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NORTHROP AIRCRAFT, INC. 

PROGRESS REPORT - LAMINAR BOUNDARY LAYER CONTROL INVESTIGATION 

CONTRACT AF33(616)-205 

I. BRIEF OF CONTRACT 

A. Financial 

Estimated Contract Value through 
Change Order No. 3 $1,671,250.00 

Expenditure through 9 May 1954 1.179.429.26 

Unexpended Balance | 491,820.74 

B. Basic Contract Purpose 

To supply the necessary personnel, services, and facilities 

to investigate laminar boundary layer control on wings and bodies 

through suction and to develop methods for the design and construc¬ 

tion of a laminar boundary layer control airplane. 

II. FACILITIES AND EQUIPMENT 

There has been no change in the facility and equipment situa¬ 

tion during the period covered by this report. 

in. ORGANIZATION AND PERSONNEL 

A. Organization 

There have been no organizational changes during this 

period. 
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B, Personnel 

The staff now engaged full 

of the following: 

Engineering 

Supervision 

Clerical and Secretarial 

Direct Charging 

Shop 

Supervision 

Direct Charging 

Clerical 

Flight Test Department 

Direct Charging 

IV. TECHNICAL PROGRESS 

A, Theoretical Investigations of the Laminar Boundary 

Layer on a Swept Suction Wing 

1. Numerical Integration of Boundary Layer Equations 

Work was continued on the integrations aimed at the 

determination of the realm in which the optimum pressure and suction 

distribution for a wing of 10° taper and 35° sweepback should be 

sought. 

time on this contract consists 
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2. Calculation of Boundary Laver Stab^Hy 

a. Th« inrestigation continued for a calculation method 

based on replacing the Orr-Sommerfeld differential system by an inte¬ 

gral system, particularly the adaptation of this method to a sjjçle 

preliminary evaluation of the stability of any profile. Various 

numerical checks were successfully carried out, indicating, so far, 

that the simplified evaluation itself should be sufficiently reliable 

for most purposes. Preparation of a report describing the method 

has begun. 

b. Calculations have been made on the neutral stabil¬ 

ity curve of crossflow profile A-2 located near the wing trailii / 

edge and utilizing suction. Preliminary results indicate a critical 

Reynolds number about 70 percent to 80 percent larger than the one 

computed for the stagnation point profile. 

The procedure (fo* various crossflow profiles) for 

the fast confuting machine is nearly ready for trial. A preliminary 

report on the method is enclosed as BLC-43. 

A profile with more suction than the profile mentioned 

above is being prepared for calculation. 

! B, Basic Laminar Suction and Transition Investigations 

1. Suction Experiments with 80 Slots in Two-Inch Tube 

a. During previous suction experiments, a turbulent 

wedge at the end of the tube was found at high Reynolds numbers and 

CONFIDENTIAL 
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moderately strong pressure rises (30 percent to approximately 70 

percent of the reference dynamic pressure at the edge of the boundary 

layer ahead of the suction region). This turbulent wedge originated 

from a partly clogged slot (grease in slot from 0-ring), After cleansing 

the suction tube, completely laminar flow was obserred through the 

test tube up to 20 * 10^ length Reynolds numbers and pressure rises 

to 30 percent to 45 percent of the reference dynamic pressure rise. 

With a stronger pressure rise a small turbulent wedge still existed. 

Suction experiments (wall surface and suction chamber static pres¬ 

sures and suction quantities) have been started. It is planned to 

measure, in addition to the above, boundary layer profiles along 

the tube. The state of the boundary layer will be observed by means 

of the stethoscope and hot wire. 

The foD.owing parameters will be varied: 

length Reynolds number; 

pressure rise and suction quantity; 

suction distribution; 

length of the straight two-inch tube ahead 
of the auction region (20 ft, 26 ft, 29 ft, 
32 ft). 

b. It is intended to discover what causes the be¬ 

ginning of the small turbulent wedge at the end of the suction tube 

for pressure rises beyond 45 percent. A check of the suction tube shoved 

that two rings toward the end of the test section are not quite con¬ 

centric, thus causing locally a stepped-down slot which can be very 

CONFIDENTIAL 

( 



CONFIDENTMl Pag« 5 

sensitive to flow disturbances* Furthermore, it is suspected 

that the pressure rise across the slot in the relatively small 

diameter tube is considerably stronger than on a suction wing —• 

this might cause local anplification of disturbances in the vicinity 

of the slots* In order to verify this supposition, suction experi¬ 

ments have been conducted with the first chamber with ten slots with 

various amounts of vertical displacement between the slot inlet and 

the rear edge of the slot* No significant differences have yet 

been found* These experiments are being continued* 

2. Transition Experiments with Two-Inch Tube 

With the use of a sonic throat arrangement in a two- 

inch i.d* 75-ft long straight tube, transition length Reynolds 

numbers Bl of 40 * 10^ were observed* 

The disadvantage of an experimental setup with a 

sonic throat is ihe high power which becomes serious for larger 

diameter tubes and two-dimensional channels. In order to obtain 

information on the feasibility of drive systems without sonic 

throats, preliminary transition experiments were conducted with 

the same two-inch tube and a big settling chamber between the 

centrifugal compressors and the test tube* With a 50-ft long 2-inch 

tube, continuously laminar flow was achieved in this manner up to 

27 • 106. At higher Reynolds numbers (up to 50 • 106) intermittently 

laminar and turbulent flow was observed* These experiments indicate 

that it is quite feasible to obtain high Reynolds numbers with 

CONFIDENTIAL 
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laminar flow without using a sonic throat. Further experiments in 

this direction are planned. 

3, Basic Suction Experiments in Eight-Inch I.D. Tube 

at Moderately High Speeds 

No further work has been accomplished during the 

past month because of higher priority work. 

4, Basic Suction Experiments in Eight-Inch I.D. Tube 

At Low Speeds 

The various parts of the experimental setup are being 

assembled. The first experiments are expected beginning June, 1954. 

It is intended first to study suction through holes and to gain 

more information regarding the boundary layer crossflow in this 

suction case. The flow direction will be observed by means of 

fine tufts of (black widow) spider web. The magnitude of the flow 

velocity will be obtained in a conventional manner with total pres¬ 

sure tubes. Together with the observation of the flow by means of 

smoke, it is expected to gain a better understanding of the rather 

complex flow phenomena with suction through holes, 

5, Basic Laminar Suction Experiments with Suction 

Through Large Number of Rows of Holes 

Most parts of the experimental setup have been 

completed. The suction holes have to be drilled. Since rows of 

CONFIDENTIAL 
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closely spaced holes have been quite promising, it is intended to 

concentrate on suction through 80 rows of closely spaced holes. 

In order to verify whether or not steps in the surface across each 

row of holes are required, a suction experiment is being prepared 

in the two-inch tube with the first chamber and ten slots, with 

sero step across each slot (ilush surface). The parts of this 

modified first section have been completed. The holes will be 

drilled according to the results with this modified section. 

C, Basic Laminar Suction Experiments of the Flow in a 

Channel with a Swept Test Section 

During this period further progress in the design of the 

experimental equipment was made. Attention was directed to the 

aerodynamic and structural problems in building the suction slots 

into the tunnel wall, as well as to the requirements for the suc¬ 

tion chambers, metering stations, etc. These requirements in turn 

defined the geometrical specifications of the instruments and their 

holders. The planning of the tunnel development still calls for 

finishing the instruments as early as possible in order to allow 

time for calibrations before the experiment itself is begun. 

Completed also was a final study of the propulsion re¬ 

quirements for the experimental setup, resulting in several 
i 

alternatives. The choice between them depends upon availability, 

price, and advanced planning for the laboratory. 
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( 

CONFIDENTIAL Page 8 

D» Bodies of ReTolution 

1. Fabrication of the 144-inch ellipsoid with suction 

•lots is in progress, tte inside castings are finished; about 

40 percent of the outside rings has been rough machined. 

2. Farther preliminary studies have been conducted with 

the purpose in mind of maintaining laminar flow around the wing 

root juncture, 

E' —rodynai,dc Investigation of Suction Ducting Svst.m-, 

1. Experiments hare been conducted to determine the 

pressure recowry obtainable from booster jets added to a suction 

duct. The results show that the pressure distribution in the duct 

can be altered appreciably by the use of booster jets. A quanti- 

tatiw evaluation of the ef.’sct of the jets has not been completed. 

A report of experiments to determine the pressure dis¬ 

tribution and boundary layer characteristics in a suction duct with 

nominally zero-deceleration inlet (velocity at exit of turning 

vanes equal to local duct velocity) is being prepared. Some of the 

preliminary results of these experiments were summarized in a 

previous progress report, 

further attempts are being made to analyze the results 

of the duct experiments in order to provide a rational basis for the 

design of other ducts. 
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2* Basic Experiments Concerning the Influence of 

Internal flow Passages on the Velocity Distribution 

along a Slot (applicable to suction through large 

number of fine slots) 

Calibration of the test model has been completed *nd 

experiments were begun to determine the effect of the distance 

between a slot and a row of holes below the slot. 

The first experiments were conducted with a row of 

holes spaced 0.50 inch on centers and 0.120 inch in diameter. The 

0.010-inch wide slot was centered over the row of holes, and static 

pressure readings were taken at various distances along the span 

of the slot inlet. A small sonic nozzle was used to maintain con¬ 

stant total airflow, and a calibrated laminar flow tube measured 

the airflow quantity. 

First analysis of the data indicates that with the 

rather large and widely spaced holes in the test configuration, the 

downstream edge of the slot can be as close to the holes as 0.040 

inch before spanwise suction variations larger than two to three 

per cent are observed. With a hole spacing of 0.25 inch, considerably 

smaller spanwise variations result. 

Additional experiments are now underway to determine 

the influence of the followings 

a) The slot Reynolds number 

b) The spacing of the holes in the row 

c) Offsetting the row of holes from the centerline 
of the slot. 
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F, F-9L Plight Laminar Suction Investigations on a Glove 

Section 

After completion of the Initial fitting of the glove 

section, the airplane was moved from the Boundary Layer Building to 

Hangar 13. There the nose was reinstalled and the installation of 

the flight test boom, the photo recorders, and the instrumentation 

were completed. Fabrication of the fairings between the glove and 

the F-94 wing is in process. 

Final assembly of the glove section and installation of 

the instrumentation are progressing. The rake for the drag measure¬ 

ments has been completed; the suction box is being reassembled. 

The tube connections and the housing for the compressor are being 

fabricated, and the compressor package itself is scheduled to be 

delivered by AirResearch by the end of May. 

A jig and two male templates have been built for polishing 

the surface of the glove. The waviness of the templates is of the 

order of 0,0005 for the ratio of maximum amplitude over half wave 

length. Further improvement of the templates seems to be unneces¬ 

sary, since the final polishing will be made after installation of 

the glove on the airplane. 

A brief check of the half pitot tubes in the 2-inch tube 

setup showed a very pronounced difference in the pressure reading 

at laminar and turbulent flow. The step in the surface due to the 

protrusion of the element did not affect the status of the boundary 

layer behind the half pitot. 
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CONFIDENTIAL Page 11 

0» Structural Investigations 

Full Scale Wing Segment (Wing Test Panel) 

Wavinese measurements of the Northrop N-69 and 

F-89 wings showed them to be as smooth as the Douglas X-3 and 

8611 "inga and even more smooth than the Douglas D-558 Phase 

II wing* This seems to indicate that no great superiority of current 

skin-forming techniques among companies (so far as smoothness ie 

concerned) was evident. In fact, variations in smoothness between different 

chordwise sections of the same wing were sometimes as great as variations 

in smoothness between airplanes of different companies. Plots of the 

data discussed above are included in this report on pages 15 to 20, 

As a possible approach to improving the basic 

smoothness of the skin, some experiments were performed with the 

technique of "draping*1 the skin over the spars without the aid of 

preforming. A report on these experiments is presented herein as BLC-42. 

A method was worked out for carrying shear forward 

to the 80 per cent chord line without the use of chordwise ribs, thus 

allowing the ducts in this area to remain unimpeded for optimum air flow. 

A study of the loads induced in a continuous hinge 

aileron by wing bending was made and the results submitted with this 

progress report as BLC-39. 
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The use of a foamed-in-place plastic to stabilize 

thin skins in the aileron appears desirable, with the possible 

exception of its volumetric change due to low pressures at altitude.y 

A short investigation of this was made and will be presented as a 

test report* (See Item 22 under Structural Component Test, below.) 

2. Complete Airplane - Configuration III 

The stability analysis of the swept strut braced wing 

was completed and is presented herein as BLC-44* 

3» Structural Component Tests 

Changes in the status of tests since the April 14, 

1954 report are listed below: 

Item Description Remarks 

7 Aluminum Overlay Slotted Structure Report 
Tests BLC-41 

enclosed. 

19 Aileron Test Test com¬ 
pleted. 
Report 
pending. 

22 Stafoam Pressurization Test Test com¬ 
pleted. 
Report 
pending. 

4. Flight Test Panel - F-94 

Several holding fixtures are now being fabricated to 

CONFIDENTIAL 
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provide for polishing of the glove prior to installation on the 

F-94 wing and for methods of checking the contours of the glove 

section after installation and throughout the flight test program, 

H. Design Studies 

1, Further study of the gust requirements of the pro¬ 

posed USAF specification, MIL-S-5700, indicates that for unrestricted 

flight at 35i000 ft the positive limit load factor for the 11.5 

aspect ratio, 30* swept wing version of the hypothetical 1«wH naj» 

suction airplane would have to be increased to 3.50 g (was +3.00 g 

maneuver). The 3*50 g load factor would exceed gust requirements 

at all other altitueds. Because of the extreme flexibility of the 

wings of this high aspect ratio airplane, a realistic determination 
I 

of gust load factor would require a dynamic gust analysis of the airplane. 

The significant conclusion of this reconsideration of gust load factor 

is that the higher altitude (lower wing loading) versions of the laminar 

boundary layer airplane will be designed by gust requirements unless 

flight speed at 35,OCX) ft will be accordingly restricted. Gust allev¬ 

iators might be desirable. 

2. The report of the photoreflective stress analysis 

of the initial swept wing strut system has been received from the 

Presan Corporation. This report data and that of other forthcoming 

Presan reports are being evaluated and will be compiled in a Boundary 

Layer report. 
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3» -Transonic Model Investigat.ion for Wright Field 

10-Ft Tunnel 

a* Detail design work on the Wright Field 10-Ft 

Tunnel Model is in process. 

b. Area distribution studies are progressing 

satisfactorily. The present philosophy is to optimize the config¬ 

uration for Mach numbers close to 1.0. 

c. A hall-span wood, plaster, and clay mockup of 

the tunnel model is being constructed to facilitate filleting and 

contouring the body and nacelles. 

O 
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k 

u 

On 

u. 

Integration constant 

critical velocity (non dimensional) 

Napierian base 

fZ 

integration constant 

left side of equation (12) 

right side of equation (12) 

time 

velocity component parallel to streamline 

reference velocity 
ui 
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potential flow velocity component wing leading edge 

potential flow velocity component wing leading edge 

velocity component streamline (non-dimensional) 

distance from stagnation point parallel to wall 

distance from wall 
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I. INTRODUCTION 

Experimente on boundary layer transition on a sweptbaek wing (Hof* 1), 

hare shown that transition occurs further forward than it does with straight 

wings* The same reference attributes this phenomenon to the three-dimensional 

character of the flow in the boundary layer of a yawed wing* 

This three-dimensional flow is expressible by two velocity profiles, one 

drawn parallel to the potential streamline just outside the boundary layer and 

the other, normal to this potential streamline, as shown in Figure 1* 

As far as stability is concerned, Ref* 2 shews that the transverse cognent 

(normal .to the potential streamline), can be regarded as a two-dimensional flow 

and the usual stability theory applied* Because the transverse velocity profile 

contains a point of inflection, its critical Reynolds number is usually a magnitude 

or two less than the critical Reynolds number for the parallel profile, that is, 

the transverse flow becomes unstable at much lower Reynolds numbers than the 

parallel flow* The transition point is thus determined by the shape of the trans¬ 

verse velocity profile* 

The beginning of instability can then be calculated by solving the Orr- 

Somnerfeld stability equation for the transverse velocity profile at any desired 

point on the sweptbaek wing* 

The purpose of this repi rt is (l) to develop a method of solving the Orr- 
i 

Sommerfeld equation adapted to thé transverse velocity profiles of interest here 

and (2) to apply this method to a transverse profile near the stagnation point 

of a sweptbaek wing* 

AAtinctrimai 
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II* SOLDTION OF TOE ORR-SOMMgRPgLD EQUATION 

The uaual stability theory- is based on the solution of the Orr-Sonerfeld 

equation shieh is giren in Ref. 3 (in our dimensionless notation) as 

- -=L( 0fM,.2ot20,, 0) 
o(.-Re 

(1) 

ill reloeities are referred to a reference velocity 1½ and all lengths to 

a reference length xR"1/2 . Symbol» are defined in the Notation. The periodic 

disturbance 0 is expressed in terns of ¿ stream-function by the relation 

io*. (x-ct) 
Y - 0(y*)e (2) 

The primes refer to differentiation nith respect to the non-dimensional distance 

from the mall y* . The symbols are defined in the Notation. 

Because the disturbance must vanish at the mall and in the freestream at 

an infinite distance from the mall, the boundary conditions are 

then y* 

mhen y» 

0 ■ 0f ■ o and 
(3) 

A. General Solution of the Equation 

Because equation (1) is linear and the coefficients ars continuous 

Oây* <«o it is possible (Ref. 4) to express its solution in the fora 

0 - *!*,♦ 1¾¾ ♦ k3*3 ♦ k4*4 (4) 

mhere the four i*s form a fundamental system of solutions and are linearly 

AAiinnrunii 
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independent. Tfce k*a are conatants of integration. The if8 are defined 

a# follow (Ref. 4). 

*l(o) ■ 1 ♦ i ii(o) »0 ■ ■ ij,f 

^2^°) * 0 *¿(o) -1*1 ¡¡(o) - i¿M(o) 

(5) 

*3(0) ■ 0 *5(0) . 0 iV(o) - 1 ♦ i i"'(o) - 0 

*4(0) - 0 *4(0) * 0 (0) - 0 (0) - 1 ♦ i 

Th. Comdex nil* mod for *! (0) , *J(o) , ote., con bo «117 eoaplex conotont. 

Bio only roqniroMit io that the Hronsklan should not raniah, i.o., 

*l(o) *5(0) *5'(o) *5"(.) 

»2(0) «¿(o) *5'(o) *5"(o) 

*3(°) *3(0) *5'(o) *5"(o) 

*/,(«) *¿(.) i"(0) *5"(o) 
»ft 

\ 0 

a»» xo oaeiiy seen that the i'a chosen satisfy thin condition. 

B* Application of the Boundary Conditions nt thm wn 

Insertion of the boundary conditions at the wall (3) into equation (4) 

yields the two equations 



c 

* 

O - kjU ♦ i) 

O - k2(l ♦ i) 

and 

so that ki - k2 * O and the confíete solution can be expressed in the simple 

fona 

* k3*3+ k4*4 

C* Application of the Boundary Conditions at TnMnU.y 

(6) 

The usual method of handling this situation is to modify these condi- 
t 

tiens to others that can be applied at a finite distance S from the mall« Suppose 

then that S is the distance «here v and w* * equal their free-stream values 

to four decimal places* (Let S* be the dimensionless value*) In this particular 

profile w ■ ir** ■ 0 • For the Blasius profile w ■ 1 and ■ 0 • 

Beyond this point (y* « o*) equation (l) becomes a linear equation with 

constant coefficients and the solution can therefore be written 

. Cj.*7* ♦ y'57** c/7* (7) 

where 

-i-fe. 
IfT (8) 

In order that 0 and 0* nay vanish as y*_C2 and 

must both vanish* Two solutions remain, 

c,.-*7* «»1 O3.-137* 
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Either of these solutions will satisfy the differential equation and 

also the conditions $ ^ 0 as jr#_^ ^ 

Because , ^ ^ (the real part of ), the solution C^e-0^^* is 

somewhat less restrictive than the other, i*e*, 0 and 0* approach 0 more 

gradually. It has therefore been customary to use 0 ■ C^e” '' ^ (9) 

as the proper solution when y* > W to satisfy the outer boundary conditions* 

D* Conditions at the Junction of the Boundary Laver +*• Free-strean 

It has been shown that when y* £ 

0 - *3* ♦ and (6) 

when y* Í 

0 - (9) 

At the point y# - V* , both (6) and (9) must be satisfied in order to fit the 

two curves together* The slopes and curvatures should agree also so as to make 

a smooth junction* Thus 

k3*32 ♦ “4*42 * Ci.-** - 0 

» , . ¿Jr* 
k3*32 ♦ k4*42 ♦ - 0 (10) 

. t» 2 
^*32 * k4SA2 " * Cl* " 0 

where the second subscript 2 denotes values at the position y* ■ * 

It is obvious that (10) can only be satisfied if the constants are 

not sero when 

»32 

'32 

*32 

“42 

<2 

*42 

-1 

“A? 

(11) 

«AyBAC44ll* 
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or when 

(12) 

Equating the real and iaaginary parta of (12) yield» two relation» 

between c , ^ and R , the paraweters in equation (1), 

Elimination of c will then yield a relation between «c and R • 

Thie relation when plotted give» the desired »tability curve. 

III. NUMERICAL 30LPTI0N OF THE DETERMTMAurr 

Of the quantities occurring in equation (1), w , y* , R «re 

almys real, c is conplex in general so that c - cr ♦ i^ . 0 i» also 

complex so that 0 ■ 0r ♦ i^ • This is true also for the fundamental solutions 

<3 and . 

Insertion of this value of c in equation (2) yields 

(13) 

Inspection of this equation shows that when <^0 the disturbance wm 

decay with time while, if ci >0 , the disturbance will increase with time. 

If c¿ ■ 0 i the magnitude of the disturbance will be independent of the time 

and will depend only on y , since 0 is a function of y only. 

For the present, ci will be taken sero, giving an ^ , R relation 

that is called the neutral stability curve. This will give the largest unstable 
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region poeeible. The problen la to calculate pointa on the neutral stability 

curve« 

A« Reel Equations to Be Solved 

Substitution of f . 0r * ij t la equntion (1) and aspontlon of 

tha rail and laa<lnat7 parta plaida tha two raal equations 

-tt*t r tt o “i 
*r . -2*- ^P -«tA0r-^[(«)(0i -c<k20r)V^il 

l<f qLR (l 

(14) 

®# Calculation of * Í42 and their Derivativee 

The wall values of Í3 and and their derivatives are known 

fron their definitions« Thus 

_ t M 
*3 - 0 Í3 - 0 *3 » 1 ♦ i i 

»»» 

*4 - 0 
«i* 

1 ♦ i 

To avoid large numbers, it is sometimes helpful to use .l(l+i) or ,01(1+1) 

for wall values instead of 1 + i « 

when values of the parameters R , c and ¿u have been chosen, Í3 

can be solved by a numerical step-by-step method on the I.B.M. card punch machine 

(see Appendix A) and *32, *32, *32 found. Similarly and its derivatives 

are found. In equation (12) let I be the lefthand side and r the righthand 

one. Then each calculation in the machine furnishes a value of or r . Let 

Jt - r - X ♦ iY 
(15) 

iMmrmruTui 
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^iere I and T *re real quantitiea. The proble« is to find values for oC , 

o and R that «111 cause Z - 7 - 0 • 

C. Procedure for Locating the Zeros 

To find corresponding values of *c , c and R , first a value of 

R ^ Rc «as selected« In the case of the stagnation point curve, suppose it 

is R ■ 200 « Then select a value of c > cr « An approrLaate value of ccr 

is the value of c corresponding to the point «here «*» - 0 « In the curve 

1 cer »1564 • Let c be «16 • Successive values of ¿I , say 

oh ■ #20 «25 «30 «35 «ere chosen« For each set of values of R , c , dk, 

values of I and T «ere computed for y* • o* by method of Appendix A« Both 

I and I are plotted in Fig« 2« Intersections «ith the horizontal give 

the ¿ values «hen I and T are aero« Other values of c and ^ gave other 

aeros for I and I « Fig« 3 sho«« the curves X ■ 0 and 7-0 plotted in 

the c , c* plane« The intersection gives the required values of oL and c « 

The process «as repeated for other values of R until the stability 

curve (A vs R was traced« 

SOLPTION FOR TRANSVERSE VEL0CIT7 PROFILE AT THE STAGNATION POINT 

The transverse velocity profile shown in Fig* 1 is tabulated in full in 

Thble 1« The tabulation is based on equations (7) and (8) of Hef« 6« These 

values of « and «*» are substituted in equation (14). 

The calculation of corresponding values of c* and R was carried out 

as described for R - 300 , 200 , on both the upper and lower branches of the 

neutral stability curve. In order to check the value of Rçp , calculations 

be made with c - .1564 «herein öl and R ««re varied to get X - 7 - 0 . 



»N <0.4*1 (R. 1-54) 

W* Brown and P. Sayre 

May 1954 

«ENM 
Page 9 

Report No« BLC-43 

C 

Preliminary results for the neutral curre are shown in Figure 4 where 

the ware number is plotted against Reynolds number in the usual manner« Because 
U X 

R - and the reference length in the Orr-Soamerfeld equation is 

i? ' 
the Reynolds number in the Orr-Sonmerfeld equation is 

D 7« COMPARISON WITH EfPgRTKBWT 

In Reference 1 a criterion ^ for the onset of instability is defined 

and measured on a number of sweptback wings« Hie criterion ^ is obtained by 

multiplying the peak Telocity of the profile by the width of the profile S and 

dividing by the kinematic viscosity V , 

Substitution of these values from profile (b) of Figure 1 yields 

^ .24 ¾ 3.6x 
/Y « --7.- " «064 Re 
A .ifiiñx V|f2£ 

V 

Because Recr in Figure 4 is about 140 , ^ will become about 121 which is 

not far fron the experimental value of 125 given in Reference 1« 

A formula for the characteristic wave length of the disturbance, supported 

by experiment, is given in Reference ?• 
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0 
.1 
.2 
.3 
.4 
.5 
.6 
.7 
.8 
.9 

1.0 
1.1 
1.2 
1.3 
1.4 
1.5 
1.6 
1.7 
1.8 
1.9 
2.0 
2.1 
2.2 
2.3 
2.4 
2.5 
2.6 
2.7 
2.8 
2.9 
3.0 
3.1 
3.2 
3.3 
3.4 
3.5 
3.6 
3.7 
3.8 
3.9 
4.0 
4.1 
4.2 
4.3 
4>4 
4.5 
4*6 
4.7 
4.8 
4.9 

Ó 
.0613 
.1126 
.1543 
.1869 
.2111 
.2273 
•2366 
.2397 
.2375 
.2309 
.2208 
.2079 
.1930 
.1769 
•1601 
.1432 
•1266 
.1107 
.0957 
.0819 
.0695 
.0584 
.0484 
.0396 
.0327 
.0260 
.0208 
.0164 
.0129 
•0100 
.0077 
•0058 
.0043 
.0032 
.0023 
.0017 
•0012 
.0009 
.0006 
.0004 
•0003 
.0002 
.0001 
.0000 
.0000 
.0000 
.0000 
.0000 
•0000 

-1.0000 
-.9894 
-.9595 
-.9132 
-.8533 
-.7823 
-.7030 
-.6182 
-.5403 
-.4422 
-.3558 
-.2731 
-.1959 
-.1257 
-.0636 
-.0104 
♦.0341 

»0696 
.0964 
.1150 
.1266 
.1322 
.1330 
•1289 
.1214 
.1121 
.1015 
.0903 
.0790 
.0680 
.0577 
•0483 
.0397 
.0316 
.0245 
.0193 
.0152 
.0117 

AAOO 
• VWW/ 

.0067 

.0050 

.0037 
•0028 
•0022 
.0017 
.0012 
.0007 
.0003 
•0001 
.0000 
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The function w(y*) and wM(y#) we tabulated at equal intenrala aa 

in Table 1, yn ■ nh(h * 0#l) n - 0, 1# 2-50 % • w(yn) 

A Milne predictor-corrector aethod baaed on formulae in equidistant ordinates 

is used. 

C 
!• Predictor Cycle (for 0 read fk or 0±) 

á" d" d" cd""\ 
W 'ml - -*n-3 ♦ fti-2 ♦ 4 + ) 

B5) »1 

4*1- fn-l * 7^-1 * ^ * Cl) 

* fr^rB*l ' ^rn*l ’ ’ ''»♦l * "nW 

d»*«* 
^in+1 fi(^rn+l » ^rn*»-l » ^in+1 * ^ln+1 » *n+l » ^+1^ 

AAtirwrunti 
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Ö 

II* Corrector Crcle ( (n»l) ronlaced by n ) 

B7) fa ■ -tn-2 * #n-l * §(^-2 ♦ 

B®) Ä • tó-2 ♦ ♦ ^n') 

B9) ■ tn-2 * |(>Ca ♦ Aii-l ♦ 

*) C" * .45¾.¾) 

0 
starting the Solution 

Foramla B4) require* fonction raluea at four proceeding values of y • 

The firat application of B4f B5, B6, occurs, therefore, at n « 3 , and valuea 

of 0tv , and 0 must be obtained at y0 , y^ , 72 , 73 • 

I* Predictor Cycle: 

^°) Vi ■ 4 * ^ 

bu) C - £* 

m Vi - 4 ♦< 
n * 0. 1. 2 

» ^ j >|2 J» Vi 4*»»»t 

BW) 0n*l " 0n ♦ h0n ♦ 4 ?T^n * 2k^n 

Cl’ * f(füi * ^n+1 Î *n+l » wnli) 
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1. PORPOSE 

It is the purpose of this test to determine the smoothness of a .250 and 

a .188 plate draped over simulated spars and to determine loads necessary to 

bring the plates into contact with the spars. It is also the purpose of the 

test to determine waviness both before and after draping the sheets. Draping 

can be defined as bringing a flat sheet in contact with spars by attachment 

devices on the spars. 

O 

II. PROCEDURE 

The sheets from the mill were cleaned and points located and marked. 

Care was taken to burnish marks on the sheets with an eraser so that the 

original surface was not disturbed. 

Readings were taken with a .000111 dial gage from a surface plate on 

which the sheets had been placed. Waviness readings were taken with the 

same dial indicator with the waviness indicator points set two inches apart. 

(Figure H.) 

C 

The sheets were then placed in the jig and clamped at spars 8 and 9. 

The sheets were then loaded with shot bags and lead pigs in the vicinity 

of spar number 1. 

A pair of straight edges was set up on the jig, one on each side of 
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the plate (Figure I) fron which contour readings were obtained. A alight 

error might have been introduced by this method due to the deflection of 

the straight edges under their own weight and that of the dial gage fixture. 

The Maximum calculated value of this deflection at the center of the straight 

edge« is in the order of .0015 inches. (Figure 7 - Figure II.) Kaviness was 

read with the wavineee indicator with the points set two inches apart and 

again with the points set six inches apart. 

O 

in. ANALISIS 

In order to detemine the stresses in the sheets after cold bending 

and the loads to be inposed upon the spar structure by euch bending, the 

theoretical values of such loads and stresses will be determined, based upon 

the radius of curvature of the sheets. 

The radius of curvature was determined in three ways. First, an approxi¬ 

mation of this value was obtained from Figure I and Table II. Second, closer 

approximations were obtained by the use of the waviness indicator with legs 

set two inches and six inches apart respectively. The radius of curvature 

used is an average of two values determined as follows: 

C 
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d2 - 1/4 (4P2 - b2) 

R2 - 2Rh ♦ h2 «2 b2 
• 4 

2Rh > h2 - - 

- 2R ♦ h 
4b 

R - 

R 

R - 

♦ Jl- ♦ _^L 
2 TT 

h 4- -1» 
T 2h 

h ♦ JllL. 
2 h 

let b * 2 

let b 

Ft'ozi Figure IV and Figure VIII 

h(max) - -0940 - *0751 - *0198 

R/ . 4.5 , ♦ .0099 - 227 (6» spacing) 
% .0198 

*2 “ .0044 
♦ .0022 - 220 (2" spacing) 

These are values of R. 
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Street in foraed platee nay be determined from the two relationship«, 

M R 

and 

f . Jf-* 

If d is the thickneee of the plate, 

2 

combining theae relationships, 
t 

f - 
2R 

By assigning a weighted average value 

R - 225 in»» 

the stress in the two plates ie determined. 

*(•250) - ,2? * 5570 p.1 

*(.1«) • ¿0 ,188 * WÄO p.i 

Inade required to bring the sheets in contact with a spar at any radius 

of curvature are determined from the geometry. 
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With the ekln attached to spar n and (n - l) the radius of curvature 

Rq orer spar n has been draped into the skin. Since the sheet is flat 

between spar (n - 1) and (* - 2) , B(n . i) as transition 

between the finite value of R(n) and the infinite value of R(n _ i) 

occurs scaewhere between spar (n) and spar (n - 1) and will appear as 

a flattening of the sheet. However, it is possible by weans of a load (V) 

at spar (n - 1) to induce the radius R(n . over spar (n - 1). 

Returning to the relationship of noaent and curvature: 

0 

R ' 

and assvalng that this required aonent nay be induced by the load V at 

the distance x , it follows that 

Then 

Rx 

IQ7 X -0234 
225 x 5.637 

185# 

for the .250 sheet and 

V 
107 JL-t 
225 x 5 

210. 
Í637 

79# 

for the .188 sheet, which are the theoretical loads to bring the sheet into 

contact with spar number 1 where the radius of curvature is a ninlnom. 

C 
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IV. RESULTS 

Plot« hart boon nado at an oxaggoratod «calo of tho flat «hoot« aa thoy 

lay naturally on tho ourfaeo plato. (Figuro II, Fiugro VI.) Those show a 

tronereroe (spamrito) crown a« well as a considerable ehordwiso crown, wari- 

nooo and twist in tho .250 plate as received from tho mill. Tho .188 shoot 

was in considerably bettor shape although there is a very slight crown in 

one end. Thoro was no twist in this shoot. 

Isvinoss of tho two shoots has boon plotted in both exaggerated scales 

and normal scales which show that, although wavy, ths shoots are considerably 

smoother than comparable skins on airplanes measured by tho Boundary Layer 

group at I.A.I. Those curves also show the tendency toward flattening 

between spars H and #2 and between spars #8 and #9 which *mld be antici¬ 

pated by analysis. 

Loads were applied by means of lead pigs and shot bags over spar #1 to 

bring the sheets in contact with that spar. The moment arm was not measured 

due to inability to locate the center of gravity of the pigs, but was slightly 

less than the 5.637 inches assumed. Ths results of this --- shown 

in Table I. 

Sheet Gate 

.188 

galculated 

79 

185 

Loading 
Actual 

80 

224 .250 
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A plot of the draped plate centerline reading« wat nade with a rertical 

•cale of .001 inch to 1 m. and with a horisontal «cale of 1 inch to 30 mi. 

Thi« plot «hom rery little divergence from a snooth carie. It does shoe 

that there are low points over spars 1, 2, 3» 7, Ô and 9# with high points 
% 

between these naned spars. The carve Aron spar #4 to spar 16 is snooth and 

follows a splined curve within the accuracy attainable with psual drafting 

nethods. The low points over the naned spars night be attributable to the 

nethod of «o—ping the 18 inch wide sheet to the spars and to end effects 

of the plate. The plate also had a spanwise «crown* over spars 1 - 3 and 

7-9 bat not over spars 4 • 6. This «crown* mis noticeable in the flat 

sheet as delivered fron the mill. 

In order to give a graphic picture in a sise which can be handled, 

(Figure V and Figure H) each ordinate was Multiplied by 5 and the first 

and second differences plotted in the fire tines scale, together with a 

plot of the actual contour. This plot was nade for the center line contour 

only. 

T. COBCIPSIOMS 

There appears to be no way of comparing wavines« fron absolute values, 

but relative values nay be obtained by comparing waviness curves plotted to 

the tarit scale. (Figure IY vs. Figure YIII.) 
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Dm «tructura of Élmlatod «para can be considerad infinitely «tiff» 

coaparod to the shoots tostod. Therefore in attaching a «h« to a eoro 

flexible wing structure, the skin should bo formed. This forming should 

bo inc<Mçl«Tte to allow a certain amount of splining action and a tensile 

stress level not more than 2% to 3% of the working stress level of the 

completed structure« Forming will also relieve the flattening noted over 

spars at each end of the shoot by eliminating "end effeets,,• 



■ 



CO
NF

ID
EN

TS
. 

M
üf

id
ek

tia
l 

1/
 DK

FIC
EN

TfA
L 

O
M

K
IA

II
T
 

IM
IM

A
S

.I
A
 

1
1
(1

 



. 
’)

 »
 
' 

• 
■ î
 s

r>
L 

)l
 

O
 M

ID
 A

M
T
 

B
H

lM
A

fl
J
A
 

J
.«

«
| 



CO
K.

 ,»
Et

W
A*

 
1 

«
 

«
 

S
H

O
A

II
T
 

X
M

lH
A

a
jA

"
 
J
.
| 



T
’
*
 

' 

u.
iíi

A
L 

Q
Q

tü
M

hi
ri

 

C
O

N
Fi

ii^
 TV

»!
 

1
 

«
 

N
 

F
1

4
A

*
 

O
M

I 
»

A
K

T
 

IM
S

M
A

S
J
A

 



rn
 

J
* 
’
i
l
 

fc i
s
 ¿

,, 
f 

Í 
il 

¡Í 
f
\

 
Ç

O
M

FI
M

LT
IA

L 
ro

M
M
 
1
0
-1

 I
B
 
(1

. 

f'
P

'ï
u

 i
*
v

 ;
; 

>*
 •

'»
 

V
y
U

r 
< 

IV
V

»
^
 ï

 
&&

#M
DË

i<
T4

AL
 

aW
|-

v»
B

T
 

J
.|
«

l 



4
 

, 

r 
CO
KO
^Ü
ül
^k
 

CO
NF
I'
^T
iA
L 

F
o
r
m
 
ä
O
-
1
1
®
 C

FI
. 
0
*
®
ï
)
_
 



W
üL

lí
iM

uÀ
i 

> 
--

ri
 i ¡

At
 

» 
é
 
X
 

D
H
I
3
*
«
T
 
I
H
l
M
f
J
,
 

■ 
, 



CO
NF

ID
EN

TI
AL

 
F

c
*

m
 
2
0
-1

 !
 B
 
(R

. 
«

 -
»
•>

 

CC
Nf

^^
Hr

- 
M
 

..
O

J
 

»
 

«
 

M
 

O
M

D
A

M
T
 

' ‘
If

ri
lM

A
G

J 
A

' ‘
 
J
 

B
S

t 









CONFIDENTIAL 
NORTHROP AIRCRAFT, INC. 

MAWTMOtM, CAUKMMA 

REPORT NO. BLC-^9 

DEFLECTION INDUCED LOADS ACTING ON 
A CONTINUOUSLY -HINGED UNLOADED AILERON 

April 
1954 



MD« Page ii 
Report No, BLC-39 

F0„ 20- 49 1 (R. 1-54) 

H« Schjelderup 
April 1954 

CONTENTS 

Page 

Ie INTRODUCTION... x 

II, ANALYSIS OF AN UNLOADED, UNDEFLECTED ATT.mnw ...... 2 

III, ANALYSIS OF AN UNLOADED, DEFLECTED att.ebtw. 7 

IV, CONCLUSIONS, . .. ^ 

APPENDIX I - EXAMPLE CALCULATION OF AILERON 
HINGE LOADS. 19 

0 
LIST OF ILLUSTRATIONS 

Figure 

1 Sketch of Aileron and Wing Illustrating the Action 
of the Connecting Spring 0,,,,.,.,...,, # p 

2 Curve showing the magnitude of P08*1 Sinh oÇ - Cos oç Sino<. 
Cosh oC Sinh o< ♦ CosoC Sinoc 

as o<. varies from 0.2 to JT.. 

3 Curve Showing the Coordinate of Zero Hinge Load for 
Various Values of oC.,,,.. 

4 Schematic Sketch of Deflected Aileron. -id 

r 



mmm Page 1 

Report No. BLC-39 

ms 

April 1954 

!• INTRODUCTION 

If an aileron i$ attached to the wing by a continuous connection, one 

would expect the aileron to assune the same deflected contour as the wing. 

However, in order to satisfy this condition, at or near the end of the aileron 

large intensities of load must act through the connection. These loads are 

necessary In order to induce into the aileron, a curvature compatible with 

the wing. Any mathematical attempt to evaluate these end loads will yield 

undefinable intensities. 

The reason for this difficulty is the assumption that the wing and 

aileron assume the same contour. A more real assumption is to assume that 

the wing and aileron are connected by an elastic medium such that the wing 

and aileron may have a relative deflection 

Figure 1 shows a system by which the elastic medium might be represented. 

The wing and aileron are connected by a continuous spring of spring constant 

K Ibs/in2 • Then A » the relative deflection, is related to the load inten¬ 

sity g acting between the wing and aileron by the equation 

A - *2 - Z1 K 

where and *2 "*« the deflection curves for the wing and aileron respect¬ 

ively. If the spring constant K can be evaluated, then equation (1) will be 

a sufficient addition from which determinate values for g can be obtained. 
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II. ANALISIS OF AN UNLOADED. UNDEFLECTED AILERON 

As a basic assumption, assume the deflection of the wing and aileron 

may be computed from simple beam deflection formulae. Then, if Iv and 

are the bending stiffness of the wing and aileron respectively, the simple 

beam deflection equations may be written 

d^*i 
(2) 

djr 

and 

(3) 

Coordinates and sign convention are given in Figure 1. 

A solution of equations (l), (2) and (3) will yield for g 

where 

g * A Cosh y Cos ^ y ♦ B Sinh 4? y Cos ^ y 

♦ C Cosh >ß y Sin y ♦ D Sinh S y Sin 4 y (4) 

i»«1* 

«Va 
K 

The solution of equation (4) for the constants A , B , C , and D 

is most simply obtained by dividing the solution into two parts: 

(a) The load on the wing is symmetric about the midpoint of the aileron, 

and 

(b) The load on the wing is antisymmetric about the midpoint of the 

aileron. 

A general loading of the wing is then obtained by an appropriate summation 

of parts (a) and (b). 
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(a) 5yimetric Loading 

From the assumed symmetry, B and C are zero« Symmetric boundary 

conditions on equations (1), (2) and (3) are 

at y - £ b/2 

( 

€ 

- 0 z2 “ fiA 

d^ 

dy2 

<Ps 

1 

«a 

I . 
dy 

d^z, 

dy2 

d3z„ 

where —L. is the symmetric radius of curvature in the wing and b is the 
Rs 

length of the aileron# 

Diese boundary conditions yield from equation (l) 

d3i 

dy3 
(y - b/2) 

and (y - b/2) -—A 

or substituting equation (4) 

À (Cosh oc Sinoc * Sinhoc Cos oC ) 

♦ D(Sinho< Cos o< - Cosho< Sin j ■ o 

and 

where 

A Sinhoc. Sinoc. - D Coshoc Coso( 

ot - ^ b/2 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

Muinnrirmi 
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Equation« (10) and (11) define the constants A and D . 

A • Cosh o*. SinoC - 3inho< Coso¿ 

SinhOC Coshot + Sine* ' Cos<X 
(12) 

and 

Cosho( SinX *•> SinhoC Cos X 

2 Jj Rg SinhX CoshX + Sljno< CosOt 
(13) 

Now since g is defined explicitly by equations (4), (12), and 

(13), equations (2) and (3) nay be solved for and z2 • Hie result is 

—g ♦ 2(-|Z)2+ C; (14) 

and 

(15) 

where Ci , C2 , » and 1¾ are determined by equations (5), (6) and 

(7). 

In general, the only function of interest is g , as g is the 

load intensity acting on the hinge as well as being proportional to the shape 

of the step A between the wing deflection and aileron deflection. The 

maximum value of A sill occur where g is a maximum. This point of maximum 

relative deflection occurs where y ■ -b/2 and is given by the equation 

¿max -1 
max 

Cosh cx SinhoC - Sino* Coso* 

Cosho< Sinh X 4 sin «K. CosoC 

(16) 

The te;® within the brackets is plotted in Figure 2 which shows that 

for oc ^77* this expression may be approximated by unity. Then equation 

(16) may be approximated 

aeaioeoau* 
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-1 
2 

-K 

2 

(17) 

(18) 

0 

A atudy of tho gon«r»l «yiwtrlc «elution will «how that for <x. 

l«rgo, g will »17 quickly approach «oro a« y »rie» fron a »lue - b/2 

to «oro. Ihi. rapid die.ipation of g , the interaction, indicate, that for 

ayanetric loading, th« force» necesoary to force the aileron into curvature 

exist only at or near the end. of the aileron. In fact, the» forcee for» a 
mm 

couple of intewity «officient to cause a currature j-2L- in the 

aileron. The magnitude of one of the forces developing the couple is identical 

to the integral of g from 7 “ b/2 to 7 “ 7g ■ 0 • 

It can be shown that for (X greater than 2JL , the point of 

zero load (g - 0) will occur at 1 - equal to -2-. and the magnitude of 

the force is given by equation (19) 

„ _ 0.1624 K 
»max —T53— 

4% 
(is 

For instances when o<. ia less than p ^max 

by integration of the general equation. In order to show the origin of the vilue 

oc equal to 21- , a plot of values of y vs oc is shown in Figure 3. 7 
4 

is the absissae at which g equals zero. 

(b) Antlsynmetrlc Loading 

From th. assunwd sjnMtrF, A Mid D of «quation (1,) «r« «.ro. 

Antisyumotrlc boundar? condition« on «quation» (l), (2), «nd (3) ar. 
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At 7 m * b/2 

«1-0 *2 g/K 

A 

dy^ 

d3»l 
dy3 

-1 
♦ — 
H0 

d^s 

_2_ 
bR. 

<Jy2 

d3*2 

- 0 

- 0 
dy- 

where l/Rs is the corvature of the wing at y ■ - b/2 • 

These boundary conditions yield at y ■ b/2 

dy3 
2K 

bRs 

and - -L 
d? »S 

gire 

A substitution of equation (4) in equations (23) and (24) will 

(Slnhol Sin c* ♦ Cosho< Goa o( )B 

♦ (Sinhx Sin<x - Coshoc Cos** )C - —-á— 

and Coshx Sinx B - Sinhx Cosû(j3 
K 

or solving for 3 and C 

B .2¿á 

(20) 

(21) 

(22) 

(23) 

(24) 

(25) 

(26) 

_Jnhoc Coaot) « fainhoC 31nOC - Co»ho(. CoeQ< ) 

2 v0 Sin «*<. Cos oc - Sinho< Cosh 

(27)1 
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-y-- -Sf^P°8h ^ Si**) * (Slnhoj 3inQ¿ ♦ Coahoc nomó¿ ) 
2 ^ «8 Sino< Cobo* - Sinh<>< CoshX 

(28) 

Again g is 4 marl,mum at the ends y ■ - b/2 « 

equation for g will show that if oc is greater than 7T 

mated 

A study of the 

» g may be approxi- 

$nax 
-A 

2>#2o<.Rs (29) 

k eonpariacD of .qu»tion (29) with «quntion (18) Aon that th. 

Intensity of loáding required to force the epnetric beam Into curreture, 1. 

^“‘•r th“ th0M r^qnired to force th. eu. bem lato entlsymetriesl curnrture. 

Ibis conclusion would he expected M In th. esse of the «ttl^tricsl lowllng, 

curvature of the wing is decreasing away from the ends* 

ni* ANALISIS OF AM UNLOADED. DEFLECTED iTTranw 

igtin, ss a basic assumption, assume the deflection of the wing «id aileron 

may be handled by simple beam deflection equations. Honorer, as an 

assumption, assume the hinge infinitely rigid against bending about on axle per¬ 

pendicular to its plane. Deformation of the hinge will then be restricted to 

displacement perpendicular to the plane of the hinge. 

Now if Iw , XA , ZA are the bending stiffness of the wing about the 

1 “iS* *•" “= X2 and 22«d, respectively, for the con- 

figuration of Figure 4, 

COHFIDEKW 
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C 

and 

z2 

iv 
x2 

Xir 

«2 

tóiere ■ï 

P2 

Za 

dzj 

dy 

A consideration of statics will yield the equations 

Pi ■ -P2Cos0 - g2Sin0 

«1 ■ PjSin© - g2Cos0 

and a consideration of deformation will yield 

>1 - Z2CO80 ♦ X2Sin0 -- * ^2, Cos0 
h k2 

and 82 
*2Sin0 ♦ X2COS0 Sin© 

2 

where 0 is the deflection of the aileron* 

Equations (31), (32) and (36) will give 

TanSZi iv Z* 
pz - --jpfc 

(30) 

(31) 

(32) 

(33) 

(34) 

(35) 

(36) 

s (37) 
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Equation (37) substituted in equation (34) gives 

Z.TanCSine iv /z.' 
É»1 ™ “ g2 “ ( 

7an6Sin6 \ 
■-♦ CoseJg2 (3Ö) 

Finally, equations (30), (3I), (32), (37) and (38) substituted in 

equation (35) will give 

Viii . iT n 
+ b*2 + c«2 * 0 (39) 

where 

Z.TanôSinG 
a ■ -A- 

K2K1 

b ■ ^CoeG ♦ Z*Tane31ne)->- CosO + 
Z.TanÖSin© 

KZ' Xw Cos6 

and i1*00*6 + 0¾ * z*T*nesine) 

Equation (39) is an eighth order homogeneous differential equation with 
\ 

constant coefficients, the solution of which may be obtained by various methods. 

Before discussing this solution further, consider the condition where 

the rear hinge is attached directly to the aileron. For this condition, K2 -+-00 

and equation (39) becomes 

4T ♦ ^ - 0 (40) 

where ¿ ZATan2e ^ 

1V + ”"X¡[ IACos2e K 
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The general solution of equation (40) will be identical to equation (4) 

where \ß - • However, the boundary conditions will be modifieda 

a« 3ymnetric Solution Ko —» ao 

Symmetric boundary conditions for the system are as folic is: 

At y - i b/2 

*i-0 

.11. 1 

ill 

*2 “ + ^CosO 

af -0 

111 f\ Zo * 0 

X2 - - ^Sin0 
K1 

41 - 0 

iii A 
X2 "0 

(41) 

(42) 

(43) 

Now for the condition K2 —»» 00 » ^»d*ry condition (43), will 

give from equations (35), (36), and (30) 

411 ■ 0 

and boundary corvlition (42) will give from equations (35), (36), and (38) 

(44) 

ii h 
% - r ,__) 

Rs\XACo8® + Zj^TaneSin© J 
(45) 

Now aiailartly to the treatment of equation (4) 

‘ 2 /2] 
(46) 

X^CosO ♦ Zj^TanöSinö 

and fron equations (33), (37), and (38) 

mmm 
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%az 
ZATan6 

2 XaCo80 ♦ ZATaneSine 
(47) 

and 
P^TBax 

a 

81 I Z4 - *4 
2 y2R8 l XACo80 + ZATan6Sin0 

SinÔ 

(48) 

(49) 

Since the solution here is identical in form to equation ¢4), 
» 

conclusions made for the undeflected aileron are also valid for the deflected 

aileron# 

bo Antisynmetric Solution oo 

Antisymmetric boundary conditions for the system are as follows s 

At y - - b/2 

- 0 (50) 

- 0 (51) 

These boundary conditions applied to equations (35)» (36)» and 

(38) yield at 

y - -b/2 

r «U . i *1/ xi_ 
2 XACos0 ♦ ZATanöSir\G 

«í1 - T l/R. «21 • 0 
Ÿii 
x2 

.iii _2_ 
bR. 

«iii n 
z2 " 0 

iii 
¾ 



H* Schjelderup Page 12 

Report No. BLC-39 April 1954 

bRs(XACose ♦ Z^TanöSin© 
(53) 

Nov siiBilariljr to the treatment of equation (4)# 

at y ■ b/2 

(54) 

and from equation (3©) 

gl . _A_ . *i 
2 k2®» b 23¾ 

Thus, equations (46) to (55) give the various hinge loadings for the 

deflected aileron under the condition that K2 the elastic constraint hinge 

to aileron is very much greater than the elastic constraint, hinge to 

ving. 

For the condition that is not large, the general equation will be 

the solution of equation (39)« This solution is 

A Cosh 8y Cos ïy ♦ B Sinh #y Sin tfy 

♦ C Cosh &y Cos 5y ♦ D Sinh ^y Sin iy 

♦ E Cosh Vy Sin )fy ♦ F Sinh tfy Cos )^y 

+ G Cosh Sy Sin Sy + H Sinh Sy Cos Sy 

ediere 

» rr 

1L 
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and 1¾ and m2 *re the roots of the equation 

am^ + bn + c ■ 0 

where a , b , and c , are the coefficients of equation (39)* 

Boundary conditions on the system are those of equations (41 ), 

(42), and (43) for the symmetric case and (50) and (51) for the antisymmetric 

(57) 

case, 

For the symmetric case, the coefficients, E , F , G , and H 

of equation (56) are zero« Equations (41), (42), and (43) will £>ive 

for y ■ - b/2 

ii 
g„ 

r-o 

Vi 
«2 

*1*2 1 

Ba Z^TanÖSinÖ 

(58 

(59 

(60 

vii n g «0 
2 

(61 

For the anti symmetrical case, the coefficients A , B , C , and 

D of equation (56) are zero« Equations (50) and (51) will give 

for y ■ b/2 

pftunncMTiii 
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a11 «2-0 

¿il. 0 
2 

(62) 

(63) 

,vi .5^ 

TÜ 
% 

rs Z^TanôSinO 

-¿hh 1 

bRs ZATaneSine 

(64) 

(65) 

These boundary conditions and equations (58) to (65) provide the 

necessary equations to solve for the constants k , B , C , etc. The load 

g2 nay then be evaluated for any y , 

IV. CONCLUSIONS 

The above show that auch complication of analysis may be avoided if the 

hinge is designed such that the elastic constant K2 is large compared to • 

In design, this condition is not difficult to meet, as a direct attachment hinge 

to aileron will fulfill the requirement. The problem of design is then to choose 

hinge dimensions such that the load g does not become sufficiently large to 

cause bending stresses in the hinge that will exceed the material design stresses. 

In order to clarify results, and in order to illustrate the evaluation of 

the spring constants, etc,, a short example calculation is presented in Appendix I« 

mmum 
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APPENDIX I 

EXAMPLE CALCULATION or in Jans htmpx t/utm 

For an exanple calculation assume a symétrie loading and various dimen¬ 

sions as followss 

b length of aileron - 60 inches 

*1 spring constant hinge to wing - 5714 lbs/in2 

*2 spring constant hinge to aileron - 66225 lbs/in2 

X* bending rigidity of the wing - 3«5 E lbs in2 

X* bending rigidity of the aileron - 0.39 E lbs in2 

2a bending rigidity of the aileron - 7.0 E lbs in2 

Rg bending curvature of the wing - 2290 inches 

0 deflection of the aileron - 20 degrees 

E modulus of elasticity ■ 10? lbs/ln2 
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(*) The Dndeflected Aileron 

(i) Neglect 12 

Ä - /♦ o^?., mi ) 
* ^4(3.5KO*39) E J 

\l/4 
0*142 

Then from equation (18) since c< • 4*26 

-5714 

2(0,142)2 2290 
- - 61.7 lbs/in 

(ii) Include K2 

1 m L*L. K - 5550 
K Kl I2 

then ^ - 0*141* 

Again from equation (18) since « 4*23 

fiaax - -- - 60*75 lbs/in 
2(0.141)2 2290 

For the undeflected aileron, the inclusion of K2 changes the 

by a small amount 

(b) The Deflected Aileron 

(i) Neglect K2 

Í - 

1 ♦ Tan2© ♦ — ■ ■ ^ 0 
0.39 0.39 Cos2© 5714 

4/3.5 ♦ H-iMTanV] 
V 0.39 / 

E 
0.0001638 

Y - 0.113 

AAhiPiiaramai 
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Nw fro« equation (46), (47), (4Ö), and (49) «ince c* - 3.39, 

Si -571k 

2(0,113)2 2290 
- 97*5 Ibs/in 

97.5 °;>??-\in6 - 178.2 lba/in 
J^.39 Co»0 ♦ 7.0 TanOSinGy 

P2 

»8 lba/in (oi) * 30.« 

-97.5 (MJS&j . . 201.0 lba/in 

(ii) Including K2 

a ■ £(lan£Sine]E m q.023 

5714(66225) 

J- o. . 7 TanesinöV 1 /7 TaneSinÔ 1 
sm l°-% —õõry* «s?!1 3.5 * 0^4 

O.OOO555 ♦ O.OOOOO472 » O.OOO5597 

, [ 0.39(0.%) ♦ -2*5 ♦ 7.0 Tanesine). 3.63X1Õ7 
1.5(0.39) ^ 0.% y 

Nov equation (57) becomes 

♦ 0.02433m ♦ 0.00001578 - 0 

The roots of this equation are 

- 0.01216 - 

»2 - - 0.00067 

N O.OOOI3209 - - 0.02365 

MiiinT Al 
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Nov y- 0.277 and £ - 0. 113 

Boundary condition« on gg are at y - 30 Inch«« 

f1 

% 
$714(66225) _ 1 

(2290)10^ 7(Tane)Sin0 
- 0*01095 

and -▼ii n 
% - 0 

Th« variou» derivative» of g2 are aa follow» if C , 3 , 

c f and » 9 represent the hyperbolic cosine^ hyperbolic sine, cosine, and 

»ine respectively* 

i 
«2 -A (Cs - 3c) ^ 4 B y (Cs ♦ Sc) ^ 

-c£ (Cs — * 

«21 - -¿A Y2(S») ♦ 2B y2(Cc) 
1Í7 

“2CS 2(S»)^ ♦ 2DS2(Cc)$y 

411 " -2^ y3(Ca ♦Sc) ♦ 2BK3(Sc - Cs)^ 
• 7 17 

-5c£3(C« ♦ Sc)^ 4 2dS3(Sc - C»)^ 
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*¿T ■ -a /4(0c) ^ . 4B )('4(3.) ✓ 

^oS4(Cc)^ - 4^(3.)^ 

% 

.«f - «A i6(s.)^ -8B |r6(0c) ^ 

+ 80S 6(S»)jy - 8tá6(Cc)f 

- 8A y7(0» ♦ 3c) - 8B - 0«) ^y 

+ BoS 7(0. ♦ Sc)jy - 8DÍ7(8c - Ce)gJy 

82111 - ia Ace) ft * 16b K8(3.) ^ 

♦léS 8(Cc)^ ♦ 16dS 8|»»)iy 

A substitution of the above in equation (39) proves g2 is a 

solution of this equation* 

Now a substitution in the boundary conditions gives for A , 

8 , C , and D 

A - -0.004299 B - -0*016255 

C - -1.5758 D - -2.6495 

These constants substituted in equation (39) give for y ■ b/2 

fc>_- 26.955 lbs/in 
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€ 
• *, 

and substituted into equation (3d) gire for j - b/2 

Blaax m -99.415 Ibs/in 

Then from equations (46) and (47) 

P^max ■ 194.3d Ibs/in 

and P^nax " “216*60 Ibs/in 

The results of the abore calculations show that the introduction 

of the constant K2 deflected aileron calculation, increases the value 

of g^ bj a small amount# Then, since is the value of most interest as 

it is a record of the maximum transverse shear carried by the cantilevered hinge, 

the complicated analysis caused by including K2 does not yield a sufficient 

change to merit the calculation, at least in the initial stages of design# 

AAunnruTui 
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INTSODUCTION 

Ob a high altitude long range laminar auction airplane 
the induced drag can be a large percentage of the total drag. 
A large wing apan is therfore required. In order to reduce 
the weight of the wing and to increase its stiffness it is 
desirable to brace the wing with a strut, adding essentially 
n stiff inner wing panel to the cantilerer part of the wing« 
(Figure 1 and References 1 and 2)« A second or "jury strut" 
reduces the buckling length of the main strut (negatire loads) 
and thus enables a considerably thinner strut« The bending 
mcawnts and bending deformations of the inner wing panel can 
be further reduced when the main strut is slightly kinked at 
its juncture with the "jury strut" (Reference 3)« 

At positive loads the "jury strut" reduces the buckling 
length of the inner wing panel (compression loads) and thus 
enables thinner wing sections in this area. 

In order to evaluate the effectiveness of this system, 
a study of deflections will be made. 

This study may be broken down into three parts. First, 
the beam ABC will be isolated from the overall system of 
Figure 1« Loads and deformations will be forced on this beam 
such that these loads and deformations are coaq>atible to the 
loads and deformations demanded by the configuration of 
Figure 1« This will be the theoretical analysis of the be an¬ 
colia» system. Second, equations will be derived which will 
define explicitly the parameters of Part 1. Finally, as a 
third part, the influence on the system of various parameters 
will be studied. 

JUBIEIDIiL 
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1* mU3I5 OF TH» BRAM nor-my 

Th» fTM boV diagram of th» isolated b»aa ABC , is shorn in Figure 2. 

All loads I(t 19 P etc., nay b» expressed in terns of g , the air load; 

1¾ , the statically indeterminate moment; and A , the total deflection of 

point B • 

Assume these loads may be expressed in terms of g , , and A 

as followsi 

f} = aLÿ - ¡ 

P2 = bLÿ. ~ j 

(i) 

(2) 

and 

M = cL 
f 

X = eLf.f^-kf-vr^r 

(3) 

(4) 

where a , b , c , etc., are direct functions of the gecowtry of the 

system and L is the span of the strut. 

(a) Consider the Beam Column AB. 

The reaction and the mAvui are obtained from statics, 

V = m 
A L z L L (5) 

X (6) 



Mail to* 491 (0.1*14) 

^ , ■ 

H* Schjelderup 
H*7 1954 

COM 
Pag« 3 

Report No. BLC-44 

is 

is 

Noir for deflectiona, the differential equation of a bean 

eI7k* m Mx 

»Aere El is the flexural stiffness of the bean cross-section. 

The solution of equation (7) if Mg is given by equation (6) 

y ~ A Côskt X + ßS in k,X + + 

+ ^ X -h 

L 0 ^ 

Boundary Conditions on equation (8) are 

and at X = = A 

(7) 

(Ö) 

and 
B *s ~'V1 - Q+[Hf-" c*s*i] 
where yUf * ^ J?, and S = A- 

(b) Consider the Beam Column BC 

The reaction V„ and the moment are obtained from 

statics 

H 

and 

(9) 

(10) 

(11) 

Mx = m t v; (i4- *) + ^ - ç ( y+(4- x)) (12) 

asAiosciaui 
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lo 

Tho solution of oqiutlOQ (?) if K* i§ glvtn ty equation (12) 

^ Cûsk^Xf "t0 DSin^ + ('A- x,)-|- (13) 

+ (A- X.f ^ - •p» 

Boundary conditions on equation (13) aro at 

where ¿ ^ 6 
*1 Elt 

y =(!**)& and at X, )f =<? 

which give 

c- 

D C Loiy^l Ç— C»s«.c.u.l + # ¿«íeot, 

«hw» = kt 

(u) 

(15) 

Iquations (8) and (13) giro the deflection curres for the beans 

AB and BC. However, these equations contain two unknowns, A and • 

These unknowns are eliminated by the additional equations supplied by the 

slope st X * Ö and Xs^ • These equations are 

jy 
■jfc-0 »t X = o 

a condition of fixtd support, and 

(16) 

àl. - Jy, 
¿ **0, Xi*0 

a condition of continuity between bean AB and BC« 

(17) 
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Equation (16) giros 

0» Bk,+ -x" 
V. . ^ 

(IS) 

or substituting aquation (10) 

0= 

» 

~1 -i» r±4^irL-^-i • L Sins«, J [f!M» JL Sins1, J 
- *¿1*1 

SirpU, 44s- X) Li (19) 

ahd equation (17) gires 

= Qp-V + ±L 
A Í TT Ç 

or substituting equations (9), (10), (14) and (15) 

•quation ¢20) bocones 

(20) 

j^l -s“, Vl 

ï 
I ~sMj.Co'kALi +}4ÍLást¿\ 

A-ri L 5;^,J 
(a) 

M 
hCoS/«, 

_ M¡ S/n*, 

ti. 

? +ir 
I _ <v*£ü>_ i-a^i j_r /-jl / ., -i 

2 jj Ml CtZMl £<¿*1 

= 0 

nmmnomu 
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■o* rabititutlng •qa.tlon. (5) «nd (n) «qiutlona (19) am (a) 

-|épfe^]^3ír;rj 

+ + 5.^,- y I 

SkA, 
0 

(a 
and 

YA 
-Mf I - ^ - A Ú)^3 

LF¡ [ - f) O Co&i) + j^^¿C<>sec^L-^LCo¿%J 

Mi 

['- 
-4-r,- 

•X^i 

4'--' 
te 

X ['-f ¿i AL, ¿*±Mt ¿í>r 4 
A = o 

c 
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Now, if I»! f ?2 # 1¾. «nd ?! *rt «Iren by eqaatioo» (1), (2), (3) and 

(4) respectively, equations (22) and (23) nay be written 

A. S-c + ¥> + ,- ct L t2L Z{riMizM, ( k T 

L- Ham, ' -1 

x Ffá + ¡fa+Ji£—dtl_+/aA -jy-JL -di—24 
x[t J, S»*,U J* Tfc^-^/jjLj 

and 

A_ 

L [Í-#- I - rh I - 2 Zn^/g 1 
X/ J 

¿V¿^/) + I - ¿•t*! + 

t -^( I - -¾. +^(1 

- +a ^/A)f 

(25) 
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The solutioB of equations (24) and (25) for u^ sad U2 constant 

will gire the deflection A and the fixed end noaent for szy 

particular ccnbination of parsneters a , b , . c , etc.* 

Squations (24) and (25) include the effects of «Hal load on the 

bending rigidity of the bean. Howerer, these equations do not shoe the 

influence of the axial loads m A and . In order to show this, 

assune that Pi and P2 are negligible in equations (6) and (12) respectively. 

Then the integration of equation (7) will yield 

C 

(2? 

Boundary Conditions are as before 

Then 

(28 

(29 

* A considerable aiaplifieation of equations 24 and 25 can be obtained if 
paraneters hare values as derived in Part II. 

I 

Mumnrunii 
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D = _ MA (30) 

C= EI¿(i-y)-fc +M . 3Á. 
\ 

Tht condition of fixed rapport at A gires 

and the condition of contlnultjr gives 

w «ibit'.tatlnj for «te. 

(31) 

(32) 

(33) 

(34) 

•ad 

(35) 
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which girea in tazma of paranatara a » t , ate. 

il‘_ A_ /| ji kA) H 
L X ttJïs 

Xquatlona (35) and (36) naj ba aolrad alnilarily to aquationa (24) and 

(25) to gira A and ^ * 

1 ¢.2 

* A eonaidarabla alapUfleation of éqaatlona (35) and (36) can ba 
obtained if parama ta rs have veluee aa darivad in Part IX. 

C 

aOàlDDCtlXlâl 
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H. BgRIYATIOI OF PABAiBTna 

Nquâtlons (l), (2), (3) tad (4) Indicate that the rarioae loads on the 

bea* cQlun of Figure 2, aaj be expressed in terns of g , the air load. At 

the deflection at point B and , the indetendnate ncaent« Figure 3 

ehoire a free body diagran of the fraaevork, whereas Figure 4 shows the 

change in geoastry after a deflection A . Here, the axial extension of 

the Tarions neabers is assuaed nail and aay be neglected. 

(a) Statics of the Oadeforaed System. 

A statical consideration of the system of Figure 1 yield 

'S 
and 

or 0= 

Tan o<s - )L<j. + 

z 
XL 

(i+n) 

(3( 

(3Î 

(a 

1 = 

C = Ihl 

Z 

(42 

(A3 

A sUtical consideration of the system of Figure 3 will yield 

y. M ALf VtL K 

''i 2A X (u 
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““ Ç_ ^ + (v~ ir)°<f (45) 

or e= ^0^)(/~ 'j'TimoÇjj + ai M 

k= 't" 7ÍÇTún* (47) 

t>s Tt%%) (48) 

ud j = d’ ' i(d-T^-l)u^ = ^ t (49) 

(b) Changes In Forces Ceased by Defamation. 

After a displacement ^ occurs in the «ystea, all MÉbers will 

hare aored to a new geoaetrical position by mans of displaceaents and rotations. 

Since the asabers are assuaed axially undeforaable, triangle BCD of Figure 4 

will be identical to triangle B^D1 . Then, all dieplaceaente aay be de¬ 

fined in tema of /1 , the dieplaceaent of B • If we consider point A 

the fixed point, the dieplaceaent at C will be tfA where ¡f is defined 

by the geoaetry of the ayetea. 

Let ua introduce a rotation Jô of the triangle BCD and a 

rotation Jo^ of aeaber IS . Then fron Figure (4), 

■¿idô Y» I - 
ü 1 A 

and fron triangle D D^ D* 

(50) 

(51) 
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and 
>(r SînO^otj) (s 

U«, y = if-0^ 
Sin 0(j Siñfa- tij) (53 

Tha changa in forças causad by changa in ahapa can ba axprassad 

in tanas of • 

Tha changa in is giran by tha aquation 

-J\£= ff Tenfa+J«,)- P. Ton «s (¼ 

or expanding and taking first order approximations : 

jy; = - ej<. 
(55 

and the change in bocones 

(5é 

Tha axial load does not change with dafonaation. Tha «Haï load P 

changes but by a «sail amount which will ba neglected. Than tha parameters 

f and m are obtained from equations (55) and (56) 

f-Ü-MtdiäSi-») (57 

The preceding aquations define all parameters in terms of tha 

geometry of tha framework. 
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Equation« (42) and (56) «hoir a staple relationship between a and i 

and a and f • 

This relationship nay be used to taprore the fora and solution of 

equations (24) and (25)* Vote that the denoadnators of equations (24) and 

(25) aay now be written 

- ^nñ)"^ 

moa, if we define y and X as the first terns of equations (59) 

and (60) respectively, and fron equations (24) and (25) define 

/ _ 
/\= -C + + ^ 

(! 

ZL •* 
S>" 

B kit -I- L 

A 

ToS'A 
Sim#!- 

S m#*! 

D= ft- ij(i-^,)+ ¿.ss.rft. 
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Th» solution of équations (2*) and (25) takas tbs font 

Ü- T 
A _y 

4--2- y. y 
and A_ 

L 

A B M, 
= T“W 

T-^_tL 

(65 

(66] 

Equations (36) and (37) nay be simplified in a like nanner 

is replaced by • By definition 

¿ek.-UL./i-z_tL\ 
! EX, j; 4 EI, V ^ Oy 

but f =- Ä) 7f7 

«¿I 
6EI, 

(67)1 

*«r, fro. aquations (36) and (37) noting íé: - 

®‘1 - ià 

¿£(,+ipU 
% = c_ «¡4_.A. 

u 4-i. 

dsflna 

(68) 

(69) 

(70) 

F= j-4-i4 ' Z L (71) 

onnnnfiiTui 
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then 
M M, _ Í ô 

(74) 

and -~= 
U 

J 
ô 

I - 

JL M, 
JijF.dùL 
í Mi ¿al 

(75) 

^ . * . 

Ill* A STODI OF A PABTTnnr^B 

In order to design en efficient fraaswork, the change in deflectiona 

and fixed-end aoaenta with changea in Tarions parameters ¡should be studied* 

Then, the configuration that will yield the nost faworable raluee of the 

abore nay be deterained* 

As a typical oonfignration aesnaet 

-j-= 2.03704 -~= 1.96429 j-= 3.27381 

o(4- 107° 1.962 -0.108 

ñAumniTui 
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Th« remaining parameter which will define the qratem is the 

angle of kink oc^. := - ocg 

Figorea 5 to 13 inclusive show the deflection , the 

fixed end moment and the interior moment 

Plots are shown 

—V f the tip moawmt -zttt 
ti 

M» 
for various values of the kink angle oCj^ 

for the variation of axial loads and the variation of total distributed 

load ^ L • These two plots are shown since the axial load Ff is not 

a true representation of the total distributed load carried by the beam. 

These figures indicate that for a particular loading, there exists 

an "optimum* configuration for which either deflections or moments are a 

minimum. These figures also show that the condition of instability occurs 

at axial loads less than simple Soler buckling. A stability analysis of 

the system for o(j^ equals aero shows that for these restricted conditions, 

there is an optimum angle of strut (90° to inclined strut) for fhich the 

Baler buckling value is attained. However, under the beam column loadings- 

this advantage is small. It was for this reason and the fact that other 

design criteria were better satisfied by the illustrated configuration that 

for the example problem the jury strut was not placed at the optimum angle. 

Figures (8) and (9) show that as the load intensity increases, 

JA .. ¿ V» a» «**1*^4 
V44V A VWk 

mmm 1 m 1 
• **«*»•* (R1R»»C>< 

**• m «maI 1 4w» ■mm mm«»«« ^ ^aa 

ofjf will yield a larg« change in deflection or the deflections at 

this point are vexy sensitive to the angle . Then, even though an 

"optimum" configuration may be attempted, any small errors could contribute 
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to a premature collapse. 

A design procedure is to establish a general configuration, compute 

curves similar to those of figures (6) and (7), sad from these curves choose 

the best angle of kink for the strut. Once the configuration is chosen, the 

ultimate load may be computed either from stress calculations or a condition 

of excessive deformation. 
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General 

SUMMARY 

Panel Number 1 was tested by Engineering Test 
Group to obtain data for the shear strength of the 
bonding material and the honeycomb core* Both 
bonding material and core material developed shear 
stresses well above the minimum required stresses* 

Panels 2, 3 and 4 were subjected to compression 
loads parallel to the overlay slots* The compression 
load produced no significant increase in the width 
of the overlay slots* All three panels developed 
ultimate stresses below the predicted stressesi vary¬ 
ing from two to twelve percent* 

No direct comparison (for repeated curing cycles) 
of the test results can be made since each panel was 
bonded with a variation of bonding material and proc¬ 
essing method. Further tests and study are necessary 
in order to determine the effect of repeated curing 
cycles* 

çrPüDLTV iNfnoiAATiftM- (M\Mnncyiui 
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INTRODUCTION 

Four panels were tested to obtain data for the following! 

1* To determine bonding material shear strength* 

2* To observe the effect of repeated curing of 
bonded joints* on the bonding strength. 

3* To evaluate the core material shear strength* 

4* To determine the effect of compression loads 
on the width of slots between the overlay 
strips* 

I 
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Pf 

îhe details for the four specimens were prepared as folio»«: 

1« Alkaline cleaned with Turco aviation cleaner and »«shed in 

water. 

2. Immerse the details in sodium dichroraate-aulfuric acid solu¬ 

tion for 5 minutes at 150°F. Mash in water-and check de¬ 

tails for nno water breakn. Air-dry thoroughly. 

The specimens were then treated as follows: 

Specimen Np. 1 - The faying surfaces of the honeycomb sandwich 

details and the overlay stripe were primed with 1/2 - 1 

mil thickness of K3C primer and permitted to air-dry 15 

minutes. Narmtape 102-45 adhesive was out to size and fitted 

between the faying surfaces of the honeycomb sandwich and 

the overlay strips. The honeycomb sandwich and the overlay 

strips were placed in the alignment Jig and a vacuum pressure 

was applied. The complete assembly was cured at 325°F for 

1-1/2 hours in an air circulated oven, removed and cooled to 

room temperature. 

Specipep No. 2 - The details of Specimen No. 2 were treated in 

the sans manner as in the case of the details of Specimen 

No. 1 with these exceptions; the bonding eas performed in 

two steps. The honeycomb sandwich was bonded first, then 

the overlay stripe placed in position onto the honeycomb 

mm IHFQRMAH&H-COHHmi 
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Sandwich and the complete assembly cured as mentioned aboye 

This procedure subjected the honeycomb sandwich to a double 

cure cycle at 32$°F. 

Specimen Ho» 3 - The faying surfaces of the honeycomb sandwich 

details and the overlay strips were given four spray coats 

of plycozite adhesive* Bach coat was permitted to dry for 

one hour* The details were pre-cured for 2 hours at 200°F* 

Then the details of the honeycomb sandwich and the overlay 

strips were placed in the alignment jig* The assembly was 

subjected to a vacuum pressure and cured at 325°F for 45 

minutes in one step* At the end of the curing cycle the 

assembly was permitted to cool to room temperature* 

Specimen No* 4 - The first step is to apply four coats of ply¬ 

cozite adhesive to the faying surfaces of the honeycomb 

sandwich details* Bach coat was permitted to air-dry for 

one hour* The details were pre-cured for 2 hours at 200°F* 

They were then placed in the alignment jig, subjected to a 

vacuum pressure and cured for 45 minutes at 325°F* The 

assembly was removed from the oven and cooled to room 

temperature* rúe second step in the operation was to 

coat the faying surfaces of the honeycomb sandwich made 

in step one and the overlay strips with K3C primer, per¬ 

mit this to air-dry for 15 minutes. The Narmtape 102-45 

adhesive was cut to dimension and placed between the faying 

surfaces of the overlay strips and honeycomb sandwich* The 
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assembly was placed in the alignment jigf a vacuum pressure 

applied and cured for 1¿ hours at 325°F, 

The adhesive entrapped in the venting system of the specimens was 

cleaned out in two stages; Specimens Ho, 1 and Ho, 3 were cleaned after 

complete assembly. Whereas Specimen Ho. 2 and Ho, 4 were cleaned prior 

to bonding the overlay strips to the honeycomb sandwich. 

Sketch 1 shows positions at which measurements of the slots were 

made during the compression loading. The measurements were made at 

1000 pound increments to the ultimate load. The changes in the slot 

widths under lead conditions are recorded in Tables Ho. 1, Ho. 2 and 

No. 3. 
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J. I .........

LoacTln

Pounds DI#1 0I#2

Load in 
Pounds DI#1 DI#2

50 0 0 ' 1200 0234 0210

100 .001 .001 1300 0259 0233

200 .0032 .0033 1400 0281 0255

300 0054 0053 1500 0308 0282

400 *0076 0070 1600 03U 0315

500 0096 0088 1700 0380 0360

600 0118 0102 1800 0455 0435

700 , 0138 0120 1900 0580 0560

eoo 0156 0135 2000 0725 0710

900 0173 0152 2100 0890 0880

1000 0190 0170 2200 .1180 .1150

1100 0211 0190 2270 Pailu:'S,
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SORE SHEAR (Trantrsrg^J 

Lower skin 

f8 (core) ■ 

V ■ 113 5* (ult)* 800# (yield) 

Q s ,15*- (.532) ■ .082 in.3 

I = ,05*? in.4 

b « W2 In. 

f° ^ '¡Pi -ftil -327 f*1 

Ps, all «160 psi (Mil—C-7438, allowable) 

Fs, all *210 psi (Hexcell, allowable) 
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POSITIONS AS INDICATED ON PANEL 

Ultimate 31000 
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■ toma in 
I Pounds 1 1 2 _3 4 

Load 1] 
Pounds 1 ! 2 3 4 1 0 

j 1000 I 0085 0085 0085 0085 21000 0085 0085 009 009 

1_9000 0085 0085 0085 0085 22000 0085 0085 009 009 

1-3000 j 0085 00*5 _QQSL 0085 2^000 0085 0085 009 009 

_4COO 00*15 -ms 009 0085 24000 0085 0085 Of )9 

'¡¿y-Z_ 

00° 

L - 5000 _ 0005 -0085 009 0085 25000 0085 

-■JC&Z 

ry>Q 

1— J 

fWO 

[ 6000 L 0085 -0085 -0085 0085 26000 

—MW J 

0085 

. W0 J 

0085 

_i'i'Z_ 

009 

_W7 

009 1 

I_7000 Lûûôi. -0085 -0085 0085 27000 0085 0085 009 009 

I_MOO !. 0085 -0085 0095 0095 29000 

- -WW7 I 

I_9000 j -.0085 0085 -00t>5 009 29000 

I_1QOOO 0085 0085 —009 - 009 

I-nooo ...0085 0085 no? nno 

37000 1 0085 0085 009 009 

13000 0085 0085 009 009 

i 

14000 0085 0085 009 009 

15000 0085 0085 009 009 

16000 0085 0085 009 009 

S ^ * 
i 1 t\KK) 0085 0085 009 009 i 

1*000 -QQ^ ,. 

e 

0085 009 009 
I 

1 19000 0085 0085 009 009 

1 20000 0085 0085 009 
< 

009 

Ultimate 27550 
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1 TARL8 rp^i.1 w«- h\
TEST PHASl --------------

1 SLOT WIDTH MSASUREMBirrS

Load In 
Poimda

1 POSITIONS AS INDICATED ON PANEL

1 2 3 4
Load l4 
Pound* 1 2 3 L

innS .008 008 007*i 0075 21 Oho 008 0075 0075 0075
2000 .008 008 0075 0075 22000 008 0075 0075 0075

3000 .008 m 0075 0075 23000 008 0075 0075 0075

4^000 .008 «75 0075 0075 24000 008 0075 0075 0075

5000 .008 )075 0075 0075 25000 008 0075 0075 0075

6000 .008 .. 0075 0075 26000 008 0075 0075 0075
7000 .008 ^ 3075 0075 0075 27000

8000 .008 DC75 0075 0075 28000

9000 .008 »Z5_ 0075 0075 29000

IBRUHIII .008 mi. 0075 0075 30000

nooo .008 |Q2!L 0075 0075

ix>nn -^QQfl , 0075 0075

l?ooo .008 X 0075 0075

—UQQQ-------- -^QQg -X 0075 0075

15000 .008 OO.'k 0075 0075
1

1

16000 .008 0C7,L 0075 0075

17000 .008 OCT'l 0075 0075

.008 0075V 0075 0075

17000 .008 0975 1 0075 0075

200QD .008 J22Lt_|bjQZi_ 0075
'

Ultlaat* 26000



fa"' J0.7t 
1 5-53) maiNuit 

J.R. Clem aniy Mi-«IDENM 
NORTHROP AIRCRAFT. INC. 

Mac 

12 
CMICKf. RCPOUT NO. 

BLC-41 
’DAT» -- 

Miy 1954 
MODEL 

General 

BASIC DATA (Soecljnen -2 4-4) 

-.¿fS' 

•4L <ät# , • s*4fx e+ci, 
. oo Y ¿ n^/t/cssess 

01Z 

N.A. A Manient of Inert!» 

Area 

Overlay .297 

Top Skin .193 

Lowex* Skin .154 
M 

r 
.757 

.652 

.016 

Ay 

•225 

•126 

.002 
•353 

Z 

.209 

•104 

.532 

Az^ 

.013 

.002 

¿Qkk 
.059 

^ ■ ‘íiw * •51*8 

./r 

Are«. = .13 x 1.6 -(.08)(,15)(2)-(.10)(.425)(2) 

= ,208 -.024 -.085 ■ .099 

y 4 .015 
.099 

- ¿02222 + .015 «45 in. 
Í099 

J 
crPimiTV MimumfiU -ftni’rmnm., 
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Allc wable load & stress for eccentric loading condition
(Ref. 1, page 309)

, I 1 4- sc Sec
A L fZ ^ » EA99 I RA

-I f7-!4
m UP 1 + ec Sec 

A L f2 2 ’ Pcr_

e = eccentricity

c ■ centroid to outer 
fiber dim.

P-/W

! Fnax « ^or - P 1 + (.04)(.548J Sec r V P * 
:S:4L- .091^ 2 r 43,200J

Assws IsL = 102,000 psi & solve for P
n

Per A ■ 65,600 - P n. 4- .235 Sec. fT P _* 
tf *- 2 ' 43,200

For P ■ 31,70c4‘

1 f .235 Sec 5-/^]F££ A - 31,700

31,700 [l 4. (.235) (4.45) = 31,000 (2.045) = 64,800

« 64,800 = 101,000 psi 
•o44

fmaJL - 65,000 psi (predicted allowabte)

erj. value is 64.400 -1 ■ IJf unconservative 
65,000

v&lue is 59.200 -1 = 9$ unconservative 
65,000

ue is 57.000 -1 ■ 12.3$ unconservative 
65,000
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