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lhis report establishes unit load coordinates to be used with 

the general stress analysis. It suggests also a method of obtaining a 

balanced load distribution, compatible witn the general procedure. 

A) Unit load coordinates. 

B) Balanced load system. 

C) Use of a digital eoraputer. 

A) UKIT LOAD COORDINATES. 

Table I gives coordinates of 91 unit loads with respect to 

two systems of reference; to the general D.O. system, and to the system 

adopted in the wing stress analysis for convenience of mathematical 

formulation. Any system earn be used for balancing the aircraft. Unit 

loads 90 and 91 are reactions for the load system of the general stress 

and displacement analysis. Hence all computed displacements have to be 

referred to the 90 and 91 loading points as a datum. Care should be 

taken that all loads are properly nalanced, in other words, that the 

loads 90 and 91 are as required, 3ince otherwise a considerable error 

may result in tt\e vicinity of those loads as concerns all web snearing 

stresses. 
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B) BALANCED LOAD SYSTEM. 

At present the general stress analysis neglects all stress sud 

displacement due to what can be rexerred to as drag loads. For that 

reason all unit loads of the analysis are perpendicular to the wing chord 

plane and also to the fuselage axis. Some effects of the drag loads can 

not be neglected, however. îhe fin drag load is reacted at loading points 
* 

67 and 70. dhe wing drag load generates a bending moment in the chord 

plane and because of the wing anhedral,kink loads appear In loading 

points 64, 65, 66, 67 and possibly in 74» Engine mount reactions add a 

considerable pitching moment. Similarity the fuselage drag creates a 

moment to be represented by an equivalent set of loads. It Is understood 

tnat the latter effect can be accounted for in an approximate manner only. 

In general airloads are' not equilibrated without inertia loads. 

Suppose therefore that in each loading point are known: 

a) the magnitude of the airlift, real or equivalent, 

b) the associated lumped mass. 

Ihen the total loads (air and inertia) can be determined in the follow- 

ing way. Denote 

the coordinate of a, 

the lumped mass at a, 

lift load at a, (Positive down 

Qa total load (lift and inertia) at a. (positive down, 

total mass, 

total mass moment, , 

I = Sum xam& total moment of inertia, 

* For a first approximation the wing drag load affect Is neglected. 

SEP r/sfc 

= Sum m 

=> Sum x m 
a a 

S crtjil 

SEPT |TL 
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(xP) -as Sum X&Pa 

xp = (XP)/(F) 

coordinate of center of gravity, * 

radius of gyration. , * 

total lift, 

total lift moment, 

coordinate of center of pressure. * 

u linear acceleration perpendicular to the chord * 
plane, (Positive down) 

T angular acceleration in pitching motion. n„e * 
(Positive vdown) 

in reference to the 3ystera of coordinates 

According to the principles of dynamics, two equations can be 

written and u and y can be determined. 

Equilibrium of forces perpendicular to the wing chord plane 

Sum (u + x^y) = Sum or uü + yS = (P) 

Equilibrium of moments around the pitching axis 

2 
Sum (x u + x y) m a a1 ; = Sum x P a a or uS + YI 

SepT-jil, 

Solving the above two equations for u and y and substituting Mx* and Mx 
g m 

for I and S resp. yields 

XX pro 

. HI xo 
2 2 

x - X g m 

Hie linear acceleration of the center of gravity due to the angular 

acceleration about the origin i3 
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C) USE OF A DIGITAL COMPUTER. 
S*« 

This section deals with the preparation of data and with the 

programming of a digital computer to carry out the computations. 

I INPUT DATA (Punched cards) 

1 set of arms x 
a i 

3 sets of weights ' 

k seta of lift loada P 
a 

where a = 1 - 91 inclusive 

k = the number of symmetric loading cases considered. 

The loading cases are identified by an identification mark as shown 

below: 

Case & H 
/ 

1st 
number 

. £ £ 

I 
2nd 

number 

(*) 

letter 

where (i) the first number denotes the flight envelope case 

(ii) the second number denotes the sub case, which depends on CG position 

and variation of aerodynamic coefficients due to manufacturing • 

tolerances 

(iii) the letter inside the parentheses denotes whether there is a pitch- 

ing acceleration or not. 

To ensure that the correct set of lunged weights is used with any given set 

of lift loads the following information is given. If tae second number denoting 

\5 or s'] (z8% s'] 
the sub case is < 6 or 9 Suss the set, of lumped weights for CG at < 30$ c j. 

Iv
7 10 J ' |^32$ cj 
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II COMPUTATIONS 

DATE 

DATE 

The following calculations will be made for each case: 

D ma . w/g 

2) M = SUM m 
a 

3) S * Sum x ra a a 

4) I » Sura x2rn a a 

5) xa « S/M 

6) x m I/M 
S 

7) A = x2 

in 

8) B = x2 - A 
g 

9) (P) = Sura P 
a 

10) (xP) » Sura xaPa 

11) x » (xp)/(P) 
P 

12) u « (P)/M m 

print 

print 

print 

print 

print 

print 

!3) C - xpxa 

14) D *= A - C 

15) E - D/B 

Scrr j A 

I 

! 
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(:f) xm xg 

(P) xp 

Q1 ^2 % 
«6 

Qgi 

where (w) = Sura W 
a 

IV ADDITIONAL INFORMATION 

x& will be given in inches, and Pft will be given in lbs. 

Qft to be printed in kip units. 

g = 386<4 in/sec 

Range of values 

-75 indies < x < 650 Inches 
a 

46,000 lbs < Sura < 50,000 lbs 

-200,000 lbs < Sura Pa ^.400,000 lbs 

200 inches < < 225 inches 

275 indies < xg < 300 inches 

50 indies < x < 512 inches 
P 
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