Evening Session

When the meeting resumed after tea the CHAIRMAN 1nvited Members
to take part m open discussion, and called upon Dr J A J BENNEIT
to open the proceedings —

Dr J A ] Bennett (Founder Member—Fairey Awiation Company Ltd)
We have listened to-day to a succession of authoritative papers on the theoretical and
practical problems of rotor blades and I should like to congratulate the authors for
providing us with so much food for thought Perhaps I mught mention a few points
which I consider to be of outstanding interest

(1) Vulnerability to fanngue 1 thmnk I am night in saying that a primary obstacle
to the development of helicopters 1n this country has been their vulnerability to
fangue This has caused attention to be directed to the design and construction of
rotor blades mainly in regard to their airworthiness There 1s first of all the con-
sideration of the factors which promote a dynamic stmplification of stress fluctuation
and, secondly, 1f 1t 1s not possible to avoid these factors altogether, we have to make
sure that the blade construction 1s as mnsensitive as possible to fatigue conditions

Drag Mlinge excitanon It appears to me that the introduction of a drag
hinge 1n the early days of rotary wing development was a mistake The periodic
bending moments caused by the flapping motion of the blades might have been
kept within safe imits by ensurmg that the dissymetry of forward flight was com-
pensated by cyclic feathering  Thus the tip-path plane could have been mamntamed
substantially at right angles to the mechanical axis of the hub The possibility of
stress amplification by the self-excited motion of a drag hinge need never have existed
Of course, unstable motion of the drag hinge 1s suppressed under normal operating
conditions by a limited amount of frictional or hydraulic damping, but 1t 1s a potential
amplifier under conditions of abnormal excitation

3  Crincal effects of mecharcal transnussions A feature of the mechanically-
powered helicopter 1s that 1t can be most vulnerable to stress fluctuations of high
amplitude which may be excited at or near critical speeds of the rotary systems due
to the flexibility of the mechanical components The absence of mechanical trans-
mission 1n a jet-powered helicopter, therefore, should mnimise the vulnerability
of fatigue

Another nisk to which rotor blades are exposed 1s the possible occurrence of
extremely high transient stresses under abnormal operating cénditions One such
case 1s a sudden cut i rotor power A jet-powered rotor blade must be designed to
withstand a sudden failure of the jet thrust and a mechanically-powered helicopter
must withstand the subsequent bending oscillation of the blade when the driving
force at the drag hinge 1s suddenly removed This force may be very large in mech-
anically-driven rotors when the drag hinge 1s located near the hub axis Itisata
minimum when the blade 1s driven by a up-located jet

4 Bladerunst With regard to blade shape, helicopters with propulsive powered-
rotors can reduce thetr inherent tendency to operate close to the periodic blade-tip
stall by having a built-1n twist as 1n a propeller blade  On the other hand, the accen-
tuated 1nboard stalling of the autorotative rotor 1s reduced by a built-in twist 1n the
opposite sense  Helicopters operating on the gyrodyne principle, with their up-path
plane nearly level in forward flight, require no twist as they avoid the operating
hmitatons of the two extremes However, twist and taper do not appear to be so
effective 1 practice as on paper, probably because the effective length of the blade
1s relatvely short

5 Torsional suffness The combination of torque and upward bending causes
a torsionally-flexible blade to move 1n a relatively uncontrolled manner in forward
fight Although this uncontrolled motion of the blade tip should be greatly reduced
1n tip-driven rotors, the mass of the jet unit helping to keep the blade straight and
the absence of torque reducing the torsion induced by bending, perhaps 1t would be
better 1f the blade could be cyclically feathered from the tip instead of from the
blade root In other words, the blades should not only be tip-driven but tip-con-
trolled The blades would be less sensitive to torstonal flexibility, shape and stiffness
of profile, and 1t would be unnecessary to ensure that the blade pitching moments
were substantially zero

Tracking in flight with cat’s eye reflectors at the blade tp and using an Aldis
lamp was found to be most effective on the GYRODYNE  With regard to the method
used by Bristol, of balancing blade pitching moments to eltminate stick shake, I
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think télat the spirit of Johann Sebastian Bach must have made a prior visit to Bridge-
ort, Conn

P Mr J Wotton (Member—Percival Awrcraft Ltd) The papers to which we
have listened to-day make 1t very clear that generalization of the subject 1n 1ts entirety
1s not, and perhaps never will be, possible, except in the broadest of terms

Whilst an ever increasing amount of reliable data 1s being steadily built up,
new and attractive fields of exploration and possible lines of investigation continue
to appgar calling for new conceptions of rotor behaviour and for improved production
methods

Rotors having two or three blades now take their place with those having four or
even five blades and the simphcity of the familiar two bladed see-saw type 1s hikely
to be seen in a modified form 1n rotors having three or more blades

This arrangement 1s most readily adapted to rotors other than shaft driven and
the freely tiling but otherwise rigid rotor 1s worthy of attention, for, whilst compli-
cating mathematical evaluation, production and mantenance are very considerably
mmproved

The advents of jet driven rotors has done little to stmplify the task of the designer,
who now finds himself confronted by an entirely new set ¢f problems

It 1s clear that fundamental differences separate the requirements of shaft-driven,
normally operated tip-jet and pressure jet rotors

High and low pressure jet systems also call for individual treatment and the
blade sections themselves will differ to a marked degree for the conditions 1n which
they will operate are entirely dissimilar In the low pressure system a mixture of
hot gases and cold air 1s conveyed from gas generators located withuin the fuselage
through the rotor head to the blade tips

It can be shown that in order to obtain good efficiency the opttmum velocity of
gas flow and the permussible heat loss during 1ts passage through the blades 1s fairly
well defined, whilst the expansion ratio between generator and tip jet 1s determined
by consideration of ducting losses and the propulsive efficiency of the jet

A lowering of pressure and an increase of mass flow 1n the system 1in order to
obtain maximum propulsive efficiency 1s met by an increase in blade sohidity and
power requirements -

It 1s, therefore, essential that the largest possible duct area for a given blade
chord be obtamned

This suggests the use of a thick-sectioned blade such as one of the high thickness/
chord ratio NA CA secuions Such a choice, of course, introduces manufacturing
problems in mamntaining an accuracy which will ensure the requred laminar flow,
for without 1t the drag on any thick section becomes quite prohibitive  The design
must provide internal gas-carrying ducts, whose pressurisation will not affect the
external contour of the blade, which can accommodate the inevitable differential
expansion and can be satisfactorily insulated in order to avoid loss of heat and a
reduction 1n overall thermal efficiency

The preservation of accurate contours 1s difficult, but the use of a thick skin
supported on accurately formed ribs may provide a solution The employment of
the latest skin forming and arc welding techmiques can be used to ensure a ripple-free
high stress bearing construction

The ducts 1n such a blade would carry only their own centrifugal load, being
anchored at the root and left free to expand lengthwise along the blade The tem-
perature range over which this method can operate 1s determined only by insulation
Iimitations

The opposite method, in which the duct 1s the stress bearing member, has
already been described, but this has a temperature limitation of around 200°C as
the main blade structure 1s directly affected

It 1s significant that any pressure jet system must have some heat loss to the
outer skin and so should be free from 1cing troubles

An advantage 1n the case of the low pressure non-tip burning system 1s the
absence of electrical conductors and fuel lines 1n the rotor head and blades

A parallel blade plan form of constant section will in general be found most
surtable 1 any of the jet systems, but 1t 1s questionable if for any helicopter the added
cost of tapered blades 1s fully met by the few per cent increase m efficitency which
1sobtained  Twist, of course, 1s readily introduced without complication or additional
expense

Close attention should be given to the economics of blade production and hence
the design chosen must be cheap 1n terms of flying time, 1 ¢ , to be either long-lived
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or mexpensive to replace Blade maintenance and renewal can easitly become one
of the major items 1n helicopter operation, and the designer should decide how much
over-elaboration of design or fimish, 1n order to improve efficiency, 1s justified

For instance a set of present-day blades for a 50 ft diameter rotor may cost
£3,000 or even more At a replacement life of 1,000 hours this represents a flying
cost of £3 an hour Such a rotor would probably be driven by a 500 hp engine
whose normal overall fuel consumption would not exceed 30 gallons per hour at a
cost of £6, or only twice the cost of blade replacement  If the blade cost can be halved,
or alternatively 1f 1ts life can be doubled, the replacement cost compared to fuel cost
falls from 50 to 25 per cent Hence 1t becomes apparent that too much finess 1n
the quest of flight efficiency may constitute a hiability and not an asset, for quite a
considerable increase mn production costs, when assessed 1n terms of fuel economy,
may result 1n only a three or four per cent improvement

It would seem preferable for arrangements to be made 1n all designs whereby
adequate tuning of the rotor can be carried out along the lines suggested in the
excellent paper on that subject given by Mr TURNER The improvement in smooth
rotor running obtainable by careful tuning, with 1ts obvious repercussions 1n blade
fatigue, can perhaps best be appreciated by those who have been privileged to fly
in the Bristol machine

For any but the smallest rotors, all-metal blade construction has obvious advan-
tages, and for certain purposes metal blades are, of course, imperative

It 1s interesting to note that of the firms at present building or designing heli-
copters 1n this country, no two are working on 1dentical rotor blade design  This 1s
not merely due to a desire to be * different,” but as a result of the pursuit of a number
of different hnes of investigation

There 1s as yet no indication that finality in helicopter design 1s in sight either
mn configuration or in methods of rotor drive, but it 1s quite certain that the subject
which 1nterests us to-day will be forever with us, and there 1s no doubt that in this
field we can be sure to continue to find variety if not always entertainment for many
years to come

Mr K Watson (Founder Member—Saunders-Roe Ltd) I would hike to begin
by congratulating the Council for thetr wisdom 1n the choice of papers which we have
been privileged to hear to-day

This morning we heard what Prof OweN and Mr SqQUIRE had to say about
the theoretical approach and I must say that after listerung to them I was left 1n a state
of amimated suspenston This afternoon we heard a great deal about the more
practical aspect of the busmness , Mr HoDpGEss with his jet propelled all-metal rotor
blade, Mr FrrzwiLLIAMS with his bonded metal rotor blade construction, then we
heard what Mr MoRrIs had to say about his wooden type of construction and finally
Mr KinG with his improved bonding methods But the cunning bit about it all
was that after hearing why and how, 1t was appropriate that Mr TURNER should tell
us how to overcome the difficulties that we had already landed ourselves in I thought
that very clever

Dealing with the discussion this afternoon, I feel it my duty to explamn that my
past association with the helicopter and 1ts problems begin as a rule well down the line
and finish at that pomnt and no further, where the rotor blades begin I am glad to
say, however, that after histening to what has been said, I at least have been
greatly enlightened and feel sufficiently armed to at least argue with the learned
gentlemen who operate beyond the dreaded line

I have been extremely interested in the various methods of construction put
forward and the methods employed in overcoming the difficulties experienced On
the other hand, I am perturbed when I hear reference to accuracies of 1/1000th of an
mnch bemng required for final setting on a rotor blade If such accuracy 1s found to
be an absolute ““ must,” then I feel that the problem of rotor blade construction will
demand an entirely new approach It will obviously take one away from the estab-
lished practice of fabrication to one of real precision engineering

1 was mtrigued by what Mr TURNER had to say about tuning the rotor and
could not help feeling that, in view of the magnificient approach to this problem and
the time and trouble involved 1n solving it, 1t might possibly be easier to tune the
rotor first and then construct it afterwards  (Laughtzer)

On the other hand, does Mr TURNER consider the problem of delicate tuning
mnevitable when associated with high tup speeds , 1f so, what are his views on the
approach to still higher t1p speeds?
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I was interested 1n what Mr Hobgess had to say about the construction of
the tip-driven rotor blade I note that he favours the conventional tubular spar, rib
and skin construction There 1s one point I should like to hear from him on and
that 1s how he proposes to deal with the possibility of looseming of the friction type
nb clamp which might possibly be stretched due to temperature differences between
spar and r1b if not properly pre-tensioned

Another point 1s, what are his views on the almost inevitable possibility of
lf)rletémg_) or surface abrasion between the section overlaps due to the flexing of the
ades
On the one hand we have heard a strong recommendation for the rigid accurate
tratling edge, while on the other we have seen two examples of sectional construction
mvolving a shit traiing edge  What are the views of the exponents , which 1s the
correct approach ?

Two further questions which I would like to put to Mr Frrzwirriams (1) Was
the adjustable tip weight shown on the bonded metal blade for dynamic balance only,
or did 1t contribute to both dynamic and quarter chord balance > (2) Is the pressure
required for pressing the surface together during bonding applied mechanically or
by pressure 1in an autoclave ?

Mr Shapiro (Founder Member—Consultant) It has been said that the best
a modern propeller can do, compared with two planks of wood set at the correct
angle, 1s an improvement of efficiency by about five or ten, hardly ever fifteen, per
cent I think one reason why these two planks of wood are no good for a helicopter
1s that the same fifteen per cent represents so much in terms of what the helicopter
really does When we discuss the improvement which a well designed rotor produces
we should express 1t 1n terms of the pay-load These s1x to eight per cent which
are gained through taper and twist represent something like 25 to 30 per cent of
the pay-load

Taper 1s fully justified therefore to increase the load which we can carry, but
it 18 also justified because 1t allows us to obtain better average strength factors, par-
ticularly 1n large rotors

The signmificance of twist was very well put, but I would like to point out that
elastic twist 1s a factor which makes rotor testing and the correlation of theory and
expermment difficult  The twist that matters 1s, of course, the actual twist 1in opera-
tion and not the built in twist alone

I would like to amphfy with a few remarks what Mr SQUIRE has said about
compressibility When we discuss rotor aerodynamics we should always turn to
the drag and lft functions In other words, the Cpy and Cj, as functions of the
aerodynamic incidence

When we design a rotor for flight under certain conditions we must determine
the range of incaidences in which a representative section works What matters 1s
the drag coefficient for the whole range of incidences , not the area under the drag
curve, but something which approaches it We have to associate a weighting function
with each incidence and then get a really precise quantitative method of evaluating
sections 1n this way

Taking into account compressibility effects we get a family of curves Farst
we have the basic curve at very low Mach numbers There 1s a range of Mach numbers
for which there 1s substantially no departure from the basic curve Then we observe
an increased rise 1n drag at high incidences With a symmetrical section of about
12 per cent thickness, we start departing from the basic curve at a Mach number of
5to 6 Finally, somewhere around 7 to 75, the drag begins to rise at the lower
mcidence  We should distinguish between ¢ drag divergence ” Mach numbers at
high and at low incidences  So long as we have only drag divergence at high mcidence
the rotor will hardly be affected, but when we get to divergence at low incidence 1t will
The low mcidence drag divergence defines the imiting Mach number at the advancing
u

P One or two pomnts on the subject of blade construction A rotor blade will
always constitute an assembly of dissimilar components We have basically a skin
which 1s a sheet component , a spar which 1s a tubular component , and a root
fituing which 1s essentially a machined component The combination of all these
will always demand a great deal of ingenuty, and 1t 15 because of this that we have
vaniety in rotor blade design, and we shall continue to have 1t because there 1s
here an inherent and essential difficulty which we have to overcome
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Mr R Hafner I have had my say this morning and I ask your indulgence
now for only a few more words

Mr Hobpgess’ discussion of the problems in connection with the up-driven
blade interested me very much, and there 1s one question I should ltke to put to
him  With a rotor blade which carries air along 1ts spar you have to consider the
loading on the blade 1n the plane of rotation to the mass of this radially flowing air
(Mr HAFNER drew a blade on the board and illustrated his remarks by the aid of 1t)

We have here a very high rate of radial flow whilst the blade 1s rotaung and
the resultant Coriolis acceleration 1s considerable It strikes me that the dynamic
load from this acceleration 1s consitderable and I wonder if 1t has been calculated ?

Lt -Col Hodgess (7 reply) I should like first to answer the questions put
by Mr WarsoN His first question was what would happen if the nib clip wedges
tended to sip A very sumilar system of construction was used in the Gyrodyne and
there was not a single instance of any frictuon clip having moved from its oniginal
position

With regard to chafing of the sections, the differential loading between one
element and another 1s small and, 1n this case, one element fits over another like the
Iid of a biscuat in It 15 just sufficient to keep the form of the open end of the
element

What we have heard about trailing edge deflections 1n rotor blades 1s rather
disconcerting  The construction which I have described does not have a free trailing
edge because each of the trailing edge blocks dovetails into the other, forming n fact
a continuous trailing edge, though not a continuous strip

With regard to Mr HAFNER’S question, the acceleration of the air 1s an aero-
dynamic problem which I ask Mr Stepan to answer

Mr A Stepan (Member—Fairey Aviation Co Ltd) Inreply to Mr HAFNER’S
question  The Corrolis force due to the internal air flow 1n a pressure jet system
amounts usually to only a few pounds per foot length of the blade and absorbs not
more than a few per cent of the available horsepower Thus, 1in the pressure jet
system, the bending moment on the blade 1s not appreciably changed but, 1n a heli-
copter which 1s powered only by a very high mass flow of air, the Coriolis loading 1s
more 1mportant -

The horsepower absorbed by the Coriolis force 1s not lost, however, as 1t 1s
recuperated from the jet due to the increased pressure of the air

Mr K W Turner (an reply) I thank Mr Wotton for his kind comiments on
the effects of rotor tuning on Sycamore passenger comfort  In reply to his query about
the one-thousandth of an inch business, I must emphasize that this accuracy in blade
profile 1s required only in matching the blades, and not collecuvely as 1t were for the
rotor as a whole That 1s to say, distortions of this order may cause fuselage or control
shake , but the behaviour of the aircraft in respects other than vibrational will not
be seriously affected until the distortion amounts to hundredths rather than thousandths
of an inch

Mr WaTtsoN has enquired about the effect of high tip speeds on rotor tuning
—or, to express the question in another form of which I am sure Dr BENNETT will
approve  “ Will high Mach numbers require high Bach numbers®* In this
matter I feel we can only wait and see It 1s I think no secret that fast fixed-wing
aeroplanes are finding themselves very sensitive to what happens at the trailing edge
Siumuilar or worse trouble may well be encountered by helicopters 1if their blades are
ever designed to operate at near-sonic speed

Mr Fitzwillilams (in reply to Mr WATSON)

(1) Weght fitted to the t1ip of our metal blades 1s movable chordwise primarily
to provide means for adjusting the pitching moment characteristics of the blade
This 1s, however, only another way of saying that the weight 1s used to counterbalance
discrepanctes 1n the chordwise balance of the blade, since when all blades are adjusted
to have the same chordwise balance, this apsect of pitching moment characteristics
can be considered to be standardised

(2) The pressure required for pressing the surfaces together during bonding
1s applied mechanically by means of clamps fitted with pre-set compression springs
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In closing the meeting the CHAIRMAN remarked on the high quality of
the papers presented and on the high level mamntammed throughout the
discussion  He felt that 1t would be generally agreed that the meeting had
been a success, and on behalf of the Association he thanked the Speakers and

asked Members to show their appreciation in the usual manner
(A vote of thanks was accorded with enthusiasm and the meeting

closed)
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THE HELICOPTER ASSOCIATION OF GREAT BRITAIN
Londonderry House, 19 Park Lane, London, W 1

GRADES OF MEMBERSHIP

FOUNDER MEMBERS

Founder Members shall comprise every person who on August 31st, 1946, was
on the Register as a properly qualified Member of the Association

MEMBERS

Fully qualified Members shall comprise every person who was on the register
as a Member of the Association on the date of adoption of these Rules by the
Association, and every person thereafter elected or transferred into the grade of
Member

Every candidate for election mto the grade of Member shall possess the following
qualifications —

(a) He shall be twenty-five years of age or over

(b) He shall be actively engaged at the time of his application for election 1n the
design or 1n the production or operation of such works as are comprised within
the science of rotating wing aircraft , or in the application to rotating wing prob-
lems of special branches of science, mathematics or engineering

(¢) He shall produce satisfactory evidence of his technical knowledge and standing
in the profession of aeronautics
Every such candidate shall moreover possess one at least of the following

qualifications —

(a) He shall have had four years’ experience in the practical or scientific
development or operation of rotating wing aircraft

(b) He shall possess an honours degree or 1ts equivalent, 1n engineering, mathe-
matics or physics and shall have had two years’ experience in the practical
or scientific development of rotating wing aircraft

(¢) He shall hold a professional pilot’s licence 1ssued by a recogmsed authority
or be an officially approved Test Pilot or a fully qualified Service pilot, and
with these qualifications, have been actively engaged 1n flying rotating wing
arrcraft for a pertod 1n excess of two years

(d) He shall have made some other contribution to the advancement of the
science of rotating wings which in the opinion of the Council qualifies
him as a Member

ASSOCIATE MEMBERS

Associate Members shall comprise every person who was on the register as an
Associate Member of the Association on the date of adoption of these Rules by the
Association, and every person thereafter elected or transferred into the grade of
Associate Member

Every candidate for election into the grade of Associate Member shall possess
the following quahfications —

(a) He shall be twenty-one years of age or over

(b) He shall be actively engaged at the time of hus application 1n such works as are
comprised 1n the development of flight operations of rotating wing aircraft

{c) He shall produce satsfactory evidence of his technical knowledge and standing
1n the profession of aeronautics
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Every such candidate shall moreover possess one at least of the following
qualifications —

(a) He shall have had two years’ experience 1n the practical or scientific develop-
ment or operation of rotating wing aircraft

(b) He shall possess an honours degree or its equivalent 1n engineering, mathe-
matics or physics and shall have had one year’s experience 1n the practical
or scientific development of rotating wing aircraft

(c) He shall be a qualified pilot and have been actively engaged 1n flying rotating
wing aircraft for a period 1n excess of one year

(d) He shall be a qualified aircraft engineer with more than two years’ experience
in rotating wing arrcraft

STUDENT MEMBERS

Every candidate for election into the grade of Student Member shall possess the
following qualifications —

(a) He shall be at least eighteen years of age but shall not be more than twenty-five
years of age (except in such cases as the Council may determine)

(b) He shall sausfy the Council that he 1s recetving traimning in connection with the
science or development of rotating wing aircraft , or that he 1s interested in the
development of rotating wing aircraft and wishes to use the Association as a
means of qualifying technically 1n the science of rotating wings

COMPANIONS

Companions shall be those persons, who being ineligible for the technical grades,
have contributed or are“likely to contribute to the development of rotary wing science
or rotary wing engineering, or to the furtherance of the objects of the Association

MEMBERS’ SUBSCRIPTION RATES

ANNUAL SUBSCRIPTIONS

Restdent in G B Resident Outside G B
L s d L s d
Founder Members 3 30 2 20
Members 330 2 20
Associate Members 2 20 111 6
Students 110 1 10
Companions 2 20 111 6

ENTRANCE FEES (To be paid by all new Members residing mside or outside Great
Britain, and 1n addition to Subscriptions for the current year)

s d
To the class of Member 1 10
5s  3s 3s 3 Associate Member 110
s» 3 3 s Companion 110
ss s» 33 s Student Nul

TRANSFER FEES
Students on transfer to any other grade shall pay the appropriate fee

APPLICATION FOR MEMBERSHIP should be made to the Hon Secretary of the
Association at 1ts Offices

LoNDONDERRY HOUSE, 19 PArRk LANE, LoNDoON, W 1

Tel Grosvenor 1771
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EDITORIAL NOTICES

Papers submitted for publication in the JOURNAL should be submitted to the
CHAIRMAN, PUBLICATIONS COMMITTEE, 1.ONDONDERRY HOUSE, PARK LANE, W 1

None of the papers or articles must be taken as expressing the opinion of the
CounclIL of the ASSOCIATION, unless such 1s definitely stated to be the case

The submussion of matter for publication will be understood to imply that it 1s
offered to this Journal alone

If accepted for publication, the copyright of papers becomes the property of the
Association , but they may be re-published by permission of the Council, provided
due acknowledgement be made of their having appeared 1n the JOURNAL

Papers should, if possible, be typewritten, they should be concisely written
with subject matter logically arranged and sub-divided , and with indications of the
position, 1n the text, of illustrations, tables, etc

T1TLES should be as brief as consistent with clarity , and in many cases the
value of a paper 1s enhanced by a short SUMMARY

CHARTS, GRAPHS and DRAWINGS should be, if possible, in Indian ink on white
board or strong paper , with detail and essential lettering large enough to be clearly
legible after reduction if necessary

ILLusTRATIONsS—If the number sent 1n 1s considered excessive, the author may
be informed and given the opportunity of contributing to the cost

CoLOURED PLATES are made only at the author’s expense

The Council of the Helicopter Association of Great Britain
wish to record thewr appreciation to Advertisers in this Bulletin,
whose support 1s mvaluable to its production
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