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TITLE: AGC-90C NODAL .ANALYSIS 

LOCATIOrS USED: 0000-0003, 0010-0147, 0530-0767, 2166-2207, 2310-2667, 
'3000-4577,4724-4736 and 6742-6777 are used for commands, 
constants and certain much used intennediate results', 
Basic data Is stored at ,7000-7455., Processed data is 
stored ut5000-6141. Intermediate results are stored at 
4600-4723 a.nd 4740-4777. The data location limits are for 
a maximum sized case of 30 bays, The co~nand location 
lim:i.ts include 6 subroutines as follows: 

IN,TRODUc'rION: 

AN-002 Fixed Point .Inpu~ 
AN-014 Floating Point Output 
RP-026 Tape,Punch 
AN-007 Var. Form. FIt. pt. Input 
AGe-85 Fix. pt. Whole No. Output 
AGC-189 Nul~ Search 

0010-0147 
0530-07'67 
2166-2207 
·2310-2507 
4400-4477 
4500-4577 

Th~s program assumes that a straight non-lmiform beam can be 
represented by a series of 30 (or less) bays. each of which 
is a.uniform beam. Station points are assumed at the ends of 
each bay; with a double station point (0 and 1) at the ~uter 
end or the first bay~, Half the mass properties of each bay 
arc:' as.~}ociated \-lith the station at each end of the bay. 
Essenti~lly, the problem must be set up as a series of 
elastically .interconnected point masses (or ,station points). 
The point mas~es can have both 'linear inertia (~~SS) and 
rotary: inerti~ (mass moment of inertia, MASS I). See Fig. l~ 
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A non-uniform beam. 

5 
I . 2. 3 . 4 1 
~ ~ I-~ j~ 
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Above beam represe~ted bw 8 bays, 
each of which is a uniform beam. 

,-Massless elastic 
\ 
\ 

\ 

connections 

r L·1 
~ 0 a 0 t (l). (1) Q 

'0 I 2. 3 + ~ & , .8 ! 

station points for above rep~esentation. . . 
. (Note: Sta. 0& l.are always 0 distance apart) 

,-Rigid massless rods 
f . 

. . . f '. . 

. L+' I '. ITt+- . r ,··tM, 

~~~~IP~ . ...tL4~ I,. ' .. 

.' 'T t~,·) -eM,)'. 

HOy1 the mass of each bay . is 
associated with the station points. 

Figl.l~e 1 
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Each station l-loint. is permitt.ed 2. degre8sof freedom: 
lateral t,r.::rl~~·J ~::tion, H ,and pitch, 9. Shear is Sand 
moment is H. ~·,r}}en the stru.cture being analyzed is vibrating 
at froquencyQ, we can describ~ the conditions nt Dome 
sta tic)}"; po~j nt i, by a 4 X 1 co1unl'"! vec l.or--

S 
M 
H 
e l 

It is }>ossiblc to relate the forces ar.d deflections 8.t 
statior. i + 1 to trIose ut, ct~ t ton i ~J a. 4 x 4 matrix 
Ai., thu~~--

S 

[ AlJ l< 

S 
M - M 
H 'H 
e t+. e t 

This matrix [At] is a function of l.en.gth L, bending 
st.iffr:eSf: EI, shes.r st1rf'nes~ KGA, 1 inee.r inertia HASS, 
mass morne!)t or inertia HAS:~, I and frequency in radians 
per ':8C. c.J. Everything but 6.) is k:l1O\1n. See form of fA .. ] 

. belo\!. 

r-- ' -
1+ U)'I.(tn"bn + ml2.bl .) 

l . 
OJ (m .. bit + m'1.bu ) 2 

CAl mil cJ(tl\HL, + mla.) 

.. ~ + CJ.)~ (mz, bu + mu. bz.) 1+ (,)t.(m21 b,t+ tnu b'l.2) e»2.m21 ,lA)t(m2ILl + mil) 
--. --_.-_ ... - ... -... -- -- - -_ .. .. ....... -- .... _- '" ~--"--'--' -- 1----.----,---f----------- . 

bll b,& I LL ----t -

btl bu. 0 I 

--- _ .. ______ •• _--L--____ _ . __ 

-",-._-- -

\!here 

Ml+ Ml,+t m,,= 2.-

Ml+,L'+1 - M\.Lt 
mil. = 4-

""'" _ Mi+1 L,"'I- MLLl 
'"2.1= 4-

rn = MASS' 1'4. + M~SS 'tl 
z.t. 2. 
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lL = length of bay t 

Mi. = mass of bay L 

Mass IL c: mass moment uf inertia ot b~y l 

El ~ bending stiffness of bay L 

KGA = shear sti ftness of bay t 

Continuing the previous line of thought--

s s 
~ = [A.] ~ 

o at e 

( Whe.re. . R is the: 'a~t statio" no.) 

Next, vIe must c:~:nsideir boundary conditions. In general, 
half of the four quantities S, I'.i, H ar;d9 will be zero at 
each end of the beam. For example, consider a cantilever 
beam (FIX-FHEl~;). 'The deflections, Hand 9, will be zero 
at the fixed end and the forces, Sand 1-1, Hill be zero at 
the free end. 
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M 
R-I 0 = 7T [A~J 0 ,,=() H 

0 e 
lit 0 

. Replace 

'iT [AL] lAII A'J by 
All· Arlo 1.=6 

. . 

~ (Hhere [Au.] is a 2 x 2 matrix.) 
o 

This is a set of homogeneous equations. It has a non
trivial 'solution only if~-

'The determinant of [A1J = O. 

A value of t-) tvhich satisfies this equation must be det€'mln~~d. 
This is dene b:r trial and error.' A guess is made for Wand 
the above detcrmiLant is cv~luated. The value of the 
determinant is called tI NULL " , because \·le attempt to minimize' 
or null:i.ry it. As vc.rj ous sequential values of (,J are tried, 
the algebraic sign of each ~:ULL is noted. Hh.en this sign 
chcnges, it indic:;. t€:s that the 1',!ULL vs. fA) curve has cros sed 
theW axis. Lir~ear ir.terpola tion is used to converge on the 
~ at tho' crossing point. 

Next, setting H = 1, 0 can be computed, thus establjshing 

S 0 
M 0 
H - I 
e e 

0 

Now, since (J is knm.Jl1, all the A l t S are known c.nd forces' 
end deflections can be computed for the rest of the stations. 
The Cal as determined in this l:c;,.y is one of the "r:u t.uriil 
frequencies" of the syst~m (in radians/sec.) and the forces 
and deflections computed using it represent the j1!ode sha.pe 
for that frequ~ncy. 

It: the ubovo, note that the 2 x 2 matrix selected from 
''IT A", is a funct.ion of tte boundary conditions. 
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RES TH.I CTIONS : 

Tbe 1'O\o/s correspond to ~ element§.. in 

S 
tI\ 
H 
e R , 

and the cnlunms corre~jpond to I!.Q!1-~ ~~ in 

S 
M 
H 
e 

c 

\ .. Then solvjng the Eiystem of homogeneous equations, one of 
the forces or deflections (unknm·ms) \·,as set = 1. The 
element in the row and column correspondine to th~~ 
force or deflection j s called nCHECI~II. It. ha.s· been 
found by practical experience that for a satisfactory mode 
shape, "CHECKIf should be at least 10~ x "NULL". 

'The program wil] handle structures which can be represented 
by a maximum of 30 bays, each of which is a uniform beam 
with its C. G. at its center. (See Fig. land san'PJe problem 
2). Boundary conditions are restricted to the following 
set~ 

Sense Switches On (do~~) 

D. 
C 
CD 

B 
B D 
Be 

Boundary Conditions. 

FI);-FIX 
FIY-PIN 
FIt-FREE 
PIN-PIN 
PIN-FREE 
FREr.;-FREE 

The highest numbered station goes with the first word of 
the. boundary condition .f,'uir. Thus, for a ·10 bay beam run 
with FIX-PIN boundary conditions, station 0 has a pin 
connection and station 11 is fixed. The hiehest bending 
mode that can be obtained with any kind of accuracy depends 
on the number of bays used in the representatj,on. As a 
rough "rule of thumb", it is suggested that the h:i.ghest 
mode attempted be less thana third of the number of bays .• 
Thus, for a 3G bay representation, the first 3 or 4 modes 
should be pretty good but the lOth one wilJ probably be 
rather approximate. To give the beginner at modal analysis 
some feeling for what is "good", if an experimental and . 
computed frequency agree uit.hin 1%, w€lJ'e delj ghted. If 
they disagree< as much as 10% we Ire a.ppnlled, and sturt 
looking for a mistake in the data or at least an€xplanation. 
Usually the lower modes are more accurate than the higher' . 
ones. 
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For oper::.. ting purposes, the various starts are sUIJh1lB.rized 
. graphi.cally· below' 

'Siart -, 
W 3000.0 

. Pa· ... t 1 : Data input 
.' '1 Start' 2-Reg. Start 

3153.0 3153.0 

3 3!'7,O 
Part :n".t RQduce. . row dcita 

333'7~o--Frequen r..y . seQrth 
",' 

;' 

ReCJ. Start ReC!, Start Stari -3 
(If unsoeteuful) (Suc.c:.essful) 

, 4010.0 ' 40,0,0 

Partm . Print mode shdpe • I . 

Reg. ·Start 

. 1. 'Set left margin at lC and, tab s tops at 16, 30, 46, 
62 and 78. 

2. ~.ead in program tape. 

3. Set SSB and sse according to the desired dataihput 
format as s:pown on the next f.age. (The. program ·'will 
stay in anyone format· unless the se~se switches are 
changed. Formats can .. be mixed. Sarrple problem 2 , 
uses all 4 tormats. TO'enter the next bay in aditrereDt 
rorm~t, chane~ the sense switches and press.start#l.) 



SSB sse· 

OFF OFF 

OFF ON 

ON OFF 

ON ON 

E 
G 

00000 
00000 

.BAY L 

10 
1 1 

E 
G 

BAY 

00000 
00000 

00000 
00000 

~ .. 

00000 . 
00000 

. BAY L 

20 
21 

00000 
00000 

0. 

BAY . L 

00000 
. 00000 

D· 

00000 
00000 

D 

00000 
00000 

. EI 

00000 
00000 

EI 

00000 
00000 

DATA INPUT FORMAT 

T 

00000 
00000 

.T 

00000 
00000 

KGA 

00000 
00000 

KGA 

00000 
00000 

MASS 

00000 
00000 

MASS 

00000 
00000 

MASS 

00000 
00000 

MASS 

00000 
00000 

EFF. D 

00000 
00000 

MASS I 

00000 
00000 

EFF. D 

00000 
00000 

MASS 
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4. After the sense s,.;i 1 ch~:s hc.ve been set, press start #1. 
The aVlJr0pr-1'!te hcndirGz \-d.;.1 be printed out. Enter E, 
G, EFF.D "'~d NASS 1 wi tb er.rriacle rE·turns. Enter BAY, L, 
E!, }\Gi., D. T and HAS:') wi t.il tubs. A 11 d.s. ta. except BAY are 
enterec. in M·007 fo~~mat. B1:.Y is un jnteeer in ANC02 
format. 

'fhe heac:iings have mennirJGs as fol] ows : 

E 
G 
FAY 
T ...., 

D 
T 
}U~SS 

:r~F:" .D 

2-
D 

= Yount;' s modulu~ of elD.D tiel ty, Ib./it:.
2
• 

= Shearinc modulus of elasticity, 1b./in~ 
= Bay r:umber. 1 E (An inte.~er) E 30 
-.. LE!nGtr, of' th{~ bay, in. 
.- Dj ameter of thp. ba~r (if' circular), in. 
= Thickness of buy' (tf

L 
thin circular shell), in. 

= r·1ass of bay, lb. sec lin. 
= .n diarnet.GI' used 1.0 co.lculu t(: the mass roomert 

of inertia of a c~rlindricb.l bay about one end 
uzin£ the formul.~ rc,r a homoe~neous solid 
cylinder. If the cylinder has a concentric 
hole of d:l.~~~e£ d arid the outside diameter 
is D, then ~ as u function of S can be 
obt<..ined from trw fol] owing tr..ble: 

EFF.D ---n 

0.0 1.000 
0.1 1.('05 
'0.2 1.020 
0.3 l.04Lt 

0.4 1.077 
0.5 1.118 
0.6 1.166 
0.7 1.221 
0.8 1 11 281 
0.9 1.345 
1.0 1~414 

" 

EI = Bendine stirfnesfi (or average bending stiffness 
of a nC"n-ludform bay), lb. in: E is as 
defined above and I is second moment of aren. 

KGA = Shear stirfnes~; (or average . shear stir.rnes~ Jf 
a non-uniform bay), lb. K is a constant 
de~endinc on the cross section (0.5 for thin 
circular shell) G is as defined above and 
A i~ cross section area. 

MASS I = The mass moment of inertia of Lhe bay around 
. ~. Ib t one ena, 1n. • sec. 

5 •. Bays ca.n be entered in any order and changed at any time 
without affecting the other bays. After the last bc..y has 
been entered, type "99" under BAY. Thi.s causes (;.9 x 10" 
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to be stored as D. flag at t.he end of the duta. (Actuaily, 
any number ~ 31 can be used, but. for the sake of unifonni ty 
and to avoid confusion with bay numbers, we always use 99) 
If a bay in the middle of the structure is changed later, 
~ UQi enter 99 again, since that would' cut ~he structure 
off rightaf'ter' the new bay. 

6, After the data has been entered,' and the paper adjusted (if 
necessary) sense switches sbould be set to establish the 
boundary condi tions. See the list under "RES'l'RIC'fIONS". 
The operator can then press either the reg~lar start or 
start #2. Only start #2 could be used if the data had 
been previously punched and re-enterf-d on the photo-reader. 
The machine will spend a minute or so reducing the raw 
da ta and re-storing it in a diffel;e!l,t, loca. tion. 

7. The program will then ask ~or INITIAL 'F, DELTA F and 
Fl1~AL F. 

1IJITIAL F = The first rrequenc~1', fo, in c.p.s. that 
we want to try. l\ormally, "Je try to ' 
select this so that it is lesf> than the 
desired natural frequency. 

DELtAF = The frequency increment, At, that we want 
to use'in the search. Thus the program 
will try in sequence fo, fo+~, fO+2Af, 
fOT-3Af, etc. (Unless of course a crossing 
is found bet\..,reen any of thes.e). 

FINAL F = An upper limit for the frequencies that we 
llant the machine to try. Normally we try 
to select this. somewhat higher than th~ 
desired natural frequency, The int..el'val 
(FIlfi~L F ~ 11-'J'l'IllL li') does no.t have to be 
an exact roul tiple of Dt:;LTA F, ii~ vThich 
case FINAL,F would p~ssibly not be tried. 

Enter these 3 quantities in ANOC7 form&t using carriage 
returns. 

8,' The,prograrn ",ill print 'out F, C.P.S., NULL'o.~d (Bound. Cond,)' 
If the operator forgets to set the sense switches (all ofr) 

, the machine will halt. Set svTi tches &nd press the regular 
start button. The progrcUIl will then proceed to compute 
NULL's for the series of frequencies speciried. Hhen a sign 
cha.nge occurs in the NULL's, the computer wilJ. start to 
converge on the crossing frequency using linear interpolation. 
For all the beams that the author h&s tried, the algebraic 
signs ,of the nulls, ~ the,first frequency, were 'as 
follows: 

FIX-FIX + 
FIX-PIN 
FIX-FREE + 
PIN-PIN 
PIN-FRE~~ 

FREE-FREE + 
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This can often serve as a useful guide \olhen searchine for a 
specific. frequency. For example, suppose one is looking for 
:the 3rd .PI~!-FRKS frequency of a beam. If +,he opera tor 
thinks that the 3rd frequency is about 20 c.p.s., he might 

, put in 18 fOl' IllI1IAL F· Suppose tha.t the firnt NUi ... L comes 
out ~ositive. This would tell him tha.t he's probably too, 
high, and should start hjs ses.rch,somewhat lower. Of course 
he als? might ~~allx be off in his estimate" and be between 
the 1st and 2nd frequency. See Figure 2 below. 

NULL 

FREQ 

Fig. 2 PIr-FREE NU~L plot 

Caution: Sometimos, if f is too coarse' relative to 
the distance between natural frequencies, 
convergence may be quite slow. In this, 
case, depress the stop button, then start 
#2. Enter new ]],;I'l'IAL F, DELTA F, (smaller 
than the old one) and FINAL F. Instead of 
pressing start #2 above, to 'avoid reducing 
the ravT data again, onc can manually' transfer 
to location 3337.0. start #2 was,!lQ1 set up 
to go to 3337.0, to avoid the' possibility of 
accidentally trying to run a new case ,,,;i th 
unreduced data.) 

The program decides that the convergence is satisfactory 
when NULL' becomes zero, or ''Illhen 2 succeeding values of, F 
differ by less than 10·" F.This means that sometimes 
seve.i.'>E:.l F I S are printed whi.ch look identical. rl'hey really 
vary slightly in the last few bir1ary bits, but still convert 
to the SE.me decimal number. Also, the . ,NULL 1.6 some'times 
behave a. little erratically nea.r the end. 'Illis effect is 
probably due to a certain randomness in the w,ay the numbers 
round off. 'ilie frequencies are not carried 'out to 11 figures, 
with any idea that they are tllut accurate. The object i.s to 
get a good match on the bound~IJr conditions. In general, 
anything beyond the fi.rst,3 ro 4 significant figures of the 
frequ ency are ll:~aningless. When a sa. tisfactory convergence 
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is attained, the machine carriage returns 3 t.imes and stops. 

9. To ,[Jrint. the mode sha.pe, adjust th'3 ~..Iaper (if necessary) e.nd 
press either the retu1ar start or start #3. start #3 could 
be used if the operator v.'anted an approximate m0Q.e shai-'e 
printed out before full convergence was attain.~d' •. 

/ 

10. After the mode shape has been printed, and the paper adjusted 
(if necessaT'lJ) pres~~ ing the reeular start \.rj 11 enable a new, 
frequency search to be started ltli thout reducing the raw data 
again. If start #2 is pres:::ed, this reduction \vill be made, 
wasting a Ii t tIe time, although it doesn I t, hurt anything. 
This reduction of raw data carJ also be eliminated by manually 
transferr~ng to location 3337.0. 

If the compl1.ter somehow tr&nsfers to location OCOO, it will 
stop at 0000.1 with the address of the place it.,)ransfe::sred 
from in . the accumulator @ 38. /, / --- / 

ll~ If it is desired to save the data for future use, it can be 
punched out. The folJowing table give storage location limits 
for all pos~:iible c[<'ses. In each case, the last 2 "lords' should 
be the flag, C.9 x 1099 In instructior~ for~t this is 
+64 5263.1-45 3702.0, +00 0000.0"';00 0244.1. 

No. of Bays Data Including Flag 
1 7000-7013 
2 7000-7025 
3 7000-7037 

'4 7000-7051 
5 7000-7063 
6 700(.-7075 
7 7000-7107, 
8 7000-7121 
9 7000-7133 

10 7000-7145 
11 , 7000-7157 " 
12 7000-7171 
13 70lC-7203 
14 7000-7215 
15 7000-7227 

. '16 7000-7241 
17 7000-7253 
18 7000-7265 
19 7000-7277 
20 7000-7311 
21 700C-7323 
22 7000-7335 
23 7COO-7347 
24 '7000-7361 
25 7000-7373 
26 700(-7405 
27 7000-7417 
28 7000-7431 
29 70CC-7443 
30 7000-7455 
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To use' such punched data, r/:.ad in' on phot.o-reader and press 
start #2_ . \·Je punch out thf: "raw data" rather than the 
'reduced de to." because the la t l~er is over . .3x as long as the 

. former; and the extra punching time would be longer than the 
time required to reduc~ it internaJ.lY. 

12.· For each boundary .condi tion, there :i s an al terna ti ve way of 
normal~.~ine the .anSHers. '111is' b.lternctive normalization can 
be achieved by_ manually Cho.nRlng commands as follotvs: 

FIX-FIX, Normali~ed on M FI~-PIN, Normalized on e 
Location Oommand Location Command 

4030 +34 4762.0 40.35 +57 4074.0 
+05 4760.0' +34 4766.0 

4031 

4032 

+35 4740.0 
+30 3154.0 

+35 4742.0 
+30 3170.0 

FIX-FR1~E, :fITor:nalized. on e 
Location Command 

4043 

4044 

4045 

+57 4074.0 
+344766.0 

-+05 4764.0 
+35 4744.0 

+30 3154.0 
+35 4746.0 

PIN-FIlliE, Normalized on e 
Location Command 

4C·60 

4061 

4062 

+34 4756~0 
+05 4754.0 

+35 4744.0 
+30 3154.0 

+35 4746.0 
+30 3170.0 

4037 

+05-4760.0 
+35 4740.0 

+30 3154.0 
+66 4040.0 

4040 +35 4746.0 
+30 3170.0 

PIN-PIN~ Normalized on e 
Location Command 

4052 

4053 

4054 

+34 4750.0 
+05 4750.0 

+35 4740.0 
. +.30 3154.0 

+35 4746.0 
+30 .3170.0 

FRI:~i-FREE, Normalized onS 
Location Command 

4065 

4066 

4067 

+57'4074.0 
+344746.0 . 

+05 4744.0 
+35 4744.0 

+64 4070.0 
+57 7760.0. 

4070 +30 3154.0 
+.35 4746.0 
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'CODIl\G 
INFORHATION: 18 (g: 39 

2 @. 38 
310 @' 38 
(6766)8 (gj 38 
10 (S 20 
1r /64 
-7r /4 
0.75 
-2.0 
4.0 
12.0 " 
0.9 x 10 
1.0 
(7000). Cb--:l8 
(5040)8 @ 18 
4 fIt. Vt. zero's 
8 (s 18 
10 @: 18 
20 ~, 18 
32 Ci 18 
2 ($ 18,2 ~ 38 
-3.0 
0.5 x 1099 

2'" 
(5040)8 ~ 18 
8 ~ 18 
0.5 x 1099 

1 X 10-11 

(5000)8 I~ 18 
2.0 ' 

~4E 
, -'1Y;f.G, 211" r 
12K @ 38 
(K = Bay No.) 
D 
-2T 
EFF'.D 
L, 4L2. 
Mil 2. 
D-2T, (D-2T t, (D~2T t 
D2 
F 
Ft - Ft-. 
sta. counter @ 39 
coord. ~ 
Check 
Mtx. Loc. A 
Mtx. Loc. B 
Mtx. Loc. C 
Reduced Data 
Raw Data 

3130 
3131 
3132 
3133 
~134 
3135-3136 
3137-3140 
3141-3142 
3143-3144-
3145-3146 
3147-3150 
3151-3152. 
315L. -3155 
3156 
3157 
3170-3177 
3274 
3275 
3276 
3277 
3300 
3302-3303 
3304-3305 
3324-3325 
3436 

.3437 
34~6-3447 
371/ .. -3715 
,3777 
4376-4377 
4700-47(1 
4702-4703 
4704 

470#)-4707 'Used in Part I 
4710-4711 
4712-4713 
4714-4715 
4716-4717 
472C-4721 
4722-4723 
4706-4707 ) Used in Part II 
4710-4711 
4700 } 
4702-4703 Used in Part III 
4704-4705 
4600~4637 
4640-4677 
4740-4776 
5000-6741 
7000-7455 
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Time' for Part I, DATA n';}JUT, is a function of otJera t.or 
skill. If the input format isn It charJged and tbe d/.:..ta 
doe sn I t have an absurd number of signi ri.can'l, figures, an 
operator can easily enter :2 or :3 beys per. m, rlute. 

On Part II, FREQUE;NCY SELRCH, the time to convergence 
depends on how vlell the II· I'l'IAL F and D~LT.A F were cboaen. 
Anyone frequency depe.,ds on the l.iurnber of bays in the case. 
A 30 bay Cf:.se requires about 1M 50S for each NULL computed. 
Convergence should be achieved in les~ than 15 or 20 lines 
after a cros[ing. ' 

For Part III, PH.I~Jll MODE SHAPE, the time should be roughly 
proportional to the number of bays. A 30 bay case requires 
lOrn 36' to print out a mode shape. 

Introduction to the study of'hircraft Vibration and Flutter 
by Robert H. Scanlan ar.d Robert Rosenbaum, Macmillan 00., 
1951. 

Fundamentals of Vib!:~ Analvsi§. by N. O. ~fyk1e~tad., 
McGraw Hill Book Co., 1956. 

Given a steel tube as shown, below in Fig. 3, Compute the 
first mode for all 6 bounda.ry conditions using a 10 bay 
representation. 

50" ',' , ~I 

'- co:= 
,'ID 

... -=~-====t--==.::::c:::==:J . 
Typical 

Fig. :3 

The data input and computer printout is shown on page 16 
to 22. Note that'since the ratio of inside to outside 
dia!neter, ~, ls 0.5, Eff.D = 1.118 x 0.25 = 0.28. 



r " c. 30-i-o 
G 12-1 .. 6 

3;\'( L D T >-';/.3S EFF 0 
r-, 
LJ 

1 2 0 0 25 o -/'2~ 1 ~ ~- 7 G.20 .00 ) jj)-
2 2 0 0 25 0 •. 0625 1335-1 'J.20 

3 ') 0 .•. 25 0 0 0625 1333-1 0 •. 20 ., 
J 0 .•. 25 o o:-:::·;~ l"~)~ -, 0.2u Lr -, -,j-.•. V~..J ...;..J../ 

S r 0 •. 25 o O:-:2~-: 1 '1'1:-- -, o 20 
-,I J ·e, '-' J J:J)-l ·0. 

d 0 0 .25 o 0,("2' 1 'I"~ 7 o 20 0 .• 10 J :J:J)- .. 
~ 

..... 0··.25 n O(.2~~ 1335-7 o o.2C) 
J 

v ........ J 

! , 5 0 0 .25 o n/..?r~ 1 ')" ,- 7 r
O
', r· <! 

v , .. ':~'- ~ .)j)- lJ.C:O 
.~ 

') 0.25 O.Uc2J 1335-7 r, 2(1 
';J u. u 
10 h; 0.,25 o 0<0;,- '1 jjj-7 0.2(; 

J 
o ';L) 

99 
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r--
1--;.-

P:3ge 39 

2.1 

c'omput(. with 
1TtA\1 eltmenh; 

Mo= -(3,1)/(3,2.) 

5.= 1.0 
Ho-THETA.=O.O 
tHEe K II (4,Z) 

[s 

26 

2.2 

Compute Wiih 
1TtAtl e\e.menh ~ 
THETAo'&-(3,1)/(3.4) 

So= LO 
M.~ Ho= 0.0 
CHE.CK:: (4,4-) 

Set S T A. A 0 @ 3 ~ 

23 

COl1\put~ with 
1l'(A\1 elernel'\-ts : 
iHETAo=-{3,3 )/(3,4) 

Ho= 1.0 
So = Mo I: 0.0 
CHECK.: (4,4) 

24 

Compute. with 
1TtAi) e.lemenh ~ 
lHETAo=-(Z,Il/(Z,4) 
So= 1.0 
Mo= Ho. 0.0 
CH t:CK = (3,4) 

4Q14.0 

Set coord. I!. = 0.0 

Print" SS ~ 4' 

HTR 

,2.5 

Compute With 
rrrtA\l elements: 
THETA.: -(Z,3)/(2. ... ) 

HoW: 1.0 
S. a I'll. = 0.0 
CHECK c: (3,4) 

Prlntl'F, C.P.S. NULL <:'H ret<.. ... .;:( To Boundat"y Condo Pr'nt Subr.) 
Print F) NULL, CHECK. 
Print If STA. X S M H THETA \' 
Print STA. e 39 i Inc rement STA. by ,@ 3 C) 

Priht 0.0, S. I Mo, Ho ohcl THETAo 
Initialile odd resses 
Shift [o,J into locations .s~artit1S 4600 
1$ (',I) e\em~.,t,> 0.5)(. JO~' ? 

No Vu 

30'1.0 

HTR Stad· 2 I 

420S.1 

5 S 

2.6 

Compv'e w\th 
1t (A,l elernenb: 
TH ETA:-(1.3)/(I .... , 
H.c t.O ' 
S. = M. = ,0.0 
C.IiECKc'(Z,4) 

402.00.0 

Fo ... m tAil Matri~ vec.tor mu \ti ply tAL] X ~ to get ~ Shift 1.+1 vector 'to\. loc. 

THETA l THETA t+1 
Increment Qddresses. Increme.nt c.oord. r:. by Lt. Print S1'A., Coord. z:. IS, M, H and THETA. -



Page ,8 

,--_--.1. ______ 3,z.O.a 

On ? ~-----------------------
,,(es 

on ? 
No 

3U3., 

on ? 
No 

3125.0 372.6.0 3'Z'.0 

c.ompote with Compute wi~h Compo1e. wIth 
'tftA~l ele.rne.n1 s : 'Tt[A\l e\e.m tnh ~ 'lH/'\il eleme.nts: 

NULL= NULL: NULL::. 
(3,1)(4,1.)-(4-,1 )(3,1.) (3,1 X4,4) -("I )(3,4) (3,~ )(4,0\-) -(4,'3X3)4) 

Store NULL in Nun Search Subrou'tin~ (Lot 10) 
Print FREQ. and NULL 

No 

37Z0., 

on ? 
Ye.s No 

3721.0 

1~ SSD on 
Yes 

.J1ao.O 

Compute. wah 
1T[Ail ele.ments ~ 

NULL:: 
(t,' )(3,4-) .. l3,1 )(2,4) 

3'733.0 

Print"SS?'" 
HTR 

3131.0 

Compute. with 
1t[Ai] e.\ements: 

NULL: 
(2,3){3,4)·(3,'3X2,4 ) 

3'76'" 

Set ac.cura ty :: U XIO,n) f'R E.Q. in Nu \\ Search Subroutine (Lo+ 6 ) 

c.ompute. with 
'IT[Ail elemenh: 

NULL:: 
(1,3XZ, .. )-(Z,'!)(I,+ ) 



Page 37 

Boundar), Condo Print Subt"'. 
4"33Z.0 

4333.1 

34 35 36 

B SD »c. 
415'.' -t"+.1 4372..a 

Print: Print: print: 
·PI N-P\N" "PIN-FREE" "fREE-fREE." 

TRA [Return) 



\V 
Start -z. 

3153.0 1 3153.0 

r------
r--~-:.:F* 

Set 16 e.lements of [001 startlng at 5000 
Initiqlile. addresses 
ShiH bays t and t+1 into 'oc. startinC) 4~OO 
Is l ~"I > O.S X. IO~' '? v I 

I 
I , ~--~~----------------------------~Ies No 
I , 
I 
I 
I , 
I 
L ___ Ji'-_+ 

- ----

3215.0 

compute "terms of (Oll 
Store ,n lot. sta rt inq 4640 
Shift [01.] 'to loco st~rttnq (5040) 
Inct'eme.nt 2 addr. by '2, 
Inc.rement 4- actdr. by 408 

Compute '~termS ~ [aft.,J ih lac:. start. 4640 
Initia\\i.e 5 oddr. usinCJ prt.v. C.Omp. addr. 
Set ,~t Z rows (a".,) in [5040+J; [5050+J 
Sei lasi 2 rows ta~,l h .. [5060+]; t5()'O+] 
stOrf. O.,~ \0" in [5'00+J 

( Whf.\"'t "." above \S Some ",,,,It'ple ~ 40.) 

3331.0 

.-----------....; ... ~ Prlnt INITIAL y"" 
333'.0 AN-OOl enter' I NlTIAL f 4 ~tore Nun Se.arch Subr. (Lo'" 2. ) 

Print'· DEL1A F" 

HTR I c: 3410.0 

'c'es 34\-O3.~ 

Is F > flN~L F + DELiA F ? I 
• 1'41!.1 

He) 

341+.1 

Compute w'l. tZ~F)l. 
Set tAo 1 in 1ftA.) loca1ion start. 4140 

r------ 1nitialize addresses 
... ~~t~ Sh,H tOiJ to toe. s1'Qrt. 4600 

AN .. 007 enter DELTA F. store Null SeQrch Sub. (L.+4) 
Store. (- DELTA F / % J in 342.' 
Print" FlNAL roo 
AN-001 enter fINAL F. Store FINAL F + DE~A F \0 341.' 
Print" f, C.P. S. . NULL ~ 
Print bound. condo wUh subr.~ See ",ext p09e.) 

CallinCj stquenc.i for Nun Search Subroutine. ~ 
Initiol en1ranc:.t. 
Seart,", e,nt .. an," 
Searc.h re.1urn 
final re.turn 

I Is (I,') element > 0.5 x \0" ? 
1 

"-_ ...... ~ ___________ yes 
I - No 
I 
t 340S~ 
I 
1 Compute. (ALl USil'\<3 0.)1. and [at) 
: (Store. in P'Qtct) 
I form t A,11f LA.). S~ore start.4b40 
: Sh\ it from 4'40 to 4140 
L-Ji::.:.:.;. Inc.reme.nt add .... by 40, ~ ________________________ J 40'0.0 3471.0 



3074.1 

cp 
1 
1 
1 

312'.1 ~ 
AN .. 001 enter EI (Tab); fST [G770 + 1Z8K ] -----i 
AN .. ·QOl enter KGA (Tab) ; fSl [61'2. t 'Z.K] ----1 

1 
I 
I 
I 

AN-OOl enter D (Tab) ; Store ; Compute. D 
AN-001 enter T ('TQb) j Compute. -2.T 
Compute. E1= ('11"/G4) E [O+-(D-l.T)+] j fST[10110+128KJ 
Compute. KGA = (-'tr 14) <7D (- ZT); fST [~11Z.+ Il,K] 
AN"001 enter M ('TQb) i FSl [6114 + l2,KJ 

I 
1 
1 
I 

c.ompute M /IZ. 
IS SSe. Q1"I ? 

No 

3U4.1 

AN·001 enter EFf. D (C/R) 

Yes 

---------1 
3111.0 ---------1 

-- -------------t 
I 
I 
1 
1 

r---------; 
31l5.1 l I 

AN-OOl enter MASS 1 (C/R) _______ J I 
fS T t G 11 b"" 128 K ] I 

I 
1 
1 
I 
I 

Compute MASS I = (MASS/IZ) [(3/4-)(EF'F. D)'"+4l?' J; fST [b'76 + l2.,K J 
______ J 



I Sto.-t-, 
i 3000.0 

C/R J C/R 
Is SSB on? .... N.;.;.o_---J-.... Print E. 

'(es 300'2.0 ~N-OOl e.,te r t (C/R ) 

~ 3012..1 

Print "BA'! 
Is SSE on ? 

Yes 

302.5.0 

L" 

Compute. (11'/''''' E. 
Print (7 
I\N-OOl ente.r G (C/R) 
Compute (-1t/+)G 

W 3012.0 

I 
No 

302.0.1 

Print "EI I Print"D T" I 

3032..1 
Pri ni .. MASS" L ... 3~O_32. __ • _I ___ ---' 

L Is S S C. o,",? I~N~o-----"" 
Yes 

304'.0 3035.0 

Print "'MASS I'" I l P r i ni .. E F f. D " 1 

'304'.1 30041.1 
30","'" r----.010.----------~----........ ,;,,;,,; 

AN ·00 2. e.n1e.1' bay no., K @ 18 ( To b ) 
Compute. ,2. K @ 38 
Is K ~ 31 1 

No ~$ 

3053.0 

Set addr. 4 more ~hQn loat MASS add .... 
Ob1al" o.~ X '0"; FS'T [ J 
C/p. , C/R , (./R, c/R 
HTR . 

• 306'.1 

Compute and store 6 addt"'o 
AN-001 enter L (Tab) i f'ST [676GtrZ,Kl 
Compute 4L'1 
Is SSB on '1 

~--., 
I 

r+--t 
• 
• I 
I 
1 
I , 

---. 
I 

+--' 

No 

30'4.1 

"\/ 
'fes 

312.1.1 o 

Pn.ge 34 

3153.0 

"\/ 



F~C.P.S~ NULL " CHECK ' FREE-FREE 

-t.'104658 + 3 -.000000 +0 -.306329 +12 
'"d 

STA. X' S . j\1 H THETA . 
~. 
VI 

~. 101491, + 0 
VI 

0 +.0000 +' 0 +.000000 +0 +.000000 + 0 +.100000 + 1 
1 +.0000 +'0 +.1064~2 + 5 . +.203311 + ~ +.100000 + 1 -.1014~1 + 0 
2 +.1000 + 2 +.1820 8 + ~ -.191191 + -.152211 -1 -.10112+0 
'~ +.1 ~OO + 2 +.7 18873 + -.~14203·+ 6 -.62193~ + 0 ' , -,. 1 32877 - 1 

+.2 00 +2 -.946852 -1- 4 -~ 42081 + 6 -.64977 + 0 +.103431 - 1 

~ +.~lOO + 2 -.26l2~3 + 5 -.g411 90 + 6 -.509201 + 0 +. 182052 - 1 
+. 00 + 2 -.41 01 + 5 -. 686~3 + ~ -.311344 + 0 +.20170~,- 1 

'-e 
+.5200 + 2 -.518417 + 5 ,+.2142 9 + 0 - .182118 + 0 +.200~1 - 1 
+06800 + 2 -.548689 + 5 +.5554e2 + 6 -.~3850~ - 1 +.191 38 - 1 

9 +. 400 + 2 -.~083g2 + 5 +.91~5 7 + 6 +. 7196 - ,I +.174157 - 1 
10 +.7000 + 2 -. 0-e~ 5 + 5 +.12 241+ + 7 +.ll4g13 + 0 +G1528~5 - 1 
1 1 +0-e600 + 2 -~25 03 + ~' +.160~88 + 7 +.2 4 ~3 + 0 +e 1200 2 - 1 
12 +. 200 + 2 -.729g

42 + +.1 7 08 + 7 ' +o3g06 3 + 0 +.820774 - 2 
1~ ,+.8800 + 2 +.142 54 + 5 +01l2700 + 7 +.3 9190 +'0 +.l~ 13743 - 2 
1 +.9400+ 2 +.3654g8 + 5 +.1 4007 + 7 +03813~5 + 0 +.769152 - 3 

~~ +.1000 + 3 +.5719 ~ + 5 +.14162
g 

+ 7 +.3673 9 +,0 -.2$0390 - 2 
+.1060 + 3 +.~~loO + 5 +.10637 + l +.3291og + 0 -.5 9104 - 2 

~~ +.1120 + 3 +. 14~ + 5 +0587777 + +.2-e210 + 0 -.e8~~Oe - 2 +.1200 + 3 +.906~3 + 5 . -.115930 + 6 +.1 6803 + 0 -. 1 1 - 2 
, 19 +.1280 + 3 +.9~O 38 + 5 -.8639~8 + 6 +.103~20 + 0 -.lr2f}3 - 2 20 +.1~60 + 3 +.$ 00~2 + 5 -.1 53 2 + 7 +.260 .11 - 1 -. r71 - 2 21 '+.1 30 + 3 +.,090 -e + 5 -.24121$'+ 1 -.403822 ..:. 1 -.5 31 - 2 
22 +.1500 + 3 +.50612 + ,5 -o304~0 + 1 -.931010 - 1 -.36 ~25 - 2 
~~ '+.1 ~10 + 3 +.10 l7~ +,5 -.343 89 + 7 -.125295 + 0 -.1 5095 - 2 

+.1 1+0 + 3 -.329 9 + 5 ' -.3500~1 + 7 -.1 32136 + 0 +.401617 - 3 

~~ +.1710 + 3 ~. 701020 + 5, -.3223 7 + 7 -.11449 + 0 +.259~0 - 2 
+.1-e80 + 3 -.~8071 + 5 -.26~241+ + 7 -.7~gg31 - 1 +.452 1 - 2 

~-e +.1 50 + 3 -. g754 + 5 -.18 875 + 1 -.1 ~9' - 1 +.603762 - 2 
+.1920 + 3 -. 0 101 + 5 -.1 07532 + l +.5417 0 - 1 +.703~61 - 2 

29 +.19~O + 3 -.401423 + ~ -·6~1119 + +.12f}l80 + 0 +.755 2.0 - 2 
30 +.20 0 + 3 -.722542 + '-. 9372 T 5 +.1 8720+0 +.1l0731 -'2, 
31 '+.2260 + 3 +.262008 - 2 . -.471728 - 1 +.355198 + 0 +.7 70 6 - 2 



I NIT I.C\L F 
DELTA F 
FINAL F 

F, C.P.S. 

+.10400000000 + 3 
+.10420000000 + 3 
+.10440000000 + ·3 
+.10460000000 + 3 
+.10480000000 + 3 
+.10465751224 + 3 
+.1046579~701 + 3 
+.10465796067 + 3 
+.10465795993 + 3 
+. 1 046579.59q 1 + 3 
+.1 oL~657959b8 + 3 

104.0 
0.2 
105.0 

NULL FREE-FREE 



INITIAL F 
DELTA F 
FINAL F 

F; C.P.S. 

+.61000000000 + 2 
+.61200000000 + 2' 
+.61400000000 + 2 

. +.61600000000 +. 2 
+.61443164666 + 2 
+.61443706522 + 2 
+.61443113144 + 2 
+.61443713361 + 2 

61 
0.2 
63 

NULL 

-.6rs305799B19. +11~ 
-.36462795948 +14 
-.66473510830 +1~ 
+.24152614371 +14 
-.83735085057 +11 
-.10234101700 +10 
-.33554432000 + 8 
-~ooooooooooo +0 

FREE-FREE 



FI C.p.S. NULL CHECK FREE-FREE 

+.31 1921 + 2 -.000.000 + 0 -.544833 +10 
'"d 

STA. X 5 M H, THETA· ~ 
I\) 
'-0 

0 +.0000 + 0 +.000000 + 0 +.000000 + 0 +.10000.0. + 1 -.277323 - 1 
1 ,+.0000 +'0 +.165422 + 4' +.747220 + 4 +.10.000.0 + 1 -.277323'- 1 
2 +.1000 + 2 +.~65220 +4 -.167201 + 5 +.722414 + 0 -.27724g - 1 

~ +.1 ~OO + 2 +. 39478 + 4 -.495272 + 5 +.5025a~+ 0 -.17056 - 1 
+.2 00 + 2 +.5197~9 + 4 -.895201 + ~ +.3~82a + 0 ,-.130.283 - 1 

~ +.aloa + 2 +.~929 2 + 4 -.13722l + +.2 43~3 + a -.1080.61 - 1 
+. 0.0. + 2 +. 557~~ + 4 -.19198 + 6 +.1480. 7 + a -.~~479a - 2 ,e +.5200. + 2 +.701] + 4 -.232e7a + 6 +.9210.47 - 1 -. 3992 - 2 
+.~800 + 2 +.721478 + 4 -.275 28 + 6 +.394372 - 1 -.823122 - 2 

9 +. 400. + 2 +.lI6221 + 4 -.32021g + 6 -.930326 - 2 -.le1729 - 2 10 +.700.0. + 2 +. 8880.7 + 4 -.~64,14 + 6 -.536276 - 1 -. 338~ - 2 11 +.~6aa + 2 +.642225 + 4 -. 0.630.3 + 6 -.93287~ - I -.~~103 - 2 12 +. 200 + 2 +~~78801 + 4 -.445~20 + 6 - .12]01 + 0 -. 8897 - 2 
~a ,+.8800. + 2 ,'+. 98616 +' 4 -.480. 8~ + 6 -.154216 + 0 -.37~8a5 '- 2' 

+.9400.,+ 2 +.4081
g
8 + '4 -.51110 + 6 -.1~4794 + 0 -.27 637 - 2 

~~ +.10.00. + 3 +.31g~ t$ + 4 -.53~8a8 + 6 -.1 8~9a + a -.1530~3 - 2 , +.10.60 + 3 +.21 49 + 4 -.5~ 677 + 6 -.194 9l + a '-.221 7 1 ~ 3 
'~~ +.1120 + 3 +.1499t$3 + 4 -.5 6C$~2+ 6 -.1~22a + 0 +.112506 - 2 

+.1200. + 3 +.11 ~24~+ 4 -.5186 0 + 6 -.1 0.8 6 + 0 +.lb032~ - 2 
19 +.1280. + 3 +.'80 26 + ~ -.581624 + 6 -.1646~9 + 0 +.2~a58 - 2 
20 +.1~6.0 + 3 -.132446 + -.5683~4 + 6 -.1448 3 + 0 +.2 t3784 - 2 ,21 ' +.1 30 + 3 -.4~0t342 + 4 -.5 42 3 + 6 -.12440g + 0 +.30]302 - 2 
22 +.1500. + 3 -.7 0240. + 4 -.~44465 + 6 -.10045 +0 +.34liO~2' - 2 
~~ +.1~10 + 3, -.991591 +,4 -. 8~9o.l+ 6 -.733657 - 1 +.~7l6g - 2 +.1 lio + 3 -.11"1714 + 5 -.40 084 + 6 -.~3~a?l - I +. 0 78 . - 2 
~~' +.1710 + 3 -. 11 ~07o. + 5, ~.323100 + 6 . -.11 4l - I +.4~0724 - 2 

+ • .1~80 + 3 -.10 176 + ~ '-.2354l9 + 6 +.2184 6- 1 +.4 9ae3 - 2 
~~ +.1 50 + 3 '-.625 22 '+ -.1520 2 + 6 +.56283~ - 1. +.4618 0 - 2 

+.1920 + 3 -. 63299 + 4 -.798l2~ + 5 ' +.91 0~97 - 1 +.469644 - 2 
.29 +.19~a + 3, -.~0141~ + 4 -.2~9 ~ + ~ +.125 20 + 0 +.47~319 -2 , 30 +.20 a + 3 -. 7899 . + ~ ~.4 0$ 1 + +.15949a + 0 '+.47 321 - 2 

31 +.2260 + 3 -.300.705 - +~222 54 :- 2 +.25525 .+ a +.474119 - 2 



INITIAL F 
DELTA F 
F lNAL F . 

F" C.P.S. 

+.30800000000 +2 
+.31000000000 + 2 
+.31200000000 + 2 
+.31191969374 + 2 
+.31192132100 + 2 

·+a31192132843 + 2 
+.31192132851 + 2 
+.31192132846 + 2 
+~31192132844 + 2 
+_31192132844 + 2 
+_31192132843 + 2 

30 •8 
0.2 
32 •0 

NULL 

+.41130164224 +13 
. +. 20593853071 -+13 

-.86149955585 +11 
+.17884174400 +10 
+.157286~0000 + 1 
+.13107200000 + 6 
-.39321600000.+ 6 
- •. 13107200000 + 6 
-.13107200000 + 6 
-.13107200000 + 6 
-.00000000000 + 0 

FREE-FREE 



E 30+6 
G 12+6 

BAY L 

~~ 8 
8· 

19 8 

E 40+6 
G 16+6 
BAY L 

20 '7 
21 7 22 7 
~~ . 

7 
7 

~~ 7 
7' 

~A 7 
7 

29 7 

BAY L . 

30 20 
:99 

D' 

18 
20 
22 

D .' 

24 
24 
24 
24 
24 
24 24 . 
24 
24. 
24. 

EI 

1.8+9 

T 

o. 1 
0.1 
o. ·1 

T 

0.05 
0.05 
0.Q5 . 
0.05 
0.05 
0.05' 
0.05 
0.05 
0.05 '. 
0.05 

. KGA. 

1.3+7 

MASS 

0.05 
O.O~ 0.0 

MASS 

0·75' 
0.75 
0.75 
0·75 
0·75 
0·75 
0·75 
0.75 
0.75 . 
0·75 

MASS 

0.12 

EFF. D 

22 
28 
30 

iv1ASS I 

41 
41 
41 
41 
41 
41 
41 
41 
41 
41 

MASSI 

10 

tU 

~ 
I\) 
.....:J 



BAY L EI I-\G,~ tviASS i'-1ASS I 

·10 1+9 o. 1 4 

E 12+6 
G 5+6 

BAY L D T MASS EF·F. D 

2· 9 4 o. 1 0.03 5 
~ 9 7 o. 1 0.05 9 

9 10 0.1 0.07 ~6 5 9 13 O. 1 0.09 

BAY L ·EI KGA ·MASS EFF. 0 

6 6 2.5+9 3+7 0.13 16 

~ 6 2·5+9 3+7 0.13 16 
6 2.5+9 3+7 0.1 ~ 16 

9 
r 3+9 3.5+7· o. 1 16 0 

10 6 2 •. 5+9 3+7 .. Q.13 16 
1 1 6 2.5+9 3+7 0.13 16 
12 ·6 2.5+9 3+7 0.1 ~ 16 . 

~~ 6 3+9 3.5+7 o. 1 16 
6 .2.5+9 3+7 0.13 .. 16 'U 

15 6 2.5+9 3+7 0.13 ·16· ~ 
16 6 2·5+9 3+7 0.13 16 N 

~ 
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EXAl4PLE 2 

Page 24 

, Oi \-en a. non-uniform, beam a.s sbowrJ in the ·30 bay representation 
,shown ill Fig. 4, page 24. Compute the first :3 FRE~-FREE 
,modes. This' exa'::nple represents and entire:,Ly fictitious. 
multi-stage missile, ,and is introduced to illu~tra te' all " 

o 4 possible dcta input forma.ts wi tho 0. maximum sized case. 

The d~ ta input a.nd computer prirltout is ~hown on pages 24 
o to' :32. 



INITIAL F 
DELTA F 

·FINAL F 

F~ C.PoSo 

+~19810000000 + 2 
. +~19830000000 + 2 

+.19850000000 + 2 
+ .•. 1 9837.076316 + 2 
+ .•. 19837094447 + 2 
+619837094495 +.2 
+ .•. 19837094496 + 2 
+.19837094495 + 2 
+~19837094495 + 2 
+.19337094495 + 2 

F; CoPoSo 

+.198371 + 2 

STAo v 
i\. 

0 +.OOQO + 0 
1 +00000 + ° 
2 +.5000 + 1 

~ +01000 + 2 
+01500 + 2 

6 +02000 + 2 
+.2500 + 2 

l +.3000 + 2 
+.3500 + 2 

9 '+04000 + 2· 
10 +01~500 + 2 
1 1 +.5000 + 2 

19.81 
0 0 02 
19099 

·I'.\ULL. 

-0762939 - 5 

S 

+.000000 + 0 
+.803JOg + 0 
+ •. 19392 + 1 
+02175~7 +.1 
+01649 ~ + 1 
+0610280 -I- 0 
-8610286 + 0 

. -. 164911-9+ 1 
-.21753l + 1 
-.19392 + 1 
-.SO@103 + 0 

7 ('07 0 -.0 1 (0· . - U 

FREE-FREE 

CHECK FREE-FREE 

. -. 129856 + 5 

[\1 H THETA 

+0000000 + 0 +0100000 + 1 ~.902124 - 1 
+.181241 + 1 +0.100000 + 1 -0902124 - 1 
-03]6002 + 1 +~547826 + 0 -.~00313 - 1 
-011+8152 + 2 +0113843+ 0 -ed2050~ - 1 
-026845a + 2 -'Q25356~ + 0 

L r 1 -ooa21oo -
-03~689l- + 2 -.501°7 + 0 -Q31-5038 - 1 
-03°7408 + 2 -0588526+ 0 - 090949~ -11 
-0350927 + 2 -. 5OJOl8 + ° +06450~ - 1 
-.251521 + 2 -0253~ 3-+ 0 +0 321 6 - 1 
-.131+563 + 2 +0 113 ·4~.c~+- 0 +.0.82°503 - 1 
-0220311 + 1 +0547820 + 0 +.0.90031 ~ - 1 
+0.1 °7902 ' .- 7 +0.100000 + 1 + .• 902 12' - 1 



INITIAL F 
DELTA F 
FINAL F 

+.13600000000 + 2 
+ .•. 13100.000000 + 2 
+ .•. 13688161109 + 2 
.+~1368832354~ + 2 
+ •. 1368832384 + 2 
+ •. 1368832384 + 2 

F; C.P.S. 

+~"1 36'883 + 2 

STA.- X 

0 +.00.0.0. + 0. 
1 + .•. 0.000. + 0. 
2 + .•. 5000 + 1 
~' + .•. 100.0 + 2 

+, •. 150.0. +_ 2 

~ + .• 20.00 + 2 
+.:250.0 + 2 

A 
+ .• .30.00 + 2 
+~'~500 + 2 _ 

fO + .. 000+2-
+ ... 4500. + 2 

11 +.0.500.0 + 2 

13.6 
0.1. 
20.0 

NULL 

-.88068269253 + 2 
+.J1826424122 + 2 

- -.16452503204 +0 

::~~~l1~§1~~1 : ~ 
-_ .. 0000000.00.0.0. + 0 

NULL CHECK 

-.000000 + 0 +.146839 -+ ~ 

S M 

+.0.0.0.0.0.0. + 0 +.0.0.0.0.0.0 + a 
+-3987fF + 0 +.0.917675 + 0 
+.100.5 9 + 1 --lr913 + 1 
+"1241~ + 1 -·.:7 3~r5+ 1 
hl1g~ + 1 - ... :1 0. 62. + 2 
+.·75 07 + 0. - .•. 201479'+ 2 
+.1~3917 + 0. -.:241659 + 2 
-.4 901~ + 0 -.25170~ + 2 
- •. 105

A
1 + 1 - .•. 227

A
7 + 2 

':' •. 152 30 + 1 -.171 9 + 2 
-o.IA847l + 1 ~.9,14 3~4. + 1 
- ... 1 50.7 + 1 +j1212 9 -9 

PIN-FREE 

H THETA 

+.10.0000. + ·1 -0769272.- 1 
+ •. 10000.0 + 1 -.76g272 -I 
h614~~1 + 0 - .• 76 537 - 1 
+ ... 238 3 + 0 -ol293l5 -; .1 
- ... lo.4~7o. + 0. -·0· 325 0 - 1 
-.383 70. + 0. - .• 475769 - 1 
- .•. ~721g~ + 0 -~.2~ 1319 ~ 1 
-.0. 510 + a -: •. 4 83- 2 - 2 
- •. 615866 + 0 + .•. 180130 - 1 
-.47~072 + 0 + .. ~66805 - 1 
- .•. 2~ ~o.5 + 0. +.0 90751 - 1 t'd 

- •. 11 99 -11 +0.534159 - 1 ~ 
l\) 
l\) 



. 1 NIT IAL F . 
. DELTA F 
FINAL F· 

F; CoPo·?o 

+~8760bOOOOOO + 1 
+~88000oo0000 + 1 
+.87858064286+ 1 
+087858465517 + 1 
~.87858465702 + 1 

F, CoPoS o 

+0878585 +. 1 

.STAo X 

0 .+00000+ 0 
·1 +.0000 +0 
2 +05000 + 1 

~ +01000 + 2 
+0'1500 + 2 

a . +.2000 -}- 2 
+02500 + 2 

l +03000 + 2 
.+0~500 + 2 

9 +. 000 + 2 
10 + .• 4500 -}- 2 
1 1 +05000 -}- 2 

8.7 . 
0 .• 1 
10 0 0 

NULL 

NULL 

-0000000 + 0 

S 

+0100000 + 1 
+0~l572,2 + ° 
+0 0211 + 0 
+.6~8~40 + ° 
+.04 8 90 + 0 
+.0154539 + 0 
-.1~4~39 + 0 
- ... 48 40 + 0 
-o6~85 0+ 0 
-.oB 0211 + 0 
-,.965722 + 0 . 
~ol 0000 + 1 

PIN-PIN· 

CHECK. PIN-PIN 

+0887585 + 2 

M H THETA 

+aOOOOOO + 0 +0000000 +.0 -0477421 - 1 
-08097~5 - 1 -0000000 + 0 . -· •. 477421 - 1 
-05113 1 + 1 -02~4770 + ° -.4~l}O~4 '- 1 
-096456~ + 1 -.4 6~5~ + 0 -03 62 2 - 1 
-o1 323g + 2 -0614 ~ + 0 -.280621 - 1 
-0 1 ~52 1 + 2 -07225.8 + 0 -o147~31 - 1 
-.01 2988 + 2 -07597~2 + 0 . - 0.1 ~3 77 -1 1 
-.154760 + 2 -ol22~ 8 + 0 +.1 7~31 - 1 
-.131~84 + 2 -.0. 14 36 + 0 +0280 21 - 1 
-0~51 66 + 1 -0446559 + 0 +o~86242 - 1 
-. 9~~58 + 1 -0234770 + a +.0. 54054 - 1 
+~.6 5 . 36 -1 a . -.B185l}5 -10 +.477421. - 1 



INIT'IAL F' 
DELTA F 
FINAL F 

r' CpS 
r ~ .' ••. 

+.31000000000 +1 
+.32000000000 + 1 
+ •. 318543866~6 + 1. 
+.31856077202 + 1 
+.3l8560805~5 + , 
+_31856080501 + 1 
+.3185608°562 + 1 
+._31856080563 + 1 

F" CoPoS o 

+.318561 + 1 

STA. X 

0 +.0000 .+ 0 
1 +~OOOO + 0 
2 +05000 + 1 
~. +.1000 + 2 

+.1500 + 2 . 

~ +.2000 + 2 
+.2500 + 2 

3 +.3000 + 2 
+0~500 + 2 

9 +.Ll-COO + 2 
10 +.4500, +.2 . 
1 1 . +.5000 +.2 

NULL 

. NULL 

. - _.1 4551 9 -1 0 

5 

+.000000 + 0 
+0249081 -1 
+.710~~~ - 1 
+ .. 109 b + 0 
+.141526 + 0 

. +.0-166224 + '0 
+01844·11 +- 0 
+ ... 196727 + b 
.+o2040g9 + 0 

. + .. 2014 1· + 0 
+ .. 20°360 + 0 
+.0208360 .+ o· 

F L<-FREE 

CHECK FIX-FREE 

+0 150897 + 1 

r-1 H THETA 

+.000000 + 0 +0100000 + -0 274330 - 1 
+0607382 - 1 +.100000 + 1 -.271~330 - 1 
-.160~56 - 1 +08627~O + .. 0 -.2743!~ - 1 
-oll-43 33 + 0 +.7260 2 + 0 -.21 19b '.- 1 I'd 

. -.100410 + 1 +0~~1551 +·0 -.2b5305 - 1 ~ . -0172300 + 1 +. ~o177.1 + 0 -.0.252l10 - 1 
-.2~6~11 + 1.· +03400~1 + 0 -0232 77- 1 I\) 

0 
. -o~ 1%30 + 1 +02302 ~ + 0 -0204820 - 1 
. .:... 48742 + 1 . +. 1 36 ~ 1 . +0 -.1 67844 - 1 
-.~5130? + 1. . +06 ~~ 16 - 1· -.121~10 - r 
-.055320 -{- 1 +.1 029 ~ 1 . . -.0.6.55 77" - 2 
-.759506 + 1 +. 195541 -10 .. .-1:-.255795 -12 



I i\11 T I AL F 
'DELTA F 
FINAL F 

r- C.PoS. r , 

+'. 1 3600000000 
+0131~OO~xJ09 
+0 13oQ77Jc~Oo 
+ .•. 13qQ7799Q71 
+.136977;:;9<;>73 
+013607709272 

...... 
j'.. 

+ 2 
+ 2 
+ 2 
+ 2 
, ·2 T 

+ 2 

o +0000::: -:- C 
1 
2 

5 
b 

1 
() 
."\ 

';/ 
10 
1 1 

i\iULL 

- o83230~-1-~ 137 
+0 11 § 1 :j62~?b~ -
-0100°5435.°10 -1 'J9/ ,~C'~ .. i/ 1 .-"" -0 J O/.Oj~Ul'j 

lJ . . _/', 1 2' . - ""\ '" +0 .-0)00 0 {jU 

+ e OOJOJOC}JCOC -~-

-:-. 00e,Ooe1 ~-i- 0 

1 
1 
L~ 
() 

(; 

a 
./ 
'0 

+ 11 ?":'!~l -',- ?_ o ._ ;;,,-1'~ 

. F I .>~ - P I (.J 

i 
"/ 



INITIAL F 
DELTA F 
FINAL F 

F, C.poS.· 

+~"1 96'00000000 + 2 
+ ..... 19100000000 + 2 
+ .• J 9500000000 + 2 
+~19900000000 + 2 
+::..19835221683 + 2 
+ .•. 19835215381 + 2 
+ ... 19835215386 + 2 
+ .. :19§35215386 + 2 
+ .. J 9835215386 + 2 

F, ·~.p..S. 

+~'l9B352"+ 2 

STA. X 

0 +.0000 + 0 
1 +.0.0000 + 0 
2 + .. :5000 + 1 

~ + .•. 1000 + 2 
+ ... 1500 + 2. 

~ + .. :2000 + 2 
+ .•. 2500 + 2 

e + .. .3000 + 2 
+ ... ~500· + 2 

9 + .•. 000.+ 2 
10 + ... 4500 + 2 
1 1 + .• 5000 + 2 

NULL 

-.000000 + 0 

S 

+.100000 + 1 
+~:1 00000 + 1 
+.o'854~02 + 0 
+ .•. 05 23 + 0 
+ ... 542135 + 0 
+ .. .191420 + 0 
,. ... ·llt1420 + 0 
- ... ~ 2135 + 0 
- .•. 0~943 + .0 

. - ... 95 602 + 0 
~ ... 100 00 + 1 
- ... 100000 + 1 

FIX-FIX 

CHECK FIX-FIX 

-.472896 -

M H THETA 

+.110842 + 2 +.000000 + 0 .:1'".000000+ 0 
+ .. ~11 0842 + 2 + ... 000000 + 0 + ... 000000 + 0 
+ .•. 594659 + 1 - .•. 218455. - 1 -;.;795880 - 2 
+.o.9~8416 + 0 -"-1.1 75 10 - 1 -~ •. 1125~~ - 1 
- ... ~ 2~2 + 1 -'.0 27216 + 0 - .•.. 1029 - 1 ~ 

"' •. 04 ~o + 1 - •. 16ltPl + 0 - •. 604781 - 2 i - ... 1001 0 + 1 -:.:18 3 + 0 -;.682 21 -12 
- .. 093993 + 1 .,. •. 16913l + 0 + ... 604~81 - 2 

... 
Q') 

- .. .305120 + 1 - ... 12721 + 0 + .•. 102 84 -·1 
+.oj 1~~08 + 1 -.•. £ 1 e~ 1 0 - 1· + .. J 12~$3 ~ 1 
+ ... 60 20 + 1 -.e. 1 ~5 -1 . +'''l~5 ° - 2 + ... 1.10842 + 2 - ... 732 1 3 -10 ~... 5068-11 


