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LANDING LCADS IIVES!IGATIOI IN FLIGHT 

Talk Preaented at the 1953 Biennial Inspeotion 


By Norman s. Silsby and Richard H. Sawyer 


The t"unction ot the Flight Research D1v1aion is to conduct 

the part ot the LaboratoX"T' a aeronautical research that require• 

investigation on full scale airplanes in flight. Part of th1• 

work 1 a done here at Langley and part at our High Speed Plight 

Research Station at Edwards Air Foroe Base in California. 

The specially designed high apeed research airplanes such 

aa the X-1. D-558, X-5, and X-3 are teated at Edwards where 

the extensive natural drr-lake bed provides the large landing 

area :required !'or such experimental aircraft. These airplanes 

are continuing their original role of uncovering and defining 

the problems aasoeiated with supersonic flight. In addition 

th•J' are now being used for fiight testing ot design aod1tica­

t1ons developed through wind tunnel research aa possible 

solutions to the problems that have been revealed. '!'he claaa1­

t1ed nature of this work does not permit discussion ot result• 

at thia time. 

Here at Langley,, aore conventional types ot ailrorart are 

uaed to study a wider range of aerodynamic problems encountered 

in the design of all types of aircr~ft. Three examples ot work 

at Langl•J' will be deaoribed at thia lltop. The tlrat ot theae 1• 

concerned with determination or the loading oonditiona tor 

llhich landing gears should be deaigned." 
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At present, airplanes and their landing gears are being 

designed to satisfy landing-loads requirements which have been 

developed froa experience with earlier a1rpla.nea. The size and 

speeds ot airplanes have steadily increased, and it bar.e become 

necessary to reexamine the lu.nding-loe.ds problem 1n order to 

establish up-to-date design requirement• and ~rocedurea. 

The first step in developing more rational landing-loads 

requirements is to obtain information on the severity and 

frequency or the load-producing conditions likely to be 

encountered by an airplu.ne in landing. A program is in 

progreas to obtain some of the required information from land­

. ing statistics of cu1..rent transport a1rpld.ne operations. The 

equipment which you see here is being used tor this project. 

It consists eaaential.17 of a constant-speed motion picture 

camera titted with a telescopic lens of 4o-1noh focal length 

arranged to track the airplane in ~ horizontal plane only. The 

camera is aet up about 1, 000 feet from the runway so that it 

otters no obstruction to aircraft on the airport proper. 

The first chart ahowa enlarged prints ot two tramea trom 

a typical landing sequence. The photograph on the lett is f'our 

traaea or .16 seconds earlier tban th• one on the right, which 

ia within one trame or within .04 second ot ground contact. The 
" sinking apeed ot each wheel la deterlllined from the change in 

the vertical position of each wheel between these frames. 
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Rolling veloeity, angle of bank, and forwtl.rd speed can t..lso 

be detem.ined readily i':rom these photographic re cords. 

So far, records have been obtained on 487 lnndings of 

transport airplanes in routine daytime operations at the 

Washington National irport. 

Presented on these charts are the results obtained on 

the first 243 l&ndings for the ·frequency distribution of sink­

J ing speed, which is probably the most important of the conditions 

affecting the landing losda.. 'l'he cha.rt on the left is a bar 

graph, which is simply a tabulation or the number or landings, 

shown as the vertic l scale, which occur in various half-foot­

per-aecond intervE:.ls at sinking speed, shown as the hor1z ontal 

scale. For example, the chart indicated that 70 landings were 

made at sinking speeds in the re.nge from 1 to 1-l/2 ft/sec, 

and o~ly one was in t e range from 3-l/2 to 4 tt/sec. 

n the right hand chart the same results are represented 

as a curve of' the probability of equ.allin0 or exceeding given 

values or sinking speed. This curve was derived from the 

sinking speed :measurements by statistical methods which provide 

£or fairing the data, and permit some extension to give a 

reason~ble prediction of the s.tnk!ng speeds likely to be 

encountered in a considerably gre~ter number of landings than 

were actually observed. The designer or the agency which 

prescribes the design requirements oan thereby select a design 
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condition tor which the likelihood or occurrence within the 

expected lift ot his airplane is sufficiently renx>te. He can 

alao determine the frequency ot less severe conditions which 

may be o:f concern tram a tatigue atandpo1nt. These results 

indicate, tor example, that for the conditions existing during 

these landings, one out or 100 landings will proba.bly equal or 

exceed a sinking speed ot 3.1 tt/aec, and one out ot 1000 will 

probably equal or exceed a sinking speed ot 3.8 l.'t/seo. 

This curve of 1he probability or equalling or exceeding a 

given value of sinking speed has been established from a sample 

or landinga made under clear air, daytime conditions. It is 

possible that this curve cou..1.d be altered somewhat due to the 

influence of various !'actors, such a.a low ceilings, reduced 

'4aibility, precipitation, cross winds, extreme turbulence, 

and so forth. Continued operation of the project is expected 

to yield information on the influence of some of these factors. 

Another phase of the problem of rationali.Zing design 

requireD1ents and procedures for modern ~irplanes is that of 

determining the ma.mer in which the forces develop in the 

landing gear Q.lld airplane structure in arresting the motion 

or the airpla.ne at impact. A• you have aeen earlier in 7our 

tour, or will see later in your tour, racilitiea are available 

tor studying landing loads problems in the Laborator1, under 

accurately controlled conditions. However, it ia not feasible 
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to simulate, exactly, the actual l4tnd1ng of an airplane. 

There 1a need, therefore, for 1nformat1on on the extent to 

which the differences between the actual and simulated landing 

conditions :may influence the laboratory reaulta. Thia B-29 

airplane behind 7ou, instrumented as indicated by the placards, 

is being used to obtain information applicable to this problem. 

From measurements in actual landi~a such a.a are being 

made with the uirpla.ne the importance of the various factors 

involved, and tho manner in which they are interrelated can 

be deter.mined to serve as a bbsis for establishing or veritying 

both design procedures and also laboratory methods of studying 

landing loads. 
Mr. lofatthewa 

I would now like to introduce your next speaker, Mr. Brown 

whose talk is concerned with power control systems. 
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A SIMPLE SIMULATOR FOR STUDYING RESPONSE CHARACI' •.RIS ICS 
OF AIRPLANES \UT H P<liER CONTROL SYSTEMS 

by J. T. Mathews, Jr. , and !3. P. Brawn 

Speech Given at tho 1953 ennial Ins cti of 
the NACA Laboratories 

s the speed of airplanes has increased, the .forces required o de­

nect th controls bas, in many cases, itlcr ased to p int yond the 

strength or the pilots. bis fact i p rticularly true in the transonic 

speed range where the control forces are also subject to la:r ·b pt 

variations with onl.y' a slight hange in speed. or th.es r asons 

most desigriers no consider that power operated control systmis are a 

necessity i.n tran onic airplanes . 

In flight the pilot control the airplane by c ngin tm lift, 

which in turn is changed by tho .fore and aft forces m exerts on the 

stick. The over-all requirement for a satisfact ry control sy tc is 

that ea.ch chan~ he makes in the force must produce the expected c n, 

in lii't, and a.t the tL'lle he expects it. 

In order for ·the pilot to se t,he airplane efficient B gun 

platfom or even ror such si.1 il.e task as flying in f mation with 

another airplane, it 1a necessary that tm control system rfom .,atis­

tactorlly. In order to illu trate t.he type or difficulty th t y 

result with an unsatisfactory syst we lav. shown an this first clBrt 

a measure of the nor.ua.l accel ration produced y two airplanes lying 

formation durin" a rauid ttlrll. The blu lin represents th le d air­

plane and the blGk line represents the wing airplane hich had an 

unsatistacto control sy"'tem. Other .fli t records show that with 

good system the s e ilot uld be a.ble t f llow too le d airplan 

very closely. 
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During an investigation to determine ti. requirelllent for power 

control ayatem.e, w have round t.hat the siJ11.ple piece of equipaent, which 

you see here on the nu, has proved articularly useful for detecting 

from ground teats the difficulties shown on the previous chart. 

This equipnent eonsists or a pivot d mass hieh is connected to 

the control surface thro a sprin"• The eriod and da:mpin of t.he 

mass can be adjusted to duplicate the period and dallping of an airplane 

for any part·cular fiigh~ eondit on. This simulator, as e call it, 

projects a s ot or li 1ht onto a screen near the cockpit. he otion 

ot the light spot indicates aoproxitnately the lift changes that would 

occur on the airplane in response to movement of the control by the 

pilot. 

We are not goinfi to attempt to show you ctual tests th this 

airplane; houever, we vwld like to show you how such tests would be 

pertor.med. In actual tests the, pilot would be instructed to try to 

m.ove the spot or light as rapidly as possible from one line to the 

other and bold it steady. i1l'ith a satisfactory sys he ould be able 

to do it like this . There would be very little overshoot and no ten­

dency to oscillate. On the other hand, with an unsatisfactcry ste: 

the reault may apµear so thing like this . In this case there would 

be an appreciable C'llershoot snd a continuou oscillation. 

On the second chart we ave plotted from actual flight records a 

time history of a pull-up maneuver usins first a satisfactory and oecond 

an unsatisfactory control system. On the top part or th chart we haYe 

simulator records for he same corxlitiona . Note the s tiS:!actor:; charac­

teristics of this system as shown by the lack of overshoot, are duplicat 
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bl' the simulator. The characteristics or the unsatisfactory system 
, 

are also duplicated by the simulator. 

While this si :ulator is onl a by-product of an investigation of 

power control syste.tn re uirements, we have found it so useful and ac­

curate in detecting trouble o the t pe we ha describe that we be~ 

lieve otliers engaged in similar work will find i~ equallJr useful . 

Our next speaker - (Messrs . kopinski and Fi.sher) - will descri e 

> some o! the procedures used to measure loads on airplanes in £light. 
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APPLICATIO l OF STRAIN GAG ro L,tCHT A S MF.ASUR ENT 


By Ted H. Skopineki, Raymond A. isher, and John F. rd 


Speech Given at the 1953 Biennial Inspection of the CA Laboratories 


In some of the fiight investigations carried out on the airplanes you 

see in this hangar the measurement of loads is required. In fact, the first 

speaker briefly mentioned one case o! such measurement without giving any of 

the steps required to convert an airplane structural c~ent for load 

measurements. An engineer starting out to design a scale or balance whose 

function is to weigh, uses combUJ&tiona of simple geometrical systems ot 

springa, levers, and pivots. He winds up ~lding a scale that weighs 

accurately no Mtter where the weight is laid on the platform. On the 

other hand, an engineer designing an airplane component such as a horiaontal 

tall does not have this objective in mind so one would expect the converaion 

of such a component. into a weighing device to be a somewhat difficult task. 

Because the wire resistance strain gage is small, can eaeily be installed 

without aoditying the structure, and can be used with rapid response remote 

recording equipment, 1t is often adapted to conyert a structure tor the 

measurement of loads. A typical wire resistance strain gage is made up of 

a number or loops of very fine wire mounted on a suitable support. When 

it ie cemented at a point on the structure so that the wire loops are 

aligned with the direction of the principal str in the wire will be 

stretched an amount proportional to the strain at that point. Thia 

acCUJllulated stretching results in a char:ge in resistance which can then be 

measured on an electrical indicator. If the structure on v ch the gage i• 

c-.nted consists of a aiapl.e geometric shape1 as would be used in a weighing 

device such as a scale or balance1 the strain measured by the gage could 
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be OODYerted to ftl"tioal er *-r loacl v.i.thnt regard to poaiUon ot ti. 

applied load. In a 00"9liOlted bailt-11p nrueture, ho•Yer, tm .train at 

&l\Y point. will •17 viVf the po8it1on of the Yer'Ucal load on tbl atructve 

•• wll •• with the •i•• of the load. It voul.d tberetore be dit.ticult, it 

not illpoalible, to locate a Pl• at a point in the Rl"uctve when the load, 

no •t'W vat it• position, wultl be p.yen b7 the r•llJ)Onse ot a •in&l• 
atraiD-pge aerrbq. !b1e tact, boweftr, doee mt prenat u tNa ~ 

the tail to a wJ.ching dnin bT •Jd.nc uae of a mmber ot Rrain gage 

••••bliea that ban different reaponn charaeteriatica. These point• 

will be ct.onetnted b7 uinc a •t ot r-86 horiaontal tail nrtaoe1 tlat 

ba"t'9 been t.nnrmented and calibrated at one ot 'the lllCA taoilit.iAt• ­

the Loaa Callm.Uon LaboratorJ'. 

The left atabiliser has been 1.naV-ted at me span atatloa vit.h a 

~ of tour ...m nnin-1ac• ·•-blle• which ban beea ·-""' to ti. 

front ud rear 11p&r• at. the poal.t.iou Ibo• in ..ct.ion •-A OJl the clan. 
The red and 'bl• Pa• •1111ted on ti. aper webs an been aUped to re11pCNI 

to ti. tm8ion allli ocmprea!d.on .U.i• in th• veba. Tbe 7ellow c•c•• m-ua'9cl 

near the rMr apar tlanpa an been aligmd "° reapond \o the termoa and 

eo11pnaG.oa aVaim 1D 'Ul9 tlangu. !be gage• 1D the etabilis_. baT• beeG 

ild.ti.•117 ltalaaoed ao that 111.th no load. on the •V'aehre t.lle tbree 

iDdicator• wbich are connected to \be at.rain pgee read ave. TM tap 

indioaw will ...... tbe rupon• ot the front web cqee, the bott. left 

ind1oewr 111.ll ware tbl reaponn of th• rear spar wb sapa, and the 

'bottoa ri&ht indicator will weure the reaponae of tbe rear IPU" tluc• 

gape. Ylen the deaonstrator atepe on the nrf... near the l"OOt the 

imb.oatora all detlect to a new position. It nat be pointed out that. the 
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response rate of the recorders used .Ln n1 ht is about 500 tiJles greater than 

the response rate of the indicators used in this demonstration. As he shifts 

his weight frcm the front apar to the rear spar it can be aeen by the indicator 

pointer movements that the front and rear spar web gaees are JBOre sensitive 

to chord position effect than the nange gages. low as he JIOV88 slowly 

toward the tip it may again be seen by the changes in the three pointer 

deflections that the tl.ange gages are more sensitive to his spanviae 

position than either the front or the rear web gages. It is obrl.oua that 

the changes in the deflections, on a percentage basis, are quite large. 

Thus, by theaselves none of the indi vidJ.al responses would be acceptable as 

a measure of the vertical load imposed. 

An essential step in using strain ga es .tbr flight load measurements 

is to recognise that load position er ect on the individual gage responses 

is a characteristic which should be made use or. The responses ot the veb 

and flange gages are then combined electrically in proper proportion b7 

addition of resistances in the individual circuits to give an appropriate 

single combined output that is only dependent on the size of the load and 

not on the poBition of the load. 

In this demonstration the combinatio has already been set up and 

all we have to do to complete it is to flick a switch. The demonstrator 

will again step on the surface and the re11p<>nse for this nev combined 

channel will now be read on the top indicator. You can now aee that, aa 

he moves along the tail as before, the indicator pointer does not move 

any appreciable amount !ran his weight of 165 pounds. Thus, without any 

weakening or major modifications the structure has been conyerted to a 

weighing device ot suff'icient accuracy for most fii: ht investigations. 

5-6-SJ 
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Display for Flight Research - F-86 Horizontal Tail Assembly Used for 

Demonstration of Strain-Gage Installation 
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