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You asked to see again the graphs, charts and notes which

were provided during the presentation to you in October, 1979,

about aid to Rolls Royce. These are attached.

I have picked out one or two points of particular interest

B ——————,

now: - e —
P i,

(i) You were told in 1979 that "with the 535, Rolls

would benefit from its efforts to eStablish a

market for the RB211 family and it has a good
chance - according to Boeing - of getting half
the market" (Flag A). Note that RR's and DTI's
estimate has fallen to 40% (paragraph 17 of the
paper by officials); the Treasury estimate

(paragraph 24) is for 35%.

You were given (Flag B) a pre-tax profits fore-
cast, dated August 1979, as follows:

1979 -34
1980 -45
1981 4
1982 66
1983 66 -
ovktuin

What was the actual autline? Note that a pre-

tax profits forecast with the same kind of profile

iy,

is being offered to you now: i

. - el

2 - R —— T—

e

assuming launch aid: assuming no launch

1983 -23 m. 1983 -67
1984 - 9 m. 1984 -42
1985 37 m. 1985 30
1986 176 m. 1986 i & A
1987 256 m. 1987 g 256
On awWi
(These profits are out of aiturn—over of some £13% b.)

/[ (iii)




It is also worthwhile looking at paragraphs 18-23
of the Annex to the October 1979 notes (Flag C)
which set out the economic case for the RB211 - 535.

How many of these assumptions have been proved

wrong by events? ==

MLs

,.Dfu«au s ho, rk by Lod Gk p{u(/f)

25 July 1983
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To put Rolls i wWext, it 1 . company with a turnover last

year of £7€0 million oadl; mparable by that yardstick with
firms like Tul nts, Babcoc!} ] Wilcox, and British
Oxygen, sixtieth in th itish industrial league
CHART 1 Worldwide it emﬁ]oys O( vhom 56,600 are in the UK.
main centres are Derby and Bristol [ts profit record, with
CHART 2 £12 million in 1978 and £2 1111 before tax) the year before
has been poor on a capit T vyed of some £3€0 million More

to its credit, 47 pe > "L output is exported

GEC, which is worth a mention at this poi has a turnover

——

and payroll about three times that of R Royce and a
i

profitability of 10 to 20 times as much.
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CHART 3A The Company's products

Rolls is overwhelmingly in the aero-engine business, and its
main subsidiary activity - the industrial and marine division
which GEC would like to acquire - is concerned with modifying

aero-engines for industrial and naval purposes.

There is also a small, but in defence terms extremely
important, nuclear business making the power plant for
nuclear submarines.

Turning back to the main aero-engine business, it divides
at present roughly 53% to 47% between military and civil
engines. Although Rolls complain strongly about the level
of profitability allowed by the Ministry of Defence on the
military engines, this is quietly profitable and useful
profits are made on overseas sales. Rolls, for example,
claim to have done very well over the sale of Jaguars to
India at the turn of the year.

Within the civil engine market, where all the Company's
problems have arisen, there are two main products,

first the Spey engine, introduced 15 years ago, on
which there is a good and profitable spares business

as well as a fairly well maintained volume of sales

of new engines, eg on the Bfe 111 on which a deal has
been concluded with the Romanians and on a new American
business jet (Grumman Gulfstream III).

CONFIDENTIAL
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But the Spey is now on the way out, and one of the major
questions for the future is whether Rolls should develop

a replacement - the 432 - in collaboration with the

Japanese, The Boeing Company, the biggest and most

powerful civil aircraf: mpa. in the world, are enthusiastic
about this proposed new gine which they would like to

see providing e ; ver plant for one of the moest

important of their family of aircraft (the 737). That

however is a major decision for the future.

The second major civil encine is the RB 211, a much

larger engine developed in the late 1960s to power the

new big wide-bodied jets. It is this engine that caused

the collapse of the Company in 1971 and which is the ‘cause

of the Company's present serious problems. The importance

of the engine. to the Company and the family of engines being
derived from it can be judged from Rolls-Royce's view that
the size range covered will account for 70 per cent of the.

demand, by value, for commercial engines.
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The RB 211

CHART 3B Turning specifically to the RB 211, this is a broad name
for a whole family of engines derived from the same engine core,

Its early history was one of technical problems, including the
failure of the carbon fibre technology which it was hoped would
give it some advantage over its two American rivals. Moreover,
with the collapse, and all the hiatus that this caused, Rolls
fell two years be hind the American companies in the development
and upgrading of the engine to meet the greater thrust
requirements of the wide-~bodied jets as they increased in

size and range.

This two-year handicap has cost Rolls dearly in financial
terms because in marketing its engines it has had to undertake
when getting some key orders to match the more advanced
performance standards of its rivals by undertaking to retrofit
the engine originally supplied by an improved version when it
was avallable; or to compensate in other ways eg attractive
pricing and concessions. Rolls had to do this to keep in the
business at all. It still has extensive refitting commitments
which will be particularly heavy in 1981 and 1'82.

But the technical competitive situation is now much improved.
The new versions of the RB 211 - 524 which have been under
development and will be coming into the service over the nex
two years are regarded by the Ministry of Defence, who monit
the technical progress of the RB 211 as comparing satisfactoril;
with their competitors. For instance the Rolls engines
have superior fuel consumption and are likely to retain
this advantage. This becomes more important as fuel prices
rise and acts as a counterweight to the thrust and weight
advantages of the competition. Overall we now have a
‘product recognised as technically competitive in the market

place.
4
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The last Govermment in mid-1978 gave authority for the

-

production of a ma] new derivative of the RB 211 engine. -
i

the 535. Tor Rolls is in front of its

rivals and indeed the signs e that one of the two Americans

will not enter the field. ; 3 been ordered by the firgt
2 il ¥ e i

two airlines buying the new
consider that Rolls should be e 1o take half the world

market for their new aeroplane with this engine. The

Ministry of Defence advise that Irom tne tecnnical point of

view all is going well and the development of the engine is

on schedule. VWhile the Department of Industry has more
P ———
cautiously assumed that Rolls will only get 40 per cent of

i, . . y —— -y . i E
the market and take a more cautious view of the sales potential
of the 757 than either Boeing or Rolls-Royce, this engine is

a major opportunity for the Company.

Much of the credit for re-establishing Rolls, and in
particular for convincing Boeing that the 535 should be
‘the launch engine on their new aircraft, goes to

Sir Kenneth Keith.

CONFIDENTIAL
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CHART 4 4 The Special Features of the Aero-Encine Business

In thinking about the RR 211, it is worth noting the special

characteristics of the aerospace business,

1 The high capital cost of a new engine — even a

derivative engine like the RB 211-~535 is expected to

cost up to £300 million.

2 High technological risk, fortunately much less for
e e

a derivative engine like the 535.

3 The long term scale; 5 years is a reasonable
ball-park figure for the development of a new engine
with a subsequent life of say 20 years, and with

R e
spares well beyond that.

4 The importance of spares: it is reasonable to
expect to sell about ore and a half times the value of
the original engine in terms of spares and these are
where the profits are sought.

5 Finally, for any company in aerospace not based in
the United States, high vulnerability to movements in
exchange rates and relative rates of inflation. A
combination of relatively high rates of inflation and

CHART 6 strengthening currency is extremely punishing for any

' aerospace company in Europe, as the French and German

Governments have found in underwriting their industries
against all the effects of currency movements in
cormection with their Airbus venture. '

CONFIDENTIAL
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The Implications ¢f these

These characteristics have a number of important consequences:

First no airline is willing to buy an aero-engine unless
fo

it can be sure of spares r the lifetime of the aircraft,

and given the advantzges of commonality unless it is
confident that the engine will be avsilable for repeat
orders and wil - pt abreest of developments. The

ability to offer a mnily of engines with common parts

is another imporx

The converse of this is that a: gbout the future
of an aeroengine maker means th it is out of the running;

4=

71 had to undertake that the

that is why the Government in
RB 211 would be supported throughout its service life.

Second merket share is crucial if the huge costs of

development are to be met. For the reasons already mentioned

airlines are reluctant to become committed to a new supplier
and for a compeny like Rolls with a less developed engin
seeking to build up in t} rket, which dominates the
scene, the task was da lls have had to buy merket
share and it is a fai ar?ument that securing market chere
is as much part of st of entry as the development
tooling for a new 21 Rolls still has the smallest
CHART 7 market share and this is 2 serious weagkness. With the 5%5
it will benefit from the efforts by Rolls to establish =
CHART 8 market for the RB 211 family, and it has a good chance -

e e
according to Boeing - of getting half the market.

Finallv this is a business that involves large resources
large foreign exchange risks, especially for a European
company. However, these factors, combined with the long
learning curve, have the compércatingadvantage that entry

by newcomeers (or re-entry by those who have given up) is

very slow, and very costly.
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The Future Prospects

Fineance

There is the daunting financial prospect already presented to
Ministers, with an increase of some £640 million on the cash
requirements previously notified to Government, up to 198%; an
immediate prospect of substantial losses, and a return to profit-
ability in the period only if the exchange rate falls. Moreover,
the combination of a rapid apprecistion of sterling, a market up-

(S O

turn in the aerospace business generally and higher than expected

inflation has changed the prospects for Rolls very quickly during
the course of this year.

As set out in the paper previously circulated to Ministers, about
half of the rest in cash requirement derives- from the increasecd
inventory Rolls needs to sustain the increased volume of business
they have secured or have in prospect.

These figures can be improved, as both Rolls-Royce and the NEB
recognise, by economies and improved performance: they could no
be improved, or made worse, by movements in the exchange
relative rates of inflation. The former is a matter for
management: the second is =~ for the Company - an unknown

for the Government as owner to decide whether or not the

be accepted.

Markets

But if the forecastsbeing made throughout the world aerospeace
industry has any validity, a well managed aerospace compeny has

a large snd expanding market opportunity. This is not based
simply on an extrapolstion 6f passt rates of market growth; t

is a huge replacement requirement in the mid to late 80s leriving
from aircraft that are reaching the end of their lives or which

will need new engines if they are to carry on.

Summaryv

Vle have a tragic situation in which a buyer’s market hes turned

into something more resembling a seller's market but where throuzh

movement in the exchange rate and erosion of cost standards during
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the depr ] years we could hardly be in a worse positio
to take advantage of the boom. But if we miss this boom, in
is a famine and feast business, Rolls will lose, perhaps for
decade, the opportunity to secure market share upon which its

J

long term prospects depend so heavily.

With North Sea oil the odds are that the exchange rate will keep
at a level which wi make Rolls an indifferent prospect for
least five year: erhaps for the decade; but if we pull out
now : -
i) we shall : he benefit of the large expenditure over
the last decad estab Rolls as one of the three

slow and extremely costly - perhap

so because by then the French and conceivably

would have taken our position. DMoreover,

of business., now that we have established
3

technical equi lence with the Americans and a lead on

the new engine, in which Britain ought to have a future

if we have a well managed compsany.

e

The alternati which fa ;he company:-

1 mmediate withdrewal from the RB 211 - this is a

course tl 2 s advi would cost billions of po

in compensation vments, particularly to airlines but

also to Lockheed an some extent Boeing.

Progressive withdraw - a policy with various

permutations each of which would need to be analysed
but all of them involving losses which would need to
be quantified.

Carrvine on with no cherce - a high risk policy

-~ A= - 4= ¥ r 1
recent events nave snovn.
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4 Carryine on with new nanagement and new

directivas from +tha Government

by the Secretary
directives mig!
manufactu

for two major civil
have.alreaﬁy entered
GE; the Jspanese are

a risk o

interes

Royce - 7 . as mentioned

would like t ink ith Rolls-Royce

& new engine.
But the tine
would not be
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ROLLS ROYCE - THE FACTUAL BACKGROUND

Introduction

1.  The present Rolls Royce company was set up in 1971 as a 100% government-owned
company to take over the gas turbine engine business of the old Rolls Company

when it went into receivership. In 1972, its first full year of business, its
turnover was £375m. In 1978 the turnover had grovn to £763m, split roughly as
follows

military aircraft engines
civil aircraft engines

helicopter engines

industrial and marine engines

nuclear engines for submarines

Althou in the period turnover apgears to have grown, in fact when allowance
I DE B ’

is made for the change in the value of money there has been no growth.

Exports have risen from 36% of turnover in 1972 to 47% in 1978.UKemployment
fell from 63,282 in 1972 to 56,600 in 1978 but has now started to rise.

2. The collapse of the old company was caused entirely by problems with the
RB211 engine which was being developed as the centrepiece of the civil engine
business. Then as now the military engine business, and the helicopter, marine
and nuclear businesses which are also almost exclusively for defence purposes,
both domestic and for export, were profitable. For this reason this paper
deals primarily with the civil aeroengine business. This makes up less than

" half the total business at present, but it is expected to grow to about 60%
by the mid-1980s, and to two thirds of the total in the 19%90s.

Civil Aeroengine Business

- . s an
3 In the 19005 technical developments opened the possibility of building much

* includes a substantial value of basic engines bought from Aeroengine Division
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larger and more efficient jet engines. In the USA the two leading companies,
Pratt and Whitney and General Electric, developed such engines initially for
military transports. In the UK there was no comparable military requirement

and Rolls Royce, the only other producer in the world of large engines, decided
to develop the RB211 as a purely civil venture, recognising that if it did not
its civil business would eventually be lost to the US. As new aircraft were
designed to exploit these engines the RB211 was chosen by Lockheed as the engine
for the L1011 Tristar.. It was the insolvency arising from the development of
this engine which caused the collapse of the old Rolls Royce company. The

crisis was caused primarily by inability to meet the development timetable.

4. The new Rolls Royce company set up by the Government successfully fulfilled
the original RB211 contract, and has since been engaged in a competitive battle
with Pratt and Whitney and General Electric in the market for these large engines.
Each of the three has cxtended.the power range of its basic design, and has
progressively improved the fuel economy, and Rolls Royce has in addition been
seeking to make good a time lag of some two years which grew out of its collapse
and the parallel crisis at Lockheed. A description of the RB211 family of

engines, their costs and markets is annexed.

Present Market Position

B. There is a wealth of evidence to suggest that in technical terms the RB211
is now fully competitive with its US rivals. A recent technical evaluation based
on Boeing data demonsirates clearly that the RB211-524 is now and is likely to
remain for several years the most economical engine for the Boeing 747, and
Boeing is going to certificate its new 757 aircraft first of all with the
RB211-535. For some other applications such as the European Airbus the US
engines have advantages. Nevertheless the broad conclusion that the RB211 at
least matches its competitors is well established and confirmed by sales success.
Rolls' other civil engines are now near the end of their commercial lives and

it is thus increasingly dependent on the RB211, though it has two new and smaller
designs one at least of which it would like to launch if market conditions justify

it and capital is available.
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6. The technical success of the RB211 has not been paralleled on the financial
side. While the completion of the initial contract for Lockheed was achieved
within the cost estimates made at the time of the rescue in 1971,the cost of
matching the continued technical developments of the competition has been high
and Rolls Royce has had a very much smaller market share over which to spread
the costs. Furthermore the big potential advantage of lower UK wage rates has
been offset by lower productivity. Assessment of the real commercial prospects
for the RB211 family is bedevilled by uncertainties over future exchange rates.
World aerospace businéss is largely priced in dollars, and Rolls Royce are
obliged to price their engines similarly. Variations in the ‘exchange rate

thus directly affect sales revenue and cash flow, and affect profitability
still more drastically. Uncertainties about future exchange and relative
inflation rates overshadow the other factors in prospective profitability.

The importance of these factors has always been made clear by Rolls Royce.

For exgmnle in their 5 year forecast for 1979-83% Rolls Royce explained that

the changes in their assumptions about UK and US inflation compared with their
forecast of a year earlier, and about the exchange rate, reduced their profits
over the 5 year period by £200 million. (In the 1978 plan they assumed an
exchange rate declining from #1.65 to $1.3%6 over 5 years, in 1979 they assumed
a constant rate of $1.80). As is set out in more detail below, further revision

to the assumptions when the forecast was updated during 1979 reduced the profit .

projectidn by a further £167 million. The sensitivity to exchange rate fluctu-

ations will increase in the coming years with the growth of the RB211 business.

Rolls! Financial Position

e In late 1978 Rolls Royce prepared a 5 year forecast which took account of
the Government's approval during the year of the launch of the RB211-~535 and
the further development of the RB211-524. After adjustments for certain proposa

which were not approved the forecast was as follows -
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"RR FORECASTS 1979/8% BASED ON ORIGINAL FYF

_ : 1979 1980 1981 1982
Profit before tax (53%) (28) (34) (13)

Cash flow
Operating profit & depreciation 97 127 125
(1)

: Launch aid - - -

pv RV (131)  (120)  (113)
Growth in inventories - (86) (50) (45)
Capital programme (42) (51) (56)
Interest , (12) (13) (15)
Other ; oy 12 16

TOTAL CASH FLOW (125)  (95) (88) (67) (1)

(1) This table is constructed without provision for launch aid or other
financial support, and thus includes the whole cost of the -535 launch
and ~524 growth programme on PV R&D. It assumes a constant exchange rate

of $1.80, and is in outturn prices.

8. Both Rolls Royce and the NEB believed that it would be damaging for Rolls!
commercial standing for the large sums required for the RB211-524 further
development and the launch of the RB211-535 to be provided as conventional
capital since the capital would not earn a return for several years. It was
therefore decided by the last Government to provide launch aid over a 5 year
period totalling £192 million at 1978 survey prices, which is likely to be some
£250 million at outturn prices, leaving some £126 million to be funded by the
NEB or by commercial borrowing. (Launch aid is not shown in the balance sheet,
but is credited to the profit and loss account.) Provision was made for the
launching aid to be recovered by a levy on future engine sales. Simultaneously
a financial duty was set, by agreement with NEB and Rolls Royce, to secure a
rate of return at Rolls Royce of 10% on capital employed by 1981 and a progressive

increase thereafter. : &
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9« By the middle of 1979 it became clear to the Department that critical
assumptions underlying the five year forecast were no longer realistic.

The exchange rate had appreciated rapidly, the rate of UK inflation was
increasing rapidly, and Rolls Royce had indicated that, as a result of
increasing world demand, they had greatly increased their sales expectations
for the 1980s. In view of the clear implications for Rolls' financing needs
the Secretary of State for Industry asked Sir Leslie Murphy in June to
provide updated forecasts. These were submitted at the end of July and after

further subsequent updating showed the following picture.

LATEST RR FORECASTS 1979-83

1979 1980 1981 1982 '1983 TOTAL

Profit before tax (29) (52) (10) 60 61 20

Cash flow

Operating profit & depreciation L

Launch aid 69

PV R&D (127)

Growth in inventories (110)

Capital programme (44)

Interest (12)

Other 36 18 61

TOTAL CASH FLOW (139)  (216)  (194)  (158) (58)

NB These totals assume no waivers of levies due to HMG. The Annex to the
Officials Paper incorporated Rolls Royce's assumption that 50% of levies would be
waived, the effect of which was to improve profits and cash flow in that table by

. £29 million ovwr the 5 years.

10. It was emphasised that the figures were an ‘interim update only, and that this
made the later years particularly uncertain. A full revision of the forecasts will

be completed later this year.




COMMERCIAL IN CONFIDENCE

CONFIDENTIAL

11+ In broad summary the changes were

979 1980 1981 1982 1979/83 1979 8§£3)
M Total Total
(no waiver)

December 78" (51) ()  (10)  (18) (97) (126)
mgust 92 (138 (209)  (188)  (152) (736) (765)

Difference (83) (175) (178)  (134) (639) (639)

Profit (pre-tax)
December ?8(1) 21 5% Lk 36
mgust 920 (34 @s) s 66 49 20

Difference (55) (78) (48) 30 (10) (j61) (161)

(1) These data assume the provision of £250m launch aid from HMG, but do not
take account of 1979 Budget changes.

These forecasts also assume £250m launch aid, and take account of minor

revisions to the 1980 figures as presented end-July, as documented on
17 August 1979.

All these annual forecasts assumed a 50% waiver of RB211-524 levies;
without any waiver both cash flow and profits would be worse by £29m
over the 5 year period. The final column illustrates the effect of

assuming no levy waivers.

12. As has been explained in the note annexed to MISC 22(79)1 these dramatic

revisions of the figures can be accounted for by

a) the increase in working and fixed capital requirements needed to
support the greatly increased forecast of new engine and spares

sales over the period;

the increase in the estimate of UK inflation in 1979 from 8% to 17%,
and in 1980 from 8% to 12%;
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c) revision of the assumed exchange rate from £1.80 throughout to -

1979 g2.10
1980 $2.00
1981 £1.95
1982 £1.90
1983 £1.85

The contribution of each of these to the total is as follows

MAJOR CAUSES OF INCREASE IN CASH NEEDS

1979/8§ (£m) Effect on:=-

Exchange rate Profit/bésh

Inflation on:=

extra capital expenditure

inventory

Growth in demand

add. capital expenditure

inventory

638

e e
—_—

13. The NEB, however, do not accept a number of the assumptions underlying
the financial projections preduced by Rolls Royce. They have queried the
sales forecasts, notably with regard to'the RB211, both because they.consider

they are over-optimistic, in terms of the present order position, and also

because, in their view, sales concessions and retrofits which are not already

committed should not be offered to potential customers (this could lead to a
reduction in sales achievements). The NEB's view is that Rolls Royce should
only work on the assumption of the sales forecasts in the original 1979/83

Five Year Forecast, and on this basis there would be significant savings on
&
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inventory and capital expenditure. The NEB also believe that significant
economies could and should be made in other areas, notably PV R&D expenditure.
On the basis of the NEB analysis, a reduction of up to £250 million in the

total cash requirements over the 5 year period could be achievable.

1%. The validity of the NEB analysis is not accepted by Rolls Royce. Although
sales optimism has been a feature of Rolls Royce forecasts in the past, the
pPresent rate of order intake tends to confirm Rolls Royce's views. Further
orders have been received - against offers made months ago - since the updated
forecasts were provided, eg TAP (the Portuguese National Airline) has ordered

3 Lockheed L1011-500s with 2 options and Saudia Airlines have told Rolls Royce
that they will be ordering 6 RR powered 747s. In fact Rolls Royce production

is now fully committed throughout 1981. It is therefore difficult to see how the

Company can keep to its original sales forecast. Likewise the inventory and

capital expenditure pProgramme could not in Rolls Royce's view be reduced.

15. The updated forecasts set out above are less reliable than the full new
forecast for 1980-1985 which will be available later this year. Even that,
however, will be subject to a very wide uncertainty. The critical effect of
exchange rates and UK and US inflation rates, which are outside the company's
control, has already been described. There are, however, a number of factors
within the_control of management which could have major effects within a

five yecar period, and increasingly locking ahead for a longer period as is
necessary for this business. There are grounds for thinking that there may

be scope for further increases in prices, there is scope for curtailing the
aggressive commercial approach which has been deliberately used to increase
market share, there is substantial scope for increased productivity in manu-
facturing, and there is scope fbr greater selectivity in new projects énd more
collaboration with other manufacturers - a course on which the existing management
has already started. It is difficult to assess how far profitability can be
increased by a more commercially motivated management. The policies carried out
since 1971 have created a technical reputation for the RB211 and the confidence
of aircraft manufacturers, particularly Boéing, and of airlines, such that the
sales potential is now great, but the ability of hhe present leadership to

control costs so as to make those esales profitable is in doubt.

[ ]
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Rolls Royce's civil business is now very heavily dependent on the

RB211 family of engines;

The RB211-52k is now fully established as at least a technical match
for the competing US engines. The RB211-535 will not enter service
until 1982, but will be available some 8-12 months before its only

American competitor;

The RB211 has not so far been profitable, and the prospect for its
becoming so is very heavily dependent on the view taken of the

exchange rate;

Rolls Royce's productivity compares unfavourably with that of its
US competitors, but it is very difficult to estimate the realistic

prospect for improvement with improved management ;

Rolls Royce has been through a period of very high marketing costs
in order to increase its market share. There should be scope for
greatly reducing this and perhaps increasing selling prices now

that the -524 is fully established, but a similar expensive marketing

phase is likely to be faced for the ~535;

Rolls Royce has striven to compete in almost every sector of the

gas turbine market. There should be substantial scope for economy

and raising profitability by limiting the scope of activity.

Air Division
12 October 1979
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THE RB211

There are a number of versions of this engine, each of which
has been developed for specific applications.

RB211 -22

This is the original high by-pass engine of 42,000 1bs thrust
8 & ¥=F g 3

developed by RR for the Lockheed L1011 Tristar. Its mounting
costs caused the company's bankruptcy in 1971.

As part of the company rescue, the Government agreed in 1971

to finance RR in the development and production of the engine,
and undertook to Lockheced to enable RR to maintain the necessary
support facilities throughout the life of the engine.

The Government paid for virtually all the costs of development
and production of the first 555 engines - the number then under
contract - and in return took the receipts on the first 555 and
a levy of 7% on the sales value of all engines, thereafter,
(excluding spares). Any further costs eg in=-service-development
(ISD) were to be met by RR.

The net costs of development and production of the -22, ie taking
into account production receipts but not levies, were estimated
in 1972 at £170m at 1972 prices. The 555th engine was delivered
in April 1979, and the actual net cost was £16%m in actual money .
paid. Taking account of inflation, the actual costs were signi-
ficantly less than predicted in 1971.

Although there will be further sales of the -22 as existing
Lockheed customers expand their fleets, these are expected to

be very limited, since most versions of the Tristar now require

the higher thrust versions of the RB211 (szee below).. There will,
however, be a large continuing business in the provision of spares.
At the same time continuing development expenditure of the order
of £5 million per year is required to improve the reliability of
the ‘engine, and maintain. RR's standing with its customers.

The =22 is now in service with 147 aircraft in 10 airlines.
RB211 -524L

The -52l is a higher thrust version of the RB211. It was launched
in 1974 to meet Lockheed'$ requirements for a 48,000 1bs thrust
engine (designated -524B) to improve the range and payload of

the Tristar. In approving the project, Ministers were aware that
there were substantial risks, that it would lead to RR demands

for still higher thrust versions and that the economics of the
-]
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project were uncertain. Also in 1 1974, approval was given to
a 50,000 1bs thrust version for the Boeing 747 (-52LB2); L1

s to provide a basis for RR to capture a-wider mar“ob,
through British Airways. Unlike the Tristar where the LuH
and still is the only engine on offer, the Boeing 747 was well
established with engines from both RR's main competitors,
General Electric and P ‘att and Vhitney. As the third engine
option on offer, it was recognised that LR hou]d have a difficult
competitive struggle to extend its BA bridgehead on the B747.

The result of the deci > on the Lockheed, and Boeing
addntatho“ﬁ of the L”. 924% was a GOVC“‘””PL commitment to
contribute £26.3m in launch aid towvards the development cos
the Locvhced versio : t

! L.

owards the Boeing vers Jon, both

sums representing ano-t 50% of the estimated dcvclorment cost and
both subject to a cost escalation - inflation formula. It was

also recognised that further thrust development of the engine migcht
be required to meet airline needs; in particulary BA anticipated

a requirement for 53,000 1lbs Ey 1962.

The Government, therefore, agreed in principle to contribute up
to a further £12.%m on similar terms if such a programme was
necessary. As with the —22, the Government intended to recover
its contribution by a 7% levy on engine sales.

RB211 -524 Development

Airframe manufacturers and airlines are constantly requiring
higher power and greater fuel CCONO“J from their engines. RR,
therefore, proposed and th evious Government approved at the
beginning of ‘the year new C and D versions of the engine at
respectively 51,/u0 los and 53,000 1bs to be available in 1980
and 1981. Both GE and P & V have already engines in service

at this thrust. The devel pment programme also included a Bl
version at 50,000 1lbs designed to have significantly improved
fuel consumption compared with earlier versions. All these
versions are now in development and are contractually committed
to airlines. The total cost of the development was estimated
to be £110m. An even higher thrust version (the -524G at 55,000 1bs)
has not yet been approved.

RR's financial forecast in 1978 for the future of the -524 programme
"as a whole, showed a ICT rate of return of 11% on the assumption
of an exchange rate of £1.70:£ over the 1if etime of the project -
some 20 years. In assessing the programme, the Government also

looked at alternative assumptions of £1.80 and $1.95 for the
exchange rate and slightly fewer sal es, which reduced the exvected

IDCF return to 4% and to a small negative rate respectively. Taking
account of employment and valance of payment effects, however,
improved the return to the national economy by about 3,57 in each
case.
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Although the financial analysis showed, at best, only a modest
return and considerable sensitivity to exchange rate fluctuations,
it was recognised that further development of the =524 was crucial
" to RR's position as a civil aero-engine supplier, and in view o
existing HMG commitments to the engine, the proposed development
was approved. It is proceeding very satisfactorily.

1

The -52h is in service with 26 aircraft of five airlines;
RR have taken orders to supply a further 73 aircraft with

1% airlines with options on a further 54 . Amongst these
airlines are some of the most influential airlines in the world;
the Pan An purchase of 12 -52% powered L1011 -500s (the long range
version) and Qantas' decision to buy -524DU powered Bocing 747
after a long standing commitment to Pratt and Whitney represent .
major breakthroughs.

RB211 -535

The =535 is a derivative of the RB211 -22, with a thrust of
about 37,000 1lbs, and is designed for application to new medium
size (140-190 seat) aircraft such as the Boeing 757.

Approval was given to full launch of the engine in August 1978
after careful assessment by the NEB and HIMG of the technical

and commercial prospects, especially bearing in mind the difficult
development problems encountered on the =524,

The costs of development were estimated by RR at £250m (1973 prices)
including a contingency of £50m. HMG, in assessing the project
added, on technical advice from MOD a further £50m contingency.

A technical assessment by MOD(PE) generally endorsed RR's clain
that as a derivative engine the technology involved in developing
the engine is of low risk. After more than a years development
work both costs and development are on schedule.

The economic case for the =555 rested largely on the commitment

from Boeing to use the ~535 as the engine to be certified +i

on the Boeing 757 supported by initial orders for 40 aircra

from British Airways and Eastern Airlines. General Electric with

a derivative engine, the CF-32 will also be certified, but some

8-12 months behind RR whil Pratt and Whitney appeared unlikely

to compete - a view which rerains valid. The =535 is due to be cer-
tificated in the Spring of 1981.

On this basis RR assumed that the -535 could achieve over U o

of Boeing 757 sales estimated to be between 1000 and 1500 over
the next 15 years. DOI mariet estimates were somewhat less
optimistic by about 20 pelr cent due mainly to the expectation that
other manufacturers would launch aircraft similar to the Boeing 757,
Nevertheless they confirmed that the =335 represented the best
opportunity to expand RR's share of the civil aero-engine rarket
and secure the company's market position in the next generation
of aircraft. %
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20 .RR estimated that the discounted rate of return over the lifetime
of the project w betwe 10.% and 11.5%. These estimates were
based on a number of a mptions of which the two most critical
were, the exchange rate and engine selling price. RR assumed an
exchange rate over the next twenty years of £1.70:£. At the time
the estimates were prepared, this was roughly the existing exchange
rate. However, it was thought prudent on Treasury advice to
consider an exchange rate of 51.50:3; this reduced the DCF return
to 6.1%. Allowing for the lower LOI estimates of sales and the
additional development cost contingency, the rate of return was

o
-

estimated to be 1.0%. Taking into account balance of rayment
and employment effect, the national DCF return was 3.8% at $1.80
and 6.45 at g1.70. -

Notwithstand

1ding the modest ICF return expected, it was considercd
that the =535 ya i

as escential to RR's future in the civil aero-engir

business and indeed represented an opportunity to exploit the
i

won and expensive position achieved by RR in the big engine leazue.

p = i

Although orders for RR povered 757s beyond those of Eastern Airlines
and BA have not yet followed, Boeing remains firmly optimistic

that some 1500 will be sold and foresees a rossible .50 share of

RR. DOI market estimates remain of the view that 1000 units can

be expected, and that RR could obtain a 4oy share of them althouzh
so far no competitive aircraft has been launched. The financia®
return will, however, depend heavily on the exchange rate
prevailing,

The Government undertookx in March this year to provide £250m of
launch aid for the -524 and =535 development programmes. 'The
£250m represents about 705 of RR's estimated development costs,
but about 50% of official estimates of those costs and is in
escalated money. In PES terms the launch aid amounts to £192n
(1977 PES) and unlike the earlier support does not provide for
the Government to ray a percentage of the actual development costs
ie if RR have to spend more in real terms, this must be found from
within the company's own resources. The Government's contribution
rould be recovered by levies if the company achieves its sales
forecast and if the exchange rate over the 20 year life of the
project did not average more than 2.00.
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TINZ TECHNICAL COMPETITIVENRSS OF THE RB211-524 .

1, INTROWUCTION

In MOD{PL) asgessments of the RB21 l~524 projecet during ite develoyment, gttention
has been paid to the question of how the engine was likely to tum out rdlatively
to-its US competitors in texms of imvortant technical aspects such as fuel

* conswnption, welght and service reliability. The purpose of this note is %o
present an up-to~date comparison in the light of information now available, and
to-look algo at how the later versions of the 524 are likely to be placed.
Attention is particularly dixecied to tho Boecing 747 application, whexe the three

major engine manufacturers are.in directv compotition,

Much of the material uscd here has been gathered from a variety of sources by
Rolls Royce, and in viow of this the 'Commercial In Confidence' marking of this

note desexrves enphasis..

2 THE CURREBUT SITUATIOCHN

2.1 Comparisons of Specific Air Ranre

The Specific Air Range (SAR - commonly quoted in nautical miles per gallon) is
a standard measure of fuel economy at specificd conditions of flight speed,
altitude and aircraft weight. Thus if these three parameters are maintained
constant when ‘comparing SAR's for a given aircraft type fitlod with alternativ
engines, the results will take account both of basic engine performance diffexonce:
and of installation effects, but wvill not show the effect on overall fuecl
conswaption of differcences of engine weight, It is appropriste to congidexr this

woight offect separately, at a latexr stage.

Boeing have carried oub'fligﬁ* testo of ﬁhe'?d? aiveralt enabling SAR comparisons
to be made betwoen fhe Pratt & Whitnoy, General Electzic and Rolls Royce engines
at Nach 0.84, 35000£%, at 630,0001b aireraft woight. These are shown in Table 1
below, teking the RB211~524B2 éngine = the current standaxd for British Aidways
Boeing 747 dolivories - as tho datunm. : i
Tdble g

SAR Test Results - Mew Enmines

Engine " Relative SAR, %

RR RB211-52482 = Datum

GE CF6-50B: © -2.8

CE CF6-50% Sy

P& JT9D-TT . \ =0.9

M JI9D-TOA Co=keT
p&w JTI9D=TQ, . “led
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An impoxrtant point to be made concoraing tho above figurca is that cosentjally
new ongines (livos of around 50 hours) wore uscd for the flight teota,
Differences in the pexfornanco deterioration of the diffexent cnginos Tn

long-temn service operation are thereforo not included; the additional offect

5

_of this factor on tho comparison of engines in airline service is conoidexred
separatoly below.

Table I shows that when the engines are new, the curreni production 52482 engine
has a pmall measure of superiority in SAR at given aircxaft weight over competing
engines. that are currently availablo. This is broadly in accordance with the
expectations we expressed in our eorlicr assessment reporis - for oxample, that
of April 1976, As indicated in those assossnents, 'we beliove that this
competitive edge dorives largely ffom an advantage that the RB211 holds in iis
Anstallation performan,b. Recen’t evidenco, in the form of comparisons made by
Rolls Royce of the Boeing SAR test figurcs with predictions basod on bqoic engine
poxforimance data, supports this view. The shori, compact, 3-shaft design of
éugino allovs interferoncoe drag between nacelle and wing in an undoxwing install-
ation to be minimised. Thexe is also evidence that the short conical-shaped
afterbody used now on RB211l engines is very efficlent aerodynamically, Anothey,
moro general, factor which should favour Rolls Royce is the more integrated

. approach to installation design‘which {ends to xesult when the engino mamfaciurer
takes reeponslibility for the powerplant as avhole, and not just the flange~{o=-

flange ongine,

It ie of intorest o note that .the JT9D-TQ, which represents an atiempt by P&W
to produce a generally 'cleaned-up! v reion of the TOA, has so far fallen shozh
of its farget. Esbimates for this new variant had suggested that it would show
an SAR marginally betier than the 524B2 :

. .

Ve now turn fo the effect of porfomaince deterioriation in gervice. The evidence
here shows an appreciable spread, coming as ‘it does from a variety of airlines

with different flight Operdtions, maintenance practices, etc. However, the overall)
Picture in both 22B and 524 versions, shows o advantage relative to the American !
engines. For eﬁnmple, aveilable data from British Airways and Quantes indicatos
that JT9D-T engines have suffored sfc increases in the region of 4 to 5% in the
courae of several thousand hours operation, while RB2}1-524.oxperience {o date

puggests a figure of 1 to 2% Takinglﬁ conservative estimate in tho light of

curront evidence, we propose to use here a differential of 2% in favour of tho
RB211~-524 Yo coampare SAR's for tfpicnl airline operations whon the engines aro
no longor new. Table II %horoforo shows such o comparipon, derived from Table I
eimply by inoreasing the SAR difforences relative Yo the 52482 by 2%
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3 » .
- Iable TT :

SAR Compnriaon Allowine for Deterioration

Engine Relative SAR, %

21152432 :  Datumm

CF6-50E e . =he8

CF6-5082 «3.3

JI9D-TJ =2¢9

JI9D-TOA : 3.7

JT9D-7Q =3e3
It is appropriate to note here that both Pratt & Whitney and General Electrice
recognioe that their large turbofans compare poorly with previous generations
of civil jet enginos in terms of pprformqnce ucterloraulon rates, and are making

Btrenuous efforis to bring about improvements in later vorsions;

2.2 Weipht ond Thrast

Iﬁ is in these two areas that %he RB211L compares less favourably with ito rivals.

It is heavicr than the US engines, and up 4o now has lagged behind in terms of
max1mum rated thruot levels, Eithor or both of these factors cun be Bl"nlficanﬁ
deCHdlﬂL on the aircraft duty pattern; ond they operate ndditively to produce
important renaltios in rancq/paJlouq capabilitly under certain liniting airfield
oonaitlons. Although such conditions (high tomperature, bigh altitude &ni/o“ :
relativoly shori runway) may apply fox only a small minority of operations, theiz
demands may oxert g cxuciol influenco on an airline's choice of equipnment,

Quantifying first the more straighiforwand cffects of a powerplant weighi ponalty
on fuel conswnption, an approximate exchange rate applicable to Dooing 747
operatlon is that 10,0001b increase of shipget weight is equlvalent to 1.,6%

docreaqg_;p cruise SAR, as a congequence of iho highex cruise thrust requiremont,
We can therefore now take the SAR {figures of Tables I and IT (which, as indicated
earlior, are for constant weight) and adjust them approximately to allow foxr the
difforonces in shipset powerplant weight,
: ‘Taeble ITL
SAR Comvarisons Adusted for Powernlant Weirht Differonces

Engine Relative Operational Relative SAR, % Relative SAR, ™.
Empqy nelghu(OHJ), ib Hew Lngznes Detoriorated NggLuud
‘ (fxom Table I) - (from Table II)

21052482, Datum L Datum  Datun
CF6508 . -8130 B e S0
CF6-50E2 =5860 % - 2.4
JI9D~TF 11020 e R g
JTID=TOA : =2030 e iR
JTIDTQ ~8730 - - | : = 149
% Total 'halow nvlon! shingat walrht for 211e52402 ia RR6001N.
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It should be emphagised that those comparisons apply to cruise conditions.| Tho

total quantity of fuel consuued in a mission is also ﬂffCCqu by other fuc 0T -
6.8 climb rating, ofcls during descent and hold, etc. Novexrtheless, the . cove
table gives a rough impresoion of the relative fuel consumption for typico i

. 0poratlona.

Where the take-off weight (10W) is not resbricted by maximun aireraft design weight
or airfield limitations, an englne type requixing extra fuelfor e given operation
simply centails an increase in TCW. The penalty associated with tho less cconomical
engine then appears cssentially as an increased fuel cost, Vhore the take-off is
limiting, h0wevcp, the situation becomes moxre complex. Provided the aircraft is
not on its maximum design weight linit, the TOW hl'lg)wublo will depend on the
available talke~off thruat. The payload that can be carried is then determined by
the combination of enginé weight, {uel nceded for the misslon, and engine thrust
rating. A bigh engine thrust rating, combined with an advantpge in engine weight,
can outweigh a disadvantage in fuel economy, enadling a grcater payloed to be
taken, This is where some of the US engines cuxrrently score against the RB211=52400 |
Although needing more fuel for the mission, their higher éhrunt/lowcr engine weignt '
oombinatidn gives a better payload on these {uko~olf linited miogions, For a Boeing T47
operating from an 11,000f% runway at sea level, 90 P, 1% increase in take-off
thruet will allow 40001b increase in TOW, "2nus the higher thrust versions of the
American engines allow congidexably greater TOW's than the 524B2, This, baken in
conjunction with their lower weights, more than offsets their extra fucl require-
ments Table IV carxzries the comparison through to show. the approximatoe relative
payloads fox take=0ff Lo a o000 n.mi stage at the airfield conditions quoted above

s ' Table IV

Relative ?"*rJO"r‘q.__,C W Mg L1 OG’JN TUNYAY . S04 lovo'] O T, now onging. |
] 2 e b

Engine : Take~off thrust ravlnu s 1D Relative Payload, lb
211.-52412 i RSB 0G0 ¥ Datun(= 93,5001b)
CF6-50% : 52,500 ' 33,700
 CF6-5032 ' ' . 52,500 , aF + 17,100
JT9D-7J X 50,000 - ° : re 3,700
JT9ID-T0A 53,000 b + 14,700
JTYD-TQ ' . 53,000 Lm Ui e 925700

In the context of euch operations as: that considered above, the value of the
imainent clearance of the 524C2 ratihg at 951, 5001b thrust is very apparent .
This will improve the relative hositxon of the 524 in the above table by T2C01b.
. Comients are made later on the furvher developuzents in $Rrust which are in hand

for the RB211 and the Amoxican engines, /223
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2¢3 Olbex Factoxrs
The technical competitiveness of the R7211~)94 ig uffoctod by a numbexr of {actors
additional to those dealt with already. Environmental characteristica beiug

roughly similar between the competing engines, the significant romoining dilffere:

fall largely undexr the headlnus of reliability and of robustness in sorvice.

. Tne reliability of the RB211-524, as mecasurod by the standardllndlces of removal
ratos, in-Llight shutdown rates and aboxried take~off rates is not yet asm good es
pome of it competitors, and intensive efforts are being mnade to improve the
sltuation. On the other han&, the engine has, like the RB21L-22B, a good xeput-
ation for robustness in terms of resistance to foreign objeet damago, contaimment

 charactexristics, etc, Thes e qualitics, taken together with the lessexr performance
deterioration in soxrvice discusgsod earlier, xeflect the good mechani.cal strengtn
and rigidity of the engine. They can be regarded as representing the beneficial
gide of the greater weight 'of the RB211 relative to its compotitors,

. 3¢ THE 1982/84 SI'TTATLON

During the period 1982 to 1984, Lfurthex versions of the enginen, currently uwndex

development. by Rolls Royce -and by the US manufacturors, will entex service.

In the contex» of the Boaing T47 tho scignificent new versions of tho RB211l-524 in
this timescale are the 524C2 and tho 524D4. The 524C2, alrcady xeferred to in
Sectlon 2.2, is essentielly an wprating of the 524B2 to give 515001b teke~off thxust
with an unchanged cruise fﬁel conswaption. Type testing is currenily in progress
and the engine is due for delivery later this year, The 524D4 involves much.ioxre
extonsive change, including & new higher perforwmance .fan and & new IR/LP {urbing
modulo, to give 53000Lb teke=0ff thiust Yogether with cruise sef.c, 4.6/ better
than the 52432, Largely through the introduction of a lighter thrust reversex
system, total ship sel powerplant weight for a Boeing T47 is estimated to be
9601b less than for the 524B2, The D4;eng{ne is due for cerbification in Spring
1981, with entry to sexvice in 1962. v |

P & W and GE are also developing their enginbs to reduce g.f,c. and weight, aﬁd 1o
incroase take-off thrust, The relevant GE engines are the CF6-80 sories, based on
the 50 sories but involving major changes includiing extensive structural and aero=-
dynanic redesign in the turbine axrea, These engines will thus be both shor{or and
pubstantielly lighter than the 50'ueries. The GOB is aimed at a také—off thrust
of 540001b, and a cruise s.f.c. 2% better than the 5032. Ccftification is to be
in Autwnn 1981 wlth production dOllVLTlCS in early 1982. A later version, the
80C, has targeto of 560001b UunC-Off thrust and a furthor 2% Befecs improvement;
tho certification date is not at presont known, but we unuorstand that entry to

sexvice ie plenncd for late 1983. DPratt & Vhitney dovelopments foxr tho Doeing W

i - A _ Jaxo
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are the JTID-TR4G and ~TR4H, Take-olf thrust targets aro )40ﬁ01b for the fth
‘and 560001b for the TRAI., Both engincs are aimed at a cruise s.f.c. improvemont
relative to the JTID-TQ brochuro level of_lgh which ia equivalent to 2,5%
improvement over the level accually achieved én fhe 7Q up to now as implied by

the Boeing SAR measurenents quoted in’ Table I. Certification dates for these

P & VW engines are understood to bo July 1981 for theTR4G and January 1962 fox

tho Tijil.

.

It will be noted that the 211-524D4 engine is due to enter servico in the eaxly
paxt of this 1982/84 poriod. Rolls RNoyce have expressed the boliof that this

will give them a useful marketing advantage over the later American engines,

. 'y )
Egtimates of the rclativa capability of 747 aircraft powered by these improved
englnes are made below, using the approach of Scction 2 and now taking tho W21l
524D4 oo tho datum., In making these cutlxzteu, the assumption is made that the
igures quoted above, which apply of course ta the engines when now, are: HChLO?OQc
urrent development progress on the RB211 is encouraging, and on the evidonca
vailable so far we believe uLG 024D4 targets should bo reached or closcly
approached. Very little is knowvn of how the Americans are faring, Doubtless
they have their share of development problems, but it would be unwise to agsumeo
at this stage that their targets will no% finally be met, Regarding the question
of performance deterloration in scrvice, it has alresdy been noted that it is a :
majoxr objective of both US firms {o reduce theiv deterioration rate. Neverthel 68,
this is casier said than done and Rolls Royce may well continue to enjoy a compete
itive odge in this area fox some time 4o come., Wo therefore ageign an advantage
of 1% %o Rolls Royce in the comparisons below forx deter10r1 ted engines = i.0,
half the advanuare used in the comparisons of Section 2. :

.

3¢l Specific Air Ranwo

Estimates of the relative SAR position for the future engine versions axre prescnied
below, These have boen derivod by applying the target s.f.c. improvements guoted

above to the relativiiies established by Boeing fligaut tost on the current engines,
given in Table I, An additional adjusiment made in the casa of the Cré-80 engines
is a further credit of 1% in 3 recoznition of the prospect that the shortening of
theuo gngincs relative Yo the CI'6-50 sories maf give some bane?it in reduced -

. dnstallation drag, i
’ Table V

_Estivates of Relative SAR, 1982/84 _
_Engine .. Relativo SAR, % : Relative SAR, %
v Now Engines Detorioriated Engines
211-524D4 " Datum = - e Datun
CF6-60D .. = 3.1 . = 4l
CI'6-80C g ey i ‘ w21
JTID-TR 4G ) widel - -
J
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The above estimates, like those of Tableo I and ‘II, ake for a given aircraf

-

oruiso woignt.

3.2 Bffecta of Vei~ht and Thruas '

1. 4

All three manufactwrers are seeking substantial weight reductions in thelr develop-

ment programmcs, The prospect ia thevefome that the US engines will continue %o
hold a significant advantagy relative to the RB211 in this reepect. Table VI chows.
tho differences of quoted ghipset weights and the estimated relative SAR position
afier allowing for those diffexcnces,

Table VI

SAR Comparisons Adjusted for Powernlant Veipht Differencea

Engine Relative shipset \ Rolative SAR, 5’: Relative SAR, %
- powverplant weighi, 1b. How IEnginen Datorioriated Encines
. (from Table V) (Szom Table V)

éll-524 O Datun ; asun Datun
jﬁﬁ-@@ﬁ ; 8000 . .= 1.8 9,060

F6-80C 6360 ! = 0.1 : 1.1

T9D-TR 4G 8810 . - 2.2 ' 3e2
JT9DHTR 41 - 8490 - - 2.3 - 3.3

The estimates of Tables V and VI onggest vhat the RB211 will continue to nold sowe
advantage in fuel congumption ovex the US engines in fuluxe Boeing T4T applications,
though it may be closely challenged by the Cré-80C. It will be appreciated that
the above estimntes must involve sipunificant wicexrtainly at this otage. The actucl
Vechnical achievemenis of {he thice compeving manufacturers over tho noxt few yea
remain to be ocen, lowever, it is relovaul to otate here owr view thatl the degeee
of rick auoociuled wilb Uho US engine developuenie is du least as greal as thav
for the R321] -)Aq Die

It ja alno appropriaie to woatlon an importany indication from tho aixline world

: Ty e .,-

of confidence in the ND2.1-524 D4 engine, in the form of a decision by Quailas to
chonge ovexr from P & W'io Rid engines for all its fubluwre Dooing T47's. Iv is
unusual for an operator to change to a different engine supplior within a fleet
of a given aircraflt type., The fact {hat Quantas, an expericnced long-range
international airline which pays considerable aﬁtcntion to fuel convumplion
tochnical pexforinance genexrally, has made this move, can bo regarded as a

hoartonlnv pign ol the po»el tial futuro for the RD211-524 D4.

We now turn again to tho qucstion of thrust capability, whose importance in regard
to payload under limiting ftake-off conditions was outlined in Section 2,2, With
the US manufacturers raiscing the thrust of their onu*ngJ otill further, the RB21l
524 D4 at 530001b will still bo at a disadvan;aua relative to tho competition,
/Thlﬂ
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This can be illustrated by again considering p;gloauu for the 5000 n.m. operation
uaed in the comparison of current eungincs in Tabie IV,
‘ Table VIT

. ; - ' 0 :
Relative Payloads, 5000 n.m., 11,0002% runwav, seca level, 9071, new enginea

~Engine - Take=-ofl thrust rating, 1b Relative Payload, 1b
211-524D4 53,000 - : * Datum
CFG-00D ‘ . 54,000 - © 4 2500
CF6-80C - % 56,000 .+ 9200
JT9D-TR 4G 54,000 : . 2700

‘ JT9D-TR 4H i 56,000 + 6100

These relative payloads are the rcsulu&rtg of the thruut, welght and fuel

consunption diffcrchCs between the engines. The compaxrison indicates a distinct
advantage in revenue carrying capability in this type of operation if a thrust in
the region of 56, OOOlb is available.

It is alco rolevan' to look ab the benefit of increased thrust in texms of the
mpximun take~off weight that can be used. For the airfield conditions token fox
Table VII, a 53,0001b thrust rating will just allow %ake-off at tho current Boeing
147 maxinvm, namely 820 CO0Lb. We understand that a version of the airerafi with
e TOW of 833,0001lb is now the subject of negotiation with airlines, and that setill
fuither increases are under consideration. Cleaxly, grcdter thrust levels than

5350001b are needed to exploit such aircraft ful Ly

+Wle believo that the quostion of how fax Lo take tho RB21l, in texrmg of thrust, calls
for further appraisal., The extent of its comaercinl disadvantage relative to the
US engines if not developed beyond the 524D4 is not casy to assess, depending as
it.does upon the evolving needs of the Doeing 747. Nevertheless, the comparisons
outlined above suggest thai a significant incentive ig emerging to move towards
something like the 524G version, projected by Rolls ﬁoyce to achicve 55,000 lo
_within tho existing powerplant nacelle size., Tha 524G design should be xeviecwed

in the light of experichce gained since it was scheimed, and the possible attraction
of going to some intermediaie stage which would require a lower investment deserves
study. An important element of any uprating would of course be the hollow titaniun
fan, where Rolls Royco appear %o have a tochnical lead over tho Americans and waich

- offers benefits in both weight and performanceé.

3¢3 Other Factors r .

Montion was made under this heading in Scction 2,3 of the gooﬁ reputation that the
,BB211 currently enjoys for resistance to foreign object damage, and general
mechanical robustness, As those atlbributes oaxc cIose]y‘connected with the overall,
mochanical design of the engine, we belicve thore io a. good. chance that futuro
RB211 vorsions will continue to show soue advauuago in this area ¢ver tholr US .
rivals : A - , s




COMMERCIAL IN CONFIDENCE
7

4o CONCIUSIONS :
' (a) At present the RB211-524 shows & small bub useful advaniage in fuel
consunption ovex ito competitors in Boeing TAT applications. The proapact
is that this will s¥ill be {the case when developed versions of all the

engines have entered sexrvice in 1982/34. : .

While this advantage in fuel consumption is an asset whose value will

inerease if fuel prices continue to riso, it can be counternaianced in
the marketplace by the combination of higher engine welght and lower tale= -
off thruet which limits the payload of Rlel-powercdl74Y'n under certfain
critical airfield conditions, o
In view of theso payload limitations, the case for proceeding with furthex
development of the RB211~524 seriés to thrust ratings highexr than 53,0001b
requiros consideration. This assesoment is not oasy; and depends on the
predicted evolution of the Doeing 74T aircraft and its pattorn of usago.
Increasing take-off and climb thrust ratings is likely to be a noTo
" fruitiul path of long~term development than attenpting major welght
reduction on the basic engine. The RB21) has a good reputation for
mechanical robustness and this assot should not be hazaxded.
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STRUCTURE OF ROLLS ROYCE

ROLLS-ROYCE LTD
EMPLOYEES: 59,400
SALES: £760m

R

OVERSEAS SUBSIDIARIES
EMPLOYEES: 2,800
SALES: £80m

ROLLS-ROYCE LTD — UK
EMPLOYEES: 56,600

AERO-ENGINES DIVISION
EMPLOYEES: 52,800 ROLLS-ROYCE & ASSOC. INDUSTRIAL & MARINE
SALES: £660m (NUCLEAR) DIVISION

EMPLOYEES: 1300 EMPLOYEES: 2,500
SALES: £30m SALES: £91m

MILITARY ENGINES CIVIL ENGINES
53% 47%




ROLLS—ROYCE TURNOVER AND PROFIT/LOSS 1972 — 78

375
TURNOVER

18- 4 248 16-7
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ROLLS-ROYCE -

SERVICE

ENTRY

1972
1977
1981

1964

ADOUR

PEGASUS

GEM

OTHER (Including):

DART

VIPER Including a

high proportion
RLUEUS of spares
TYNE

AVON

RANGE OF ENGINES

MAIN
ATRCRAFT
APPLICATIONS

TRI-STAR
TRI-STAR/B747
B757

BAC 1-11/TRIDENT
F28/PHANTOM

TORITADO

JAGUAR/HAWK

HARRIER/AV8A

LYNX(HELICOPTER)

1978
% OF AERO-
ENGINE SALES

2
T

UNDER
DEVELOPMENT




RB 211 FAMILY

RB211-524G /

RN R AR D ULLRLR IR

747-200

"

Boeing 747 SP

Boeing 757

Ouo LT T AL )

RB211-535

)(/

33,500 b+
thrust

RB211-228B

RB211-524 D4 55.000

RB211-524C / 53.000
»—51_500
r '

RB211-524B

L1011-500 Tristar

RB211-524

@nl|lll|uuuu-|u¢|||o||||nuuu|nuu| nun-mU

L1011-200 Tristar
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L1011-100 Tristar




RB 211 — 535 IN B757 : PROJECT CASHFLOW

_-- LIFEOF TYPE

CASHFLOW £931M
YIELD 10.9%

B

YIELD ON CASH
TO DATE
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EFFECT OF EXCHANGE RATE ON PROFITS/LOSSES

PROFITS / (LOSSES)

PROFITS / (LOSSES)

IN 1983 EVERY ONE CENT VARIATION
IN THE STERLING/DOLLAR EXCHANGE
RATE AFFECTS ROLLS~-ROYCE'S CASH
FLOW AND PROFITS BY &£4.8m.

(& Millions)
22.10

(39)




UK. AND US. INFLATION AND § : £ RATE 1952 — MID 1979 Fig. 6
RATIO OF US TO UK INFLATION RATES (BOTH RELATED TO 1975 AS 1)
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RATIO OF 8 TO £1 EXCHANGE RATE RELATIVE TO 1975 = 1 /“\
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UK DEVALUATION
US DEVALUATION
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AIRCRAFT SALES AND RB 211 SHARE

TRISTAR BOEING AIRBUS
747
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CASH FLOW

DECEMBER 78
AUGUST 79

DIFFERENCE

PROFIT (PRE-TAX)
DECEMBER 78
AUGUST 79

DIFFERENCE

CHANGES IN ROLLS-ROYCE FORECASTS OF CASH FLOW AND PROFITS

(£ Millions)
1979/83 1979/83
TOTAL TOTAL
(NO WAIVER)

(97) (126)

(736) (765)

(639) (6%9)




LATEST ROLLS—ROYCE FORECASTS 1979 — 83

(£ Millions)
CASH FLOW 1083 TOTAL

OPERATING PROFIT & DEPRECIATION 534
LAUNCH AID 250
PVYR&D (567)
GROWTH IN INVENTORIES (661)
CAPITAL PROGRAMME (335)
INTEREST (115)
OTHER 129

(765)

PROFIT BEFORE TAX




CAUSES OF INCREASED CASH REQUIREMENTS IN UP—DATED FORECAST

TOTAL = £639 MILLIONS

EXCHANGE
RATE

INFLATION
EFFECTS

GROWTH IN  |Zis72nt T
s 3 fm e b=y
DEMAND ‘Nt d e 30 : \,’\:_f.‘,‘
EAABRE TR
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JET AIRCRAFT DELIVERIES BY YEAR

LONG RANGE
MEDIUM RANGE
AIRCRAFT PREDICTED SHORT RANGE

AIRCRAFT DELIVERED

NUMBER OF JET




THE STRATEGIC ALTERNATIVES

IMMEDIATE WITHDRAWAL FROM RB211

PROGRESSIVE WITHDRAWAL

NO CHANGE

NEW MANAGEMENT AND NEW POLICY DIRECTIVES




