enough about development 

work. This problem may be accentuated by @ lack of development 

engineers in senior positions in the divisions - particularly H.0.S. 

where there are none. Communications with H.0.Se suffer also because 

they are geographically distant from the rest of the company. 

Re & D. strength is now roughly naif that of the mechanical engineering 

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 

400% in the present level of expenditure.



This is expr 

Figures are given for Serck Group, Serck Heat Tr   

      

d as a percent 

  

neering sector of the industry. 

ge of turnover. 

  

2 mechanical 

  

  

                          

* YEAR 1964 | 65 66 67 68 69. TO 194 192 Wits “pas oS 

Serck Group 0.9 | 0.9 | 1.2 | 1.5 | 203 | 165 | 1.0 | 161 | 0.9] 0.8 | 0.6 | 0.5 

. 
Serck Heat 

Transfer - - - - [1.1] - [0.4 | 0-9 | 0.6) 0.5 | 0.6 | 0.6 

Mech. Enge 20412011106] — - [1.0] - - 11.0 
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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 effectivee 

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 4s too centralised and this leads to 

technology transfer problems. For example, at HOS the only liaison is with 

the divisional manager or the works manager but as it is the unqualified staff 

who actually do the work this leads to misunderstandings and mistakes. 

Staff 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 conteat store of project reports, 
ee is 

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. Development 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.



(b) 

(c) 

(d) 

    

A long term planning department is bei 

  

1g set up 

the newly appointed marketing director who will a 

    

for gaveloenents This department will plan the c 

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 end 

glsc e centrally financed budcet.. 

Project Selection and resource collection 

The development manager will select projects and collect resources. 

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. 

Running 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, materiais and joining may be 

eoruited to help raise the level of technical awareness in the company 

and foster links with outside scienceani technology. Transfer of staff 

between the 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.



  

rch and the market shou should     
    

communications in th » aided by the tré sr of staff, development 

de’     ents in the divisions and a formal communi 

  

m that is to 

  

be set up between the centre and the divisions. 

  

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

low a level in the management structure of the company to aid progress. 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 people 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 inte the divisions, again 

involving a transfer of staff. The central facility is necessary to do the 

- initial research on most projects, to act as a source of expértise and to 

co-ordinate divisional Reve loonent® 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 greatest problem is likely to be 

persuading people to accept change and co-operate with the new systems. 

Some areas appesr to be neglected, and others need more consideration - these 

are discussed i: detail in the next chapter.



  

The 'Unibor 

  

' process developed     

the UeK. in 1970. It was first heard of b 

  

staff office for development and technology - part of the central research 

division. Some ex iments were conducted on the process in late 1972 P ’ 

    

and when the results of these proved satisfactory, negotiations for a licence 

were started. In May 1974, representatives from S.H»T. saw the pilot 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 

developed from the Romanianprocess by S-H.T. 

The licence negotiations took much longer than expected because the Romanians 

were initially very slow to respond, and later proved difficult to satisty 

over the details of royalty payments in the licencee The initial experiments 

in 1972 were not followed up until 1975, and the development programme began 

» 4n October 1975. It was planned to continue until 1978 by which time three 

plants would heve been ipecaqies in S.H.T. and a programme of environmental 

tests would have indicated whether aluminium could successfully be used 

instead of copper in radiators. 

It was soon discovered that the process as bought was probably not commercially 

viable because the plant was expensive, ‘the. combinations of materials best at 

resisting corrosion were expensive, 4nd also the hot oil posed safety problems. 

Luckily, the development programme 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 epproach has resulted in much more research work being done, and



  

increa 

  

    d coat » and 

    

  

ication prot +0.S., which resulted in a large number of 

bad units ng builte Also, the present prices of me 

  

with copper being 

very low, have slowed the implementation of the new systems 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 Re & D at S.H.T. - 

(a) The initial experiments, if continued as part cf a hasic - 

research programme on aluminium soldering, could have led 

to the present 'Unibond' process without having to buy the 

‘Romanian processe 

(b) The development programme's progress indicates the necessity 

of having a sound base of in-house expertise when wbeh buying 

in knowledge. 

(c) The need for a comprehensive system of project choice is clearly 

indicated - this should involve market research, technical 

research, and a financial assessment. 

“(a) 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.
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in senior positions. Meetings with the divisions concerned, 

when held regularly, were a useful way of keeping everyone 

informed of progress. 

More manpower back-up 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 

‘eentre and then the project is transferred to the divisions 

concerned at the plant specification stage. This would 

involve continuing liaison with the divisions throughout 

the later stages of the development and possibly a (ransfer 

of staff from the centre to the divisions. 

The project hes helped to initiate some improvements in the present R. & D. 

system: — 

(a) 

(b) 

(c) 

There have been regular meetings with the divisions concerned 

with the process 

The development has helped re-establish the position of 

development at S.H.T. 

A regular series of meetings with laboratory staff has been 

started to help plan the development worke



(a) 

a aaie 

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 research. 
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SECTION 6: CONCLUSIONS 

I think the new system is better for the future of the company than the 

present one, although this may have been an essential first step in re~ ‘ 

establishing the credibility of research and development in ‘the company. 

     
There are @ number of areas an the new system which will need careful 

e >; . . vs 

si



    

The coporate plan should consist of a set of objectives and the 

strategies to be used to reach them. 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 ef the 

company's environment, leading to a forecast of what the company 

might 40; an analysis of the coupany'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 will need to be reassessed frequently, 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 ae an Re & D. strategy. This would 

include well defined subject areas, an indication of the time scale 

desired =nd an idea of the acceptable level of risk. This strategy 

should be based on a portfolio approach where some mix of low and high 

risk projects is undertakene The precise strategy will depend on the 

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



    

    

a in its pres arkets, tt 

onad ive and licensing in stretegy wi 

product and process i ss to cut 

  

    existing technologie t to medium 

  

same time, the company should keep an eye 

threats end opportunities. As the new research structure becomes 

established in the company and the company's attitude to change 

improves, research could become more agaressive, 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 divisional 

development departments would spend most of their time on product and 

process improvements and on technical services — 5% on new products 

and processes, 20% in 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 or 

“increases. Ideally the budget would be split between the centre and 

   
the divisions. The company would provide the centre with money to 

support ayplied research, new product work, and the initial stages of 

major improvement work. The divisions should be allowed some minimum 

figure when their targets are set to spend on Re & De, both in the
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division and bought from the cer 

  

than t r allowance on their own de 

  

for minor product i 

  

work on major product impro 

   
   

less 

entre 

This would provide a way of monitoring the centre's success in doing 

useful work for the present business and also 

make of research and development ~ both central 

expenditure and turnover could be used for com 

PROJECT CHOICE 

he use the divisions 

and divisional. 

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

  

Projects should be chosen to conform with the company plan, and their 

effect on current programmes must be assessed. 

the project. 

The amount of time and 

effort devoted to selection should depend on the cost and importance of 

Where a high degree of uncertainty surrounds the outcome of a project - 

particularly in the early stages of longer term research, T would 

recommend the use of a comprehensive checklist leading to a project 

profile. (See Figei). This system ensures that all the relevant 

factors are explicitly considered. The choic 

considerable element of judgement. 

@ will involve 4 

Where the level of uncertainty is low ~ in development and shorter 

teri research, and in the later stages of all pi 

can be more quantitative and rigorouse The ch 

  rojects, the assessi nt 

ecklist will still be 

useful, with the factors considered more thoroughly. The financial 

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



osition. 
idsty existing distribution channels. 

ated launching costs, 
Researea end dev i! 

         
      warrant a chanze to the R&D 

nical success. 
Development cost and time. 
Parent position. 
Availabiluy of R & D resources. 
Possible future developments of the product and future 2p) 
technology generated. 
Effect upon other projects. 
Environmental effects. 

  

ations of the new 

  

Financial criteria 
Research and development cost: 
(a) capital 

  

4. Availability of finance related to time scale. 
5, Effect upon other projects requiring finance. 
6. Time to break-even and maximum nerative cash flow, 
7, Pozential annual benefit and time scale. 
8 Expected profit marzin. 
9. Does it meet the company’s investment criteria? 

  

  

E. Production enitteria 
1, New processes involved. 

°2. Availability of manzfacturing persennel—numbers and skills. 
3. Compatability with existing capabdity. 
4. Cost and availability of raw material 
5. Cost of mangfacture. 
6. Requirements for addi 
7. ‘Manufacturing afety. 
8. Value added in production. 

ional facilities. 

  

Project profile 
  

EVALUATION | T i 
Very gcod Good Averege _ Poor Ver 

io | ! i pe 
  

(A) Corporate criteria | 

ei 

(eee = 
@)... 
(4)... 

(B) Marketing criteria 
Wee 
(2)... 
Oe 
(4)... 
(5). 
(6)... 
(7)... 

etc. 

  

  
  



analysis, risk analysis and sensitivity « is to give as com      

as possible a picture of the likely outcome (see below). It is very 

important that all projects are carefully 

  

essed in this way so 

that bad projects can be terminated as soon 45 possible. 

(i) Qualitative risk analysis - the two types of risk involved 

in Re & De projects can be expressed és the probability of 

technical success Pye and the probability of commercial 

success Pos The risk that a project will fail is then 

Dia? - 
 * Pe 

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 B is rejected. 

x = y represent 
Expected the minimum 
Benefit: ‘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 

benefitrcost 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 costzratio, 

leads 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. 

(44) Sensitivity Analaysis - this is simply identifying areas where 

the estimate of business success of a project is sensitive to 

errors in the figures usede 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 fige2). 

The accuracy of estimating during project choice could be improved hy 

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 early stage for little extra cost ~ this would help the early 

identitication of potential failures. 

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

consultation with other parts of the company concernede



    

id monitored by 

  

     the development manager, the project 

1a1) and re tives from the division or divisions     

    concerned, including people from les, prc 

accountancye Other interested parties could be kept in touch 

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

project leader or committee chairmen. 

As an extension of this system it would be useful te have a 

permanantly established committee to choose and moniter all 

large projects which do not directly concern the inte s business. 

This could be composed of the development manager, 4 representative 

from marketing and the general managers of the operating divisions 

iis their representatives, This committee would meet every three 

mcaths to consider major new project proposals suggested by any 

member 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 ae 

effort. 

Some arrangements 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 necessary



    

yy project ranki 

ccurate. An example     
belowe 

    
       

     

   

  

Criterion Range of an 

  

          

What is the best e: e 

  

nomics and the state of the art? 

will it take to com 
me research effort from this 
time forward? 

  

| Greater thai 3 years... 

  

How much will it cost to com 

Jete the research effort from 
this time forw: 

Cost of proj- 
ect (Cj    Less this $109,000. - - 

  

To what extent is succes re- | No apparent market applica- 

search needed from a market tion; must he developed: 

i ' 

| 
| 

Strategic need | 

| 
ae stanstpoint? Desirable to. maintain, rein- ay) 

  

    

    

  

    

   

    

   

  

force, or expand pos on | 
within market applications | 
currently served ‘ i 2 

Essentia! in relation to cur- 
rent oF projec markets: \ 

within market applications. 

not currently served....-. 3 

Market goin | What is the net market gain 2 Less than St million t 

My i any alter | Sr te $12 million, 2 
ter than Sto mill 3 

The Index = PxixCxNxM 

The best 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 valves for the different criteria can also be shown in two-way 

tables to illustrate various features of the programme such as success versus 

market gain in relation to budget request. 5 

(See Mottley and Newton, reference 44)



The project must     This formation will n     to 2 ed as t roje I SSOSe 

The next step is to allocate resources, bearing in mind the effect of se 

this programme on the rest of the portfolio. It is usually better to 

concentrat= resources on a few projects at a time, with priorities 

determined by their cash flow characteristics. A project team and 

project manager should be assianed to each project. 

It is important to plan projects carefully at the outset ~ the best way 

of doing tiis is to use a network diagram. Where there is a little 

uncertainty as to outcomes and times, a critical path analysis can be 

used. This gives an indication of the time the project will take, the 

eee oats parts of the programme affecting this time and how a crash 

programme +i11 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 regular monitoring of 

progresse The plan, along with the project definition and objectives, 

and the oriyinal 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 

forecasting.



  

Example of « research planning diagram 
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   ere should be regular mon and     

    

of the work using a st 

A record of the trends in these figures provides a o 

    

of the project's progress. (See Figse4 and 5). 

information for this could be more easily collected if all devel 

  

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 - 

month. 

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

reviewed, the selection criteria reassessed, and if necessary, the 

project objectives and plan altered. A decision must be taken at 

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

The project plans, objectives, and sélection data should be incorporated 

into the project 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 THELR SUCCESSFUL USE. 

There are several ways in which idea generation could be encouraged 

in S.H.T.:= 

(a) Recruit creative people 

(b) Conduct some basic research 

(c) Recruit experts in fields of interest to S.H.T. to act 

as consultants.



  

  

  

  

  

  

  

ted cost :       6 of comple 

Yechnical progress in this period : 

  

echnical feasibility index + * 
  

& Completion : Projected completion dete + 
  

| cost of programme : |This period To date Future 

   

  

Naeterials 
Leboratory and tests 

Quiside (Divisional) 

  

        
%.of original cost estimate now spont ¢ 

Any recommend d changes in progremne plen or objectives : 

    Wain factors causing any delay or unexpected expense ¢& 

  

* The technical feasibility index starts at 0.5, and is increased 

towerds 1 if difficulties ere being overcome, or decreased towards 

0 if unexpected difficulties «rise. It serves as e measure of the 

project leader's technicel pessimism or optimism and its movements 

with time are a useful guide to 2 project's progress.
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Trend dnalysis of Review Data 

a) Costs vs Time 
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Planned performance ee 
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b)Progress vs Costa 

 



(d) mprove th 

  

Ce) 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 as 4 

whole. 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 a geod indexing en 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 particuler the analytical methods such as attribute 

analaysis, morphological analysis and technology monitoring. 

(a) Attribute analysis: this system uses a matrix to examine 

the possible relationships between two lists of parameters. 

For instance, a list of the attributes of a technological 

advance can be related to a list of possible practical 

applications. The parameters in the list must be of the 

same type, and should be exhaustivee 

(b) Morphological analysis: in this, the main features of a 

problem are identified, together with ways of achieving 

each of theme 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



        

Lorarion of hea         Heat conductin,    yes 
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Meihet of heating room Fin source Gs Irpoint suureey) Undestior Wa 
a 

  

From BC. Taras } reference bo 

(e) Technology monitoring: this is a rigorous examination 

of the environment as represented hy information 

reaching an individual. A storage and cross~indexing 

system are used to suggest areas where a new developuent, 

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 and technical 

economic data, possible significance, and things to 

consider. The list is then subjected to frequent 

evaluation and review to monitor the speed and direction 

of progress of new technologiese 

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 

innovative onese 

Communications within the company Could be improved if forma] systems



  

    
were set up such as the ed project selection com 

    

could m monthly or quarterly to monitor the progress of large 

  

projects and c ider major new proje proposals. The monthly 

  

   
report system, staff transfers and development d rtments in the 

divisions will also help. 

Individuel commitment to a peo ieee is an important factor in ts. 

success - particularly at the level of the "business innovator", the 

4ndividual who is responsible within the management structure for the 

rogress of the project. This emphasises the need for 

development supervisors in positions of influence within the management 

structure of the companys 

The staff need a career progression and performance assessment scheme, 

“ 

including facilities for further training and salary increments, 

particularly if it is intended to move people in and out of the centre 

regularly. — At present senior technical staff have few promotion 

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 different structures 

which should be tailored to help technology transfer and communicationse 

There will be four main classes of project: 

-(4i) New products or processes 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 project.
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New products or processes which will be placed in one of the, 

present divisions could be developed in the centre, possibly 

using some of the divisional staff. The project team would 

ae supervise the installation of the project in the division -— 

esainy staff could be eager etree or seconded to the division 
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SECTION 4 INTRODUCTION 

In 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 cost comparisons, 

experiments on fluxes, environmental testing and market research; and a more 

general look at the organisation = in particular a comparison of the theory 

and practice of Re & De management and planninge 

The new process has affected the organisation at both these levels» Ina 

practical sense it has led to the alteration of production methods, and it 

has highlighted some of the strengths and weaknesses of the organisation of 

Re & De in Serck Heat Transfer. 

I will start by examining the new process — what it is, the history of its 

development and the results. Tf will then look at the industrial organisation 

and how it has changed during the project. I shal? continue hy discussing 

the effect 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.



  

The ‘Uni       nd process is a method of ing which pro > ability 

  

to join aluminium to ac. and other metals eas 

  

corrosive fluxes and low melting point solderse The novelty of the process 

  

lies in its use of a group of weak organic fluxes not normally considered 

  

suitable for soldering aluminium. 

The oil bath process, on which the licence was bought, was not commercially 

viable. It used expensive plant and was potentially hazardous. The haking 

process that was developed from this uses cheaper plant and aes no safety 

peonteres The major difficulty with this process is that it seems to be 

necessary to use expensive solders to obtain a corrosion resistant product. 

The use of cheaper solder leads to 4 high risk of corrosion at the point where 

the aluminium touches the solder. This problem has to be resolved in any 

method of manufacturing aluminium heat exchangers. It seems that there is an 

4nevitable link between product cost and quality in terms of corrosion 

resistance. A further factor which has impeded the success of the process has 

been the very low price of copper which has meant that the use of aluminium as 

a substitute has nut been economically attractivee 

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 only with developing plant to use a well 

defined process. It 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, communications between the 

central development team and the radiator manufacturing division were not good



  

enough, and there were many 

  

   The process development was completed by mid 1977, having taken 13 ye 

  ed. Plant desion programmes are 
  almost twice as long as o nally plar 

    

continuing - a system for radiator ma: acture has been completed and some 

new plant installed, a technicue for oi] cooler production is at the piiot 

plant stage, and some other applications are being investiaated. Aluminiun 

4s not in use in heat exchangers at present, however, because the low price 

of copper makes it unnecessary. 

The development has led to small cost savings in radiater manufacture and s 

may give some cost savings in oil cooler manufacture even if aluminium is not 

used. The ability to switch easily from copper to aluminium may prove to he 

very useful 4s copper prices tend to rise very sharply from time to times 

Also, the field trial programme is a valuable exercise and may give some 

interesting results. The future of the 'Unibond' process would be more 

assured if cheaper solders could be used without endangering the corrosion 

resistance of the product. This would probably mean the development of a 

higher temperature soldering system which used cheap high zinc content solders.



    

Serck Heat Transfer is an operating ¢ 

the British holding ¢: ny for Serck Ltd.     

  

autonomous manufacturing groups and a central service group, wh 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.O. Serck (radiator) division, 

Aaiccraft equipment division and Small engine cooler divisions These three 

divisions are run by general narger/directors who sit on the beard 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 divisions 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 overseas sales, 

i ees 

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

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

* draw up ‘and implement a long term plan for the future growth of the company 

and establish 4 corporate planning system. 

There are probably some further rearrangements yet to be made within the 

company = in particular the structure of research and development is likely 

to be reassessed in the light of the increased decentralisation of the 

companyo 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 central R. & De groupe This group would 

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

  

from the company plane



    

ies in the 

  

Because these chi 

so recent, and incomplete, it is 

  

haves planning £ 

  

research and 

  

company and is long overdue. It should have good 

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 too independant ~ 

extreme decentralisation is as bad for a company as too much ceniral control. 

“Some form of central co-ordination is needed to avoid duplication of effert and 

to encourage good communications within the company. 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 encouraged. 

Finally there is a danger that the directors of the company will become cover 

involved with the day to aay business, thinking too little of the long term 

future of the company. General manager/directors will inevitebly attach a 

greater urgency to the short term problems of their divisions than to the longer 

term prospects of the whole company. : s



  

ion has not been as 
The effect of the new process on the industrial or    

great as was hoped. There have been some alterations in the met of radiator 

    

manufacture, €.g. cost saving by using a quick ba oven and a commercially 

available non-corrosive flux. A tube coating plant for the manufacture of 

guided flow oil coolers using the tUnibond' fluxes is at the pilot plant stage. 

This will cut product costs by using less solder than the present dipping 

process. Also, the benefits of using the ‘Unibond! fluxes in the manufacture 

of yibbon wound tubes are being investigated. 

These effects ere byqeoducts 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 

penefit 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 development 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 meeting with the laboratory managers 

In addition, the progress of the development project may have an effect on the 

future shape and orcanisation of research and development in the company. 

It has highlighted the weaknesses of the present system and could provide some 

useful lessons for any future-reorganisation.



    CUSSION 

  

The     ss has had little d 

  

Lepment of the new. pr 

        or: sation, although this may change if price of copper rises sharply. 

  

This is a distinct possibility because of the unstable political uation in 

the major copper producing countries ~ Zaire, Zambia, Chile and Peru. 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 net been an immediate success, it mey prove to be a 

useful experience for the company. 

The project has, however, been a success for me. This is at Jeast partly dae 

to its fallure to achieve its objectives. If all had gone smoothly I would 

have learned much less. During the course of the project I have looked at 

soldering, accountancy, market research, metallurgy, management science and 

the theory of orgenisations. This breadth of interests has been, for me, one 

of the most exciting features of the work. 

in conclusion I would like to make two general comments. Pinely, 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 

although much of the theorising is of little practical value, some of the work 

could be of great use to managers and could improve the efficiency and profit- 

ability of industry.



  

= 138 - 

Secondly, it is counter-productive for an organisation to concentrate too 

much on the short term problems of making and selling its products, 

neglecting its future, both in terms of new product research and manpower 

  

“development. This leads to a situation of stagnation, and ultimately to 

_ the death of the organisation. “Tt ds a difficult and lengthy ;     



 



  

CRITICAL PATE 

  

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 activitics and the amount 

of free time or "float" available on the others. 

% 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.



  

   

  

RONMENTAL 

  

      

le Selectively apply the Serck 'Unibond' process to the manufacture 
of test units, field trial vehicle and other such block radiator 

units. 

Q« Evaluate the rformance of these units and assess the life 

    

se metal materials and solders relative 

to their application. 

CBJECTIVES FOR BACH ACTIVITY. 

  

1-2 Specify applications:- i 

With, the help of the operating Divisions 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 Laboratory. 

2-3 Specify products:- 

. Obtain a full set of engineering drawings and specifications for 
each selected product. Confirm standard frame components are 
available. Specify verformance requirements of experimental 
units. Specify materials, 

3A Svecify tests. 

Define test svecifications with operating Divisiors. Prepare 
Getailed test programme for id triels and lab. tests. Discuss 
programmes with operating Divisions. Obtain acreement. Discuss 
test programme with Technical Manager. Oraw-up schedule for 
installation programme. 

     

   

45 Test Rig Specification:- 

Specify what is required of the rig. 
Design test rig. 

  

  

5-6 Engineering 
Drawing Office is to 
apparatus. Discuss 

@uring this p 

a n 
s 

e detailed drawings of the rig 
solve any problems which may ar: 13

 
99 

o    

 



    

   

    

  

Select contrac 
with contracto 

7-8 

8-9 

  

Contractors to review progress 

Report eon ogress. 

  

9-10 Prepa: 

Arrange with Engineering Laboratory to make space available for test 

rige 

10-11 Install. A i 

Assemble test rig on arrival. Install and connect services. 

ll-i2 Desien Radiators. 

Drawing Office is to prepare design drawings for each test unit. 
Obtain approval. 

12-15 Engineering drawings:~ anes! 

  

Drawing Office is to prepare detailed drawings for production. 
Examine drawings. 

13-14 Obtain 

Arrange for materials to be-ordered and raise paper wark for the 
production of experimental units, installation end test programme. 

  

terials. 

14-15 Manufacture sub-units:- : 

Produce ccated tubes 
Manufacture iins 
Assemble sub-units 
Assemble sub-units to tubenlates 
Degrease 
Arrange shipment to Engineering Laboratory. 
Solder 
Clean 7 eS 
Inspect 
Arrange shipment back to Menufacturing Division. 

atorsi~     
  

15-16 Assemble 

Solder tubeplates 
Fit headers, 

  

Laboratory. Arrange si 

   



16-17 

17-18 

18-19 

19-20 

20-21 

21-22 

22-23 

23-2 

   
    

nee test on selected 

are to carry out e 
are to install ra 
     

  

Field trial units under test. 
Continually monitor performance of uni 

Engineering Laboratory are to hold original units and provide a 

replacement in case of failure. 

   

   Environmental Test '3'. 

Remainder of test units are installed in test rig and subjected 

to simulated environmental conditions. 

Continually moniter performance of units. 

Analyse data:~ 

Collect information together, interpret. look for trends. 

Make predictions. . 

Interim _Report:=- 

Write progress report on experimental work to date. 

   Remove radiators?= 

Laboractory Technicians are to remove radiators from vehicles etc. 

re-install original radiators. Arrange for shipment to Zngineering 

Laboratory. 

Ferfornance Test:- 

Engineering Leboratory are to performance test selected units a 

second time. 
Obtain results. 

  

Analyse 

(as activity 20-21.) : : 

Write revart:- 

Write final report, summarisir 

  

indings of experimental work. 

 



  

  

Select product applications. 
Discuss availability of parts. 
Obtain estimates of labour involvement. 
Obtain engineering drawings and 

specifications for each product. 

Confirm components are available. 

Specify performance requirements. 

Define test specifications. 
Prepare test programme. 

Discuss with division and get agreement. 

Discuss with Technical Manager. 

Draw up schedule for installation. 

Specify requirements of test rig. 

Get drawings of test rig and examine. 

Select contractors, discuss specificatior 

Compare quotes and recommend order 

placing. *: 

Raise paperwork and obtain approval. 

Place orders for made out parts. 

Visit contractors to review progress. 

Report on progress. 

Design drawings for test units. 

Detailed drawings for production. 

Manufacture units and ship to 

Engineering Laboratory. 
Solder and inspect. 
Ship to Manufacturing Division. 

Assemble radiators and ship to 

Engineering Laboratory. 

Performance test units. 

Install radiators in vehicles. 

Install units in test rig. 

Collect information and analyse. 

Write interim progress report. 

Remove radiators from vehicles. 
Ship to Engineering Laboratory. 

Performance test selected units again. 

Collect and analyse data. 

Activity No. C.P.A. No. Duration Description 

cee iL 2 2 

2 S 2 

2 1o 2 

i 3 3 4 3 

4 5 1 

4 6 ae 

4 7 Ag Specify materials. 

3 4 6 8 1 

8 2; 1 

9 1o 1 

lo 1L 4 

+) 27 - 

4 iS! 12 13 1 

13 14 2 Design test rig. 

S 6 14 15: 6 
6 7 15 16 2 

and get estimate. 

16 Li? 3) 

7 8 17 18 i 

te 715 ty 
18 21 16 Manufacture. 

8 9 19 20 1 

20 val 1 
a 1o 19; 21 a Prepare site. 

10 11 2d. 22 4 Install test rig. 

11 12 il 12 6 
12) = 25: ue Get approval. 

12 13 25 26 10 
26 28 2 Get approval. 

13 14 25 = 27 19 Order materials. 
27 28 2 Raise paperwork. 

14 aS 28 29 6 

29 30 a 
30 oil a 

1S 16 31 32 2 

16 17 32 34 24 
17 = 18 32 33 6 

ieee) 34 35 S52. Monitor Test A. 
19 20 22 23 a 

23 35) 52 Monitor Test B. 
20 21 23 24 4 

21 22 24 35, 6 

22 23 35 36 6 
36 37 2 

23 = 24 35 37 20 

24 25 Bay 38 iB, 

25 26 38 39 1o Write final report.
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PAGE 1 

S a BD SORT ES: Ls Er Ra eel Fo** 

SELECT PRODUCTS ; 

i i 26 Q 3711775 BP LILTSa VALAIS TS, VAST Ag Sane ® 

eesrie7s - @ #3    

  

AVALLABILITY 9 
  

VIAVIZTS FIFI“ TS 28S 11/75 
  

ie 
          

PASTA BA/ 1/76 

DRAWINGS FOR TEST RIG ; - 

i Temes: @ 267 1/76 267 1476 BY 3776 © BY 3776 Q* 

SCHEDULE FOR INSTALL. : 5 

Lt ZF 1a GB 267 1776 26/ 5/76 2/2/16 297 S416 N16G 

FECULREMENTS OF RIG 
ioe 8 @ 8/ 3776 14/7 6/76, 157 3776 217 6776 190



  

C PM NETHORK ANALYSES 

    

PAGE 

Ss E D° ‘SORT. ESE 

APPROVEL OF DESIGNS 

12 2S 18 @ 8/7 3/76 

DESIGN TEST 
  

   
OBTAIN APPROVAL 

[7 te. 10 5 9 70 6/16 2 84 9776 

SHIP TO MANUF. DIV. 
: AO det te A Giudie  O pwe7 8776 

PLACE ORDERS : 

ie ee @ 147 6/76 20/12/76 

MANUFACTURE TEST RIS f 
18 ae 166 o 147 6776 

ASSPMBLE AND LABEL 

31 32 2a @ 9/ 8/76 

- ‘Gael + 

B/ 3776 15/7 3776 15% 37 
‘_ 

15/ B/7E BIS 6/76 297 3/76 

  

16 26 10 

BL B1T6 

157-9776 
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EF ioe Bp ke 

     
     

   

  

      

    

     
Lar cae 

oo” SMe 

16/7 6/76 

6/10/74 

eas 8/16 23/8/76 

Sneha eae eran
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VISIT CONTRACTORS ‘ 

1% «20-18 @* 177 46776 22712776 23/ 6776 317128776 265 

  

PREPARE SITE 
' el 

   

  

10        @ 497 6776 31/12/76 237 6476 IOC AATT 

S/12/76 1 

    

    

INTFRIM REPORT ma : 
24° 85. 60 OR BATA4 TG VER AVIS -247° IZ 77” 

       
< aor 

A 7. 

PERFORMANCE TESTING 2 : auger 

$5. 37. Peo @ 877 2778 O77 2/718 24/7778 B47 7778 

REMOVE RADIATORS tea 
35 36 69 0 277 2/78 O5/ 5/7TK 13/7 4/78 1907 7778 1 

RADS.e TO FNG, LAB. 5 ee 

360" BT ee @ 18/ 4/78 10/7 7778 2874 A/78 B47 7/78 128. 

COLLECT BATA 
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a7. 38. 80 B b7 1/78 240 7778 77 BTS 7 BTS @ 

“RITE FINAL REPORT 
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Contents Table No. 

The calculations of the benefits and costs of 

using the "Unibond" oil bath process rather than 

conventional soldering methods. 

A comparison between using the "Unibond" oil bath 

process variants and using conventional techniques. 

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. 

The effect on the costs of using the "Unibond" 

baking process, and the results of the rate of 

return on investment calculations for this process. 

Section Two : This outlines the procedure used to 

arrive at metal price forecasts for chapter three. 
   

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 mentioned 

- in part 8 of chapter three. 

: This supplements parts 4,5 and 6 of chapter 

ludes the detailed figures and results used in 

Page 

2 to's 

6 to ctL 

ae 

23 

14 to 21 

22 to 30



    

   

  

The values used i te 5 

  

they are given below in 

  

Aluminium £600 

Tin £4,000 

Zine £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 

conversion costs. 

(a) Gost of the fin material 

The calculations assume that the aluminium fins are twice as thick 

as the copper fins and hence that 60% as much aluminium is used by 

weight as copper. The double thickness of aluminium is used because 

of its poorer heat conductivity and strength. 

used for copper fins arei- 

Series 200 £0,/01° 

Series 500 £0, 03, 

Series 700 £0, 08 

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 co 

The variation factors 

er fin x0.6x (Price of aluminium 
price of copper 

where prices include conversion costs,



(v) 

    

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 

200 

287 

_-=60 
227 

1,27 

67 

1.67 

260 

1,07 

  

2.60 6,50 

1.79 4675 

281 1.75 

3.80 9.70 

1.79 4.75 

2.01 4495 

5.00 12,90 

1.79 * eB 
5,21. 8.15 

This is an estimate of block solder used assuming that an average 

coaisng thickness of .0005"is applied to 

all units, 

Series 

Solder used in grammes 

Cost of using 70:50 leadstin 

solder in £'s © 

Cost of using 40:60 lead:tin 
solder in &'s 

Difference in cost 

Series 

Cost of using 80:20 tin:zine 
solder in &£'s 

Difference in cost 

200 

215 

030 

049 

019 

both sides of the tubes in 

500 700 

680 1700 

095 2.38 

1655 3.88 

60 1.50 

200 700 

1,71 4428 

076 1.90



fhe variation factors in these results for a £200 change in th e 

  

price of tin are approxt= 

200 500 700 

factor for 40:60 
solder in &£ts 201 00% eit 

Variation factor for 80:20 

solder in £'s 202 205 mae 

(c) Labour Cost. 

A rate of £60 per man week is used. 

Present labour uset= 

Output (units per week) Labour use in men 

Block End Dipping Washin: 

soldering 

400 Z 2 a 

700 2 3 an 

1000 5 i 1 

1400 4 5 1 

The new process only requires 1 man for block soldering whatever 

the output. ’ 

ers Men saved Output £&'s saved per week 

0 400 0 

i 700 60 

2 1000 120 

3 1400 180 

If a tube to tubeplate bond is possible, end dipping and washing ere 

unnecessary, but one extra man may be required to preplace solder 

: we Men saved(in total) Output &'s saved per weelc 

400 120 

& 700 240 

6 1000 360 

1400 480 o



TABLE ONE cont. 

(d) Cost of Chemicals. - usage figures are estimates, 

Chemical Cost per litre in £'s 

PPi0 255 

PP roa 039 

Mos 1,15 

D8 oO 
3 

Series DP DP Mn* D.2 
use 10 ost use MI use oO oat obet 

200 20 mls 01 20 mls 01 50 mis .06 2005 

500 30" 02 30 " 02 140 " ,16 2005 

700 40" 02 AOS ~T.02 240 " 28 2005 

* 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 week 

e*. Cost of extra power used is about £,02 per unit,



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 saved 

per week, Both sets of figures are copper price and output dependant. 

All figures are in pounds, 

TABLE 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, 

Be 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— «680. 074 269 

500 255 Pe) oft 040 237 

700 27s cael ee. 220 218 

No Washing 

Series 200 1.53 1.40 | 1529 1,19 1,11 

500 87 =o 7870 064 059 

700 oth 039 235 032 029



Copper price in & per ton 600 800 1000 1200 1409 

One Shot 

Series 200 3225 2.97 2673 2.53 2.55 

-500 1.85 1,66 1,50 1.36 1,25 

700 93 085 o74 67 06 

Savings expressed in & per week., 

Output - units per week £ saved per week 

New Process No washing One shot 

400 - 10 50 110 

700 46 106 226 

1000 100 160 340 

4400 150 * “eto 450 

TABLD 3; Alwniniun fin and brass tube units using variant ‘At 

«In the following three sections the effect of using the new process 

to solder units with aluainium fins is assessed, looking at each of 

th: three variants in turn, 

Copper price in £ per ton 600 800 “1000 1200 1400 

Series 200 : . 

fin saving 027 oht7 67 87 1,07 

Cost DP yy + power (.01 each) 02°) 02" 202) 02)ie 2 be: 

ae Saving at output 400 @20 hd 265 85 1,05 

ene Saving at ouput 1000 Sod! 657 ett 97 1.17 

(+ 912 per unit labour) 

Total material and labour cost 10.45 11.45 12.45 135.45 14.45 

ae % saving (400) 2.59 3.93 5.22 6.32 7.27 

(1000) 5054 4.98 6,18 Weol 8e40 

£ per week saved (400) 100 180 260 540 420 

(1000) 370 570 770 970 ©1170



Copper price in & per ton 

Series 500 

fin saving 

e Pr ares 2 Cost of DP sot power(.02 + .02) 

«*. Saving (400) 

“Saving (1000) 

Total material & labour cost 

es © Saving (400) 

(1000) 

£& saving (400) 

(1000) 

Series 700 

fin saving 

Cost of TPs 9 

© 
«*. Saving (400) 

Saving (1000) 

Total material & labour cost 

»°. Saving (400) 

(1000) 

£& Saving (400) 

(1000) 

+ power(.02 + 20 

81 

hk 

77 

289 

18.34 

4,20 

4.85 

308 
890 

1.75 

ale 

1.74 

1.83 

56 40 

~&,70 

503 

684 

1850 

806 

548 

1000 

4695 

Ot 

494 

5005 

4600 

10,67 

10.93 

196% 

5030 

ABLE 4s Aluminium fin and brass tube units using variant Big 

  

Fin savings and total material and labour costs are as 

in Variant 'At 

1200 

2,61 

20% 

57 

9 

2h 9% 

6 

o
D
 

a
n
u
 

10.30 

19.79 

1028 

2690 

6.55 

6.54 

6.63 
50.60 

12,81 

13.95 

2604 ” 

6630 

1400 

a i) 
- I. | 

3.17 

3.29 

27.14 

11,68 

12,12 

1268 

3290 

8.15 

8.41 

8.23 

55.60 

14.55 

14,86 

52k 

8230



Copper price in & per ton 600 Pp I 

  

Costs are DP ioa + solder + power 

= ,01 +19 + .01 = .21 per unit 

eo’. Saving (400) 206 

Saving (1090) 218 

% Saving (400) 0407 

(4000) 1.72 

£ Saving (400) Oh 

(1000) 180 

Series 500 

Costs as above = .02 + 260 +,02 

= .6% per unit 

o°. Saving (400) ot? 

Saving (1000) 029 

% Saving (400) 093 

(1000) 1.58 

£ Saving (400) 68 

(1000) 290 

Series 700 

Costs as above = .02 + 1.50 + .02 

= 1.54 per unit 

efe Saving (400) eon 

Saving (1000) nD) 

% Saving (400) 258 

(1000) 091 

£ Saving (400) 84 

(1000) 330 

800 

ot? 

89 

3075 

433 

308 

890 

1.81 

1.93 

4.39 

4,68 

72h 

1930 

1.37 

41.49 

6,02 

6.55 

58 

1496 

Sokd 

3053 

7ekd 

7.67 

136% 

3530 

1200 

078 

4AGL 

5.80 

264 

780 

1,97 

2.09 

7290 

8.38 

788 

2090 

5.04 

5613 

9.86 
10.10 

200% 

5130 

1400 

098 

5095 

6.78 

Saba 

980 

2.57 

2.69 

947 

9-91 

1028 

2690 

6.61 

6.75 

11.89 

12,10 

2644 

6730



TABLE, 5¢ —     

  

      

      

Aluminium fin and bras be 

Fin savings and total rial and labour costs 

At 

Copper price in & per ton 600 800 1000 

+ solder + power 

= .06 + .2h + .01 = .31 per unit 

«’. Saving (400) = 04 216 036 

Saving (1000) 208 228 048 

% Saving (400) = .38 140 2.89 

% Saving (1000) ot? 20k5 3.86 

& Saving (400) ~ 16 64 1bh 

(1000) 80 280 480 

Series 500 

Costs as above = .16 + .76 + 202 

«= oJ per unit 

e°. Saving (400) ~ 13 BPS 107 

Saving (1000) = 01 059 1,19 

% Saving (400) = o71 2.29 4.71 

(1000) =~ 005 2.87 5.23 

£ Saving (400) - 52 188 428 

(1000) ~ 10 590 1190 

Series 700 

Costs as above = .28 + 1.90 + .02 

= 2,20 per unit 

e°e Saving (400) = ohh 2615 2.75 

Saving (1000) = 033 Weoe) eke 

% Saving (400) = 1.24 2.79 5098 

(1000) = 091 3,08 6.24 

£ Saving (400) - 180 460 1100 

(1000) ~ 330 1270 2870 

  

in variant 

1200 

1.67 
1.79 

6.70 
7018 

668 

1790 

4635 

4 h7 

8.56 

8.80 

1740 

4470 

1400 

<76 

88 

2.27 

2.59 

8.36 

8.81 

908 

2590 

5095 

6.07 

10.70 

10.92 

2380 

6070



  

e shot 

  

on of 

  

In this section an assessment is made of the effect of being able 

  

to solder tubes to tubeplate at the 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 o of 

Output per week £& saved per week Saving per unit 

400 120 030 

1000 240 otk 

Increment in % saving 

Copper price in & per ton 600 800 1006 1200 1400" 

Series 200 output 400 9.87 2.62 2.41 2.25: 2.08) 

1000 2.50 2.10 1.95 1.78. 4,66 

Series 500 “ 400 4.667 186 480). 22 A 

1000 1.34 1.47, | 1.06 096 088 

Series 700 " 400 _ 82 073 265 59 5k 

1000 66 506 e652 oh? oh 

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 1400 

Series 200 057 052 048 ok5 ot 

500 098 288 079 072 066 

700 1.52 1.17 1.04 094 286 

Change in & saving per week 

Series 200 500 700 

Output 400 Oh 72 192 

1000 60 180 489



Year O 

(1976-77) 

©
O
n
w
I
 

n
u
n
 

kr 
W
N
 

5 

Total 

Output 

7oo 

1100 

1650 

2100 

2400 

2600 

2700 

2800 

2900 

3000 

  

123 

303 

677 

1103 

1560 

1690 

1823 

1960 

2103 

2250 

  

Total Aluminium 

Output Fin 

880 

1000 

1160 

1330 

1530 

‘1760 

2020 

b) RATES OF RETURN ON INVESTMENT : 

  

Comparison of variants and output growth rates. 
  

Variant 

o
P
 

Pp
 

Pp
 

Dp
 

Copper price &/ton 

800 

1000 

1200 

1400 

1000 

1200 

1400 

1600 

1200 

1400 

fiigh Growth 

20 

26 

32 

37 

20 

26 

32 

37 

16 

24 

29 

  

Total Aluminium 

Units Output Fin Units 

102 525 92 

182 550 151 

312 580 238 

462 600 S25: 

600 640 384 

754 670 436 

898 700 473 

1071 740 518 

1276 780 566 

1515 820 615 = 

% Rates of Return 

15% Growth 5% Growth 

7 ee 

14 i 

17 

20° 10 

rh 2 

14 2 

17 7 

20 1o 

4 = 

lo A 

15 5



TABLE 

a) Effect o1 

‘the M s Th Mos 

coating o: 

of this i 

8 

mn the costs 

olution use 

   £ .0001 i 

Ser. 

  

ies 

g the baking process. 

   

  

th 

  

  

€1.06 a lit 

e tubes. 

in mls. 

re, anda 

The cost 

Cost per unit 
  

201 

501 

10 

Oo 

700 20 

The changes in the costs of the variants ar 

Variant "A" Ser ies 

Extra saving in £ per unit 
+. Extra sav: 

week 

ding in & per 

(400) 
(i000) 

200 

~O2 

8 
20 

ea 

500 

-03 

12 
36 

This is an increase of about .2% in % savings. 

ariant B Varian’ 10 
  

iant B. Varian 30, 

- as in variant A, giving 

.1% in % savings. 

&xtra.saving in £ per unit 

*, Extra saving in £ per 
week (400) 

(1000) 
Average increase in % savings 

b) Rate of return on investment of the baking process. 

1 % Rates of Return 
15% Growth 5% Growth 

07 

28 
70 
-6 

Variant Copper price £/ton 

v
o
o
a
w
n
w
n
n
e
n
n
w
 

>
 
P
D
 

800 

1000, 

1200 

1400 

1000 

1200 

1400 

1600 

1000 

1200 

1400 

oO 

s0L) 

02 

700 

O
o
 

N 

an increase of about 

High G: 

34 

42 

49 

55 

34 

42 

49 

55 

32) 

40 

45 

i7 

68 
170 
275 

srowth 

28 

A112 
280 
65 

18 

24 

29 

34 

18 

24 

29 

34 

16 

23 

28 

7 

14 

19 

23 

7 

14 

19 

22 

6 

a 

is



4 

SECTION TWO 

METAL PRICK FORECASTS. 

As stated earlier in this report the metal prices used were extrapolated ” 

from a comparison of London Metal Exchange annual average prices with the 

‘Index of Basic Materials and Fuels Purchased by Manufacturing Industries : 
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SECTICN THREE 

Sevinas associated with using Unibond to’ 

make radiators with aluminium ink 

Yhe three araphs atteched shew the savinas possible if the Unibond process 

is used to mate rediators with aluminium fins. The savinas are expressed as 4 ~ 

percentase of the total materia] cost of a medium sized radiator, w: 

Hate Se ep oae ang unit as an averane. The savinas will increuse_ slichtly. 

ft a lar ana cecrease 
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‘f the Unibond orecess is 

ns. The savings 

  

@ expresse 

  

4 tube tv % Of (a byoe now 

inos with c¢ the     

  

      
1.2... prices of copter he effect of the nrice of t    

    
on the fig 

  

es. Ea x one solder. The 316 variant     

  

‘ses a lead tin solder; we huve used tre 221 solcer to make our field trial units 

  

ah sreed 

  

1 £5 

  

at H.C.S., and intend to use the Z40 solier as soon 4s 6 lit: 

  

is intalled. The Z90 is our objective — we hom 

  

,» e¥antually, t~ be able to use 

a solder of this type. 

vings is 19.74" Jone, has 134 connper tuhes ¢   The matrix used te calculate tne s 

3/16" CB. and .01" thick, and has 4.2" by 3.3" fins of .G05" copner, 12 fins per 

inch. ‘this is euvivalent in performance to an ANIC 'J' tyne cocler 353" long. The 

results are arsroximately the seme for tte new and old desicns except for variant 

biG where th aS SeVS    a new desier cives about 2: h     es. The savings do not vary, 

erestiy with: cranes Gn size oF unit. 

It has been assumed tn catenlatine the savines thet the vorices ef Yen¢ and zini 

rorain constant at £375 ner tonne each, tist the conversion cacts ef coprer and 

Aluminium ave £370 ane £650 ver tonne rasnectively, th=t the nvice of tin +s 26,06) 

i, 23 tin sol@er is used cn 

  

tenre, that 2% averare co ting of .0718" of 75. le 

  

tubes, the aluminium fine are twice as thick as nresent co-cer ones 

  

variant B1G 4 .60025" coatine of zinc is mit on both stdes of toe fin. ey



  

ee faite 
um £600 per tonne *——X 

Aluni amllgs0Olpex tonne +—+! 
Aluminium £1000 per'tonne +——- 

  

   
  

  
    

   
i | "Copper price in & per tonne 

IH tellers ett ae 
PEA SSH eee HEC t 

 



  

    

    

      
uniniu 

j vi nium £800 per tonne 
PA £1000. per steel 

re in oe 
the savings ¢ 

 



       

        

      [ 
rete | 

. (40 my 6on Tin so! 1aer) ta | 

KSY: Atuninsun £600 ver tonn a 
Aluminium £800 per os 
Ad a £1000 per 

    

If tin ipelasey in ee by £1000 a tonne the 
= af aa peries by about tesiire and vice versa. 

ee 
f 

+



  

in. ineresses th inde: by £1000 a eohna! the 
Anorense by about 0. 65% and vice versa. 

i 
i Ee 

 



  

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 

with ai 

  

ent 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. 
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Section 1. 
2 

Organic groups tested as fluxes include : 

  

Monocarboxylic Acids eg. Formic, Acetic, Capric, Palmitic,Steari 

  

Dicarboxylic Acids eg. Oxalic, Adipic, Maleic. 

Hydroxy Acids egy 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 out using 80 320 tin: 

zine solder coated, flat sided. brass radiator tube: 

and shaped aluminium 3003 alloy strip. The tube 

was fluxed and the strip then attached and held in 

place by bulldog 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 : 

Ha) Aaniniwa Serif 

/ \ , 

         
Fas { \ fe he 

C € = je 
a ee Selder 

SS a pare coated 

: 
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.



  

   
Bonded Alumi 

and Lock 

  

Capric acid 

Palmitic acid 

Stearic acid 

Oleic acid 

Linoleic acid 

Tallow (a) 

(a) Pexhaps effective because of acid impurities 
« 

d Lock 

on    

Acetic acid 

Glutamic acid 

Lactic acid 

Oxalic acid 

Benzoic acid 

Abietic acid 

fartaric acid 

Citric acid 

Phthalic acid 

(b) High melting point chemicals 

No Bonding 
All. 

  

Formic acid 

Maleic acid 

Phenol 

Adipic Acid 

(b) 
BEnzenesulphonic acid 

Quinelé (b) 

Cholic acid (b) 

Almost all of the unsuccessful fluxes have been tested with one ox 

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.



  

(2) 

Chemical 
Dissociation Density    
   

Capric acid 51.5 270 ) 

Palmitic acid 63 354 } 

Stearic acid 71.5 370 ) 5 

Oleic acid 16 bag 40° } : 

Linoleic acid -5 230 3) 

Acetic acid 16.6 117.9 1e75 x 107° 4,049 

Pheri cvecka 50 si9 1a 110 Oe 41,2069 

Citric acid 153 teat es x 107" 

Tartaric acid * 470 _ aeigx 10°? 47600 

Oxalie acid 190 ae 5.0 x 107 4.96 

Glutamic acid 215 oad Joh * 407? 1.558 

Benzoic acia " 422.4 249 6.3 = 107? 4.50 

Phthalic acid 206 fete mds en ere 107? 1.60 

Formic acid Sok 106.5 ‘i 4,22 

Maleic acid 140 = qe5) x 0k" 1.59 

Adipic acid 153 265199 5 3.71 x 10> 4,36 

Phenol at 481.7 1i5 tO ee 072 

Quinole . a » 7 99530 0) tor 1.32 

Benzenesulphenic acid 65.6 - Strong 

(4) Normally at 1 atmosphere (760 mm Hg) unless stated in superscript. 

(2) A measure of acidity, <A strong mineral such as Hydrochloric acid 

would have a measure of 407° or more 

ad Decomposes 

Sublimes.



Section 2. 5 

    A number of monocarboxylic acids were tested to see if 

act as fluxes. 

hey would 

‘Chemicals which succeeded included 

  

n Butyric acid, n Valeric acid, n Hexanoic (Caproic) a 

n Heptanoic (Enanthic) acid ,n “octanoic (Caprylic) ac 

n Nonanoic (Pelargonic) acid, n Decanoic (Capric) acid, 
Palmitic acid. Stearic acid, Oleic acid, Undecenoic 
Linoleic acid, Docosanoic (Behenic) acid, ee aes acid, 

2 Ethylhexanoic acid, Olive Oil, 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. 

a 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.



  

   
   

  

These contai x groups. 

2 Ethyit tested. 

It is probabl Ti is 1p will act as fluxes. 

4. Alicycl 

Cyclohexanecarb up was tested. 

It is possible that many of this group will act as fluxes. 
ylic acid from this gr 

  

Ss. Aromati 
   

acids. 

Benzoic and Phthalic acids from this group were tested. 

It appears that this group do not act as fluxes. 

6. . 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. 

7. 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. 

It 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 trying to bond 

3003 alloy aluminium strip to flat sided, lock-seam brass radiator tubes 

coated with 80 : 20 tin ; zine solder at about 400°C. ‘he tests started 

with a high concentration of the flux in the base and this was reduced 

successively until no bond was obtained. 

RESULTS. 

~ (a) Methanol base : Stearic, Oleic and Linoleic bonded until a 

concentration cf 1% was reached. 

(b) 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. 

(da) Qil base : Stearic bonded until a concentration 

of 1% was reached. 

Linoleic bonded until a concentration 
of 1% was reached. 

(% is % by weight). 

CONCLUSIONS 

The oil acts as a base better than either the glycerol or the silicone 

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 eee of other functional groups wv 

have an effect on the acid strength. 

“ 
Thus 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 he?f the % concentration by weight of the three tested. 

The surface properties of the individual acids may ec affect the 

results.



Section 3 

A recent patent on the use of monocarboxylic acid mixtures for 

soldering tin plate was dis 

  

wered which claimed that a suitable 

flux mixture, having a good th 

  

lity, could be composed of 

1) A @imerised or trimerised acid with a low degree of unsaturation, 

the monomer having at least 10 carbon atoms. The preferred 

gompound was an oleic acid dimer. 

2). In addition, 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 

123 
with the structure CR,R,R,COOH where R is an alkyl group, at 

least one of which is a methyl group. i 

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, Soya 

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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g ee SECTION FOUR 

PoP. No. 2     TE_ACT.IZNO to LGL 

  

| Wasvie Read, Dirm 
te De described in the £ 

 



  

at least one pe 

and is more part 

  

manufac 
exchanger tube assembly     

alumini 

  

a piurality     
foil axe soldered to 

    

brass, in a single s soldering oF 

  

To form soldered joints it is generally nee 

employ a flux which protects the metal survaces to be joined 

against oxidation at the soldering Poupererors which, in most 

cases, also serves to remove any oxide layer 50 that the solder 

   

can Sue and bond to the metal surfaces. Various vy 9 rh
 

  

fluxes can be employed & nd the type chosen depends upon the 

types of metal to be soldered and the type of solder sn ployed. 

“In the case where an aluninium partis to be soldered, a 

soecallcd Reactive flux which reacts with the strongly 

adherent oxide jeonting on the aluminium to expose the aluminium 

metal can be employed. Alternatively, a so-called organic flax 

which releases the oxide layer and deposits a metal onto the 

- pare aluminium so that the solder wets and ponds to the 

  

deposited metal can be ¢ ioyed: One example of such 

an organic flux is one W 

  

ich contains (1) an organic fluorcborate, 

such a5 porontrifluoride-monoe 
thanolamine to remove the 

aluminium oxide layer, €2) a heavy metal flucroborate such 

as i ¢ % 5 e j to cout the bare aluminiua 
APs 

  

   

  

and (3) a base CeGe me stearic acid, to give 

Both cf these types of 

their use. ‘Ine reaction



  

w 

   

  

    

Fluxes 2 J hear etal he le 

  

ated dur 

  

oscopic and 

    

¥ 

  

smoly toxic fumes due to the presence © 

  

ti inium and are latively expensive. Both types 

finerins ane 

    

pehind which requires to be removed 

so as to prevent corrosion of the joint in services 

  

It has been proposed many years “60 

consisting of or containing an organic acid, GeSe stearic acid, 

AS the active fluxing ingredient in naking a soldered joint 

beiween two aluminium parts, Such fluxes fall within tho 

group oF so-calicd intermediate fluxes which are generally 

considered to be not as poverful as the commonly used 

inorganic fluxes and it hes been accepted that thorough 

pennsie 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 simultaneously between at least two parts of 

which at least one part has an aluminium or aluminium alloy 

surface, onc would expect to use either a very strong flust 

such as an. inorgonic flux or the fluoroborate organic fix 

described hereinabove to avoid having to clean the surfaces, 

with all the concomitant disadvantages of the use of such 

Lluxese 

{tt has also peen proposed to use a method 

  

sh invelves 3 norsing the two parts in an oil bath which 

    

even henting but also 

  

ennnT 
air so that



  

  

  

    

    

of order to remove a rent oil, 

nb i plicaticn is Lirrited to meiting point solders 

asi tai .fe to operate the oil bath at tormeratures above 

about 

  

An object of tho present invention is to provide a 

simple process wherein a pluvality of separate joints can be 

formed simultaneously betveen at least two parts of which 

at lens’ one part has an aluminium er aluminium alloy surface 

wherein the process can pe effected in air os an inert #35, 

dec, withdut reguiring an oii path, and withou 

to effect a prior cleaning operation and which requires little 

or no subsequent cleaning operations. 

Suprisingly, it has been found that the process can be 

effected by using eertain organic acid fluxes. This is totally 

unexpented jn-view of the inherent difficulties in forming @ 

plurality of joints simultaneously with such materials and 

_ensuring consistently reliable jointse 

‘ 

Accordingly, the present invention provides a method of 

forming a plurality of separate joints simultaneously betweon 

  

at -lcast two parts of which at least: one part has an aluniniunm 

inium alley surface, wherein the bond between the 

    

solder and the aluminium cr aluminium alloy suvface is effected 

i 

in air or an inert 

  

asing a flux consisting of, or containing 

   
monocarboxylic



   

    

not be 

propionic acid, 

ic acid has the 

  

Preferably, 

Formila ReCOOCH, wh 

  

rein R is a straight or branched cha 

  

    stituted or unsubstitu     allyl greup hav. 

of at least three carbon atoms, a straight or branched ¢ 

    

conjugated or unconjugated, unsaturated alip group; 

an alicyclic group, or an aromatic containing group wherein 

ia 
    ine woud lois carboxy? group ts 

The following fluxes were found to be suitable in 

  

bonding 3003 aluminium alloy strip to flat-sided, loc! 

O tins:zine solder at 

  

brass vadiater tubss eoated with & 

poo + 300°C - 

Topatyric acid, n-Valeric acid, n-Hexanoic (Caproic) acid, 

n-Heptanoic (Enanthic) acid, n-Octanoic (Caprylic) acid, 

n-Nonanoic (Pelargonic) acid, n-Decanoic (Capric) acid, 

Palmitic acid, Stearic and Oleic acid, Undecenoic acid, 

Linoleic acid, Docosancic (Behenic) acid, Cyclohexanecarboxylic 

acid, 2-Ethylhexanoic acid, Olive oil, Tallow, Safflower oil, 

Soya bean oil, Palm Kernal oil, Coconut oil, Fish oil, 

Linseed oile 

The rollLowing ‘materials were found not to be 

satinfactory fen such a soldering operationi- 

  

Formic acid, Acetic acic, Propionic acid, Glycolic acid, Glyoxy 

acid, Benzoic acid, Phthalic acid, Versatic 10°, Dimac ttt, 

* Shell Chemicals Ltd. 
We Ted 

   



  

radiato 

+. o : : 

about 400°C, using stearic a 

  

a concentration of Ife by 

  

base down      
of the total woight of flux. Linoleic acid 

  

giyeeroL 

base was satisfactory down to a concentration of 30;) by 

      

weight of the total weight of the flw 

  

acid was 

Te oN Nee pabisTactory      

Stearic acid bonded down to a concentration of 56) by weight 

of the total weight of flux when a Silicone grease base was 

employed. When a mineral oil base was employed, stearic acid 

and linoleic acid were found to be satisfactory dow to a 

concentration of 1% by weight of the total weight of flux. 

A suitable solder fod use in the method of the present 

invention wherein. the flux proton ce is « 10% stearic acid/silice 

grease mixture wherein the temperature is about 100°C 

above the liquidus of the solder and wherein the ne parts to 

be joined is a eolder-coated brass tube fluxed and euceieted! 

between a folded piece of 3003 alwninium alloy foil is tin, 

  

zinc, any tin-zine alloy, a tin-lead solder containing down to 

20% by weight of tin, a zine=cadmiun or tin-cadmium alloy 

containing up to 40) cadmiwa, a tin-aluminium alloy 

containins dow to 8565 tine Zinceal 

  

minium solder alloys are 

found not-to be satisfactory in the above-described soldering 

operation. 

Tt has been fond that the following materials



1c— Sf 

  

solder 

  

base as a    

  

   rine 

In effecting the method of the present invention, 

40.26 possible either to pre~tin the aluminium or aluminium 

alloy surface with the solder using the flux pefore effecting - 

the jointing operation with the other part using any 

suitable flux. Alternatively, the two parts may be joined 

torether without pre-tinning the aluminium or aluminiue alloy 

surfaces 

In a preferred embodiment of the present inventions. 

a plurality of strips of aluminium or aluminium alloy foil 

are soldered sinmItancously, in air or inert gas, toa plurality 

of tubes formed of eo8- brasSe 

In such a method, it is: preferred for the tubes 

to be pre-tinned with the solder using any suitable flue 

and to effest the joints between the pre=tinned tubes and the 

strips using the method of the invention. 

Embodiments of the present invention will now be 

described in the following Examples. 

Example 1 

a radiator matrix of the Ufineand-tubo™ 

  
    

malloy foil, 

 



  

    

  

Jengths, Before cutting, a layer of    
by brusnaing, the flr comprising a 11 

  

stearic acid, 50% methanol and 

Se) 2 ¢ ‘ On 
solution being maintained at 60°C. 

   The fins are held equally spaccd in a 

cand the fluxed tubes inserted into the holes an the fins in 

the manner usual in the assembly of radintor matrices 

of the "fip-and-tube® type. The watvixn is then 

  

a forced air circulation oven at 300°C, after which it ds 

removed and allowed to cool. Yn the resultant rad 

  

the fins are securely Soldered to‘the tubes. 

  

In making a radiator matrix of the "pack-constructicon" 

type, a corrugated fin strip is produced fzem 7O72 aluminium alloy 

foil, using forming rolls usual in the constructi 

  

type of radiator, cut off to appropriate lengths iit the 

usual manner, Fluxed tubes are produced in the 

  

as in example i but using a flu     
methanol and 50% oil.



    

  

ther, t tubes 

  

obtained. The ess 

  

width of radiatoz 

    

nad and pia forced air circulation 

  

   “ple ls 

in the resultant matrix, 

  

Example 2 is. repeated except that tho tubes are of 18:8 

stainless steel coated will 90:10 gine:cadmium solider and the 

flux mixture is 20% palmitic acid in silicone grease and the 

temperature of the oven is 500°C. 

  

Example 3 is repeated except that the solder is 40:60 

OS solder, the corrug rated fin is mando from 3003 aluminiun 

“foil the flux is oleic acid and the oven temperature 2.5) 350° Ce 

‘ 

  

In the soldering of copper wires attached to electronic 

components, to a printed circuit board comprising a 99.99% pure 

  

yo aluminium foil bonded to nn epoxy class cloth substrate, a flux 

     
comprising a solution of 7 ‘; linoleic acid dissolved in 30% math



        

is applied to the surface of tho printed circuit poeee. by 

  

_brushing after the wires’ to be soldered to the Sivetagia foal rey 
‘ 

have been placed in their SDE ROPES ETS positions, ‘and the afore- 

said surface of the peared circuit board is then passed over 

anc. in contact with a wave of 60:40 tin:lead Sor ee at ee c. 

eopper wires ure: securely gergered to tie aduninina eer 
    

   



  

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 E mable 

Temperature drop readings of the test rig units. i. 

Visual inspection results 2 

Graphs of the temperature drop readings for BrEO1s: 
individual units. 

Gerrelarion 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. 38. 

Analysis of the variance in results. 9 

The effect of water sprays on the results lo 

Analysis of the results of the inspection of units 11 

taken off the test rig.
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Notes on Readin 

4.5.77 

tbe 5.77) ). 
18.5.77 ) 

23.6077 

6.7.77 

18.8.77 

24.8.77 
569.77. 
13.9277 

30.9.77 

2ebLet? 

  

‘This set was taken to test the new operating cycle. 

Both these sets of readings were taken at a low inlet 

temperature. 

fhis set of readings was taken at a high inlet temperature. 

This set of readings was taken to test the thermocouples ~- 

installed on manifold 5. 

This set of readings was taken using thermocouples on 

all manifolds. 

These readings were taken by a different person. 

For some unknown reason the inlet temperature on manifolds 

4 and 5 was high during this set of readings. 

Pumps were operating at an increased water flow rate for 
this set of readings.
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Row SA   
Good Bond (75% or more) 

Quite good bond 

50% bonded 

Not much bond 

Me Key 
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Little or no bond 5s 

CO New unit 
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Correlations between the inlet temperatures and ambient. 

Row 3 - considéring 13 inlet readings, discounting the first four 

and the last one. 

Correlation of 79% a 5 

  

is y= -53,89 + 1.04 x . sia 
where y is ambient and x is inlet temperature 

% 

       
   

Equation 
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H 7.0 

o 6. 
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a 3 pe + a 

  

Cy) - 3¢ 5.7 1.5 copper fin- 3M 6.4 6 
D 6.4 8 4D 5.8 18 

F 6.7 6 SN 4.3 56 

a 6.9 4 Average 5.5 1.0 

4A 4.4 1.5 

G 4.1 1.6 

N 3.8 1.4 

SA 4.4 8 

L 3.8 1.1 

Average 5.1 1.1 

Fin and Tube Units 

Variant 
A- 3% 7.6 -8 unpainted 3A 9.3 128 pt. 

3b 77. -8 cleaned 4 2.9) 
4H 6.7 1.5 SF 4.7 

.4L S550 tet 6.6 

5C 6.0. .7 painted SH 724 
So 4.6 1.5 uncleaned 4B 6.8 

Average 6.4 1.1 SH Sak 

6.3 
. 

All A's - Average 6.4 1.2 
Variant Bao 3E 12.8 1.5 copper fin - 3G 

3a 7.5 1.4 4M 
3N 7.8 79 5D 
4c 10.6 2,5 Average 

4P 6.3 1.8 
45 4.6 1.2 2, = 56) 

5B Precip asta 
SE 4.6 mdi 2 = ob 
5K 5.5 109 2 

. Average 7.2 1.4 

without 3E & 4C 5.9 1.2 
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cind 4K 
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Avg.



Table 8 cont.. 

    

Pack Pin All Units 

3 Ted Dek 3 6.9 1.0 

(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 with Cc) 5 Se) 9 

5 5.0 8 5.4 9 

All 5.4 1.0 6.1 422 

(not 3E) (not 3E or 4C) 

Bac Units 

3c pack 5.7 £25 ') - , =. 2a 5s 
33 Bay 7.5 1.4 ) Slightly high standard deviations 

SB), 4.7 1.4 ) 

3A A 9.3 1.8 J 
3B" 9.2 1.0 ) All the row 3 variant A-units. Do not 

ate 7.1 9 ) differ noticeably from copper fin or Bao 

Ske 7.6 -8 ) ‘ 

3u 7.7 8 ) 

SC Ge 6 o7 ) 

SPia* 4.7 8 ) Do not differ much from other row 5 

Sa 4.6 15 ) variant A units.



ANALYSI 

Mani 

C50 Pack 

Copper Pack 

Variant A 

Variant Bso 

Copper Fin 

Mean 

Source Variation 

Between 

manifolds 18.05 

Between , 

units Wo32 

Unexplained 1.60 

Total® 26.97 

S 

fold 3 

6.5 

6.4 

852) 

Te? 

8.4 

14 

  

4 5 

4.1 4.1 

5.8 4.3 

6.1 5.0 

55: 5.1 

5.6 6.7 

5.4 5.0 

  

9.03 45.15 

1.83 9.15 

a2 

  

Pane 

  

mean 

4.9 

5.5 

6.4 

6.1 

6.9 

6.0 

Prob. value H° 

pr < .0OL 

-pr € .O1 

Row 3 differs from rows 4 and 5 significantly up to 99.9%. 

pack block units differ from fin and tube up to 99% (e.amore than Cu) 

Otherwise no significant differences. 

  

Mp Bees ey ee 7 

----- -h---—---4 
S20 

aS ae Ee 
COPPER PACK 
are pee ee ras Troma Oe 

Bx 
Cine a {eon soe 

A 
ici eee ey tne 

SoreeR Fin 

Stel 
PAcK umts Fin AND Tuse 

AVERAGE UNITS AVERAGE 

Means with 90% 
confidence interval. 
te de 2)



Row 3 

  

variant A 

ao 

6.1 

5.3 

6.4 

  
  

A up/c 

9.3 

5.9 

4.7 

A p/e 

9.2 

5.5 

4.2 

eae 

A p/uc 

7.1 

A copper 

8.4 
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‘TEMPERATURE DROP READINGS WITH SPRAYS ON : 

11, 12th and 18th May. 

  

Unit Type No Spray Spray 

12 5 DCopper fin 6 

  

      

  

3A A up/c 8 16 4G Cc 0. 5 8. 

BA p/e mi Sse ee ek Timea fy Remap. 6 be 
Ce 5 lo BT. 6 2 KB Se 

a Bue 7 a2 aversqen, 6 lor7e Dore 
B. a i : M Age 
ce a 

1 

  

    (67% increase) 

 



Row 3 9c 

(no 

Row 4 IC 

Row 5 lic 

Pack Units 
8c 

Fin and Tube 
19¢ 

C30 8c 

New pack 

units = 

Copper 

pack = 

Bay r 4c 

A 5c 

AB up,c Ze 

A p,uc BC 

A p,c 3c 

2 40 A 

2 40. Be 

Copper 

fin = 

  

Bond 

1B 
new units 

4B 

2B 

3B 

4B 

2B 

2B 

1B 

1B 

A grade bonds 

B grade bonds 

3G 

4D 

3E 

4c 

5B 

2n 

2A 

Noe B's on 
row 4 

2A 

copper fin 3M copper pack 33 

copper pack 4M copper f. 

2 40 pack 

Bao 4E Aup,c 4F B 

2 pack 5N copper pack 
40 

    

3c 

5c 

3c 

ic 

2c 

ic 

in 

30 

3B 10A 

5B 6A 

5B 2a 

6B SA 

7B 13a 

55 I 

- 3A 

1B 2a 

2B 3A 

1B 3A 

1B A 

= 3A 

2B 1A 

1B - 

- 2n 

new C20 pack 

4HA



Table 11 

  

cont.... A 

PRBS 

Alloting a valve 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 5 Mean 

5 Si Cag 5 5 

Copper pack iL 1 3 a7 

A 4.2 5 “4.7 

. . 5 <3 Bao 4.3 3.7 a 

Copper fin 1 BS 3 1.7 

Mean 303) 3.0 4.2 3.5 

Source Variation d.f. Variance F. Ratio Prob.Value 
H 

Between manifolds 3.9 eae. 2 4.2 <05 

Between units i 32.43 4 8.11 16.9 €.001 

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.



Table 11 

cont... 

    

Fin Condition 

Row 3 4 5 Mean 

Cog 3 4.3 4 3.8 - 

Copper pack 1 1 3 1.7 

A 1 2.2 3.8 2.3 

Bao i 1.7 4.3 2.3 

Copper fin a i 3 1.7 

Mean i.4 2.0 3.6 263 

Source Variation d.f. Variance F. Ratio Prob.Value n° 

Between manifolds 12.95 2 6.5 5.0 g 001 

Between units 8.9L 4 252 16.9 4,001 

Unexplained 1.01 8 «13 

Total 22.87 14 

Copper units differ from the others significantly at the 99% level. 

C55 units differ from the A and Bay significantly at the 99% level. 

Manifold 5 differs from 4 and 3 significantly at the 99.9% level. 

A A up,c A pe A p,uc Mean 

3 A 1 < a: 1 

4 2 3 S 1 2.3 

5 5 5 3 1 3.5 

Mean 2.7 a 2.3 a 2.3 

Source Variation ~ d.f. Variance F.Ratio Prob,Valu 
H 

Between manifolds 12.52 2 6.3 6.3 <.05 ” 

Between units 7.02 3 2.8 228) <.25 

Unexplained 6.25 6 1.0 

Total 25275 EE 

Manifold 5 differs from 3 and 4 at the 90% level. 

A p,uc differs from the others at the 75% level.
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