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This report establishes wiit load coordinates to be usod with 

the general stress analysis. It suggests also a metJ1od of obtaining a 

balanced load distributior., compatible with the geueral procedure. 

A) Unit load coordinates. 

B) Balanced load system. 

C) Use of a digital computer. 

A) UNIT LOAD COORDINA'IES. 

Table I gives coordinates of 91 ur.it 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 can be used for balancing the aircraft. Unit 

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

and displace:nent analysis. Hence all computed displacements have to be 

referred to the 9'.) and 91 loading points as a datum. 0!1l'e should be 

taken that all loads are properly oalanced, in otner words, that the 

loads 90 and 91 &re as required, sinee otherwi5e a cor~idera~le error 

may result in tqe vic.inity of those loads as concerns all 110b snearir,g 

stresses . 
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B) BALU;CED LOAD SYSTEM. 

At present the general stress analysis neglects all stress snd 

displac.ement due to \That cru.1 be r-,ferred to as drag loads. Fer that 
I 

reason tJ.l 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, haNever. 'Ihe fin drag load is reacted at loading points 

* 67 and 70. '.!he. wing drag load generates a bending moment in the chord 

plane and becaw,e of the wing anhedra1,kink loads appear in loading 

points 64, 65, 66, 6? and possibly in 74, Engine mount reactions add a 

considerable pitchi.ng moment. SL~ilarily the fuselage drag creates a 

moment to be repr esented .QY an equivalent set of loads. It is understood 

tnat ~½e latter effect can be accounted for in an approx:iJllate manner only. 
I 
l 

In general airloads are not equilibrated without inertia loads. 

Suppose therefore that in each loading point are known: 

a) 

b) 

the magnitude of the air lift, real or equivalent, 

the associated lumped mass. 

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

ing wa:y , Denote 

X 
a 

Ill 
a 

DA T E 

DATE 

p 
a 

the coordinate of a, 

the lumped mass at a, 

lift load at a, (Poaitive do,m 

s 

I 

=Summa 

= Sum x m a a 
2 

= Sum xama 

total load (lift and inertia) at a. (positive d°"n 

total mass, 

total mass moment, 

total moment of inertia , 

*Fora tirat approxillation the wi ng dr ag load affect iB neglected, 
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= Sum Pa 

,. Sum xaP a 

= (xP )/ (P) 

coordinate of canter 

radius of gyration, 

total lift, 

total lift moment, 

coordinate of canter 
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of gravity, * 

of pressure. * 

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

y angular acceleration in pitching motion. noil-s * 
(P011itive"down) 

* in reference to the system of coordfoates 

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) m = SUm f 
a a a 

or 

Equilibrium of moments around the pitching wcis 
' 2 

Sum (xau+'xay) ma = Sum xaPa or 

(P) 

uS + yI = x (P) 
2 p 

Solving the above two equations for u 

for I and S rasp , yields 

and y and substituting :,be and :.tx 
g m 

u 

y .. - ru_~-3, 
M 2 2 

X - X g m 

The linear acceleration of the canter of gravity due to the angular 

acceleration about the origi n is 
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C) USE OF A DIGITAL COMPUTER. 

'Ihis section deals with the preparation of data and with the 

programming of a digital compute r to carry out the computations. 

I INPUT DATA (Punched cards) 

below: 

l 

3 

k 

set ot arma 

sets ot weights 

sets of lirt loads 

X 
a 

w 
a 

p 
a 

where a "' 1 - 91 inclusive 

k .. the number of symmetric loading cases considered. 

The loading cases are identified by an identification mark aa shown 

Case ~* , *~ (*) 
/ \ 

1st 2nd 
l'lllllber num~r lettttr 

where (1) the first IJUnber denotes the flight envelope cllSe 

(11) the second number denotes the sub case, which d~~enda on CG position 

and variation of aerodynM.ic coefficients due to rnanufacturing · 

tolerances 

(iii) the lett-,r inside the parentheses denotes whether there is a pitch-

ing accaleratlon or not. 

To ensure that the correct set of lumred weights is used wit.ri any given set 

DATE 

DATE 

of lirt loa ds the following information 1a given, If tne s_econd rn.intber denoting , 

the sub case is {i ~~ ;}use the s et of ltlllped weights for CG at f ~: ~]· 
7 or 10 l32% c 
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II COMPUTATIONS 

The following calculations will be made for each case: 
5.r 

1) m = w/g a 

2) M .. Sum m print a 

3) s - Sum X JU a a 

4) I Sum 
2 - X m 
a a 

5) X - s/M print 
!I 

• 6) 2 
VM print X • g 

7) A .. x2 
Ill 

8) B 2 - A . X 
g 

9) (P) .. Sum p print 
a 

10) (xP) .. Sum xP 
a a 

11) X - (xP)/(P) print p 

12) u - (P)/M print m 

lJ) C - xpxm 

14) D - A - C 

• 15) E D/B 
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(l'f) XII 

(P) xp 

Ql ~ 
Q6 

where 

. *~ (•) 
2 

xg 

Q3 

(W) 

'1ia 

Q4 

.. Sum W 
a 

PREPARED BY 

CHECKED BY 

Xm"f 

Q5 

IV ADDrrIOt!AL INmRMATION 

xa will be given in inches, •a and Pa will be giv~n in lbs. 

Qa to be printed in kip units. 

Range 

2 
g .. ,386.4 in/sec 

of values 

-75 inches < X < a 

46,000 lbs < Sum if <. 
8. 

650 inches 

50,000 lbs 

-200,000 lbs < Sum P < 400,000 lbs 
8. 

200 inches < X < 225 inch11s 
!11 

275 inches < xg < JOO inchee 

50 inches < X < 512 inches p 

DATE 

DATE 
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