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DIVISIONS AND BRANCHES OF 

THE ROYAL AERONAUTICAL SOCIETY 
Australia Branches at: Canberra, Sydney, Melbourne and Adelaide. 
President: FRANK AUSTIN, FRAeS. Hon. Secretary: B. A. J. SCOLES. MRAeS, 191 Royal Parade, Parkville, Victoria 3052. 

Zimbabwe Branches at: Bulawayo, Gweilo and Salisbury. 
Acting President: H. M. DOWELL, AMRAeS Hon. Secretary: Mrs. MARGARET HEAP, Assoc RAeS, PO Box 3759, Salisbury. 

N e w Zealand Branches at: Auckland, Wellington, Paimerston North, Christchurch, Hamilton and Blenheim. 
President: R. L. WILLIAMS, AMRAeS. Hon. Secretary: C. S. BUTCHER, P.O. Box 3715, Auckland. 

Southern Africa 
President: Wg. Cdr. A. W. BOWER, MRAeS. Hon. Secretary: Wg. Cdr. N. F. HARRISON, MRAeS, PO Box 27335, Sunnyside 0132, RSA. 

Bedford 
President: Air Vice Marshal D. W.RICHARDSON. 
Chairman: D. CLAYSON. 
Hon. Secretary: G. I. PAULEY, Aircraft Research 

Assoc. Ltd., Manton Lane, Bedford. MK41 7PF. Tel: 
0234 50681. 

Belfast 
President: Dr. P. F. FOREMAN, CBE, FRAeS. 
Chairman: N. SINTON, MRAeS. 
Hon. Secretary: T. E. MORRISON, MRAeS, Dept. of 

Mech. Eng., College of Technology, College Square 
East, Belfast BT1 6DJ. Tel: Work — Belfast 27244. 
Home — Dundonald 3403. 

Birmingham and Wolverhampton 
President: J. LENHAM, MRAeS. 
Chairman: E. ALBRECHT, MRAeS. 
Hon. Secretary: K. HOMFRAY, AMRAeS, 58 Chartwell 

Drive, Bushbury, Wolverhampton, West Midlands 
WV10 8JQ. Tel: Work — 0902 22321; Home — 0902 
787631. 

Boscombe Down 
President: Air Cdre. R. G. SPIERS, OBE, FRAeS. 
Chairman: J. B. LAMBIE, CEng, MRAeS. 
Hon. Secretary: Wg. Cdr. C. T. B. PEILE. MRAeS, RAF, 

O/C RAF Handling Squadron, Boscombe Down, 
Salisbury SP4 0JF. 7e/; 09802 3331. Ex. 2513. 

Bristol 
President: H. METCALFE. 
Chairman: J. M. HANN, CEng, MRAeS. 
Hon. Secretary: D. C. GREENMAN, MRAeS, Aero 

dynamics Dept, No 7 Drawing Office, British 
Aerospace Aircraft Group, Filton House, Bristol 
BS99 7AR 

Brough 
President: L. W. MILSOM, CEng, MIMechE. 
Chairman: M. EDWARDS, CEng, MRAeS. 
Hon. Secretary: E J. SOLMAN, Head of Flight Test 

Dept., British Aerospace, Holme-on-Spalding Moor, 
York. Tel: 06962-60421. Ex. 46 

Cambridge 
President: Professor W. A MAIR, CBE, FRAeS 
Chairman: N. A. J. HARRY, FRAeS. 
Hon. Secretary: 

Chester 
President: R. GRIFFITHS, FRAeS 
Chairman: V. W. CLARKSON, MRAeS. 
Hon. Secretary: J. R. YOUNG, AMRAeS, British Aero

space, Hatfield Chester Division, Broughton, 
Chester. Tel: 0244 535333. 

Christchurch 
President: M. COBHAM, FRAeS. 
Chairman: R. C. GODWIN, MRAeS. 
Hon. Secretary: R. J. STANDING, MRAeS, British 

Aerospace, Weybridge Bristol Division, 
Bournemouth (Hum) Airport, Christchurch, Dorset. 
7e/.020-163201. 

Coventry 
President: A. H. POPE, FRAeS. 
Chairman: A. J. WEBBER, MRAeS. 
Hon. Secretary: A. J. EAGLES, 30 Lupton Ave, 

Coventry CV3 5BQ. Tel: 0203 415412. 

Cranwell 
President: Air Vice Marshal B. BROWNLOW, AMRAeS. 
Chairman: Wg. Cdr, S. L. BUGG, MRAeS, RAF. 
Hon Secretary: Sqn. Ldr. M. P. THOMAS, CEng, 

MRAeS. RAF, o/c Aircraft Engineering Group, RAF 
College, Cranwell, Sleaford, Lines NG34 8HB. 7e/.-
0400 61201. Ex. 7.284. 

Derby 
President: D. A. HEAD, MRAeS. 
Chairman: J. BUSH, FRAeS. 
Hon. Secretary: D.P.HARPLEY, AMRAeS, Rolls-

Royce Ltd, East Midlands Airport, Derby DE7 2SA. 
Tel: 0332 811216 

Dublin 
President: 
Chairman: Capt. G. McCABE, CEng, MRAeS. 
Hon. Secretary: P. J. MURPHY, 469 Collins Ave., 

Whitehall, Dublin 9. 7"e/.- 379900. Ex. 4920. 

Gatwick 
President: A. T. PUGH, FRAeS. 
Chairman: B. C. CHILCOTT. 
Hon. Secretary: A. G. SAYCE. MRAeS, 18 Palmers 

Close, Meath Green, Horley, Surrey. 

Glasgow 
President: Dr. A. W. BABISTER, MRAeS. 
Chairman: T. J. GOODWIN, AMRAeS. 
Hon. Secretary: F. FRENCH, MRAeS, 27 Bourtree 

Road, Hamilton ML3 8QA. Tel: 03552 20200. Ex. 163. 

Gloucester and Cheltenham 
President: Sir ROBERT HUNT, FRAeS. 
Chairman: K. BEST, MRAeS. 
Hon. Secretary: R. W. WHITE, MRAeS, c/o Smiths 

Industries Ltd, Bishops Cleeve, Cheltenham, Glos. 
7e/.' 024-267 3333. Ex. 2423. 

Halton 
President: Gp. Capt. O. J. TRUELOVE, MBE, CEng, 

MRAeS, RAF. 
Chairman: P. R. SAMPSON, AMRAeS. 
Secretary: Sqn. Ldr. P. G. HISCOCK, RAF. Air

frame Training Squadron, RAF Halton, Bucks HP22 
5PG. 7"e/." 0296 623535. Ex. 440. 

Hatfield 
President: M. J. GOLDSMITH, FRAeS. 
Chairman: F. W. VANN, FRAeS. 
Hon. Secretary: G. B. EVANS, FRAeS, British Aero 

space, Hatfield, Chester Division, Hatfield, Herts. 
Tel: 07072 62345. 

Isle of Wight 
President:' Sir CHRISTOPHER HARTLEY, KCB, 

CBE, DFC, AFC. 
Chairman: R. L. WHEELER, MRAeS. 
Hon Secretary: N. MAY, Technical Office, 

British Hovercraft Corporation Ltd, East Cowes, Isle 
ofWight. 7e/.098-294121. 

London Airport 
President: K. G. WILKINSON, CBE, FRAeS. 
Chairman: Capt. T. A. FULTON, MRAeS. 
Hon. Secretary: D. S. FORSYTH, AMRAeS, Room 

200A, TBK 5477, British Airways, P.O. Box 10, 
London (Heathrow) Airport, Hounslow, Middx TW6 
2JR. Tel: 01 -759 5511. Ex 3340. 

Loughborough 
President: Professor D. J. JOHNS, FRAeS. 
Chairman: F. G. MACCABEE, MRAeS. 
Hon. Secretary: L. E. WOODFIELD, AMRAeS, Trans

port Technology Dept, Loughborough University of 
Technology, Loughborough, Leics. LE11 3TU. Tel: 
Loughborough63171. Ex.470. 

Luton and Stevenage 
President: T. G. KENT, MRAeS. 
Chairman: C. H. MARTIN, CEng, FRAeS. 
Hon Secretary: M. F. RICKETT, AMRAeS, British 

Aerospace, Dynamics Group, Gunnels Wood Rd, 
Stevenage, Herts. SG1 2AS. Tel: 0438 3456. Ex. 325. 

Manchester 
President: C. E. FIELDING, OBE, FRAeS. 
Chairman: D. L. RAFFLE, CEng, MRAeS. 
Hon. Secretary: J. H. MANGAN, AMRAeS, Assist. 

Sec, W. JAMES, Aerodynamics Dept., British 
Aerospace, Manchester Division, Woodford, 
Stockport, Cheshire. Tel: 061-439 5050. Ex. 170 

Medway 
President: P. A. HEARNE, FRAeS. 
Chairman: M. MOULTON, MRAeS. 
Hon. Secretary: F. H. WOOD, MRAeS, c/o Marconi 

Avionics Ltd, Airport Works, Rochester, Kent. Tel: 
0634 44400. 

Preston 
President: F. E. ROE, FRAeS. 
Chairman: A. G. BARNES, MRAeS. 
Hon. Secretary: J. R. HUNTINGTON, MRAeS, British 

Aerospace, Warton Division, Warton Aerodrome, 
Preston. 7"e/: (0772) 633333. Ex. 60. 

Prestwick 
President: R. MclNTYRE, FRAeS. 
Chairman: J. M. JANKE, MRAeS. 
Hon Secretary: V. B. M. McLEONARD, AMRAeS, 21 

Hillhouse Gdns, Troon, Ayrshire KA10 6SZ. Tel: 
0292 311351. 

Southampton 
President: Professor G. M. LILLEY, FRAeS. 
Chairman: Dr. R. A. EAST. MRAeS. 
Hon Secretary: Dr P. TAYLOR. AMRAeS, Dept. of 

Aeronautics and Astronautics, The University, 
Southampton, Hants. S09 5NH. Tel: 0703 559122. 
Ex. 2303. 

Southend 
President: A. J. Brooke-Walder, MRAeS 
Chairman: E. B. DOVE. FRAeS. 
Hon. Secretary: D. M. GLADSTONE, MRAeS, 36 

Brooke House, Town Square, Basildon, Essex SS14 
1HX. Tel: Basildon 284621; Work: 22861 Ex. 287. 

Swindon 
President: W. GILLESPIE, MRAeS. 
Chairman: W. H. BUNTING, MRAeS. 
Hon. Secretary: R. J. WESTMACOTT, MRAeS, 22 

Woodside Ave., Swindon SN3 1DX. Tel: 0793 
692352. 

Thames Valley 
President: E. N. MOBBS. 
Chairman: J. L. FAREHAM, MRAeS. 
Hon. Secretary: A. G. FOSKETT, MRAeS, ML. 

Aviation Co Ltd, White Waltham Aerodrome, Berks. 
Tel: 062-882 3361. 

Weybridge 
President: J. T. STAMPER, FRAeS. 
Chairman: M. W. SALISBURY, MRAeS. 
Hon. Secretary: A. M. DOBSON, MRAeS, British 

Aerospace, Weybridge Bristol Division, Weybridge, 
Surrey. 7"e/: 97 45522. Ex. 6945. 

Yeovil 
President: B. D. BLACKWELL, FRAeS. 
Chairman: Dr. J. P. JONES, FRAeS. 
Hon. Secretary: S. J. LOVE, MRAeS, Development 

Instrumentation, Westland Helicopters Ltd, Yeovil, 
Somerset. 7e/; 0935 5222. Ex. 160. 

https://doi.org/10.1017/S0001924000029973 Published online by Cambridge University Press

https://doi.org/10.1017/S0001924000029973


The Volume 85 No 847 September 1981 

AERONAUTICAL 
Journal Incorporating The Institution of Aeronautical Engineers 

and The Helicopter Association of Great Britain 

Editor: Jay Wolff, 
Assoc. Member RAeS 

Assistant Editor: Carol Evans 
Associate RAeS 

Secretary of the Society: 
E. M. J. Schaffter, MA CEng, FRAeS 
4 Hamilton Place, London W1V OBQ 
Tel: 01-499 3515 
Telegrams: Didaskalos, 
London W1 

Advertisements: 
J. G. Heller, 
Cheiron Media Ltd, 
43a Dulwich Village, 
London SE21 7BN 
Tel: 01-299 1711/2 

Reproduction of any of the papers 
published in this journal is not 
permitted without the written 
consent of the Editor. 

None of the papers or paragraphs 
must be taken as expressing the 
opinion of the Council unless 
otherwise stated. 

Printed by 
Manor Park Press Ltd, 
Unit 7, Highfield Industrial Estate, 
Edison Road, Hampden Park, 
Eastbourne. 

Subscriptions: £60 per annum, 
post free. 

Single copies, including back 
numbers: £5.00. 

US subscription: $150 per 
annum. Single copies, including 
back numbers: $13.00. 

Published by 
The Royal Aeronautical Society, 
4 Hamilton Place, 
London W1V OBQ, England 

ISSN: 0001-9240 

PUBLISHED MONTHLY 

Contents 
307 
Professor Clive Hart 
The ornithopters of Grimaldi, Morris 
and Desforges 

313 
Dennis Lewis 
Helicopter engine technology — 
with particular reference to the 
Rolls-Royce Gem engine 

320 
Symposium on Developments in 
structures and manufacturing 
techniques 
Dr. C. J. Peel and 
Dr. D. S. McDarmaid 
The application of improved 
aluminium alloys and steels in 
aircraft structures 

Lt. Cdr. J. A. I. Reid 
Design aspects of non-rigid airship 
envelopes 

J. H. Webb 
Some possibilities for composite 
light aircraft construction 

G. E. Woodley 
Use of composite honeycomb for 
light aircraft 

R. J. Sellars and G. Terry 
Sophisticated aircraft structure 
developments — combat 
aeroplanes 

343 
E. Large 
Optimal flight paths for winged, 
supersonic flight vehicles — 
extension to the case where thrust 
can be vectored 

349 
Library reviews, additions and 
reports 

Cover Picture 
The Rolls-Royce Gem turboshaf t engine is the 
subject of a paper in th is issue by Dennis 
Lewis. Var iants of the Gem engine, wh ich has 
recent ly been cert i f ied for the Agusta A129 
ant i- tank hel icopter, power the West land Sea 
K ing, Lynx and W G 30. 

AeronauticalJournal September 1981 

https://doi.org/10.1017/S0001924000029973 Published online by Cambridge University Press

https://doi.org/10.1017/S0001924000029973


The Royal Aeronautical Society 
FOUNDED 1866 INCORPORATED BY ROYAL CHARTER 1949 

Patron: HER MAJESTY THE QUEEN 

COUNCIL 

President: J. T. STAMPER, MA(Cantab), FEng, FRAeS 

President-Elect: CAPTAIN E. M. BROWN, CBE, DSC, AFC, MA, FRAeS, RN(Ret'd) 

Vice-Presidents: 
PROFESSOR M. G. FARLEY, CEng, FIMechE, CBIM, FIProdE, FRAeS 
J. W. FOZARD, DCAe BSc(Hons), CEng, FIMechE, FRAeS 
G. K. C. PARDOE, BSc(Eng), DLC, CEng, FBIS, FRAeS 

Past Presidents: 

PROFESSOR L. F. CRABTREE, BSc, DIC, PhD, CEng, AFAIAA, FRAeS 
P. A. HEARNE, MSc, DLC, CEng, FRAeS 

Members: 

C. ABELL, OBE, CEng, HonFSLAET, HonFRAeS 
M. W. ANDERSON, MA(Cantab), CEng, MICE, MSAE, AFAIAA, FRAeS 
A. F. ATKIN, CBE, BSc (Hons), DipAe(Hull), FEng, FIMechE, FRAeS 
F. AUSTIN, FRAeS (President—Australia Division) 
R. G. AUSTIN, MSc, CEng, MAIAA, FRAeS (Chairman, Rotorcraft Section) 
AIR CDRE F. R. BANKS, CB, OBE, HonCGIA, CEng, HonFAIAA, HonFRAeS, RAF (Ret'd) 
A. E. M. BARTON, DFC, CEng, MRAeS 
A. L BLACKMAN, OBE, MA, FRAeS 
M. J. BRENNAN, BSc, CEng, FIMechE, FRAeS 
F. A. BRITTAIN, AMRAeS (President—New Zealand Division) 
DR P. H. CALDER, OBE, BSc, ACGI, PhD, CEng, MRAeS 
I. B. CRIPPS. MRAeS, (Chairman — Branches Committee) 
J. L. CROWDER, MA, CEng, FMIS, MRAeS (Chairman — Astronautics and Guided Flight 
Section) 
N. FALCONER, MRAeS 
R. J. FRITZ, CEng, FRAeS (President— Southern Africa Division) 
DR W. F. HILTON, PhD, DSc, CEng, AFAIAA, FIERE, FRAeS 
DR G. S. HISLOP, CBE, HonDSc, PhD, BSc, ARCST, FEng, FIMechE, FRSA, FRSE, FRAeS 
G. C. HOWELL 
T. H. KERR, BSc, FRAeS 
D. KNIGHT, BSc(Eng) (Chairman —Graduates'and Students'Section) 
B. P. LAIGHT, OBE, MSc, CEng, MIMechE, FRAeS 
F. J. LOW, MRAeS 
AIR MARSHAL SIR CHARLES PRINGLE, KBE, MA, FEng, FRAeS, FBIM, RAF(Ret'd) 
D.J. RICHER, MSc, BSc 
G. T. WANSBROUGH-WHITE, AMRAeS 

Officers: 
Hon. Treasurer: C. F. HUGHESDON, AFC, FRAeS 
Solicitor: C. L. BYWATERS, Associate RAeS 
Secretary: E. M. J. SCHAFFTER, MA, CEng, FRAeS 

Aeronautical Journal September 1981 

https://doi.org/10.1017/S0001924000029973 Published online by Cambridge University Press

https://doi.org/10.1017/S0001924000029973



