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ABSTRACT 

A mathematical model of the M3 Tripod Mount for the M2 Machine Gun 
was developed by the Research Directorate, Weapons Laboratory at Reck 
IslAnd to study the dynamic response of the tripod when it is subje ted 
to force excitation due to a firing machine gun. This model was used to 
construct a digital computer program capable of predicting tripod motions 
and stresses for any reasonable firing situation. The program output 
consists of time histories of parameters that describe the motion of the 
gun barrel, and maximum stresses in the tripod legs. The program input 
comprises elevation and azimuth angles of the gun, properties of soil at 
the emplacement site of the weapon, degree of tripod leg extension, and 
a forcing function generated from the output of the USAWECOM computer 
program for the M2 gun. 

The Finite-Element Method is the basis for obtaining the solution. 
By use of this method, the tripod is modeled as a three-dimensional 
elastic atructure whose mathematical model is four interconnected beam­
columns that, for the purposes of solution, are divided into nineteen 
finite-difference elements. The mathematical model of the soil is a 
linearly elastic half-space with point loading at the surface. The 
system of the resulting equations of motion was solved by th e Gauss-Seidel 
Iterative Technique. 
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SECTION 1 

INTRODUCTION 

The objective of the work effort reported herein was the development or 
a mathematical model of the Tripod Mount M3 that 11 compatible with the 
mathematical model of Machine Gun M2, this latter being a product or 
USAWECOM, The modeled system include.-: both the tripod and the ground on 
which the tripod is emplaced. The purp0se of the modeling is to develop 
analytic means of predicting the tripod's dynamic response to a force 
excitation arising from the firing of the gun. 

Once developed, the mathematical model of the tripod was then used to 
construct a digital computer program for the purpose of generating numerical 
data on the dynamic response sought. The resulting computer program 11 
intended to serve as an. analytic tool for studying the effects on gun 
operation of such variables as the degree of leg extension, barrel attitude 
(elevation and azimuth), and the type of soil at the emplacement site. 

Although the computer program as listed in Appendix B strictly applies 
only to the Tripod Mount M3, it is general enough so that it can be 
quickly converted to a program for a whole class of other machine-gun 
mounts. All that is necessary for the conversion 1s a change of certain 
internal constants, 

The computer program is based on mathematical models of the tripod and 
of the soil that supports the machine gun during firing. The tripod is 
ideal i zed as a three-dimensional structure consisting of three beam-columns 
(the two rear legs and the front leg), and one beam (the traverse bar). 
The finite-element approach was employed, which means that for the purposes 
of solution the tripod was divided into 19 beam-column elements that were 
treated as clamped one to another, except at three junction points and at 
the three feet where the tripod is in contact with the ground. Each such 
finite element was considered as possessing six degrees of freedom at each 
end- three rotations and three translations. This finite-difference 
treatmeu ~ takes into account the flexural, torsional and compressional 
properties of the tripod legs, and inertial effects of both the tripod 
mass and the machine-gun mass, as discussed in more detail in subsequent 
sections. Linear elasticity is ass·..imed to hold everywhere and for all 
times. 

The soil model employed is somewhat limited as it represents soil 
behavior in the linear and elastic range only, It is known that when this 
particular weapon · s fired on certain types of soil, the ground reaction 
forces exceed the soil's bearing capacity, and the tripod feet will sink 
into the ground as the gun continues firing. However, the current state­
of-the-art of soil mechanics 1s such that it is not even remotely possible 

1 
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to make analyt ic pred i ctions of plastic soil di splacements due to loads 
dynami call y appl ied by odd-shaped bur i ed bodies. Therefore the computer 
program i ncorporat es the onl y presen t ly-avai l ab l e e l ast i c model of soil 
that was de veloped primarily fo r analyz ing foundations for vi brating 
machinery. 

The computer program was construc t ed by usi ng t he Gauss-Seidel 
Iteration Method to solve the many simultaneous equations of motion for 
displacements at ni neteen di screte po ints of t he tr i pod. This information 
is then further processed to produce an output cons i st ing of t i me-histories 
of gun-barrel elevat i on angle and displacement of the f eet . and time 
histories of peak stresses within each one of t he t welve e l ements that 
can be expected to be more severe ly l oaded than ot hers. 

The inputs required to run this program f all into two categories: 
geometr ical data and the forcing function. Most of the required geometrical 
data are built i nto the program as int ernal constant s; t he onl y external 
inputs are the l engths of the fi ni te element s s i nce t hey depend on the 
degree of ext ensi on of the tripod legs. The f orci ng function that must be 
specified consists of two t ime-dependent fo r ce vec t or s and one moment. 
The computer program wi l l run on any arbitrar ily-sel ec t ed fo rc i ng function. 
However. to achi eve any degree of reali sm i n the pr edicted dynamic motions 
and st r esses . t he forc i ng func i on must r epresent the i nt eraction forces 
and moment s be t ween the tripod and t he machi ne gun . One of t he f orces is 
t he pintle pin r eact i on. the o he r -- e evati ng- mechan sm reacti on ; the 
momen t is appl i e at the pi ntle, and it acts a bout an ax i s par alle l to 
the ba r rel cen t erl ine. 

The comput e? output shown i n Appendi x C was obta i ne d by usi ng a forcing 
fUnct i on generat ed f rom output of a par ti cul a r run on the USAWE ~OM's computer 
program f or Machi ne Gun M2. 

The subsequent sect i ons of t his r eport a r e concerned with t he descri p­
ti on of the mathemati cal mode l s of th e t r 1po and he soi l (Secti on 2) ; 
detai l s of i nput and output are given i n Section ; equations of motion 
f or i ndividual f ini t e element s of tr ipod . as we l l as for so i l . are li s t ed 
i n Secti on 4 ; and Section 5 exp l ai ns how the equat ions of motion are 
assembl ed i nt o a system of equati ons. and how t hi s system is programmed 
fo r sol ution on a digital comput er. 

Appendi x A is an operations manual for t he compu t er pr ogram. givi ng 
i nstruct i ons on how to prepare the i nputs and how to i n erpre t th e output. 
Appendix B contains the complet e l i st i ng of program i n FORTRAN for the 
IBM 1130 digital computer. Appendix C presents a s ample of out put format, 
and f inall y, Appendix D present s a few typi cal de r i vations of equati ons 
listed i n Section 4, 
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PPCfti PJ'19B 9[ THE NIKP16IJCAL r«>pEL 

1cr be1 the uth ... tical aodel that 11aulate1 the 
aupporttna th• aachine IW\ in a r1r1nc 1ituat1on. 

• ot he r1pod r.cunt and the 1011 underneath it. 
1y • 11 di1c 11ed 1eparately. 

3, 1hovn 1n Fleur• l, ror the purpo1e1 or analy111 
in ha 1t 11 a11eed to con1i1t or 1epentally 

oncentr ted ma11e1. Th• distribution of the1e ma•••• ia 
1ur• vh1 h also indicates the division of the beam parts or 

n o r n tee eMnts that are e11ent1al to the specified method 
n. F 1w-e also ah vs t e 1lobal coordinate system employed 

an1..ya ·• • he or lnate axes are uaumed to be fixed to the ground 
he -plane co i nc ides v1th the surface of the local terrain 
or may not be hor izontal ) . The Y-axis -- vh1ch .. a1n may or 

e vert. .cal -- initially ( 1.e. before the gun 1a fired on the 
n h spar 1cular location) passes through the le1 confluence 

The eavy, nWDbered lines n Figure represent the centerlines of the 
tubular ega an or the raverse bar. The numbers vithout parentheses 
are uaed o l abel the so-called nodal points vhich indicate the beginni111 
and the end or any particular finite element. The numbers 1n parenthe••• 
are uaed to identify particular finite elements. Thus ve 1ee that the 
tr pod m de va postu ated to consist of 19 elements, actually the number 
or elnen s 1n o vh1ch any gi ven structural system may be divided is rather arbitrary as it depends only on two comnderat1ons: 

a the capacity of di1ital computer available, 
b ) the requirement that all el ements be not shorter than four 

diameters (Ref. 2) . 

In order to achieve the hi ghest accuracy it 1s preferable, if the 
computer capacity permits it, tc divide a structural system into the 
lar1e1t number of element ■ consistent with requirement (b) above. Thie 
ia vhat vu m re or le11 done in sepent1ng the subject tripod, except 
that some elements, as ve shall see later, turned out to be shorter than 
tour diameters. 

Nov a rev comments about 1dent1fying the nodal points on the actual 
structure of the tripod. Points 1, 16 and 19 are the p 1nts of inter­
aection or the le& centerlines w1 ~h the top surface of their respective 
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feet. Points 7 and 10 are the intersection point s bttween centerlines of the t raverse bar and l eft and right rear l egs, re spe . tively. Point 4, the so-called leg confluence point, is actually t he intersection of the rear leg centerl i nes with the centerline of the tapered vertical pin of the pi ntle. The centerline of the f ront leg does not actually pa1s through point 4 1 as can be &~en in Figure 1, but this sl i ght di screpancy is dis­re1arded in t he formation of the mathematical model because it would unnecessarily burden t he computer programming, 

The l ogic of posit ioning the res t of nodal poi nts is based on the requirement that any finite element must be uni form throughout its entire length 1n both mass deris·ity pe r lineal i nch and i n area propert i es, From this it follows that any discont i nuit i es of l eg cross-section must be located at nodal points . Thus, f or i nstance, points 2 , 15 and 18 may be aasi1ned to the locations where the out er tube of the respective leg terminates; po i nts 3, 6 and 9 may be ass i gned to locat ions where t he tele1coped inner tube of the leg termi nat es i nsi de 1t s respective out er tube, More about this wi ll be sai d i n Sect i on and Appendix A. 

In Fi gure 2 the circles around nodal po1nt s 1 1 4 , 7, 10, 16 and 19 indicate t he location of concentrated masses si nce in t he finite-element approach all material t hat i s not di str i but ed along t he fi nite elements must be l umped and app l ied a t t he nodal po i nts . This f ac t was taken i nto cons i derat i on when segment i ng t he t ri pod -- cert a i n nodal poi nts were pos i t i oned at t he approximate C,G,-locations of t he l umped messes, Thus the l umped masses at points 1, 16 and 19 represent t he tripod feet; the mass at poi nt 4 consists of t he pin t l e and t he t ripod he ad assembly, plus part of the mach i ne gun; the mass at poin t 7 1 s t he fi xed s .~eeve; and the mass at poi nt 10 consists of t he s li. drng s leeve and i ts s top. 

All nineteen elements of t he t ripod model a.re assumed to be l inearl y elastic and posseaa no structural damping (wh i ch , by the way, 1s quite ne1li11ble compared to that of the soi l) . The ends f element s that form junction po i nts were t reated as be i ng const rai ned as fo llows : 

l l Elements (4) and ( 7 ) are hi nged so t ha t they can rotate f ree ly about an axis perpendicular to t he plane of t he rear l egs. A moment connection, however, exi sts about t he Z-axis . 

2 ) At points 7 and 10 e l ements ( 10 ) and (13 ) a r e hinged about axes perpendicul ar t o the plane of rear l egs . However , moment s about the ot her two axes can be transmit ted between t he tr averse bar and t he rear legs, 

3 ) At poi nts 1 1 16 and 19 el ement s (1 ) , ( l ) and (19) are cons t rained by around reacti on components as shown 1n Figur e 3, At t hese three points all six de1rees of f reedom are possib l e . 
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Figure 3 also indicates the external forces applied to the tripod durinc 
the firing o f t he machine gun. These are the traverse-bar force, the p1ntle 
force, and a moment applied about an axis pass i ng through the horizontal 
pintle pin and at r i gh t angles to it. More detail on this subJect is 
presented in Section 4, 

2. 2 Soil Mode l 

Mathematical modeling of so i l to simul ate the dynamic response or a 
(for all pract ica l purposes ) semi-infin t e mass of particulate matter under 
a rapidly fluctuating point load is a very difficult problem for wh1 ~h no 
satisfac to ry solution has been found in the literature. Although consti­
tutive equations for various types of soi ls under dynamic l oading do exist, 
general Jy they are rather complicated and do not l end themselves easily to 
application to problems of practical i nterest Specifically, t here are 
currently no analytical methods nor empiri cal formulas that could be 
empl oyed in estimating t he contact forces and moments between the ground 
and a tri pod foot such t hat the followi ng would be fully accounted for: 

a l dynami c loading of a per odic nat ure, 
b ) a comp licat ed geome t r i c shape of the burie part of the foot 

(i .e t he spade us the web ) , an 
cl plast i c yielding of he soi . 

True, there are methods n existence fo r es imati ng the load-bearing 
capac ity of ui di ng foundat ions on both cohesive and cohesionless soi s, 
bu hese me hos have severe im a ons when i come s to app ly i ng them 
t he problem a hand bec aus : 

a ) Foun at1on-eng i nee r i ng ormulas a re good only fo r statically­
applied loads . 

b) Foundations are usua 
t he problem becomes t vo-dimens iona. 

rea a h ree-d1men ional p r y-

as 1nf ini e l y-long bodies so that 
metho s cannot be used to 

as a tri pod foot. 

Me hods and ormula have een he specific purpose 
of est imat ng the so-call d fai ure loa a '" foundation w l be 
o the ve rge of si nki ng or i lting. Wha ha pen when such a failure load 
is excee e • 1 . e ., wha i the s ubsequen t f orce- i sp~acement-time history 
for an ove.rloade foun dat ion , is a sub ject tha i nt erest a 
fo undat on de s gner. Consequen tly , fo rce-dis acemen - t me relati onships 
have never been obtained f or si nk i ng foundati on or for other buried or 
partly-b~ried bod i es penetrat i ng the soi l . And i t is prec i sely these 
relat ionsh i ps for the post-y i e l d regime of so · ls that is needed fo r esti­
mation of t he soi l-tri pod i nt eract i on fo rces. 



In view of the above defic1encie1 in the current state-of-the-art ot 
soil mechanics, i t was decided to incorporate i nto the computer program 
the next best thing available -- a set of expressions taken from Ref. 1. 
These expressions have been derived for calculation of vibration amplitudes 
of heavy machi ne foundations subJected to vibratory force excitation. 
These expressions are for eq\Uvalent 111&11 1 spring constant and da1hpot 
constant of a lumped-parameter 171tem 1n which the••• 11 that or the 
foundation plus a certain portion of 1011 next to 1t; and where the 1prina 
and dashpot constant, represent the linear response of a 1emi-1nfinite 
expanse of soi l to dlaplac .. nt and velocity of the foundation . The 
derivations are baaed on the &11WDptions of linear elasticity and linear 
damping, and of soil's hom01eneity with respect to all 1ts properties. 
Thus we see that the expressions for aprina and daahpot constant,, k and c, 
are limited to t he linear elastic ranee of soil's behavior, and therefore 
cannot possibly be used to predict any residual di1placement1 or the tripod 
feet in case the foot-so i l contact forces exceed the 1011'1 bearina capacity. 
The fact that these expression, were used i n the pro1rammina means simply 
this : no matter how soft the soil, no matter wha . the ammunition used and 
no mat ter how long the f i ring burst, the computer output will indicate no 
esidual di splacements at any of the feet. 

The formulas fork and c that are listed i n Ref, 1 come in four sets, 
each set for a disti nct mode of excitat ion, as f ollows: 

l ) vert ical, 
) ho r i z. :mtal 1 

3) rocking (about an axis lying in the plane of contact between 
the foundation and the soil), and 

4 ) torsional (about a vertical ax i s). 

Modes (1) and (3) above induce primar i ly compres s i ve soil stresses at the 
soi l-foundation interface, whereas modes (2 ) and (4 ) induce shear stresses 
at the same int erface. 

Express i ons for all four of tile above-menti oned excitation modes are 
l i sted in Section 4 for the case of circular foundations. This geometric 
shape is the best avai lable approxi mat i on to the actual conf1gurat1on of 
the tr i pod feet, which i n addit i on to the circular planvi ew al10 have 
vertical proj ections (• spades ) whose effect on the effective mass and 
spring rate of the soil cannot at present be analyt i cally assessed. 

2,3 Scope and Lilpit&tigns 

The tr i pod-soil model and the resultant computer program accounts 
for the following: 

l) Variation i n section properties of the tripod legs along their 
length (i.e., it recognizes the fact that the inner tube and the outer 
tube port i ons thereof have di fferent cross-sections). 
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2 ) ng uf he l eg 
s o e " f rt her 1 s cu ·se 

·rea en 
e n ) . 

f he e e-

3J egree f leg ex ension ( 1,e., fu l y extended or f lllly retracted l egs . plus t hree i ntermediate d1screte pos1 t1ons). 

'l'ype of so nderneath the tri pod l egs, 

5) £ e vati on an azimuth angl e s oft e gun ar r el . 

Lifting of the f ront l eg off the groun e ch f1n ng cyc l e. 
ur ng a portion of 

7) he 1nteracti on between the tripod and the weapon is simulated to a 1mited extent by adding the gun's mas t o the l umped masses of the r ip d a t wo l ocat i ns (such as po nts and l • fo r i nstan e. which orrespon s to the case of a zero azimuth an1 e l . 

F llow1ng 1s a 11st of t he mos i mportant deviations from the actual physi cal ys tem t ha t was mat hematically mode ed. Wit hout these s1mp fyi ng a sumpt1ons t he modeli ng would have been har ly pos s be withi n t he s cope of this program. 

1) Back ash in al hi nged connec t ons was as ume be zero. 
2 ) The fle xural proper e f he tr 

equa t o thos e of the leg e ements ad a en 
Fi gure the sect ion proper ti es of e l ement of he respect ive outer tubes c f the l egs. 
is reduced to a umped mass . 

were ta.ken t o be 
o t a shovn i n 

( 3 ) • ( ) and ( 7) are those 
wh ile the ripod head itse lf 

3) The traverse bar 1s 
li nes of the rear legs -- wh 
be somewhat l onger than i t n 
momen i n the rear l egs ue 

o span the 1stan e between center­
that the t raverse bar was taken to 

s . n th at he l ight tor s i onal 
a . me~ · o r verse bar is neg ected . 

The beam-co l umn i nte r action 
it would be most significant : r ough 
compressive loads 1n each rear eg w l ar.:o nt 

n the rear l egs where 
that the peak 
han % of the Eu e column buck i ng l oad . From this it an e nc ed t hat he column 

deflections due t o 
oa sin the egs wi ll have vi r ual y no e ffec t on l eg eam ac t ion. 

5) Azimuth ang. e in he nput cannot 1fi e at any ar 1t rary val ue . As dictat ed by t he n1te-el emen t me tho • fo r es external t the st ruc ture must be applied a t nodal point s only . i nce he t raverse bar is di vided nt o fou r equal - l ength e l emen s , t here are only t hree noda points internal to the travers e bar. and t ey are at f · xe _oc at1 n wh ch means that the traverse-bar react i on can be app id on y these three points on the bar, Thus the only azimuth ang l es ava1~able f or computer i nput are 0° and± 14°55•, 



6) The effect of gravity forces on the motions of and 1tre11e1 in the tripod are ne1lected 11nce the dynamic forces due to sun barrel recoil predominate, beins an order of m .. n1tude hi1her than 1ravity rorce1, For this rea1on there will be no difference in computer output whether the tripod 11 emplaced on a slope or on level ground, 

71 The calculated tripod foot di1placement1 w111 be perio41c and, at the end or the r1r1ns burst, will show no residual value■ -- i .e., there vill be no 1n41cat1on or 1ink .. e into the 1round and/or rearward ploushing. Thia 11 because of the nature or the 1011 model u1ed, rememberins that this model po1tul.ate1 linear elut1c behavior or 1011, with no restrictions on peak values or applied forces, 
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E 101/ 3 

OUTPUT AN 

This section spells ou the type of output generated by t he cm •r program, and specifies the i nput required in order to run the pro1ru, 
. l Output Generated 

The output generated falls into two categories -- geometrical varia ea relat i ng o the stability of gun dur i ng firing, and the peak dynami c va uea of stress in the tripod legs. 

The geometric output var i ables are de fined by Figure ; althouah e p ogram at every time step generates 414 bits of i nformation assoc 1a e wi th he 9 nndal points, printing out such a mass of data would serve no usefu purpose. Only the followi ng geometrical vari ables are considered to be of pract · cal i mportance in assessing the operation of the tripod­wea on system, and are thfrefore printed out . 

~1me from i niti at i on of the explos i on of the propellant charge in • e fi;;-"roun of a particular firing burs t ( time is the one and only i n en t vari able ). 

2 ) sp acements and velociti es (a t e very time step), i n the three oo rdinate di rect i ons, of t he midpoint of pi nt l e pi n and each of hree tripod fee t (i ,e x , y , z and x , yi, z for i • 4 , 1, 16 whe re enotes he 1fidexiof the nodi l point? . 

~ e evat 1 n ang e , f , as meas ured rom he i i t i a gun b efore f ring has s ar t e . Thi s vari abl e s bes 1n ca o r of he e ffec t of moun t res i i ence on gun 

sing hree columns on the output ime step, re es o he dynami c tresses n e hree r1 gh -hand- most columns, 

- ... ...., ..... n.1.11n._b_e_r. s number indicates he part i cu l ar finite the peak stre ss was determine . The e l ements sub j ected sis n thi pr gram are the four center-most elements of eg, he f our enter-most e ements oft e ri ght rear leg, s of he traverse ar, he r ont l eg i not stress­much l ess severe y loade d th an the rest of 
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2) Peak comb1~ed stress. Printed ~ut oppos i te each element number is the peak combi ned b~ress 1n that e ement Th is value represents the maxi mum compressive stress due to flexure with the axial compressive stress superposed. 

3 ) Location of peak stress. This value i s the distance from one end of tr.~ element at which the peak stress value (appearing in the preceding column) occu : .; in this particular '!lement . The distance is always measured in the posit :ve Z-direct ion on the trav ·se bar, in th~ g~neral positive X-direction along both rear legs. 

3. Input Regulred 

This section lists and describes al of t he inputs necessary for operating the computer program. Some of these input var i ables are defined 1n Figure 5; all of the vari ables are de fine d verbally i n the same order as they are ent ered on the input cards. 

1 ) I nc uded an&l e from front to rear le&s~ 
in Figure 5 , and always remai ns constant at 13 
constant. 

A?lile a i s defined 
i t is a t ripod 

2l Front eg a91le of ki nk. y ( AM ). Pos itive direction of~ i s shown i n Fi gure 5 , 

Fi xe d f ront - l eg length from pint l e . ~h s s another t ripod cons t an t , always set equal to 6. 111
• It eno·es he distance between he leg ~onfl uence poi nt an d the front l eg hi nge. 

Ti me increment. t( A l . This is t he ndependent variab l e u ed 1n obt a n ng the output; a va ue of . 0 e. i s re ommended. 

5) E ement number, (LL ) , iden f es the part 1 ular finite e e~en , ( ) hrough ( 19 ) . 

Leng h 1 ( E ) . . his 1s l e eng h o~ · e p r ti cu ar fin · e e emen ( LL ). The var ious eng hs , wi th the r hos e for e1emen s of he t raverse ba r , are var1ab ea on he degree of eg ex ens1on . 

o, 
odal poi nts at which c nc entrat e mass es are 1 cat ed: 1 , and 9 , 

one en rat ed mass 1 ~I A!-. ) . These are tl e values of the con­cent rat ed mass, i n bs , as oc a ed with eac h n0da p .n· n It em ( ) above. 



Figure '5 : 
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9) Mass moments of inertia. JX. JY. JZ (AJ) . These are the maaa momer.t s or i nert i a of the concentrated masses, taken ab~ut the three or·thogonal axes in the global system whose origin is located at each part i cular nodal point l isted 1n Item ( 7). Thus, for 1natance, for the rear le f t fo ot: JX 1s the moment about a diametral axis lyinc 1n the upper surface of the foo t d1ski J Z -- about a similar diametral axis at right anglesi and JY is the pol ar moment of inertia about a vertical axis passing through the center of the foot disk. 

10) Additional concentrated mass due t o gun. This item represents the int roduction of the gun mass into the mass matrix of the tripod, and it consists of two numeri cal constant s. One constant, WTP • 72,l lbs, 1s the portion of the gun's weight that is statically supported by the tripod at nodal po i nt 4, The other constant , WTT • 9,2 lbs, 11 the portion of t he gun's weight supported by the elevating mechanism. The particular nodal point (1 2, 13 or 11.) at whi ch this l at ter mass is lumped is deter­mined by the input value ~f a zimuth angle. 

The following five items (11 through 15 ) constitute the only infor­mation that is required for 1dent1f1cat i on of the soil, and for the subsequent evaluation of the soil's aprinc rate and dampin, constant. 

11) Rad1µs of toot disk r 1 (RO) . This al way s equals 2.30 inches, since 1t represents an i nvari at1e d1mens1 on of the t r i pod foot. 

12) Soil density Pe (RHO) , 1n (lbs / 1n 3). 

13) Po1sson's Ratio v 1 (AN of the so i l . 

14) Void ratio e 1 (EJ of the 011 . 

15 ) So i l type. IG. For angu~ar sand or cohesive soils the 1nd1cat or I mus t be taken as l; for round-g l· ~1ned sands, I • 2. 

16) Ip1t i al gun elevation ang le. ¢ (E E , As shown in Figure 5, ~ i s the angle between the cente rl1 ne 0 ~f he ba rrel and the XZ-p l ane, a&~ i t constitut es t he reference from whi ch one of the out put variables -- t he change in elevation angle, ~. -- 1s measured. ~ -values may range continuously f rom +5. 6° to - 14°. oa 

17) Initial gun azimuth angle \AZIM). The values entered here must be cons i stent with the nodal-point locations mentioned 1n Item (10): the only admissible azimuth angle val ues are t hose wh i ch correspond to the elevatinc mechanism's pos1t1 on at nodal poi nts 11 , 12 or 13, 

18 ) Elevation mechanism set t i ng1 V
0

• Thi s is the verti cal distance between t he centerline of t he t raverse bar and the ·ent er of pin that Joins t he elevat ion mechani sm to the gun rece i ver (see F11ure 5), 



The next tive iteu, (19) throuch (23), have to do vith spec1tyinc the rorcinc function. 

19 l naa, troa 1n1 t1at1on ot the tirat rowid fired 1n a burst. The value■ entered here (up to 50 entr1•• are admissible) are tbe d11crete time 1n1tant1 at vbicb tbe CCllJIOnent1 or the rorc1nc tunction (It .. 19 thro\llh 22) ■Ult be known. 

20) Pintle torce1 'Su!' the in1tantaneous value of the dynamic inter-action tore• betvHn the receiver and the pintle pin, located 2.05" above nodal point 4 (1ee Fi1ure 3). It 11 entered as a discrete--J>01nt tunction, a■ are allot the torc1111 function components. 

21) IEIYID! bH tors•, ~1• th• in■tantaneous value of the dynamic interaction tore• between the receiver and the elevating mechanism. Ita direction 11 alvqa uauae4 to be vertical. Also note that, a■ shown in Fi1ure 3, Fp and FT alvqa lie in the same vertical plane. 

22) f1ntle '91051 He 11 the reaction couple due to feedinc of the -un1tion belt 1n t • IUD· 

23) Apfl• ot ytiop tor piptl• tors,, s, is the instantaneou, value ot &n1le betvHn the pintle tore• vector and the XZ-plane (see Fi1ure1 3 Anc1 -~•7). 

In addition to allot the above-enumerated external inputs that have to be entered onto data carda, the pro1ram embodies a considerable n\llllber ot ipt•EBtl input, in the tor■ ot permanently stored constants. Thie internal input con111t1 ot the tolloviq: 

l) Youna'• Modulu■ tor ltffl <• 29 x ~0
6 Pll l 2) Shear modulua tor 1teel l• ll x 10 ps~l 3) Weiibt den1ity ot steel l• .285 lbs/ i n l 4) Section propertie1 for every one of the 19 finite-difference el•enta, n .. ly: 

a) cro11-1ectional area, 
b) area 110111ent of inertia, 
cl torsional con1tant, and 
d) out11de rad1u1 (i.e., one-half or the OD of the leg or the traver1e bar). 

Specific detail• on input preparation are p:·esented 1n Append i x A such as the required input format, hov to specify t he el ement lengths once the de1ree of le1 exten1ion 11 chosen, etc. 
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SEC'l'ION 4 

EQUATIONS OF r«>TION 

A basic feature of the finite-element technique 11 the tact that the equations of motion for the individual finite element■ au1t be u1eabled 1n matrix form before subjecting them to s1multaneou1 1olution tor accelera­tions at the nodal points. Thia section is primarily concerned with listing, without derivations, of expressions that are the bu1ld1nc block• of matrices that constitute the equations of motion tor all po11ible de1ree1 ot freedom of each element. 

4.1 Equation• of Motion for Tr1po4 Qpent, 
In the moat 1eneral case, the equations of motion for a finite element of prismatic shape may be written in matrix notation u follov1 (Ref. 2). The below expression i s bued on a treatment of the finite eleMnt from ' the beam-vibrations rather than the wave-propacation standpoint, lq. (l) 1s essentially a statement of forced vibration of a beam wherein the rotary inertia and transverse shear are neglected. 

(l) 

Here the subscript (D re fers to End l of the element• 10 that a formally identical equation may be written for End 2 of the laM element. 
In Eq. (1) ~."and, s~and.for square matrices, known as ma11, dampinc and stiffness matrices; and .i.c, i.. and i.. are the column matr1ce1 tor generalized accelerations, ve!ocities ana displacements. Andi, 11 the column matrix fo r generalized fo rces applied at End 1 of the eliment. 
The terms of the mass and st i ffness matri ces are listed in the follow1nc two subsections (4. 1.1 and 4, l . 2 l . The damping matrices for all tripod elements are assumed t o be i dent i cally equal to zero, since -- as already mentioned -- structural damp i ng of st eel was considered ne1111ible as compared to so i l damping. 

4.1.l Elements of Mass Matrix 

The expressions appearing i n t his subsection were obtained from Ref. 2, a sample derivation of one of t hem is presented in Appendix D. 
Consider a prismatic element (typically, a segment of a uniform be1111) subJ ected to all manner of forces and moments at both ends, and accelerating as a result of the action of all t hese applied forces and moments ( Fi,ure 6). 
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The direct ions of force s and m men .., as hotJn .in Figure 6 are all positive; posit ive moments are defined by the right-hand rule throuahout all 1ub­sequent analysis. 

Now, each one of t he t welve generalized forces acting on the ends of the fi nite element cons i s t s of t wo component s : one of the con1ponents
1 denoted by superscript m, equilibrates the 1t.ert1al forces within the element; the other component, denoted by supe r script k

1 
equ1Jibrateu the elastic forces wi thin ·he element tha t are c1n:,ed by differences in dis­placements at the t tJo ends of the element. 'h· .: 

• ♦ 

,k 
'xl 

( 2) 

Th1s subsection 1s concerned with listi ng of all the inertial components of F. 's and ~\ 's assoc iated tJith both ends of the finite element. These comp6nents are seen to depend only on the lineal density m (mass per inch of length), the length of element L1 and the acceleration in a particular direct i on as measured at t he end of the element. Figures 7 and 8 are supplied as an a1d in 1dent1 fying the articu ar mode of inertial load.inc with the force-accelerati on expre s i n as .ioc1ated with it . The si1n con­vention fr f rces, m men , d1 a emen s an le r derivatives, as well as the labe l1 ng f t he t wo end 1 1n Figures 7 and is identical with t hat of Figure " , 

Figure Ja: End rea 
(al l other acce l era 1 n 
e i her as sta tionary, or 

r111 
xl X 

= 

Figure 7b: E~d rea on 
(agai n, all other ~

11
• and 

F.m 
xl = - m 

X 

r111 = - mL X 3 X 

a.x a 

due a.x a 
' s are ~ero 

an 

accel eration at End 1
1 6 

End ~ thus may be cons1!~red 
ve i ty): 

( 3) 

a c l era ion at End 2 1 6 
X 

( 4) 
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Figure Jr: End reactions due to tran1ver1e acceleration at Ind 2, 

(8 ) 

11 2 •. 
• 21() mL 6z2 

Figure 8a: End reactions due to a torsional acceleration at End l , 

.JI! l (JL) 8•• M a ~m -A x2 o x l 
(9) 

x 2 ' 
Figure 8b: End reactions due to a torsional acceleration at End 2 , 

.JI! l (JL) 8 Mxl '" i m A x2 

(10 ) 

Figure 8c: End react ions due t o an ngular accel eration ab~ut Y-axis , eyl ( at End l) : 

11 2 .. 
• 2M mL yl 

(11 ) 

~ ·-_j__mL3·· 
y2 140 yl 



F1gure 8d: End rea t1o~s due o an ang l a r a _e l erat1 n a out Y-a.x1 s
1 e

12 
( at End 2 J: 

11 2" fl1 • ~m.L 
zl 420 y2 

F"1 • 
z2 

t.f • 
y2 

ll.. 2 •• 
210 mL ey2 

Figure 8e : End react1ons due to an angu ar o e er tl 
8 zl ( at End l) : 
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Figure 8r: End r eac t1 ns e 22 ( at End 2) : 
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l 3 •• = m mL z2 
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about -ax1s, 
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4.1.2 Elements of St1ffness Matrix 

Expressions appearing in this subsection were derived thro\llh the 
transposition of some standard stren1th-of-material1 equation• that are 
readily available in a mult1tude of sources, 

The expressions subsequently listed are for the elutic forc~JrCCIII• 
ponents acting at both ends of the finite element (the ~ 1

1 1 and ,ri1
1 1 

of Eq, (2)), These force components are to be interpretea u the en~ 
reactions resulting from differences in displacements and rotation• between 
one end of the element and the other, Hence they are function• of only 
the element length and section properties, and the impressed di1plac•ent1 
or rotations at either end of the element, Fi1ure1 9 and 10 are supplied 
for the purpose of ident1fy1ng and defining a particular mode of elutically 
straining the element with the force-displacement expre11ion uaociated With it. The sign convention in these figures is again identical With that of 
Figure 6. 

Fi1ure 9a: End reactions due to axial displacement, 6xl' only: 

(15) 

Figure 9b: End reactions due to axial displacement, 6x2, only: 

( 16 ) 
p.k • 

x2 

Figure 9c: End reactions due to transverse di spl acement 6yl' while 
end rotations ezl and ez2 are constrained to remai n zero: 

~l • (~)6 
L3 yl 

~2 • -(.bill.) 6yl 13 
( l ) 

~l 
: (.w.) 6yl L2 

~2 • (ill) 6yl L2 
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F'igure 9: ELASTIC FORCE COMPON2NTS DUE TO LINEAR 
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F gure 9 ·; r. 
~ .. ! .. . 

• ... . -.. end ro a on. :; 
flt. ..e ,, _ 

w ., z 

t.k • - ( ~ ) .Yl ,Y 2 

F.k • (lil.!. y y 

r.f • - (.L) z 
L y2 

r.f • - (.!!.) ;: 
L y2 

Flgure 9e: End reactions due t :; r&nsverse l - ll fflen • z ! • wh1 e end rotat 1on 
yl an are o . r a i ne t o rema:, zer y 

F'k • ll2EI) 6 zl zl 

~ & - (L.ll) z 
L z 

( 9 ) {1 = - (fil) 
zl 

~ y zl 

F'i1ure 9f : End reac i on ue t o rans ve r se rota ions 
y l and are con ra ne to rema ·n y 

F'k = - (lm.) z 
L :: 

~k = (l....ll ) r 
z z 

~l 
= ( _g, 

L z2 

r.r\ .. (m 6z.2 y L2 



F i r e 10a: End reac 1on1 e to anc ar acem n • xl' a out 
e or 1 na a.xi 

~l • (~) 
L xl 

(2 ) {2 
GJ • - ( - ) 

xl L 

P11ure b: End reactions due to ancu ar 1spl a emen • , about 
~rs1 onal axis: 

me n 

:.f GJ • - (-) xl L x2 

(' 
X 

& ( ~ ) 
L X 

.F~••u~r_e;...,:~c: End rea tions due to end rota on z and z2 are constrained to remain zero : 

~l " - ( ~!I J eyl 

r1< . ,w., 
z2 

1
2 yl 

{1 • (4~1) eyl 

{2 • (2~! ) eyl 

F11u.re lOd: End reactions due to end rota on ~ents zl and 6z2 are constrained to remain zero: 

~ l = -(£!!.) 
6y2 L2 

~2 = (£!!.) 
ey2 L2 

{1 = (ilrJ 
ey2 L 

~2 
.. (fil) 

6y2 L 
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F11ur Er. rea ti. ns e t en : 
menu re con t ra ned t re:na n : r - · yl '-' • y 

~ • l 6EI) 
yl 2 zl 

~ • y - (w.) 
z 

~l • (m.) 
L zl 

~~ 2 • lm_l 
z 

F1gure or: End reaction to en ro t l 
menus yl an are constraine rer.iain zero: 'I 

r;l • (w.) 
L2 z2 

Fk • - 1W. 
'I L2 Z.:: 

~l • (m ) 
L2 z2 

~ 2 • (.!I.) 
. 2 z 

4. 2 Treatment of Te esco~ed .ort on of e1s 

As shown in Fi~ure I eac 
divided into t hree zones such tha n ea 
remain constant. Thus in t he 
ml are those of the inner the 
Zones 3 and the section proper es &re those 
upper portion of legs ), Zones and 5 are charac 
here the inner tubes are telescoped within the i r 
Quest i on arises -- what are the effect ive values 
those two zones ? The fol low1nc discus sion brief 
made in the attempt to answer th s question , an 
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pper an over ortions o .e _eg ca ac ure w th ~ 1 earance (when telescoped ) rangi ng f, to . 012 i n h , we t the inner tube to touch the o ter tube at t wo points only . F11w-e ll: at the tetW1inat1on or the outer t ube where i t is queezed to a smaller di-ter bJ tbe clamp, an at he t ermination of the e. F1aur• lla ■how■ the aeneral arrangement , whereas F11ure llb 

a l 

e actual pinned-and-clamped support at th end of the outer t ube a1 a e1rewnrerent.1a1 knite-edae for the purposes of analysis. r the expreas1on r r the equi valent moment of ner ia then f o . the fo lovi nc tvo •••umption . : 

at1c load1n, or the teleacoped tube croup by he force ystem hovn 1n F11ure llb , and 
imply supported end■ or inner tube . 

• e e u1valency er1ter on invoked ia (Figure 

e 

• eqi.:ivalent 

hat he awn of end rotations of the "equ va en beam" (moment I ) should be equal t o the l'Wll of end rotat1ons of the outer c!ual tripod • civen an i dentical oad ng in both cases. 
rwa on of the expression for 1 s resu c ven belov: e o n i n Appendix on y 

I l [ ~ • VL ~ 

J 13 
C 

e 2 I 
• (1 +.:l 

'\ • V 4r Il 
( 27) 

he ymbo s are er ne 1n Figure ha I s a funct on of no onl g m e H vever. we are fortunate n thu 
a momen t r inert.a . c nner a 
1n J, because when 1 • :

3
• then 

I • 1. 5 1 e 

ase of 11 • I~ • .ecar l ess of the 
f mom~nt !nd hears applied. 
n ompu er progran:m ng, he 

l and I , vas overlooked. 

T' an 
of 
I an 
iil ·es w re used 1n the proeram whenever the f .. on consists of telescoped t ubes: 

• 
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aapNHlOn ) the ube which 

k pln and the ube, 1 t follows 

A • A ( tor rev e11 ) 

e 
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o e e 1 expressions for 
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•• (fr he front •• 



4.3 Esuat1ons of Motion f0r Soil 

The so-called equat1on1 ot motion tor 1011 are, i n the 1tr1cte1t ■en••• expre111on1 for evaluat1nc the X, Y and Z c0111po1.ent a of the contact tore• between tbe 1round and a tripod toot, u vell as for evaluat11J1 the ccaponent1 ot re1i1t1nc couples exerted on the foot as i t ex c es ancular d11placaent o. These equation• (taken tr0111 Ret. l) are baaed on a u.~ped-paruieter treatmen · of a v1bratin1 system con1i1tinc of a r11i d mach ne f 1On rest1na on top of the earth'• surface. Each component of the conta t fo rce or moment (denoted by 1ub1cr1pt 1) con1i1t1 of tvo 1ubcomponents , s fol lov1: 

(28 ) 

Here j • l, 16, 19 refer• to the nodal point• that 1 ent 1fy t he location of feet. The tir1t ccmponent in lq. (28) is the 1pr1rli for e , vhereu the second one 11 the d1mp1nc force. Thus the apr1~ o ant k represent• a linear relation1h1p between the applied load and d1spi ac ... ntJof the tripod foot (in the source, Ret, l, 1t 11 the v1brat1nc foundation ) , and tbi1 ap 1e1 a linear 1tre11-1tra1n relation tor the 1011. Likewise, t he dupilJI constant cij represents a linear relationship betvHn the for ce and t he velocity of tn! foot in the direction 1. The 1eri-• or express1 ns uoted belov and used in the computer pr01r• are for k1j'• and c 1s , derived ror a r11id foundation with a circular plan view tnat rests b~ he surface of the elut1c halt-space. In all these expre111ona t he n y par1meter of the foot (ori1inally, ot the foundation) that mus t he kr•vn i s the radiua of the foot di1k, r; the other needed intoniation i s soi ~aruieter1 such u its shear modului G, it1 Poi11on'1 Ratio v, density and vo1d ratio•• 

The listed expressions refer to 10111• part1cu ar mo e of excitation of a tripod foot as 1hovn in Fi1ure 12. Althou,h he ~·gure shove the front foot, the equat1on1 are Just u applicable to the rear feet since the, take no account of the presence ot spade - that 11, no ma er vhat the 1pade confi,uration (even if the foot has no spade at a h nt eract i on force as predicted by Eq. (28) vill be the sue.• Si nce ere are only four distinct excitation (or displacement) modes poss 1 u each foo pos sesse six de1rees of freed0111, · obviously 1cme of the l 1ste express ions an be associated vith more than one coordi nate of mot 1 n .e ., degree of freedom), as pointed out below. 

•) Herein lies one of the principal veaknea ses of he e ua ions taken from Ref. l -- nuiely, their inab1l1ty to account . or ge metric intricac1es beyond those of a simple, flat-bottc:eed circular f ng . The other principal weakness 11, a1 mentioned before, the fact tha these equat ions cover only the linear ela1tic re11me -- which mean~ tha predict i on of permanent 41splacement1 of the soil due to poe - loads e ally impossible, 

• 
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(a) Coordinate axes centered on Nodal Point l 

(l_,$ ,/\ 
'/ /. 

(b) Vertical mode 
(c) Horizontal mode 

(d) Rocking mode (e) Torsional mode 

Figure 12: COMPONENTS OF FORCE EXCITATIO?l TO WHICH 
A TRIPOD FOOT MAY BE SUBJECTED 
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Vertical Mode (Fiaure 12b) 

This is an up-and-down bounce of the foot, producing compressive 1011 
stresses at the interface. It is always associated Wlth the Y-axis in the 
global coordinate system of the tripod. 

4G r 
0 --1 - V 

2 3,4 r 
0 

Cy ■ 1 - V 

Horizontal Mode (Fi,ure 12c) 

(29) 

This is a back-and-forth motion, producing shear stresses in the soil 
at the interface. It can be associated with either the X or the Z-axis 
in the global coordinate system. 

Rocking Mode (Figure 12d) 

32 ( 1 - V) 
7 - 8 V 

G r 
0 

32 (1 - v) vr:;-
7 - 8 V 

( 30) 

This is an angular displacement about any diametral axis of the foot 
disk producing compressive soil stresses at the interface. Rockinc can be 
associated with both the X and the Z-axes. 

k 

C 

= 
8G r 3 

() 

= ~ 
1- V 

4 

[-1 + ¥-':_,-(-~)] ~ 
0 

Here I ljl is the mass moment of inertia of the f.::ot about r,. particular 
diametral axis (i.e , , about X or Z). 
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Torsional Mode (Fi gure 12e) 

This is an angular displacement about the polar axis of the foot disk, producing shear stresses in soil at the i nterface, Thia displacement akes place in the ~-plane . 

k • .1§. G r 3 
3 0 

2 
(32 ) 2.31 r V? 0 C • 218 l + 0 -

or5 
0 

Her e i s the mass moment of inerti a of the foo about it s po ar, or Y, axi s . 

The soil's shear modulus G in all the above equations must be evaluated from ei ther one or the ot her of the following two empi rical expressions. 
For angular sands and cohesive soils, use 

G • 12JO !2-21 -e/2 ~ l + e 
0 ( 3a ) 

Fo r round-grai ned sands• use 

G • 26 JO (2.11 - el 2 ~ 1 + e 
0 ( 33b ) 

Her e e is t he void rat i o of the soi in its natura st at e at the surface; n i s t he so-called effective octahedra normal stress i n soil di rec t y er
0

the foot di sk. If t he Poi sson ' s rat i o of soi 
I 

v
1 

1s knovn, t hen st ress may be es timat ed f r om the fo l owi ng express ion: 

0 ·½( 1: ~) y ( 3 ) 
where i s t he nomi nal vert i cal (bearing ) stress at the foot -soi nter­face, ~n the computer program the v~l ues u ed fo r o were estimat ed f r om he stati c-equilibrium react i ons at the three fee t dte to t he dead we i gh· of the t r i pod plus the machine gun. These verti cal reacti ons range -­dependi ng on the degree of l eg extension -- fr om 2 to 29 lbs at each r ear foot, and from 69, 5 to 73. ~ l bs at the front foot . i vidi ng the 

3 



above val ues by ~e area of 9or izon a contact 
ground (area= ~r = , 9 n ; , ve obta i ~ he 

t weer. he .oot and t he 
0 c that ~re built i nto the comput er p!"ogram as y 

:: l owing verage values o " 
i nterna, i nvariabl e inputs: 

Each rear foo t: 
Front foot: 

4, 4 forcing Function 

o = l. 775 psi 
oY • 4.142 psi y 

What is meant her e by forc ing fun ction i s he s UJr. t o al of f or ces !' n il 
moments that are applied t o the tripod y t he mach ine gun while the l atter 
is firing. Si nce t he machine gun i s support ed by t he t r ipod at only two 
points, the numbe r of these general i zed i nt eract i on f r e" i only t hree -­
two forces and one moment , as shown i n Fi gur e 3. One of t hese fo r ces, F~ , 
is the elevat ion mechanism react i on; its di rec t 1on s practi ca y constant , 
no mat t er what the gun barrel e l evati on, and for a ' practi ca purposes it 
can be t aken as vert i cal. The other force, F , i s he pintle-p i.n react ion ; 
the ori entat i on of this force vector can be ekpec e t o vary dur i ng the 
fir i ng cycle, so t hat t he angle S i s regarded as t i me-dependent. As shown 
in Figure 3, not e t hat both of these two forces · e · n a vert i cal plane 
(cross-hatched i n the figure ) that passes through t he centerline of t he 
gun barre l , 

The moment M i s appl i ed through t he pintle ; i t s vector i s a l ways 
parall el to t he c~nte~l i ne of t he gun barre l . The s urce f t hi s moment 
is the i nert i a forces due to f eeding of the ammuni ·on bel t ' nt o t he gun, 
whereas the source of F and FT i s t he accelerations of bolt and barrel 
masses undergo i ng recoil and count er-recoi l mot ions . 

The forc i ng function is obv i ousl y t i me-dependen 
one peri od be ing t he cycl e t ime or one r und 
one of i ts three component s can be expect ed t 
shape when plotted vs, time, For t hi s reason 
attempt t o represent the forc i ng func • en y an a ;,· 
expedient method is to specify it as four t a ul ar 
the computer pr~gram is wr itten so ha t~e 
speci fyi ng the forc i ng func ti on must be 5 . 
of t he four t abul a r funct i ons must be Known 
duri ng a fi r i ng cyc le.• The t i me inc renen 
as shown in Figure _ ; where the rate of chang 
abrupt, At 1 may be chosen sma _er han i n area 

•) I f the comput er run is in ended f or , sar , a _- :· :..: :: 
for ci ng funct i on i n each firing cycle mus be e~i ~i e · 
values. 

. o!"e , ea 
. egul a!" 
not to 
-- a more 

Present y 
t a car ds 
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hen t he 
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slowly. It mus t be emphasized that t he : - curve 1n F11ure 3 11 atrictly illustrat J ve -- is shape does no r or t o re resent an actual plntle­pin loading. 

The four tabular functi ons that compriae the forcinc function bave already been identified i n Section 3, , but are repeated belo in functional notation to indica e that they are specified at d screte time 1n1tant1 t (i • 1 , ... 50) . l 

nt e-p in force, 
2) FT(t1 ) -- magn i tude of , e raver e- ar f rce ( ■ f rce tran■mitted from the gun throu,h the e leva ion me . ar..am t the traverae-bar ) , 3) 

The s i gn 
as shown 

M. ( t -- magn tude 
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SECTION 5 

METHOD OF SOLUTION 

5,1 Mass and Stiffness Matrices for a Finite Element 

The elements appearing in the element mass and stiffness matrices 
were presented in Section 4, Before proceedi ng in this section, it 
will be useful to present these matri ces 1n assembled form, together 
with the element displacement and force vectors. 

Let us first define the l x 12 displacement and force vectors. 

Displacement Vector 

xl 

yl 

zl 

x2 

z2 
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Force Vector 

i • 

Fxl 

Fyl 

Fzl 

Mxl 

Myl 

Mzl 

Fx2 

Fy2 

Fz2 

Mx2 

My2 

Mz2 

Using equations (3) through (26), the 12 x 12 mass and stiffness matrices may now be written. 

Mass Matrix 

~ • 

2a O O O O O a O O O O O 

0 8 0 0 0 6 0 A O O O - u 

0 0 S O - 6 0 0 0 A , 0 u 0 
' 

0 0 0 2y O O O O O y O 0 

0 0 -~ o O O O -IJ O -

0 6 0 0 0 0 0 IJ 0 0 0 - T 

a 0 0 0 0 0 2a 0 0 0 0 0 

0 A 0 0 0 u 0 e 0 0 0 - 6 

0 0 A 0 -IJ 0 0 0 e 0 6 0 

0 0 0 'Y 0 0 0 0 0 2y 0 0 

0 0 IJ 0 - t 0 0 0 6 0 0 0 

0 - IJ 0 0 0 - 0 - 6 0 0 
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where 

Q • mL/6 

8 • l3mL/ 35 

y • jL /6 

6 • lllllL
2

/21J 

A • 9mL/70 (38) 

LJ • 13mL 
2

; 420 

0 • riJ1 3 / 105 

.. m1 3114o 

Stiffness Matrix 

Q. 0 0 0 0 0 -Q· 0 0 0 0 0 

0 B* 0 0 0 6* 0 -B• 0 0 0 6* 

0 0 B* 0 -6• 0 0 0 -8• 0 -6• 0 

0 0 0 y* 0 0 0 0 0 -Y* 0 0 

0 0 -6• 0 2A* 0 0 0 6• 0 A* 0 

0 6* 0 0 0 2A * 0 - 6• 0 0 0 A* 

' • - Q· 0 0 0 0 0 Q. 0 0 0 0 0 (39) 
0 -8• 0 0 0 -6• 0 8* 0 0 0 -6* 

0 0 -B* 0 6* 0 0 0 8* 0 6* 0 

0 0 0 -y* 0 0 0 0 0 y* 0 0 

0 0 -6* 0 A* 0 0 0 6* 0 2A* 0 

0 6* 0 0 0 • 0 - 6* 0 0 0 2A* 

44 



vhe re 

• • AE/ 

a• • E I 

y* • / L 
( 0 ) 

• • EI 112 

• • 2EI / 

5 , 2 Transformation to l obal Coordinates 

In the so l ution of t he t ripod motions , it has proved conven1ent to refer al l displacements, velocities, accelerations , f orce and m0111ent1 to a "global" system of coo rdinates , X-Y-Z, as shovn in F gure l . Hovever, the e l emeri mass and stiffness matri ces, presented in Sect1on have been referred to sys ~ems of l ocal coordi nates pertinent to the parti cul ar e l ements, These matri ces must nov be t ransformed to he global system be fore they are assembled i nto overa t ripod system matrices, 

Referri ng again to Figure 14 , the ~ocal coordinate systems taken for each of the four l egs are shovn. In each case, the pertinent local x-uia is directed along the a.x is of the leg. Fo r the f ron t l eg, l eg , the local y-a,·is lies i n the X-Y pl ane and the local z-axu is parallel to the Z-a.x1 ; , The loca l y-a.xe for he wo rear l egs, l egs 2 and 3, are normal to t he plane of those l egs, The l ocal z-ues for legs 2 and 3, determined by orthogonali ty o the x- and y-a.xes, le in the X-Z plane, For l eg 4, the traverse bar, he loca x-ax is 1s parall el and oppos1 e to t he Z-a.xi s, he local z-a.x1 s 1es i n he plane of l egs and , and the local y- axis 1s normal o he pl ane of leg s an 

e c i fy i ng the 
F gure 

The only conf1gura 
ransfonna 10n , re he 

Fo r conveni ence , ano h r 
upon 

2 
and 

v ri ab e , neces 
, ,, , and ~ 

e , 0 , i ~ al so effl 
1 1s ependen 

an = t an 11 / cos ~ 

onsider first the t ransf rmation of a l x vec t or quan · t y fro~ g obal o local coord i nates, th rough use of a ~ansforma 10n mat r i x, I: 
V 
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The transfo.nnation matrices are easily derived, and are as follov1: 
~: 

cos el sin el 0 

l:.1 • -sin el COi el 0 (43&) 
0 0 l 

Leg 2: 

COB 82 cos 83 -sin 82 COi 82 sin 83 
~ • sin 82 cos 83 cos 82 11n 82 Un 83 (43b) 

-sin 83 0 cos 83 1.u...J.: 

COi 82 COB e3 -un 82 -cos 62 sin 83 
sin e2 cos e3 COB 82 -sin e2 Un 83 ( 43c) 
sin 83 0 COi 83 

0 0 -1 

sin 64 cos e4 0 
(43d) 

cos 84 -sin 4 0 

Now, the transformation of a 3-dimensional mat rix quanti t y may be written 

( 44) -T -where.; 11 the transpose of l:,, and I. is the same matrix as employed in transforming the vector. 

Transformation from local to global coordinates may also be written: 
¥! • i,T y_R. 

Ji' • i,T ~R. 1 (45) 

(46) 



The ac ual vec ors and mat rices to be transformed in the analyau -­n~~e y . ~• S,. 1, ;:i, ~ -- are 12- mens i onal . However, they are composed -,f -dimensi ons part s -- .e., the displacement vector,~• u composed of fo ur -d1mens1onal vectors , stacked one upon the other. As such, suitable 2 x transformat ion matr ices may be easily formed from the 3 x 3 matrices, a fo 

= • 

I I 
l. j.Q.3 I 

---1-- - ~ 
~I .. I 

--'--4-,- -
• I 

I .. I~ 
~ ---+--

'~Ii I 

(47) 

where I, 1s the l x l transformat ion matrix,., 1, the 3 x 3 transformation matri x, Q,3 s a 3 x ~ r.ul_ ma r 1x and~ i s a 6 x 6 nu l matrix, 

~r nsf :ina 1ons of~• i, ;it.,'- and ,may now be written. As an examp e, fr an e l emen on l eg l: 

~g = ~ .i 
ig = ti i 
'IJ.~ s ~,~ 

5, 3 onstruct1on of Overa l ys t em Mas s and t ffness Mat rices 

(48) 

o u ion f r r po mot'ons follows from a nur.iber of simultaneous equa ions. These equations are mos tly f orce balance equations -- three forc e equat ions and three moment equat ions at each nodal point of the tripod. In add ition , t here re 4 equat ions expressi ng required dis­placement compa i bi li y at the eg confluence po n , and at both ends of the t raverse bar. 



The equati ons of mot i on for t h~ overal l system may be expressed as foll .:)ws. 

(49) 
In our system there are 19 finite elements and 23 nodal points: 3 points are at what 1s l abel ed as Nodal Point 4, and 2 points are at each end or t he traverse bar, The di splacement vect or, i_*, t hen has 3 displacements and 3 r ot ations f or each nodal poi nt - - a total of .1 38 elements. The fo rce vec tor, i*, has 3 fo rces and 3 moment s at each of 19 nodal points (on l y one at the l eg confluence poi nt and one at each end of the traverse bar ) , p l us 24 extra zeros to accommodate the necessary compat1b1l1ty equations -- a t otal of 138 elements. ~••~•and Ir.*, of course, are 138 x 138 matri ces. 

5- 3, l Not ati on 

In the f ol lowing, certain notat i onal convent ions wi ll prove convenient . 
Re fe r r i ng to Fi gure 2 , t he f i nite l g elements have been numbered from l t o 19 and nodal poi nt s have been numbered f rom l to 19 Four extra nodal poi nt s are i nt roduced with r espect t o the displacements, to account f or mult1 pl e-valuedness of di spl acement s at t he l eg confluence point and the ends of t he t r averse bar -- i .e . , the ro t at i ons at the leg confluence poi nt of the end of element ( 3) are not i dentical t o t hose of the ends of elemen t s (4) and (7) . 

Displacement s 

At each nodal poi nt , 1 , the x vector of displacements will be denoted by S1... At he l eg confluen e po i nt -- o al Poi nt -- t he di spl acemen t § of he end of eg wi e deno~e y ~m, t he di s-pl acements a t the end of l eg w1 l be enot ed ~I'?\, an'!!' t he di splacements at t he end of l eg 3 wil l be den e s.i, ~- m. a'!"j_y at nodal point 7, t he displacement s of l eg 2 wil be deno'!'.'ed by ~ ®and the displ acements of l eg by S..., ~. Also at nodal poin O, we !\a . " i.io ~ and i,
10 

© . 
Each of t he l x 6 d1splacemen vec ors s r e f er red t coordinat e system and arranged as fol ows : 

6 
X 

6 
y 

6 
z 

X 

z 

9 

he gl obal 



Forces 

'I'he l x 6 vecto r of fo rces and moments at each nod&l point, 1, vill be denot ed by ~. Thi v ctor wi ll include on y externally applied tore:•• and moments, thus requi r i ng no multiple vectors at the p1ntle and traverae bar ends. Each of these force vectors shall be re ferred to 1lobal 
coordinates and arranged as 

F' 
X 

y 

F' 
z 

:1 
X 

r,.; 
z 

Element Mass and St iffness Matrices 

The 12 x 12 mass and st i f fness matri ces, n equation• ( 37) and (39), are de fined fo r each f ' n1te element. preaent diac:uHion, we will deal with these mat r i ce after t hey have een tranaronaed o 1lobal coord inates t hrough t he appropri a e ransforma 1 n . onsider, ror in1tanc., t he mass matrix for element 1 . It will be br ken up into tour 6 x matri ces as indicated in the f l owi ng. 

I 
~ I I ~ 

= 
_ _ _ , __ _ 

'.-J I I - . I -i I . .l 
im1lar l y , the st i ffne ss matr! X s Je 

matri es f or each el emen 

= 

I 
~ I I '11 

---+­
~ T I~ 

I 

1 ' 0 " X "q • ran " 



5,3 .2 Format i on of S,* and S,* ec or s 

The ove ra ll displ acement vector s* has 138 element s, which have been di vi ded int o 23 groups of 6 element s apiece, Vector S,* 1s formed by s tacking the 23 groups, one upon the other . The following order has been chosen, s t art i ng f rom the top: 

!l.1 • ~- !l.3• ii.(D• i4@• ~- ~ - !l.7@• ii.G)• is•~­
fl.10 Q)• !l.7G)• !l.11 • !l.12• S.13 • ~10 @• S.14 • !l.15 • !l.16 1 

!l.11 • S.1s • S.19 · 

S1m1larly 1 t he s_• vector has 38 el ement s which have been divided 1n 19 groups of e l ement s, together with 4 addit ional groups of 6 zeros ( t o accvmmoda t e the compat1 b1l i ty equations Or der i ng, from the top, i ;; as f c 11 ow s : 

~- ~ - ~ - ~ - ~ - ~ - ~ - ~ - ~ - ~ -~-
S.10 • ~ - S, 1 • S.12• S.13 • ~ - S.111 • S.15 • S.16 1 

S.17 ' S.18 1 S.19 · 

where ~ is a group of si x ze ros , 

5 3, 3 Formation of w• and r.• Matrices - -
The~• and 1* mat rices ar e 138 x 138 ; t hey may be further divided into 529 cells, each cell be i ng a 6 x 6 matrix. Fi rs t , t he vari ous 6 x 6 " d " fK d d 

qua rant ma rices o -L and~ are e~ ered i nto hese cells as in icate in Tab e I. 

TAB E 1 

Ce ll (row, column) W* ,. -
l , l 

.l 
~I 

l • 2 
li II ~ II 2 . l 
li-1 11 I 1..1111 2. 2 
li, IV + ~ 

' llV + "21 ') 

~ 1 "2n 
• 



TABLE I (Cont inued ) 

Ce ll ( row, column) 't* ,. 
3, 2 ~II I '21n 
3, 3 ~ I V + ~I '21v + "31 
3, 4 

~II '3n 
6 , 5 ~I II ~III 

6 , 6 l:.. rv + ~ r '4I v + L,1 
6 , 7 

~ II '511 
7, 

~ II I '5n1 
7, 7 ~IV + ~ 1 '5rv + ~I 
7, 8 

~II '6u 
8, 7 ~III '6n1 
8, 8 ~IV + ',, 41 '61v + L.i_41 
8, 13 :;,101 l 101 
8, 14 :;,lOil 'ion 
8, 18 :i1 l l 14II 

9, 3 :i3111 '3111 

9, 4 
~ 3IV ~3IV 

9, 5 l:.. r ~ I 

9, 6 
~ II ~ II 

9, 9 ~I '71 
9, 10 :i71 1 ~11 
10 , 9 ~ III '7111 
10 , 10 ~ IV + ~ I '7rv • ~ r 
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umn J ~· ,. 
10 , .l.l 

~II ~ II 11 , 10 
~Ill ~IlI u , ll 
~ IV + ~I !Ser v • '91 11 , . 2 
~II '9u 12, 11 
~ II I ~ II I 12, 12 
~IV + :;,1 71 ~ ! + l1 n 12, 16 
~1311 1 ' 13ll:-12, 17 
~13 I V '131V 12, 2 t w 

l17II - l 7Il 
14, 13 

~ l OI II l 10III 14 , 14 
~lOI + ~l I l 1orv • l ur 

l ' 15 
~1111 lull 15, 14 
~111· l111 I I 15, 15 
~ll I V • li.121 liu rv + ~121 15 , 16 
~12II l1211 16 , 15 \, 

Ill l:£.1 Ill -16 , 16 
:'..1 + w K 

I + l 131 IV - - 1 16 , l7 w 
II l£. 311 - 1 

18 , 8 
\.; 

III l:£.1 Il l 
- l 

18 , 18 w .+ 
~151 l 14I V + 1151 - IV 

18 , 19 
\.I 

!£. 5 l - 5 
19 , 18 w 

I l 151 11 -
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TABLE I ( Cont 1nued ) 

Ce.i.l ( row, col umn ) iL* ,. 
19 , 19 i .i.,1 + ~6I '15IV + '161 
9 , 20 

iL16 11 '1.6II 
20 , 9 ~ III 

V 
Mlj, 6111 

20 , 20 
~ 61V '1.6IV 

21 , 12 
~ 7111 ~ 7III 

21 , 21 
iL-d IV • ~ I ~ I\ ·~ l 

l ' 
22 1i.i 81 ~8I I 

22 , 21 
~8II 1 ~81II 

22 , 22 
~ 8 • iL 91 '1a1v + ~91 

22 , 23 
~911 ~ 911 

23 , 22 li.i 91 ~ 9III 

~01 ~91V 

The next items to be en ered int o h 1:i* m :r1 x v1l be the cornpat 1 1 : 
a : h e~ ' s of the raverse er . ~ond ions at the eg conf l uence n: an 

eg 

Ho I 
sp ( 

e& I 

eg . fr~ 
n , '-' n 

rr.en 1 n i.. ~ 1 i.. ~ , ,a,_ an 
c~:.p • ffl ty ~ ~ld~ :-: v 



Set A • • 
( 6 x '4 Q) a ( ) 

CD X 

( 6 ) Q) a y 4 ( 6 y\ (D 

( 6 ) G) • z 4 ( 
Z )4 (D 

( 0 ) (J) a [ ( 6 ) i t sin p 
) ♦ ( z ) .L 

3 s i n (1) s n 
Q) ( 2L COi 

X 4 X 3 

♦ ( X '4 CD ( cos 2 cos - ( ) , (D ( cos u n 4 ) y 

+ ( z '4 (D ( s in Sln Sln .. ) - ) (t s i n 
3 sin X 

2. )8 .L 
) - ( . 

x l 8 
l ( 2L cos .;;1n •; (- s in 

2 
cos 

3 Sln 

- ( y )8 
1 

+ ( z ) (- sin 
(- CO' 

2 
s n 

2 
s i n 

3 s 1n 2 

/ [ cos 2 c os 
4 + si n --

2 
c s •• n H 

( ) ~ = z 4 ~ 

+ ( z 14 (D (sin 

- ( z l 8 't:' cos .. 

l 
- ( 8y)8 (2 cos 

/ [ cos cos 

where L re fe r s to e l ement 7. 

+ 

cos •· 

cos 

OS 

CO~ '-J 

-..n 

cos 

cos 
3 

-
.. (' 

::' 

• ( ;: i CD ( t cos 
3 

cos 

\) + 1 • ) (;"\ \ Sln ' COS y 1 1..::1 2 

.. ) - ) (.L si n cos }1 X 2 

( .. I 1- n i C' OS cos X 

,_ 
... .! r. .. 1n •I cos - ~ ·~ 2 -

? ... . -

4) 

4) 

( 52) 

3 
si n 

l1 
) 

) ' 



( 6x)4@ • 16x)4(l) 

(6y1 4 @ • (6y)4 (D 

'
6

z 14® • ( 6z'4(D 

( tix\@ • [-(6x) 4 (l)(½sin 03 sin 84 ) + (6z\(D(½co1 8
3

11n 8
4

) 

.,. (8x\(D (cos 02 cos 84 ) - ( 8YJ
4 (l) (cos 0

2 
sin 8

4
) 

( 8z) 4 Q;) (un 02 sin 03 un 84 ) + (6xl
5 

(½ 1:.n 8
3 

■ in 8
4

! 

- ( 6z) 5 (½ cos 03 sin 04 ) - (8x)
5 

(½ sin 0
2 

cos 0
3 

■ in 
4

1 

- (8Y) ~ (½ cos 02 sin 04 ) - ( 8z)
5 

(½ ■ in 0
2 

11n 0
3 

11n 8
4

) ] 

/ [cos 02 cos 04 + s1n 8
2 

cos 0
3 

sin 8
4

] (53) 

( 8y\@ • [-(6x) 4 (D (½ sin 03 cos 84 ) + (6z\(l) (k co■ 8
3 

cos 0
4

1 

- ( 8x) 4 (D (sin 02 cos 03 cos 04 ) + ( y\(I) (Un 0
2 

cos 0
3 

u n 

- ( 8z\(D (sin 02 cos 03 cos 04 ) + (6xl
5 

(k sin 0
3 

cos 

/ [cos 02 cos 4 + si n 
2 

cos 
3 

sin 

where L refers to element 4 . 
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Enda of Traverse Bar 

At each end of the traverse bar ( leg 4 ), the tran1lat1onal d11plac•ent1 of the traverse bar are 1dent1cal to those of the le1 to vh1ch it 11 Joined --1.e., le1 2 at one end, l eg 3 at the other, S1m1larl1 the rotations about the Z-u11 must be equal, aa must the rotat1on1 about the x
4
-u11 (1ee Fi1ure 14). On the other hand, the ends of the traver1e bar are free to rotate about the y4-u1a . A set of 11x compat1b1l1t1 equations•~ be derived at each end, 1n much the sue vay as thoie at the p1ntle were derived. 

Set CI 

6
x

11® • ( x'7(~ 

y ' 1 @ • (61 11® 

z
1
7 ® • (6 z. )7(2) 

x l7@ • (6 x )
7 0 (½ s1n COB L 2 4 ) - ( 1 ) 7 ~ ( 2L 8 in 84 ) 

♦ ( x ) ~ (cos 
2 

) - ( 
1 17 ~ l ain 4) COi 

- ( 6x 111 (½ u n COB 4 ) ♦ ( y ll (i:- Bl n 2 
4 ) 

- ( x'u (½ si n 4 l - ( ) ( l. s n 
4 COi 4) ( 54) y 2 

(, , ' 1@ • ( 6x 170 (k cos ) - ) ~ ( .l.. s1n COi 4 ) y 

- ( x ' 7(~ (s1n OS ) . y )1 ® (s1n 
2 

- ( x 'i1 (~ cos I ) ♦ ( y ) n I! .. 
(½ s . n ~ - ( x 'i1 cos ) - ( ' 

l 
(- co y 

( z '1 @ • l z ) 0 
where L refers to element l . 



Set D: 

'
6
x

110@ • ( 6
y 110Q) 

'
6
y'10® • ( 6y'ioQ) 

'
6
zl10@ • ' 6z)l0(3) 

(8x)l0@ • - (6x\oQ) (ti; 11n 04 cos 04 ) + (6
1

J
10 a,(½ 11n2 0

4
) 

2 + (8x)10(j)(co1 84 ) - (8Y)10 ~ (11n 0
4 cos 04) 

+ (6x,l3 (ti; 11n 84 COi 84) - (6y)l3 <ti; 11n2 84) 

l 2 l ( - (8X)l3'211n 84) - (8Y)l3 (2 11n 84 COi 84) 55) 

(8y\o@ • -(6x)l0(3)(tI; co,
2 

041 + (6YJlOQ)(t 11n 04 cos 0
4

) 

2 - (8x)lOQ)(lin e4 cos 04 ) + (8
1

J
10 a,(11n 0

4
) 

+ (6x)l3 (½ co,
2 

84) - (6Y)l3 <½ 11n 84 COi 84) 

- (8x)13 cf sin 04 cos 04 ) - (8
1

)
13 

(½ co,2 0
4

) 

( 9x)10G) • {ez'io(3) 

where L refers to element 13. 

It :.. 1 computationally more convenient when the compat1bil1ty equations can be expressed in tenn1 or the second tillle derivatives or the translations and rotat1on1, This d1rrerentiat1on 11 performed 1mediately by simply replacinc all translations and rotations by their second time derivat1ve1, The re1ult1nc equations then give r11e to the rollovinc 6 x 6 matrices which must be entered into the~• matrix, 

58 



-1 0 0 0 0 0 

0 .1 0 0 0 0 

0 0 -l 0 0 0 
i.1 • 

(56) 0 0 0 -l 0 0 

0 0 0 0 •l 0 

0 0 0 0 0 -1 

l 0 0 0 0 0 

0 l 0 0 0 0 

0 0 l 0 0 0 

~ • (57) L - l.. - - - C2S4/a s2s
3
s/';. 2L 8384/a 0 2L C3S4/a Cl 410. 

L - l.. - - s2c3s/'a -2L Sf4/a 0 2L Cf 4/0. -S2Cf 4/ 0. 82Cf4/o. 

0 0 0 0 0 l 

,.,here 

c2 • co,; e 
s2 • sin e 2 2 

c3 • cos e 
s3 • sin 

(58) 3 3 
c4 • cos 94 s4 = si n 

-0. • c2c4 + s2c3s4 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

~ • 
(59) .L - .l.. - l - l -

~2S3S4 / Cl 2L S3S4 /0. 0 2L C3S4 /o. ·2 82C3S4 /o. 'iC2S4/o 

.L -2L 5f4/Cl 0 .L -2L Cf4/o. 
l -2 82Cf4 /o. 

l -
'iC2C4/Cl ~25f/;;' 

0 0 0 0 0 0 
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~ • ~ 
(60) 

l 0 0 0 0 0 
0 l 0 0 0 0 
0 0 l 0 0 0 

~ • 
-ir:s3s4; a ~3S4/a c

2
c

4
;a -c

2
s

4
;a -s2s

3
s4;a (61) 

0 

-ksf4/Q 0 ~f4/Q --S2Cf4/a S2C3S4/a --S2Cf4ta 
0 0 0 0 0 l 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 

~ • 
i"63S4 /a -fi:c354/ci l - l -

+2s3S4/a (62) 
0 

~2C3S4/a -¥28411) 

~L6 f 4/ a 0 -fi:cf 4/a l - l -
i828f4/a 

i62Cf4/a 'iC2C4/a 

0 0 0 0 0 0 
! 1 

., 
!1 

(63) 
l 0 0 0 0 0 

0 l 0 0 0 0 
0 0 l 0 0 0 

~ • l.. -k S42 0 C 2 
-S4C4 0 

(64) 
2L S4C4 

4 

..L 2 ½ s 4c4 0 -S4C4 s 2 0 2L C4 
4 

0 0 0 0 0 l 
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0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 

~ • 
l.. 2 l S 2 (65) ½s4C4 0 l 

0 2L 54 2 4 ~4C4 

..l.. 2 l.. 0 l _l C 2 0 
2L C4 2L S4C4 2 S4C4 2 4 

0 0 0 0 0 0 
£io • ,i,l 

(66) 
l 0 0 0 0 0 

0 l 0 0 0 0 
0 0 l 0 0 0 

.i.u .. 
( 67) ½ S4C4 l.. 2 0 C 2 

-S4C4 0 2L 54 4 

_l.. 2 l.. 0 -S4C4 s 2 0 
2L C4 2L S4C4 

4 
0 0 0 0 0 l 

0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 .i.i2 = 

(68) 
l.. -½ S42 _l, s 2 l 2L S4C4 0 

2 4 -2 54c4 0 

l.. 2 -½ S4C4 0 l _l. C 2 2L C4 -2 S4C4 2 4 0 

0 0 0 0 0 0 

61 



It 11 to be noted here that coerr1c1ent1 used 1n the•• matrices 1hall refer to L values of particular elements•• follows: 

"2• ~ element 7 

£.;. '6 element 4 

te•~ el•ent 10 

~1 • &i2 element 13 

Placement or a,1 throuah ~ 2 in ~ shall be aa indicated in Table 2. 

IABLE 2 

Cell (row. colwpp) Matrix 
4. 4 

~ 
4. 9 

~ 
4. 10 

&) 
5. 4 

~ 
5. 5 

&i. 
5. 6 

i6 
13. 8 

~ 
13, 13 

"r 
13. 14 

~ 
17, 12 

i.11 
17, 16 

£12 
17, 17 

i.10 
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r· : : ~: ~:ness va ~0ns1dered 1n e.tion , and ~ust now be ent•red : :-. : ) · r; e :-:• ma z : x :" r .:,r.i equati ons l 9 1 t .. r u,h i , a F x sc 1 .. -~~: ::·r. e " :':'l :·1 x, •• i s constructed; 

K 0 0 0 0 0 X 

0 K y 0 0 0 0 

0 0 Kz 0 0 0 
• • 

(691 0 0 0 Ki 0 0 

0 0 0 0 K 0 

0 0 0 0 0 K 

• l - t he. dde 1 nto the ,• matrix at the following c•ll locat1on1: 
e l ( rov 1 column/ 

• l 

"'O • 20 

2 • 3 

Fina l y, several 6 x 6 matrices are added into the w.• matrix to 
!' r Jur.iped masses in the t ripod ! 1.e., those lumped 111a11e1 which c n nbu e to the tripod stiffness J and the 1un 111a11. Particular masses t be considered here are located at the pintle, the ends ra verse bar, and the tripod feet !ends of le11 1

1 2, 31. The 1un mas s was aken to be distributed between the pintle and a point alon, the t raverse bar , the locat i on of th1s po i nt being that where the elevation me han1sm 1s 1n contact w1th the traverse bar. 

Ea ch of he lumped tripod masses were expres ed as a 6 x 6 matrix h :· r::: 

m O 0 

0 m O 

0 0 

0 0 

0 

0 

0 

0 

m 

0 

0 

0 

0 0 

0 0 

Jx 0 

0 Jy 

0 0 Jz 

6 

( 70) 



where mis the lumped mass, and J , j and j are mass momenta or inertia of the lumped mass, referred to g!oba~ coordfnates. Cross momenta of inertia were neglected. These 6 x 6 '°matrices were added into thew,• matrix at the following 6 cells. 

Cell (row, ~olumn) 11 based upon l\miped m&II 

l, l foot on leg l ('-1) 
8, 8 mass '1t node 7 ("7) 
9, 4 pintle (~) 
12, 12 mass at node 10 ''-lo' 
20, 20 foot on leg 2 

''-16) 
23 , 23 foot on leg 3 ("1,9) 

The machine gun mass, distributed between the pintle and a point on the traverse bar, was assumed to have translational inertia only, so that the necessary 6 x 6 matri ces were of the form 

m 0 0 0 0 0 

0 m 0 0 0 0 

0 0 m 0 0 0 l • 
0 0 0 0 0 0 

(71) 

0 0 0 0 0 

0 0 0 0 0 

whe r e mi s the mass t aken at the parti cul ar l ocation. Distribution between the t wo locations was determined by static eq_uilibrium reactions of the gWl, The l matrix corresponding to gun mass taken at the pintle, ~• was added i nto the 't* matrix at cell 

9, 4 

The l,matrix arisi ng from gun mass taken at the traverse bar,....,, was added 1nto the~• matri x at t he cell corresponding t o the node at whi~h the elevating 
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::iay 
zer 

' . . ... 
• • 

• 

r 

rt 

r. 

11 a :1 l 

11 a no 

!' e 'i,• an ,• 
f IW"H lhov th vn n • 11w--■ 15 and 

a r1c••• and divided th• X 
i,• ca r f 
contain 

ere 1n each cell are 
• ...., are abovn 1n ~th••••• 
••~r1bed n , 3, 3. 

a mo a on VH aade to the r and 
al error. n the n1n h rov or 

• 1cinat • d throu,h use or 
y. Th11 e m1nat1on or cow-■• 
of a r v. 

(5~) waa uaed toe icinat• col\llD 13 1n 
an of that rov. Al10, equation 

wnn , v th add1t1on1 

ve or i • an 
OW nc f r m he X eel• • 1hovn 1n 

1 n our analy1i1, 
e pos1t1ons of 

. , represents 
X 38 and 

not entically 

ar.ip ng constan sat the s - . ot 
ec n -- equat ons ( 9 ) thr ugh 

dar.ip i ng matri x is vr1 ten ( referre 
were presented i n 
f o t , then. t he 6 x 6 
inates ) 

C 0 X 

C y 

0 
z 

(72) " a 

0 C 
;., 

0 0 0 C 

0 
C 
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: :: . s ::. · -.~: x ~. er.ared int~ t he r,.• r.:atr:x at the !"ol .!. owing cells: 

Ctl .!. (row. colymnl 

20, 20 

23, 23 

. he res u t ng ~• matrix is shown 10 Fi1ure 18. 

:orvard Solution in Timt 

The e~uat i ons of mot ion of the system have been writ ten a1 

~e r !~ '. n ~ tripod motions, a set of zero initial condit1on1 is '.Men: 

: ·he ni '. i a .!. accel erat ions may now be calculated from solution of 

(73) 

(74) 

( 75) 
: rwa :·d i me integration may now be effected. Let i•, i,• and t• e kn wn at t, sin, approximate forward inte1ration techniques (based ~n '.he assur.:pt 1on that accelerations vary linearly wi th time between uc essi ve i ~e steps ): 

( 76 l 

2 2 i• (t + J t ) • i.• (t ) + Jt 9.• ( t ) + ( o~J t• (t ) + J¥, j_• ( t + Jt l ( 7 1 

ubst1tuting int o ( 73) and rearranc1ng: 

2 
w• + ~ ,. . + l.4L HJ ··• ( A ) o• , ) • a. O -, ~ t + ut • ~ t ♦ ut 

(78) 
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( 7f ) rnay be written, 

equat i on (80) allows determination of i*(t + At), a n ~• (t + 6t) may be cal culated from: 

~ .s_*(t + 6t) • .!(t) + ~ i*(t + At) 

Th e ne x i me ~tep may then be initi ated, 

(79) 

(80) 

Then 

(81) 

In g~neral . the 1ntegrat1on f rom time t n to 1 ~ • tn+l may be written, 
Cl "* ( t ) = Cl*(t ) - r • .4(t) - 1r• _B( -,; g, ~ n+ l ~ n+ ,. - n .., 

g_* (t 1 ) • A(t ) + _,l H* ( t ) n.,. - n :4 n+l 
(82) 

2 ,-, • ( t l •B(t ) +i4Ll* ( ) • n+ - n o n+l 
.,...he!'e 

A ( t ) i*(t ) At .. = ·-~•(t) - n n 2 n 

2 _li( t, = ~• (t ) + lit i* ( tn + ~~"• t t ) 
., 

n 
3 • n (83) 

Q, = W,* + -l ~· + { 116) 2 "* 2 

6t = t + · - t n .. n 

71 



5.6 2t¥1•-s11a1 t!ttbAA er fo1vs1°a 
Once the equation, ot aot1on tor the t1n1te el-.nt1 bave bNn •••bled , into aatr1ce1, the next probl• tben 11 to tin4 the 1olution to a 171t• or 138 1iaultaneoU1 linear equation,. The tvo type1 ot equation■ to be 1olve4 are: 

11) For the initial acceleration tield -

(2) For 1ub1equent acceleration tield -

a~• ~-,•A-,•1 
2 where Q. • W,1 + , '-,* + ¥ J* 

Both of the1e equations m~ be reduced to the torm: 

'!' -
each individual equat1on bein1: 

i • 1, 2, ... 138 
m • 138 

Elimination methods and matrix inversion methods for 1olving 1imultaneou1 linear equations yield sufficiently accurate solutions for u many a1 15 to 20 equations, depending upon the precision of di1ital computer arithmetic operations and round-off error,. However, for lar1e number, ot equations these methods are unsuitable Without considerable error correction. The Gauss-Seidel iteration method ha1 been u1ed 1ucce11tully tor lu-1e numbers of equation, but has the basic di1advantace ot not alvay1 conver11nc to a solution or 1ometime1 conver1inc very ■lowly. Fort\Ulately, tor our ca1e, the method doe, conver1e to a 1olution after approxiaately 13 iterations, 
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The critical step toward obta1n1aa conver1ence is the 1tart1aa trial 1olution . It wu round that specity1aa the order ot 1olution, be1inn1aa with equation, tor which ~1 - O and work1na a~ troa th••• unlcnovn1, 1ucce1sful conver1ence wa1 achieved. 

In1t1ally let x1 [o] • O tor all 1. Then tor n • o, • • 138, COllp\lte: 

A [n+l] - t A X. [n]] ik 'it k•i+l ik K 

l•l - r 
k•l 

i • l, 21 ••• 138 
Th••• will produce a 1et or 1tartina 1olutions. For all 1ub1equent iteration, the unknowns were computed by: 

1-1 - r 
k•l 

A X [n+l] - ~ A X [n]] ♦ (l-w) X [n] ik k k■t+ l ik Jl i 

i • l, 2, .... 138 Where w is the reluat1on coerr1c1ent. Arter 1everal trial runs it_, determined that an w • 1.057 produced a 271 reduct1on 1n iteration, requJ.red tor conver1ence. 

Conver1ence is relative and must be detected computat1onally 'by an acceptable re11on or conver1ence. So that derin1n1: 

I 
x [ n+ 1 J _ x [ n ] 
1 a, 

it 11 po1s1ble to prescribe an, such that 

15 .. ' -
is acceptable u a 11olut1on. Since the unknown■ x aq VU')' in value b)' 1everal orcler1 ot ma,nitude, it 11 ditticult to prl1cr1be a universal value ot ,. For the pre1ent, a value ot, • 0.8 11 pre1cr1be4 but 1h0Uld be inveat11ated further. Al a rule, t should be u lar1e u po11ible provided that no "■ipiticant" chqe in the re1ult1 1a ob1erved. Muina, too a&ll Will require a lar1e n111ber iterat1ons and is waatetul ot computer tiM. Thu,, the re1ion or conver1ence aust be tailored to the individual 11tuation. 
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5,7 Generation of Desired Output Variables 

As Just discussed in the preced1ftl sections, the 1•ed1ate pl'Oduct or the Gau1s-Seidel iterative solution 11 nineteen 1et1 or acceleration values, one 1et for each nodal point, Th••• acceleration, are then inte1rated twice to yield values of displacement,. Such data are, however, ot little u1e and must be further processed to re1ult 1n computer output that can be more readily interpreted, As already covered in Section 3.l, probablf the 1110st ~eanin,tul output variables are those descr1bin, the aotion1 executed by the gun barrel, and values of peak stresses in the tripod eleent1, Tbe computer pro1ru embodies a nUlllber of subroutines that d1p1t the raw output data (displacements, veloc1t1e1, accelerations of nodal po1nt1l in 1ucb a manner as to produce the requisite output; what tollov1 is tbe en\llleration of the govern1na equations that were employed 1n the1e 1ubrout1ne1, 

5,7,l ChaEle in Elevation Angle and Pintle Motion 

The variables that best describe the firina stabi lity or a 1un-tripod 3yatem are the time histories of pintle d11placements and velocit1e1, and of the chan1e in elevati on an1le, 

Figure 19 shows the side view of the tripod in its undeflected (1olid lineal and deflected (dotted lines) 1tate1. From thi1 tipN it 11 obvious that the displacement and velocity component, or point Pon the pintle pin (located at 1te midspan) can be calculated from the tolloviftl simple express i ons: 

Xp • 6
x4 • 2,05 9

z4 

Yp • 6y4 1n i nches 

Zp • 6z4 + 2,05 x4 

• 
Ax4 

• Xp • - 2,05 6z4 

• • 
Yp • 6y4 1n (in / sec) 

• • Zp • 6z4 • 2,05 8x4 

where 2.05" 11 the distance between the centerline of the pintle point and Nodal Point 4, 

74 



I 
I . 

"::t:,· N,a. • 

I i ~ 

; i 
.... 11!1 
Ao H 

.. 
~ 
'"4 

t e. .. a.. 

1, 



Another subroutine deals with changes in the barrel elevation anal•• ~ (F11ure 19), which 1s calculated by the follow1ns rol'llula vho•• derivation 11 a rather tr1v1al exerci1e in plane 1eometry: 

H A • V A 
9 I 9 l (85) • • • Dl [(V + A ) COi •o • (H +A) 1in •oJ 0 y O X 

Here H and V are d11tance1 related to the 1ett1ns or the elevatiDI 
=~~:n~•mr::.!~1d::::::~~1;0 c!~:t~~t~:!.e!::~:~~ :::!•ai:i!::r:~::• of 2,22°1nehH for H ), A value or 13,50" 11 uaed for D which 11 the fixed distance betwein th• p1ntle pin P and th• pin R thlt connect• the gun receiver to the elevation mechani111, The anal• t 11 the initial value of an1le between line PR and the horizontal, and 1t biar1 the follOVin, relationship to the initial barrel elevation anale •oa= 

•o • ¢oa • 4040• 

And finally, the two time-dependent variables in Eq, (85) are defined u follows: 

A 
X 

Th• above defin1t1on1 of 
an,le, tor the cue1 vhen the 
be replaced b7 6•13 and 6113 , 

6 
x4 

J
A and A hold for the cue or a sero a111Ntb 

1muth lnal• 11 nonzero, 4 12 and •112 matt re1pectively. • 

5,7,2 Pt¥ Comb1ptd Strea,ea 

By compari1on with the subroutines for calcul atin, pintle motion• and barrel t1lt1na, the 1ubroutine for e1timat1n, the ccab1ned 1tre11e1 in the tripod 11 a much 110re complicated affair. It invo ves a rather leftlthly DO-loop t hat 11 invoked 120 t1J11e1 at every t111le step of the Min procr-: there are twelve finite elements de11snated for 1tre11 analy1i1, and in each element the 1tre11e1 are eval uated at ten cro11-1ectional location,. The above DO-loop 11 outlined below u a 1erie1 of 1even aaJor c011putatlonal 1tep1. 
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St•p l: Tran1torm the lut calculated value, ot d11plac .. nt1 and acceleration, trom the global to the local coordinate 1y1tem. The 
tran1tormat1on 11 performed only tor the tollovu11 nodal po1nta: 5. 61 15, 18, 7. 14, e. 9. 10. 11, 11. 12 1 13. Th••• nodal po1nt1 are the end 
po1nt1 det1n1a, the el .. nt1 that are to be 1tre11-anal11ed. 

Nov. the pr01ru aero• 1n on one part1oular •l-nt and perto1'91 tbe tollovia, 11x 1tep1. Start1a, out with 11 .. nt (5) 1 1t label• lodal 
Point S u Ind a, • and Po1nt 6 u Ind ~ ot th11 el .. nt. In all ot the 1ub1equent expre111on1 the 1ub1cri~ l an4 2Ji.! the 4'1, 8'1 and 
the1r der1vative1 reter to either Ind W or Ind© ot the particular 
el•!nt under con11derat1on. For 1n1tanoe, tor 11 .. nt 5 4xl I ax,• 
4x2 = 4x6• etc. 

§HR 2: For the particular el .. nt ot lencth L an4 tlexural r11141tr 11 1 calculate the tollov1a, paraaeter1: 

8 • 

8\fp in ~oulate the valuH ot bendina 11011e11t1 an4 trannene torcea actinc on d Q) ot the t1Di te •l-nt . 

lncU111 11C1Mnt1 in4uoe4 br unequal 4i1plac~t1 an4 rotatiou at the two encll1 

'l'rann•n• tore•• 1n4uce4 br unequal 411p1ac .. nu and rotatiou at tu two encll: 

~1 • 1ca,1 - a,2> • 4(811 • e12> 

,:1 • 8(411. •12>. a<e,1 • e12> 
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Bending moments induced by 1nert1al forces within the el ... nt: 

Transverse force, induced by inertial force, vithin the eleMnt: 

Stpp 4: Calculate the total bendiq 111011ent1 in tvo orthoaonal plw1 at a particular value of ( 1 where ( 11 tbe diatance (Muured &10111 tbe element) from Ind (D to the parUcular cro11-Hct1on at which the ltl'NIN are beinc evaluated. Since each el ... nt 11 1tre11-analy1ed at ten equi­d11tant cro11-1ection1, values or twill rans• from O lat Ind (l) ) to L (at End @ J. 

Total bend!::.; 1110Mnt 1n the local XY-plane: 
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Total bendinc moment 1n the local XZ-plane: 

Calculate the mu1mum ben41nc 1tre11 at tbe particular 

Stpp 6: Calculate the axial ccapre111ve 1tre11 at location t: 

l •{• i 112·· ac(tl • L ' 611 - 612' + A l3 - (L) + 2 lL) ] 611 

• 1t-½ <ti2J 6.2~ 
, 

Stpp 7: Ccmb1ne the above 1tre11 component• to obtain the auiaua c011pre11ive 1tre11 at location~. Th11 11 the n01111nal 1tre11 at extl'eM tiben ot the tubular el-~, and 1t doe• not reflect the ettect ot hole, or other 1tre11 ra11ezlt that m11ht happen to be 1n the v1c1n1t1 ot location(. 
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After c0111pl1tinc the above 11v1n 1t1p1, the prOIJ'• 1ton1 tbt Y&lut of o(tl, 1nd1x11 the value oft and r1peat1 the calculat1on1. Then, when 
the tull 11t of ten a(t)-value1 i1 obtained, the prOIJ'• 1Hrcbe1 tor the hi1he1t value •one the ten 1tor1d value• of a(t), and havi111 found it, print• out the tollovinc: 

l l element n\lllbtr 
2) max1JII\II value ot c0111bintd 1tr111, o(t

11
) 

3) value of <.(in 1nch11). 

After 1uch a printout 11 c011pl1t1d, the proer• 1nd1x11 to tbe next 1p1citi1d r1nit1 tltMnt, ex1cut11 the ten DO-loop,, and print, out tb1 
above thrH output itmu. Thi1 ii repeated until all twelve ,1 .. nt1 to 
bt 1tr111-analy11d are covered; only tben do•• the proaru index tb• tiM var1able1 and proceed with the calculation, tor the next tiM incr .. nt. 
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SICTION 6 

CONCLUDING REMARKS 

6 .. 1 Diacuuion of C9S?uted Reaulta 

The output data given in Appendix C ia the reault ot a partial. run uains the USAWECCJit forcing function received October 12, 1970, The output tor the forcing function received wu first reduced to approximately 150 data entries 
to the auxiliary program SJl..FF In performing these data selectiona, the 
USAWECOM output was scanned for all maxima, minima and abrupt chanaea ot aign in the Bolt Force (F1), Barrel Force (F2) and receiver acceleration (aa), 
Arter processing the selected data, the same procedure wu tel.lowed in aelectins all maxima, minima and ch1.1.nge-of-sign data for the reaulti111 Pintle Poree and Traverse Bar Force . This resulted in the selection ot 37 aeta ot data tor the Forcing :function as shown in Appendix C. It 1118¥ be noted here that aeveral extreme spikes, having orders-of-magnitude larger valuea and very abort duration, were ignored . To include these values in the Forcing 1\1.nction would require prohibitively small time increments . 

From a plot of the forcing function, it became apparent that a time incre­ment of 0.001 second would generally include every peak value ot the Pintle and Traverse Bar Forces. A symmetric cue for loading wu ch01en, i.e., vi th the initial azimuth angle given u zero . Furthermore, i n1 ti al elevation &nil• wu chosen as zero, and the tripod was taken u having all three lega extended by 
two hole stops . Soil properties data we.re selected, and concentratecl uaaea 
and their mass mcments of inertia were canputed to supply the nece11ary input data for the demonstration run . The data deck was uaembled u r· ·•,1.imd in Appendix A and the program wu executed at the GARD Caaputer Cent, uaing the 
IBM 1130. 

The program executed successfully for he demonatration n&n. However, after several time increments, several problems ar se ~hich made the reaulta unacceptable. Since the tripod waa being loaded symmet ri ally, the diaplacementa muat be sy-tri• cal also . As seen from the output, the ~-displacementa tor nodal pointa l and 19 beginning with time 0.003 are n 1 nger equal. P\.rthermore, a 11011ntinc el'1'0r for a non, zero Z- displacement of the front leg ( nodal point l) bece11111 evident. 

The source of theae pr bl ems was tra ed to .. omputer preciaion coupled -.-1th GauH•Seidel aolution accurac~·. A. diacuaaed in Section 5 , • the aolut.ion 1a deemed ~cceptable when all l38 unknawna beins aought fall ldthin a ,ecion ot con­vergence . If the region of convergence ia narrowd down in an atteapt to increue accura y, the ccaputational precisi n creeps in and oea not allav convergence. To torce convergence or all valuea, parti u.l arly thoee unknovna which an ftl"Y amall. • crude region of convergence waa ape ifie With a crude recion ot convergence, control ia loat over the more meaningf'w unknown, and exhibita 
itaelt with the non-aymetric reaw•a obaerved in the output . It wa _oe,ible 
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I IIC ll caputer . 11nce 
ar thel r Ua1 tat.ion■. 
preHnt ccaputer 

11 tu y operational in that no 
vl ent . Hawver, f'lirtbtr 

n1 and ••euUon ol the Pl'GINa 
uf versen •· Thi1 can only be accaa-

._. , _ .. . u ... er t lll y r ll'tuch I itable Pl'OCNa cbanp1 WOl&ld 
pr na ~ 1 le with the nev 1y1t• · 

I 
p 
pr r • · 
Nt.lnemr 
t.&ti I 

1 
r1 

rl ng the r gr ui 
1s gg ste 

al 1 er machine gun hu bHn 1hown to lend 
me a roa h The analylil1 hu bHn 

. he g1 t~ omputer . The ccaputer 
r rs 1n t he logic and computational 
le re1ul ti, tu rt her modi f'icatlona and 
be made whl h w uld lncreue cocpu-

, racy 

a f itful sion, the following 

1. The omput. r program I be exer ised a ccaputer with larger 
capacl t y than that of IBM ll O,.l y hen .. u.ld t . e e essaey computational 
precllion be a hi ved without which 1nea1 ingful output 1s not poaaible . 

An impr oved s 11 m els 
l1nearly•elut1 ·• non-yielding m 
program . 

in ~ rat ed , supplant t ng the 
is present • il t into the computer 

3 , Validation f the omputer tpu is also de s irable: after incor-
porat ion fan impr eds 11 model and su essf 1 a hie vecent of the required 
convergence, the computed val ues of trip d m ti ns and s t resses should be 
compared t o c rresp nding values experimentally btai ned fran an actual firing 
tHt . 
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NOMENCLATURE 

A cross-sect1onal area of a finite element,(in2 ) 

C.* damping matrix (Figure 18) 

E Young's modulus,(lbs/1n2 ) 

e void ratio of soil,(dimensionlessl 

Fij (i•x,y,z; j•l,2,,. ,23) 
force componen s of the it-vector,(lbsl 

I 

J 

L 

m 

pintle force,(lbs ) 

traverse-bar force, (lbs) 

shear modulus,(lbs/in2 ) 

4 area moment of inertia of a finite element,(in) 

torsional constant of a finite element, ( in 4 ) 

mass moments of inertia of a lumped mass about global 
coordinate axes i • X, Y, Z ( slug-in2) 

stiffness matrix (figure 16) 

length of the finite element, (in) 

moment components of the ~-vector, (in-lbs) 

pintle moment, (in-lbs) 

mass per lineal inch of finite element, (slug/in); 
lumped mass in the mass matrix li, (slugs) 

a 1 x 6 vector of forces and moments that are externally 
applied to nodal point 1 

a matrix, defined by Equation (79) 

a 1 x 6 vector of displacements at nodal point 1 

radius of foot di3c, (in) 
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t 

V 

X, Y,Z 

x,y , 2 

s 
y 

6 

= 

• 

= 

• 

transformation matrix (global to local coordinates) for 
leg i l1 • 1,2 ,3, 4) 

time, (sec) 

an arbitrary l x 3 vector 

elevation mechanism setting, {1n) l P1gure 5 ) 

mass matrix (Figure 15) 

gl obal coor dinat es 

local coordinates 

mL/6 ; angle bet ween front leg and the plane of rear le11 
(Figure 5) 

131111 / 35, angle of action for pintle force Fp 

JL /6 , kink angle of front leg (Figure 5) 

llmL2;210 

displacement of nodal point j 1n direction 1(1 • x,y,z) 

a 6 x 6 matrix, accouting for the lumped ma11e1 or tripod 
(a component of the i* l 

(n= l , 2, 3, ) n angles between t r i pod e l ements (Fi gure 14) 

i j 

p 

angul ar di sp l acement at nodal point , a out coordinate 
e.x 1 s 1 ( 1 • X,Y, Z) 

Poisson's rat i o of soil 

pos i tion var i able i ns i de a pa.r t cu a" f n t e e l ement, ! 1n l 

• m1 3; 105 , 1011 density , ( lb1 / 1n 3) 



" 

a 6 x 6 matrix, accounting for the mass of the machine gun 
(a component of~•) 

stress, (psi) 

• mL3/140 

o• • AE/L 

8* • 12EI/L3 

y* • GJ / L 

6* • 6EI ; L2 

A* • 2EI/L 

¢ change in gun-barrel elevation angle during firing 

¢
0 

angle defined in Figure 19 

¢
0

a initial value of the gun-barrel elevation angle (Fisurt 19) 

iin(n•l,,,,12) . 
displacement compatibility matrices, defined by 
Equations (56) through (68) 

a 6 x 6 matrix, accounting for soil stiffness 
(a component of K*l -



APPENDIX A 

DESCRIPTION OF COMPUTER PROGRAM 
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AP EN X A 

DE CRIPT ION OF COMPlfl'ER PROGRAM 

A,l Computer Pro1ram Operation 

A,l . l Overall Pro1ram De~cription 
A,l,2 Pro1ram SJLMS (Link l) 
A.1,3 Pro1ram SJLMI (Link 2) 
A,l, 4 Pro1ram SJLFQ (Li nk 3) 
A.1,5 Pro1ram SJLIN (Link 4) 
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A, l omput e r Prog am Ope r at · on 

A,l,l Overall Progr am Descript i on 

k digital computer program was wri tten to compute the transient response of the Tr i pod Mount M3 encompassing the analysis contained in th i s report. The program was written in FORTRAN IV for the IBM 1130 Di sk Operat ing Sys t em and t r i al -executed at the GARD computer facilities. The pr ogram is divi de d i nto 5 li nk ed mai n programs \iith 13 supportina subrouti nes . An auxlli ary progr am was also wri tten to generate the fore ng funct ion dat a car ds r equi red by the mai n program which utilizes out put from SAWECOM 's machine gun program. A listing of the entire program deck 1s given i n Appendi x B. 

The fi ve li nked main pr ograms are: 

( l ) Program SJLMS : Mass and Stiffness Matrix Writer 
( 2) Program SJLMI : Mas s and Stiffness Matrix Modifier (3 ) Program SJLFQ: Forcing Function Rea~@r and (Q)-Matrix 

Writer 
( 4) Progr am SJLJ1'j : Init i al Acceleration Calculator 
( 5) Program SJLTM : Transient Displacement, Velocity, and 

Accelerat i on Calculator. 

A brief descripti on of each of t hese main programs follows. It mq be noted here that since the pr ogram is operational on the IBM 1130 system, det ai led output beyond what i s normally required is possible through the use of sense swit ches, Normal operation, however, is with all switche1 off . 

A. 1. 2 Pr ogr wn SJLMS (L·nk 1) 

Ther e are mass ive amount s of dat a contained in the matrices to be manipulat ed, so · t was dec ided t o generat e and store these matrices as disk f·l es. These files ar e access i ble t o the computer upon execution but ne ·,er remai n entirel y in core , Each major matrix is stored as 138 reco r ds; each record be i ng 276 words l ong. Si nce standard precision i s us ed t hroughout, each real number generated requires 2 words. 

The f irst li nked program (SJLMS) begins by clearing the files land 2 which are designat ed as the Mas s and St i ffness Matrices, respectively. Once t hese fi les ar e cleared, the caption card (CAP) which identifies the case being analyzed i s read, Th i s caption card is common to all l i nked programs and is pr inted on al l output pages from this and all succeeding programs. The t r ipod geometri cal data is read into the com­puter next. The program has s t ored p roperties of the tripod, but if any 
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Figure A.l: PROGRAM DECK 
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of thee pr~_er L e 
an ' y: • , provi s i on 
-w . 1c. di ffe :- !'ror.i th se 

u pu t 1s then produced 
t ripod properties, 

e changed for a part icular case be1fll 
v been made to accept corrections of data 
shown i n ab l e A- 1. The first pace of normal 
whi ch recapitul ates the input andtor stored 

The computa tion& proceed to the geometry for the system which 11 
used i n the de ve lopmen t of the Transformation Matrix (SJLTil. Proceedin1 
now fo r each success ive element, t he terms for the Mass Matrix are com­
put ed and trans formed nt o gl obal coordi nates (SJLMX) and sorted (SJLFY) 
in to t he Mas s Mat ri x file for a ll nineteen tr i pod elemental lenstha. 
The boundary conditi ons are comput ed and wr i tten (SJ LBD) on file to 

omplete the Mass Mat rix fi le for all the distributed ma11es. The cal­
cul ations t hen proceed in simi lar manner to compute, transform, sort and 
wr it e the St i ffness Matrix f ile. At the concluBion, the option 11 made 
to print the Mass and St i f f nes s Matrix (sense switch l on) or for nonnal 
opera t10n links control t the next program (sense switch l off). 

A. 1.3 Program SJLMI (Link 2 ) 

The purpose of the second linked program (SJLMI) is to modify the 
Mass and St i ffness Matrix files for c:incentrated manes and ,.:>11 1t1ttne11. 
The program cal l s for i nput data of mass and mass momenta ot inertia to 
be read in for the ordered no~11 poi nts 1 1 41 7 1 10, 16 and 19 (1ee 
Figure 2 l, fol l owed by the i ni ti al gun elevation an1le, azimuth &n1le 
and the value of V (see Section 3, 2 ), The pro1ram then compute■ a 
geomet r i ca l ly compiti ble azimuth angle to pro· ide confluence with traver1e 
bar nodal points 11, 12 or 13, In th i s sense the azimuth ansle (AZIM), 
read i n as input, is used so t hat if: 

I f AZIM < 0 azimut h is comput ed through nodal point 13 
I f AZIM = 0 az imuth i s compute through nodal point 12 
f AZIM> 0 az imuth i s computed through nodal point 11 

he second _age of normal o tput re capitul a t es t he concentrated 
mas ses an d mass cements of 1nert 1a Then the gun mass components are 
read as i nput t o be umped at re p: nt e and traverse bar (see Section 
3, 2J , and are pr i nt ed as output. mh1s completes t he ma11 modificat1on1 
data requi red so hat now these terms are insert ed i nto the ma11 matrix 
ri · e i n t ~eir prope r pl ace. 

The soil prope rti es are then r ead as i nput and recapitulated a1 
output , From t he so i l prope rti es t he soil character11tic1 are cal­
cul a t ed (see Sec t i on . ) , Af t er distribut1n1 the term, or the 1011 
characterist i cs i n proper or er, he procedure i s repeated, thil t1M 
i nsert i ng the s011 charac t e r 1st1 cs i nto t he St iffness Matrix tile 1n 
he i r proper place. 



TABLE A-I 

TRIPOD PHQPER'l'lES 

ILL) (A) (W) ( I l (J) ( Cl 
ELEMENT AREA WEIGHT PER MOMENT OF POLAR MOMENT OUTER 
NUMBER 

(lN2) 
UNIT LENGTH INE~IA OF IN~IA RADIUS 

(LBS/ IN) (IN l (IN) (Ill) 

l 0,633 0.180 0,1310 0.2620 0,717 

2 0,455 0,310 0,1990 0,2700 0.817 

3 0,455 0,130 0,1350 0,2700 0.811 

4 0,420 0.120 0,1240 0,2480 0.810 

5 0,420 0,120 0,1240 0-2480 0.810 

6 0 , 420 0.120 0,1240 0.2480 0,810 

7 0,420 0.120 0-1240 0,2480 0.810 

8 u.420 0.120 0.1240 0.2480 0.810 

9 0,420 0.120 0.1240 0.2480 0.810 

10 0,490 0.140 0,0429 0.0858 0.502 

ll 0-490 0,140 0.0429 0.0858 0.502 

12 0,490 0,140 .0429 0.0858 0.502 

13 0,490 0,140 o.0429 0.0858 0.502 

14 0.420 0.120 0.1240 0.2480 0.810 

15 0,420 0.300 0,1920 0 , 2480 0.810 

16 o.633 0.180 0,1310 0.2620 o. 7l7 

17 o.420 0.120 0.1240 0,2480 0.810 

18 0.420 0,300 0.1920 0.2480 0.810 

19 o.633 0.180 0.1310 0.2620 0.717 
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, n nc 
are 

A. • Program ~TL Q (Li nk 31 

be Nd 1ft I 9q 
he waod1f1ed i rt­
• rHPffU ••lJ • 

he t hir !I nked p!"o1ra.m ( SJ ~ l c 111prue1 the .Lut prep&Nior, pr~• f t he system. lts purpcse 1s rend 1r. the forc1nc t\mctlon aa4 t.o fora he (Ql matr x . The r · rs n ut a a requi red 11 the tlM 1ncraeat (MA which w1 l be used t o step t r. e trans1 en~ ca c~Lat10n1. Then tbe torcinc f unct i on deck is read. The program prov1des !or up to SO t~rcinc f\aaction data cards If less than 50 is be1nc uaed, the 11pal for th11 11tuat1oa 1s t make the last data card negative 1n the fir1t data tield . Once all the forcing f unction data 1s read, the entire forc1na f'unct1oa tab.Le 1 ■ recapi tu l ated as uutput. 

The ca l cul ations now proceed to fo rmina the (Ql matrix. Tb• Mala r.:at n x i s cead f rom :' ile 1 , t he Stiffness matrix 1a read !rca ru.e 21 and the ground damping 1s computed and held in CO MMON as C. Each term of the (Q )-matr1x is computed and fie 3 is created. In view or the boundaey conditions, certain terms of the (Ql-matrix can be eliminated and eapre11ed in terms of other var i ab l es. Thus , (QJ-matrix mod.f1cat1on1 are performed (SJLQB) on file 3, leavi ng it prepared for al1 1e11 under the 1ntluenc• of so i l damping and s tiffness Nomal operation (sense 1vitch 6 OFF) would cause control to be gi ve n to the next linked program; however, tor more detai l ed output , the enti re (Q) -matr1x fi le may be output (1en1e switch 6 ON) . 

A.1 . 5 Procram SJLIN (Link 4) 

he purpose of the t hi r d _i nked program (SJLIN) 11 to compute the in i tial ac ce l eration fi e ld . For norma~ opera t ion (sense switch O, OFF) it is assumed that the i n1t a dis p acements and veloc1t1e1 are ~ero. However, t he opt Jn has been pro 1 ed t o 1n1t1alize on a liven set of di sp l acemen t s and veloc it es f or a g ven in ti al time, TAU. If this option 1s desired ( sense sw1 t ch .: ) a se of a a cards prov1d1na th1s infor-rr. a t on 1s required 

Gi ven t he 1n1t a cond ion s , the computat i ons proceed to find the value of the forc i ng funct1on IS LQQ ) a t the initial time (TAU). Next, the nit1al acceleration fi e ld 1s so lved (see Section 5. 6) by the Gauss­Sei de l me t hod (SJL ~) . _f more detailed output is required (sense switch , N) , he i niti al dis _ acement , veloc i ties, and accelerations are output Fo r noma operation, howe er , (sense swit ch 8 , OFF), the calculations proceed oward the computation o~ p1ntle pin displacements, cun orientat i on and ~ax1mum combined stre se- 1n se ec t ed e l ement s of the tripod (SJLDG). Once this 11 eomp et ed , the re su ts are output Con rol 11 then transferred t t he next linked pro1ram. 
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A,l. Program SJLTM (Link 5) 

The fifth and 1ast l inked program (SJLTM ) 1s the culmination of the computations It provides for the calculation uf the transient dia­placementa, velocities and acceleration at each nodal point in the tripod system . The last bit of input data ( TMAX) is read, namely• the maximum time towards which the computat ions are to proceed. The calculations begin by stepping time to the first time increment. The value of the forcing function (SJLQQ) is determined and the (A) and (B ) vectors are formed ( see Secti.:>n 5. 6). Next the right-hand sides of simultaneous equations (see Eq. 82) are formed. The acceleration field is then solved (SJLGS) for the first time increment; followed by the corresponding dis­placement and velocity field. A check of the computed displacements is made to see if any of the three legs are lifted out of the ground. If a leg l1ft1ng is detected, and the solution was for conditions other than for those detected, leg lifting modifications are made (SJLLL) and a new so lut ion is sought for the correct conditions. If no leg lifting is detected and the solution was for these conditions, the solution is accepted and the computations proceed, 

fo r a valid solution of the transient response the pintle displacement, gun ori entation and maximum combined stresses in selected elements of the tripod are computed (SJLDG). These values are then output (SJLOU), A check i s made to see if the maximum time (TMAX) is exceeded. If not, the time i s 1ncrementeu and the entire procedure 11 repeated. If TMAX 11 exceeded9 the program EXIT's. 

Normal output (sense switch 81 OFF) would consist of the transient re1pon1e 11ving the time, displacement and velocity of the pintle and tripod feet, 1un e l evat1on and azimuth angle changes, and maximum comb1ned 1tre11ea 1n selected elements of the tripod legs. However, fvr more 4eta1led output, 1t is possible (sense switch 8, ONl to output the dis­placemen ts, veloc1 y, and acceleration for each nodal point 

A. 2 C91puter Progrp Input Data 

, ? . 1'i•su111on of lnput Data 

ca a a decit w1 
requ re : 

cont ai n• mi ni mum of 66 data cards, More 

propert ea di ffer from those shown 1n Tab l e A-1 
be requ i red for each appropriate correction. 

11 p aceiNnts and ve l ocities are to be prescribed 
l z ro , t he di. r l , • i:'.nd velocity fields 
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The fol l owing discussion may be u1ed aa a 
data deck. The dat a deck described 11 the one 
computer run made at the OARD computer center. 
will be d1scu1sed in Section A,3 . 

A. 2.2 Ident1ticat1on Caption Data 

su1de !or preparing the 
uaed for the demon1tration 
The output from thia run 

The 11rst card to be prepared 11 the 1dent1ticat1on caption card, Any legal alphamer1c character may be uaed to identity the cue beina analyzed 1n the computer run. In the example ahovn in Fisure A-2 the caption 1hov1 that: 

ALL THREE LEOS ARE EXTENDED BY TWO HOLE STOPS, 

The ident1f1cat1on follows since the aepent 1e1 lenatha are taken trom Table A-IV, The user may also identify the condition, tor which the USAWECOM 's computer pro1ram ~utput wu obtained on th11 auae caption card, In which caae 1t 11 11.111e1ted that the card be prepared with thi1 
additional information, the only re1tr1ct1on be1na that no more than 80 legal al phamer1c character• are uaed. 

A.2.3 Tripod Element Lencth Data 

Cards 2, 3, 4 and 5 are u1ociated with the element len,tba ot the tripod and its geometric and phy11cal propertie1. (See Fisure A-3,) Al discu11ed 1n Section A,l.2, the proerua hu built-in phyaical propertiea of the tripod materials, The aepent lenatha po111ble tor the tripod are gi ven in Tables A-II through A-VI. The preparation ot carda 2 and 3 11 fairly stra11htforvard aince all that 11 required is to utilize the 1epent lensth• 1iven in the table,. The tirat tour val•1e1 ot card 4 are the remaining 1epent lengths, However, the firth value ii the included angle from the front to the back legs, and the sixth value 11 the anale of kink for the front le1, Card 5 mu1t alway1 be included in the data deck. If tripod propertie1 corrections are necessary (a1 tor example, in the case taken from Table A-11), the correction cards are placed between card 4 and card 5, In this way the built-in tripod properties are amended to conform with the required corrections. 

A.2.4 Concentrated Mase and Mua Momenta of Inertia Data 

Concentrated masses and their cor~eapondiftl ma11 moments of inertia relative to the 1lobal coordinate 1y1tem comprise the next aet of input data cards (see Fisure A-4) . Theae ca~d• must be ordered 10 that: 

Card 6 corresponds to nodal point l 
Card 7 corre1ponds'to nodal point 4 
Card 8 correspond• to nodal point 7 
Card 9 corresponds to nodal point 10 
Card 10 corre1pond1 to nodal point 16 
Card 11 corre1ponds to nodal point 19 
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Figure A.2: TYPICAL IDENTIFICATION CAPI'IOli CARD . 
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TABLE A-Il 

TRIPOD SEGMENT LENGTHS 
ALL THREE LEGS FULLY RETRACTED 

LENGTHS REQUIRED 

AL • 6.010 1n, 

ELEMENT NUMBER 

l 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 

12 

13 
14 

15 

16 

l7 

18 

19 

TRIPOD PROPERTIES CORRECTIONS 

SEGMENT LENGTH (in) 

2,33 
7,41 

10.99 
7 ,C12 

7,02 

3,5.l 

7.02 

7,02 

3,51 

4,36 

4, 36 

4,36 

4 36 

9, 31 

9, 36 

2,98 

9, 37 

9, 36 

2 98 

ELEMENT AR~ WEIGHT PER K>MENT OF POLAR NJ~ OF 0l11'!R RADIUS NUMBER I in J UNIT LENGTH IN~IA INERTIA ( 1n ) ( in) 
!lb1/ in) ( 1n ) 

, 300 ,192 ,248 .810 
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TABLE A-r rr 

TRIPOD SEGMENT LENGTHS 

ALL THREE LEGS EXTENDED BY ON! HOLE STOP 

LENGTHS REgUIRED 

AL • 6.010 in . 

ELEMENT NUMBER 
SEGMENT LENGTH ( 1nl 

l 
3,83 2 
5,C5 3 

12.49 4 
5-85 5 
5,85 6 
5,85 7 
I ,85 8 
5.85 9 
5,85 10 
4, 36 11 
4. 36 12 
4, 36 13 
, 36 14 

9, 7 15 
. 3 16 
.9 17 

9. 3 18 
9, 6 19 
,93 TRIPOD PROPERTIES CORRECTIONS 

ELEMENT 
~) 

WEIGHT PER UNIT MOMENT OF POLAR MO~ OF OUTER RADIUS 
NUMBER LENGTH 

IN~IA INERTIA I in ) ( 1n l 
(lba/1n) C1n ) 

14, 17 ,420 , 300 ,192 , 248 
.810 
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'rABLE A-IV 

TRIPOD SEGMENT LENGTHS 

ALL THREE LEGS EXTENDED BY TWO HOLE STOPS 

AL • 6 010 1n. 

ELEMENT NUMBER 

l 

l 

l 

l 

3 

4 

5 

7 

l 

14 

5 

6 

19 

TRIPOD PROPERTIES CORRECTIONS 

NONE 

101 

SEGMENT LENGTH 

5,33 

3, 55 
13,99 
5, 85 

5,85 

5, 85 

5,85 

5. 85 

5 5 
4, 36 

4, 36 

4 ,3 

4. 

4 39 

4, 

10 . 88 
4, 9 

14 , 34 

10 . 88 

(inl 



TABLE A-V 

TRIPOD SEOM!NT LENGTHS 

ALL THREE LEGS EXTENDED BY THAE! ROL! 

LENGTHS REQUIRED 

AL • 6 ,010 1n. 

ELEMENT NUMBER 

l 

2 

3 

4 

5 
6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

TRIPOD PROPERTIES CORRECTIONS 

NONE 

102 

2 , 0 

5, 

5 

5, 
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TABLE A-VI 

TRIPOD SEGMENT LENGTHS 

ALL THREE LEGS FULLY EXTDD!D 

~ENGTHS REQUIRED 

AL • 6.010 1n. 

ELEMENT NUMBER 

l 

2 
., 
J 

4 

5 
6 

7 

8 

9 

10 

11 

12 

13 
14 

15 

16 

17 

18 

19 

T~IPOO PROPERTIES CORRE~IO!§ 

ELEMENT 
~) 

WEIGHT PER UNIT NUMBER LENGTH 
(lb1/inl 

2, 3 ,455 ,130 
15,16;} 
18,19 ,633 .180 

M:>MENT OF 
l~IA 
(in l 

,135 

,131 

103 

SEGM!JIT LENGTH (1n) 

8,33 

8. 77 
8,77 

5,85 
5,85 
5,85 
5,85 

5,85 
5,85 

4.36 
4,36 

4,36 

4.36 
12.29 

12.61 

12.61 

12.29 

12.61 

12.61 

POLAR t«>MENT 
OF PERTIA 
(1n) 

,270 

.262 

Ot11'ER RADIUS 
(in) 

.817 

,717 



A •. Gun 
11¥£1 A., , 

Card 12 represent s the 1n1t1 a l IW1 orienta t ion. Tfte r ret vord • t he i nit ial 1un e l evation ang l e; the ••cond vord 11 the n1t1al 1\111 azimuth angle; and the laet vord 11 the va lue or he eon1ta.nt V ... Sect 1 n 3 21 . t 1s not important that the value of the a1 1■ut8 &al• be gi ven very accurate ly, The pro1ru ut1l11e1 on 1 the e1p ot tb11 va l ue by applying i o a computed 1eometr1 cal y coapa 1b • value ot az imut h passing th rouch one of the traver1 e bar nodal po n 1 . 

Card 13 represen t s t he lumped 1tUH1 d:ic t t !1e I on11dered • the pint l e and the trave r■e bar , re1pect1vely. Th••• \llped ... 1e1 ue de t e rmi ned from static equ1l1br1um of the 1un 111&1 1 vith he react1oea at the pi nt l e and t averse bar (see 1ect1on , 2) . 

• 2.6 Soi l Properties Data (F14ure A. 
Card l supp l i es the 1nfonnation for the 1011 properties nece11&17 to compute the soil damping and st1ffne11 IFll\,ll'e A-6 ) The f1r1t word i s t he radius of the tripod foot d11k, the second vord 11 tbe 101 cleult1, and t he third word 1s the Pois son ratio. Typical val ue• ot the Po1110n rat 1O are : 

, 25 < " ~ , 35 for cohea i on eu 10111 -, 35 - " ~ . 5 for cohes i ve 80111 • 

The four t h wor d i s the void ratio which m~ vary Hten11vel1. For example , the v1:1 Uf'S for the void rat io can be: 
e • 0 , 51 for uniform sand, den e e • o. 5 for uni form sand , :>ose e • 0 , 25 for glac i al t 11 , very mi xed-gra ned e a 3. for soft very organ c C &3• 

he l ast value !' epresen t s t he so ty e n ex , e on y p 11 i nd i ces are: 

I • l 
I • 2 

s i gn i i es Angu ar Sands o r ohes ve o & signi fi es Roun -1rai ned ands . 
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Jl'lgure A.6: TYPICAL SOIL PROPERTIES CARD 
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A. • Preparation of the Forc ing Punc t1on Data 

The i npu t ro rmat r equires t hat he for cing f unction consist of 50 sets off ur numbers , -where each set spec1fiea the four components or the orc i ng f unction at a given time instant during the firing or the cun he data needed f or t he preparation of t hese four components (Fpi FT' MC nd ~) comes rrom tw sources : 

l l Computer OU Ut 0 ht GAWECO ,'.' s ma ·hine-gun rog.ram, and 

2 J ertain de.ts reln mg o t he ge e t r:v ~ t he gun-tripod system, $ f J ows : 

a ) D ~ 13,50'': fi xed distance between be points at which t ~e re~e1ver is supported by the tr pod, 

b) 15,67 " and 5, L9: fixed dimens1ons, sho\.ln in Figure A, 7 , 
C) Barrel e l evat ion angle, ~ , This is one of the variable i nputs, already entered o8¾ata Card o . 12 , 

d) I~ • 1,406 slugs: n:ass of t he un re ce ve r , 
The output var iables •~ 

f'~ l owi ng ( see Figure A, 7) : 
1e g n progr am ha mus he used are t he 

1 ) Bolt force F , This 1s the sum of f orces exerted on the gun rece i ver by the drivi ~ spring, the back-plate buf er spring, and any damping dev i ces assoc i ated with the bolt , 

2 ) Barrel for ce F . 
~ ~. e un r ce i ver . 

'his 

3) . e e1ver accelerat on , 
1 , . i gure A, . 

he 

I s s 

.ha he o l buffer exe r 

i ve n 1 as shown 

From the preceding geometrical ata , co111pute he n entat1on angl e of ,. e traver se bar, e: 

where 

~ ~ +4-40' r- :JS r• .... 
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With the above-calculated value of e, one may proceed to compute the 
forci ng function. The equations used for this purpose are derived from 
the free-body diagram of the gun receiver shown 1n Figure A. 7, The 
procedure is as follows. 

Step 1: Plot the three output functions F1 , F2 and aR vs. time, 
all to a common time scale, 

Step 2: Divide the time scale of the above plot into 49 intervals 
for the purpose of obtaining 50 discrete values of each output func tion. 
The t ~me increments resulting from this division need not be equal to 
each other -- the determination of increment size 1s left to the discretion 
of the preparer 0f input data. Only one rule 1s suggested: the steeper 
the F2-curve, the finer the time divisions in that region. 

Step 3: From these three plotted curves, read and record the values 
of F1 , F2 and aR for each time instant ti (i • O, l, 21 .,,50). These 
50 sets of discrete functional values are now substituted as many times 
i n the equations of Steps 4 , 5 and 6, 

Step 4: Calculate the 50 discrete values of the traverse-bar force, 
FT' from the following expression: 

=- .e,()tl 1=; + a~~/:;, - ;. 4 7 M~ a.e 
/ .3, 5() $l"- (I'- ,p.) 

( -1 2 where Ma• ,1172 lb-in -sec ) must be used 1f aR 
~aturalty, the values of F1 , F2 and aR must all be 
nstant t 1 , 

2 1s expressed in (111-sec ) . 
ta.ken at the same time 

Step 5: Calculate the 50 discrete v~lues of the pintle-pin force, 
Fp , f rom ttie following expression t hat employs the previously calculated 
values of FT: 

where 
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Step 6: Calculate the 50 discrete values of the angle-of-action of the pintle-pin force, 6: 

Step 7: Set the pintle moment MC to zero for all ti' since the USAWECOM gun program in its present form does not output this variable, 
A typical forcing function deck is shown in part in Figure A-8. Card 15 is the time increment (DTAU), Cards 16-65 are the forcing function values containing the time, pintle force, traverse bar force, pintle moment, and pintle force action angle. Card 66 is the maximum time for the cut-off of the t ransient solution, 

The program requires that forcing function cards be less than or equal to 50 in ascending order for time. Should less than 50 cards be used, the last card must have the time (first word of the last card) given as negative. This signals the program that this is the last card and it is treated accordingly, 

A, 2 , 8 Forc i ng Function Data Generator 

To facilitate the translation of forcing function information from USAWEC0M's computer output to the requirements of GARD's input, an awciliary program (SJLFF) was written, This program requires that the data outlined in Section A, 2 ,7 be taken and put on input cards for the auxiliary program. All the required calculat i ons are made by the auxiliary program and a set of forcing funct i on cards are output which may then be used in the main program. 

The first required dat a card is t he i ni t i a l e l evati on angle: 
ELEV (FI0 . 3 ) (Degrees) 

Then a set of data cards are required, each cont ai ni ng: 
Time Col . 1-10 (sec) (Fl O • ) 
Bolt Force Col. 11-20 (lbs ) (El 5 5) Barrel Force ol. 21-30 ( lbs ) (El 5 .4 ) Receiver Accelerati on Col. 31-40 ( in / sec 2 ) (El 5 .4 ) Pintle Moment Col 41-50 (in- l b ) (El 5 ) 

110 



0 
0 

&.J 
0 
Q 
0 
0 .:, . . 
0 

I\J 

·=· 
:., 
f',t, ... 
"' (II) -• 0 

0 
0 

w r.:., 
0 
0 
0 
0 . 
0 

"" ;:j 

~, .. 
In 

"' II) 

"' • 0 
I 

• 0 

0 
0 

w 
0 
0 
0 
0 
0 
• 0 

a., 
0 

L,J -.,. 
M 

"' (,') 

• 0 

. 
0 

~ 
w --0 ,.~ 
;n 

w 
t~ 
f1', 
:,.. 

· -
~ti . 
0 

g 
w .... 
i3 
0 g 
• 0 

• 0 

L,J 
0 
0 
0 

8 
• 0 

-0 
0 . 
0 

-------------------------11 ---------------------------------------------- w - . ----- . --·--. ----------

111 

---.... -... -... -... ... ... --... -... ... ... ... ... ... ... ... 
.... .... ... .... ... ... ... ... ... ... ... ... ... ... ... ... ... -... -.... .... .... .... .... ... ... ... ... .... ... ... ... -... -... ... ... ... ----.... ----... -... 

... ... ... -... ... ... ... ... .. --.. -----.. .. ... ... --... ... 
... -.. -.. .. .. -----.. .. 
... ... ... ... ... .. ... ... ... ... -... ... ... -... ... ... ... ... ... ... ... ... ... 

... ... ... ... ... 

... ... ... 

... ... 

-----... ---• • • • .. 
• • • • • • • -------• -• • • • ----• -.. --... -• ---------------------------------

... ... ... -... ... ... ... -.,. ... ... ... ... ... ... ... ... ... ... ... ... -... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... .,. 
.,. 
.,. ... ... ... ... ... .,. ... ... ... ... ... ... .,. 
.,. 
.,. ... ... ... ... ... ... .,. ... ... ... ... -... ... ... ... .,. ... ... 

--------.. ... --------------.. .. .. .. ---------------.. .. .. --.. ---.. --.. -.. .. -.. .. -.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 

--

-----------

-------------------------------------------------------------------------------

-· -· -· •L -------------------•a --------------~ -· -· -· -· -· ... ---------------.. -.. -.. 
: .I : ~,: .. . .. . ... .. ------· .. -.. -- -

< ., 
I,. 

~ .... 
la.. 



Again, the auxiliary program requires tha t these data be less than or equal t o 50 cards. If less than 50 cards, the l ast card must have the time ( first w0rd last card) given as negative. The printed output from t he auxili ary program is given l n Figures A-9 and A-10 
A, 2 ,9 Init i al Conditions Data 

he c mputer program normal y assumes t hat the calculations be1in at rest fo r time zero . However, the option 1s available to input nitial conditions, thereby providi ng a degree of flexibility to the pro1ram. To take advantage of this option, a group of 47 data cards are required. Card A contains ~he i nitial time (TAU) for the option. Cards B
1
-B

23 
contai n the disp l acements and rotat i ons for time TAU, and cards C -c contai n the velociti es and angular veloci ti es fo r time TAU. Thesi di~a must be ordered: 

x' y• z' ic' y• z. 

on each car d and he cards must e i n sequent i a order accordi ng to the disp acement vec or given i n ec ions . l an 5, 3. 2 . 

A, • 0 Summary of Input Data 

To summari ze and simpli fy input data preparation, the charts presented on the fol l ow ng pages have been prepared. he hart s show input data car equence, format, an data requi remen s. n short, all that is ne ces ary t o make u e nput ata eek s pec1fied . (See pages A-32 to A-3 .) A, r o4ram Output ata 

hree pages of 
a rec 1 l a on of he data 
page (Fi gure A- 1 ) how he 

he s egmented 
e emen fo l ows from 

are hose use d by the program 
he i n 

utput data of the computer program are use in program execution. The first 
r1pod propert i es. Element numbers corres­sect ions prev1ou ly defined, The length 
nput data. he rem1ining physical properties af e r all correct1 ns, i f any, are made by 

he secon page ( 1gure A- 1 ) recapi t ulates the concentrated mass, as moments of i ner t a, gun lumped masses, and soil properties as read n y n a . 

hird page ( Figure A-1 3) shows ~he forcing f unct ion data. These y as rea i n by he i np it data deck which may have been he aux ary program ( , LFF) . 
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APPENDIX B 

FOh'T~.o.:, LISTING OF COMPl11'ER PROGRAM 
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C 
C 

C ,. 
V ,. ... 
C e 

C 
C 
C 
~ ... 
C 
C 
C 
C. 
C 
C 
C 
C. 
C 
C 
C 
C 
C 
C 

C 
C 
C ,. 
V ,. ... 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C ,. .. 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

PIOvlAM SJLMS ILlti,K ll 

A OIGlfAL cON,ufEI ,10GIAM ,o CONPUfl '"' , •• ~SIINJ IISPOIISI Of FHE fAl'O~ MOUNT M J FOR THE u.io CALIIII MACHINE GUN J~Dl:R CO~fAACT NO. DAAFOJ•?O•C•OOJl 
u.~. ARMY WEA,u~s CUNMAND, •ocK ISLAND, ILLINOIS dY liE~EAAL AMERICA~ REASEARCH DIVISIUN ~E~tMAL AMt•ICAN TRANSPORTATIO~ COIPOIAJIOII 7449 N. NAfCHEZ AVE. NILES, ILLINOIS 60641 

,Mu~RAMMEO I~ FOijTRA~ IV FUR fHE I IN ll)O DOS KY S.J. LIS, ME)EAACH E~~l~EIR A. VAITYS, P~OJEtf fNijlNEEA 
A.~. HtNZI, RESEARCH ENGINEER 

11'.!PUf DAU 
CAP -ALPHAMEMIC CAPTIO~ l~FOAMATION AL -F IXl:U F.tUrH LEli LL,~GTH FRIJN Pl,'dLE, IN. SE~ ·SE~ME~f Lt~GfHS FOR EACH Jf 19 ELENINJS, IN. ALF -INCLUUEO A~GLE FROM FRONT TD IACK LEGS, DEG. ~AM •FRONT LEli ANliLE OF KINK, DEG. LL •ELEMENF l~O(X 

PROP •A 119A~l AR~AY OF TRIPOO MATERIAL PROPERTIES P~OPILL,ll AMEA, IN2 
PAJPILL,21 WEIGHT PER UNIT LENGTH, LIS/IN PRuPILL,31 MUMENT UF INERIIA, IN4 PROPILL,41 POLAR MOMENT Of INERTIA, IN4 PAOPILL,~I OUTER RADIUS, IN. ELEV ·INITIAL GUN ELEVATION AN~LE, DEG. AZIM -l~IFIAL GUN AZIMUTH ANGLE, DEG. AM •AN AMRAY uf CONCENTRATED MASSES, LIS. AJ •AN ARMAY Of MASS MOMENTS OF INERTIA, IN•LIS•SICZ wTP -ADDITIONAL CONC. MASS UF GUN LUMPED Af PINTLE, LIS WTT ·ACOITIONAL CONC. MASS OF GUN LUMPED AT flAVEISE IAI RO •RAulUS OF FOOT DISK, IN. RHU •SOIL UENSITY, LOS/IN3 ANU ·SOIL ~UISSON RATIO 

E -SUIL VUIO RATJU 
JG •SOIL TYPE l ~OEX TAU •TIME, SEC. 
DTAU •TIME INCRtMENT, sec. 
F -A~ ARMAY uF THE FuRCJNG FuNCTJON FIJ,11 TIME, sec. 

FIJ,21 PINTLE FORCE COMPONENT, LIS. fll,31 TRAVERSE BAR FORCE CON,ONENJ, LIS. FCl,41 Pl 1•TLE MOMENT, IN•LBS 
Fll,~1 AN~LE OF ACTION FOR PJNTLE FOICE, DEG. 

l>AU SWI TC.HES 

~ORMAL OPERATION IS WITH ALL SWITCHES OFF 
SWOON, INITIAL DISPL. AND VELOCITIES AIE INPUT SW 1 ON, MASS AND STFNS MATRICES ARE OUTPUT SW i ON, MASS AND STFNS SUB-MATRICES AIE OUT,ul SW 3 ON, BOUNDARY CONDITIONS AR~ OUT~UT SW 4 ON, CONC. MASS AND STFNS SUi•MAIRICES AIE OUTPUT SW s ON, SOIL DAMPING MATRIX IS ouT,u, SW 6 ON, IQI MAfRIX IS OUlPUf 

SW 7 ON, EACH ITERATION OF SOLN. FOR ACtEL. IS OUTPUT SW I ON, DISPL.,VEL.,ACCEL., OF EACH NODAL ,01NT IS OUTPUT 
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C 
t 
C. 
C 
C 
C 

C 
C 

C 
C 
C 

C 

C 

C 

C 
C. 
C 

C 
r. 

C 

~~uGRAM SJLMS ILl~K 11 
NASS A~ ~flfF~t~S MAflll ~lift• 

SUPPuar11~ ~Ubl UUll~t~ 
~JLfl lRA~sroRN~flON ~,,.1a ~•ITE• 
SJLNl "~fAll iL NENJ ~•ITlR 

"JRA "Af~ll JRA~SP OSE IIBM ss,1 GMPNO ~E~E~AL MAIRll ~•ooucr tlBM ss,, SJLfY FILL su ~TER 
SJ LI\J t, U',IUUY O~UITI U~S .RI TE R 

RE~'U l~.,UT DATA 
CAP t 20A1t I 
AL,l~lGlll,l•l,il ldflu.31 
l~E Glll,l•lt,151 18f-l0.31 
ISE~tll,l•l&,191,ALF,~AM 16FlJ.31 
1, IALLIJl,J•l,~1 1110,SflO.ll 

NOIE• l•U SI ' NIFIES NO FUllfM i.: R COUECTIONS OF ,1to, l•LL ~IG~IFIE~ PROP CJRRECTIONS BEING MADE l•O I) ~E U'U AfftR LA ST CORRECJION CARO 
NOR"AL OJTPUT 

ALF l~CLUuE~ MN GLE FROM FRONT TO BACK LEGS ~AM FR ONT LEG ANGLt OF KINK u FIXED FRO,.r LE'- LENGIH FRuM Pll'HLE LL,l,I IPRuPll,Jl,J•l,~1,1•1,l~I TRIPOD PROPERTIES 

OE Fl ~E FILE l1138,27b,U,NI, ~1138,27b,U,NI UIMt~Slu~ PRuPlll~l,PkOP2(1~1,PR OP3(1~1,PROP4(l~l,PROP51191 u lM F~SIO~ ALLl61,AMTX16,6,41,FYLE1l3ijl,Tlll,ll,PROP1l9,51 CUMMON l"l 

._ uM:-lu',1 f HE Tl , I HE f .! , 1 ► 1[ f 3, TH E f 4, PRO I l 9,, I , SE GI l 9 I , CAP 120 I t .. UIIIAL( ',ICE (PR J P(l,11,PR OPlllll, (P~OPtl,21,PROPlllll (~UIVALE~CE (P RJPll,31,PRUPl(lll, IPROP11,1tl,PROP41lll t-UIVALENCE (~ROP1l,51,~RUP51lll 
~ATA PRUPl/O,b33,2•0,45?,o•0 ■ 420,4•0 ■ 4~0,2•0.420,0.b33,2•0•420, I IJ,bB/ 
UATA PROP2/0.180,0,JlC, 0 .130,6•U ■ l20,4•U.l40,0 ■ 120,0.300,0.ll0, l u.1,u,U.300,0.l80/ • UAl~ PRJP3/0.131,g.1q9,0.l35,b•O ■ l24,4•0.0429,0.124,0.l92,0.lll, l O.l24,u.1~2.o.l3l/ 
DATA P~OP4/0.262,Z•O,Z70,b•0,248,4•0.oe,e,2•0.24e,0.262,2•0.24B, l 0. 202/ 
u~T~ PRUP~/0.717,2•0,Bl7,b•0.8l0,4• 0 ,50t,2•0.8l0,0.117,2•0.8lU, lU,717/ 

l FOR"loH(20A41 
l l FO~~AT1318Fl 0 .3,/11 
12 f-uR"lAT I lHl, 1 PitlNT OUT OF MASS MArll.lX' I ll fLR..,ATllrll,'PAl~T our UF STIFF~ESS MATRlX'I 14 FUR "I AT ( l r➔ O, 215 I 
lS FUR~ATllH ,110,6El8.41 
16 FURMAll1H0,2UX,l4,Fl4.3,Fl0,3,Fl4.3,2Fl5.4,Fl4.ll 17 FuRMAflll0,5H0.31 
ld FJ R~ATl1Hl,2UA,'TRIPO D MOUNT Ml FOR 0.50 CALIB~R MACHINE GUN',/ 121x,•c~SE A~ALYZEU- ',20A4,//,1X,'TRIPOO PROPERTIES_,, • 19 fOR~~TllH ,20X,'INCLUOEU ANGLE FROM FRONT TO BAC~ LEGS •',Fl0.3, lZX,'UEli ■ 'I 
iO ~OR~hTllHU,l5X,'FRONT LtG AN~LE OF ~INK •',Fl0.3,2X, 1 DE~.•t ,I FOR~AT(lH0,24X,'FIXEU F~O~T LEG LEN~TH FROM PINTLE •',Fl0.3,2X, l ' 1 i~. ' I 
ll Fu~~AfllH0,2lX,'(LLl',8X,'lll',7X,'IAl',10X,'IWl',12X,'lll',llX, l ' I JI ' , 11 X, ' I: I ' , /, 21 X, 't LE ME i.T' , 5 X, 'U: N., TM' , 5X, 'AREA' , 6X, 'WE I GHT' , ~• Pt ~',bX,'MJMENT 0F',5A 1 'P0LAR M0MENT',bX,'OUTER',l,22X,'NUM8ER', IZ6X,'U11T LE~~TH',6A,'l ~t ~TIA',7X,' UF l~E~TIA',6X,'RADIUS 1 ,/,l4l, ~•11~1•,5X,'llN21',8X,'IL~S/INl',8X,'1l~41',llX,'llN41',9X, 

, 
1 I I '4 I ' , I, l ',J X, 9(J I ' - ' I I 
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' 

C 
C 

C 

C 

1·••2 SICi lfllS LOCilCAL Ullllf, CtUDI IN,uf 
M -~ ~I C.'4 1fl ES LUl.U.AL ur.ar ~ IPIU~fUI our,u, 

U l O l•lo1 3ti 
0 rYLllll =O. O 

U 110 USE•l,2 
= l 

UU 110 l•l,138 
l&O •A.lfCIKASE•~J FYLE 

C 
C qEAD fRIP D GEOMET~ICAL DAfA 
C 

C 
C 
C 

~ 

V ,. 
I., 

C 

C 
C 
C 

12 0 

130 
14 0 

1 )0 

lt>U 

110 

i:•2 i. OE •0c, 
u•ll.OE+Ob 
uVTY•)ltb.ft 
U SfY•0.28!»/GVfY 
I( AlJ ll"'l,lO I CAP 
MEA lJ ll'-4,11 I AL,SE C. ,ALF,GAM 
KEA DIIN,17 I l,IALLIJI, J•l ,',) 
lflll 130, 150, 130 
u:J 140 J a l,5 
~MO? ll,JI• ALLIJI 
u ll TO 120 

lll ~ IJE our IRIPuO PROPERfl ES 

"'RITEIM0,18 
wRI H 1"10, 19 
IIIA.lltlM0,20 
nMIHIM0,21 
wMllt:IMu,22 I 
LO lbO 1•1,1'1 
UO lt>O J=l,5 

CAP 
AL F 
l,AM 

AL 

P~O 11,Jl•PRuPll,JI 
00 1 70 I• l , 1 9 
IIIRITECM0,lb I 1,SEGlll,CPROPCl,JI, 
ALF•0.0l71t!IOLF 
C.AM•O.Ol7"5•C.AM 

J•l,51 

: OMPUTE SECTION LENGTHS BY SUMMATION OF ELEMENTS 

IJ• O 
UO 2lv J•l,b 
IMAXs3 
ALLIJl•O.O 
l ► IJ-41 190, 180, ljQ 

ltH> IMAX•4 
190 00 200 l=l,I MA A 

ll•IJ + I 
,UO ALLIJl.,ALLIJI • SEGIIII 
dU IJ•IJ + IMAX 

COMl'UJE C.cUMl::TRY UF SYSTEM 

~l•l.14159 
~-o.o 
uu 220 J•2,,. 

no S•S ♦ ALLIJI 
S•0.5 • S 
SML•IS-ALLl211 •cs- ALLl311 
~Hl•2.0•ATANISQRflSML/IALLl2l•ALLl31-SMLIII 
u5•1ALLl2l+ALLl511•COSIPHl/2.0I 
~AMU•ALLlll•CUSIGAMI - ~5 • CDSIALFI • AL 
uAMO•~AMO/CALLlll•SINIGAMI • B5•SIN I ALFI I 
GAMO•A I A,~ I GA .'10 I 
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C ,. .. 
C 
C 
C ,. -
C 
C 
C ,. .. 
C. 

INEll•Pl/2.0 • jAN • GAMO 
lhllO•Pl/,.u • GANO 
AL v• ALLlll•~l~IIMElll/Sl~ITHETOI uc• , •s1~1ALf GAMOI 
b •IAL•ALOl•~l~I .. AMJ I 
11• SJ~ TI d, ••l-c,e»••.i I 
I ll 14•AIA"11tt/ot,I 
o2 • ~~RIIIALLl21•ALLISll••z • H••ll 
IN ll•AfA Nltt/~21 
ul• lLLl41tlALLl 21 • ALLl~II/ALLI I 
IHEIJ • Al~'\ll d} /12.0•b61t 

I( lSC • l Sl ~"11flES MASS MAflll 
11.ASE• 2 Sl~NlflES STIFF,.ESS NAflll 

( OOE • l HEMEN ! <; 
( UlJE • 2 l:Ll:fllll:'11 1 
" OlJE • 3 ElEME~I ~ 
( OE• 4 ELEME'• T S 
f(UOE• ; LL~ME~ IS 
II. OD E• b ELEMf"HS 

N•l 
f(ASi: • 1 
1.UMP•u 

i 30 JU ~10 l•l,22 
lf'IL•41 

240 LL•L 
KUOl:•1 
1.,l, IU 

,.,u IFIL-bl 
i t.U If IL·t!I 
dC II-IL-qi 
£~ 0 I( Ut: =3 

l4U, 

440 
51U, 
2'10, 
280, 

vU T IJ 30V 
no ic.oot =-2 
JUO LL•L-1 

l,'.) f Ll 440 

!HU, 

lbV ■ 

2eo. 
400 • 

WhlCH 
W11I CH 
lliHIC.H 
lli HICH 
~t,ICH 
lli rtl CM 

no 

lbU 
l 1U 
310 

31v l ( L-121 320, 410, }30 
].2 0 LL •L-2 

(LlD E=-3 
vU I U 44U 

330 IFIL-141 510, 3SO, 340 
J40 i ► IL-171 3~ 0 , 420, 370 
J~C t\LlO~ 1:4 

foO LL•L-3 
.. a Tu 440 

l7U l ► IL- 2 0) 380, 430, J90 
3o0 ( U0L•'.> 

vU I d 3b0 
l"O 11. 0UL"b 

.iO 10 3b0 
400 LL•4 

!l. 00t•2 
LUMPcl 
vu ru 440 

41C LLclO 
i<OOL 1:4 

LUM;.>•2 
C. U IU 41t0 

420 LL•l4 
11.UUl::•5 
LU~l,):13 
vU TG 440 

430 LL•l7 
11.UDL~b 
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REQUIRE ua,-s,o•"• u ON 
Rl:wUIRE TU,'45FOlNUIDfl 
IH:0Ul'U TU 'dllOlMU 101W 
IHCUl•H: T RA NSFUIINU I ON 
REQ UIR E IIU, SF ORNU I ON 
REQUIRE UA'\ISFOkMU 10,_ 

I 
l 
J 
4 
l 
I 



C. 

r 

r .. 
r. 

') 

,., .. .,., .. 
• ·•I•• 

• .I•• I• .O 

IIU,. IIA Sf NIION ••flll 

le II I 
• r • • ,o. • 0 

''LLell • SlGILll I •••O•Gv••t 
•,.'ILL. I I•, C I / 111.0 • GVfYI &•~•• r, • IL L••• • l l I / ••~ fll&•II.O • ,1 • • t • I LI•• I 110.0 • GVfYI ~I•••• • ,1u,ILL•ll • I Lt I 110.0 • GVfYt 

A •l)t • Pl ••LL• I • , I I • O.O • GVfYI -••0•••0'11 LL• . I • H11ILL t•• t • I • I IIU•PIO•ILL,2 1 • st-lLLI••> . u • ~v,,, ro uo 

" 
' • " t l l el I Sl., I l 

• ILL I 
J •& I , l 
f • ILL / ( • ,u..,., 

JLNl&••~f••' •• l f•• •••• FL •••• .. DA••NU•IND•TAU.a•T ■ .fl, l I 
-~ SJLf llL,L u~• -• •s1 .... , ••• ,i 
If fl ,-., I 51 • ~ t • , u 

1\11'4 T• I 
"-1 f f I 
0" E•I •• 

ll • l•IA UOE •U • • 
Sl 'Ul,t l•t tlN I I 
• Ill. -• II ti 
C SIT" l•C SITH 141 • 
JL•OIA Lt 4,)-••L " •• u, 

2 JO 

. .... ,, .... , 
ta. • ~•••••••PYlll 

■ I 0~ ..alll IU• ) f Ill" • at•I t 
■ I Off LI~• T S.,L•I 

- t &L 011\Mll,IS• I 
~~ , •~~o ••• o,.as• 

,u -.AU• I 
■ I ft IMO• U t 

'>610 , • I 
L llltt •O 
110 ••u 1•1,11• 
11•11•111• • I 
•••o••••l••• ••Lr ..a&IIINO•I• I II.I 
Jl•I .,, .. 
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C. 
C 
C ,. 
w 

C 
C 

C. 
e 
C ,. ... 
C 
C 
C 
C 
C 
C 
C ,. ... 

,,o 

,aao 

HO 
C.00 

c, 10 

t c:O 

c, 30 
b4u 

b !>u 

c.,o 

DU c.00 K•l,23 
DU HO KJ•Jl,Jl 
IFIFYLECKJI I 510, 570, 510 
C.O~Tl'IUE 
GU IU !>'10 
Niitl IE C MO, I!> I K, CFVUCJI, J•Jl,Jll 
L INI; • LINE • l 
Jl•Jl•• 
J2•J2 • • 
HILINE-411 ... o. .io, •10 
LINC•O 
IF C USE - 11 uu, uo, 63U 
.... I H 111,0, 12 I 
.. o IU ... o 
111111Ell'hJ,l3 
;. O'I TI :4Ut 
IFCOSC-11 650, 650, HO 
-~IHCM0,13 I 
-'loS F • 2 
_.J 1 l, !»bU 
C.ALL LI '41U SJL."11 
lNO 

PROGRAM SJLMI I LINK 21 

PIIU~RAM SJLMI &LINK 21 
"ASS ANO SJIFF~ESS MATRIX MOUIFIER 

~UPPUllll~G S~OROUTINES 
... ONE; 

REU'O l~PUT DATA 
CAMlll,IAJll,Jl,J•l,311,l•l,61 
CLCV,MZIM,VU l)FlO.JI 
11TP,•TT 12 ► lv.31 
RO,ltHO,A ... U,E,IG. 14Fl0.l,151 

••UR MAL UUT l'U I 

C4Fl0.:51 

~P,A~lll,IAJll,Jl,J•l,11 C01'4C. MASSES AND MASS MOMENTS 
•Tl',-TT AuUITJONAL CONC. MASS DUE TO GUN 
RO,RH O,A~U,~,IG SOIL PROPERTIES 

OfFINE FILE 11138,276,U,NI, 21138,276,U,NI, )llJl,27•,U,NI 
UtFINE flLE 41l?044,2,U,N41,Sll38,27o,U,Nl,6Cl38,276,U,NI 
UIM~~sru ... Al41ol,FYLL1llul,AMM16,61,NPl61 
-.JMl4U1'4 N 
C.OMMUN T , ◄ ETl, T1tET 2, IHET3, THE 14, PROP I 19,!» I, Sflil l'I I ,CAPC 20 I 
CUMMO~ AJlt.,31,Gl,Gt,ANU,RO,RHO 
L~Ml40~ Cl~,Jl,fl~O,Sl,OIAU,RETA,AZIM,IM,VO,P~IU 
~UM~(Jij N4,AAM13,41 
OAT~ ~P/1,4,7,10,16,l~/ 

10 ·~~~~TllHl,2~X,'1RIPUO ~UUNT M 3 FOK o.~o CALlbER MACHINE GUN',/, 
l 2lx,•tASE A ... ALVZEO- 1 ,iOA41 

11 FuR~ATl4Fl0.3,151 . 
12 •JR ~~Tll ~O ,'C.lNC.ENTRAlEU MASSES AND MASS MOMENTS OF INERTIA - 1,//, 

lllX, 1 NODAL 1 ,~x.•tuNt.•,9x, 1 MASS MOM[NTS OF INERTIA',l,21X,'POINT', 
,~i,'MASS',lJX, 1 1lN - LB) - SEC 21 1 ,/,33X, 1 M1 ,llX, 1 JX 1 ,IX, 1 JY 11IX, 
l'JZ 1 1/,,lX, 11LBSl',l,llA,~01 1 - 1 )1 
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C 

= C. . -C 
C 
C 
C 
C. ,. -C 

.. -C 
C 
C. 

ll FU~~••11Ho.2~i.11.,12.,., •• ,,ao .• , a• •u~'"" &Ho. •Ac,01 rao.••L co~,.~runo MASS DUI ro GUii ••• .,.,,.20,., •. 1.11.•LbS •~oto ., -OO•L ,01Nr•····· ,, ty~WAf•IHO••~OIL ,.o,,ar11s ••• ,.111.•••01~, o• •oaT DIii •••••• ,. I' ·~-•.,1,21A,•s01L DtNi.fY ••••••••• LIS/I_, •• ,,.,, •• , ·~~,\~u~ MAllu ••• ,,.2.,,.,0,,•v~IU .,,au •.•••. ,.,,., ••• l'~OIL IYPE ••1 
,. Fu•~•r•1"••····••NGULAI S•ND~ Ill COHESltl SOILl'I 11 ro, 1at•1~•·•·A·••ou,o-Gk•INtU SANDS•• 
II! FuR

1111
Allh4 •'FulC.lltf, ,.,,.c.,1u.. ••• ,.,u.••NlflAL &IHI ILIHTIDN•, I' A41~LE •', ► lu., •• u1,.•t1.21X.•INlflAL GUN AlUIUTH ANGll ••• , FliJ.J•• U(,..•1 

·~•2 
NU•') 
.,vft•H••• 

AUO NU$ •-o NONE~f~ OF INElflA 
411'11,,. UJll.JltJ•l•JI (.ON( N•U• Ul,JY,JU u1121. IAJ•l•JI.J•l•II C.0,C NAU,IJl,JY,JU 01• 11. r•JCJ,Jl,J•1.u CUIIIC MAH, IJa.JY,JU 4Ml4t, ••.1•• • .11,.1 ■ 1.u cue NASS, IJl,JY.JU AMI SI• UJCS,Jl,J•l•JI COIIIC MSS,IJl,JY,JZI ........ •• ., ••• .,, .... 1.11 CDIIIC NASS. IJI.JY,Jl I 

l>U lu0 ••1•• 
~lAJ l•N•ll I AN•·•• ......... ,, J•l,JI i>O IOU J•l•• 

IUO AMN•I.Jl•OoO 
~EAD •• N,ll I ELIV,AllN,VO 
PH•o•o.01,., •• 1LIV••······'· 

C.ALC ,tONETIICALLY CONPATAILI AIIMUfH AN&LI UErEMNINE fAVERSt ••• ..OOAL LOAD POl~T . 
••••11N1 aiu. 12~, 110 110 N'f•ll 
NNPl•l'J 
•~E~•~E,••1 • SEGltl • ~E~••• rMAV•SEG•ao,, s1,1111 
SiGL•HGI Ill c;o ru 140 

ll0 IIIPhll ... ~,. ... , 
All lll•u.o 
-.o ru uo 

1)0 ~Phi) 
NN,r•9l 
ALE~•~EG•11 •SIG.II• SEGltl JMAV•SE~llll ♦ SEGllJI 
UGL•st.,• UI 

14u H•tJs•rHEf41 • SQRTIALIG••z - TIAV••z• AZ•UAN• HGL/HI 
.,,~.,.,~ •• , •• ,1N1 

AT NOOAL POINT I 
AT IIIOOAL '1 4 
AT IIODAL Pf ' AT IIIOOAL ,r IO AT IIODAI. ,r •• AT NODAL ,r a, 

C 
&)O w••1t1No.10 1 ca, 

C -~•rt our CONC. NASS ANO NASS NONINTS a, ..... TIA C. 

C 

•M•ltlNOtll I 
DO 160 • • l •• 
WllrtCNO.tJ I N,111.ANllt,IAJll,JI• J•l•IJ ••o AN.IJ•AN1.,,,vrY 

C -••o GUN NASS CON,CHIINTS LUMPID AT PINTLI ANO T•AVIIII IAI C 
READl•N•ll I WTP,Wlf 
WllltlMO•I• I wr,,~Plll,•TT.NPT ANlll• ANlll • WTP/GVTY 
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C 
C 

C 

:4 ■ l 
00 t 70 I • l , l ltt 
RLA u ll' ,,I FYLt 
'••~- I 

,I~ •~lltlb'~I FYLE 

: 
MASS MATRIX FILt 8EIIIIG MOOIFIEO STIFFllltSS MATRIX DEi~~ MODIFIED 

lou 
I ,c 

u' ', t.u IIA~E•l,2 
u ., ,,o 11. • l, J"IAX 

~ .I I I U J • l , b 
lflJ- J I l ~u , 180, 
lfl,M ~~ - 11 l~O, 
~,..~ I J, JI • .. '1111. I 210 
., I J l U 
a • , IJ,Jl•AJl ~,J-U 

..,~, 1:,u1: 
Reproduced from 
best available copy. 

It-I ,.:>f·I I 
• (J , .... , llC 

:-.u I 2 ,0 
I ll '-"- •l • l"/21•1K ♦ 21 

1r 1, -1, ,., ~ , ,.,~, 2)0 
.., l u ibO 

0 ,vM11,11 ■ 112.0•11.o-•~u1111.o-a.0••111u11•G•Ro 4M"l 12,il • 4,UCG•Ro/Cl.o-A~UI ~V.M I \,ll • AM~ll,11 

> ~ L ~UR~ ... ~,b LJ f 
41 IKXlJ 

IAJI• ~I IKXlt.1 
(,I IKXl ', J 

iJC ll. •l,ll•AM~ ll,11 
AJl~•l,Jl•AM Ml2, 2 J 
~Jl~•S,Jl•AM~ ( l,31 

I 4J I 
I K Yl I 
IKYlbl 
IKYl <JI 

I KZ 11 
IKZlbl 
IKZ191 

l7 0 vu lu 128~,290,300 ,310,3l0,3JOl,KK t dU 'll• l 
JJ• '•-1 
,, (J I ll 3"0 t90 ,, • 4 I 
JJ•ld 
" iJ JO 3"0 

3u u •43 
J J. ~-1 
.,o hJ 340 

~10 \ 2 67 
J J. ~-1 
I..U IU 340 

Uu ••llS 
JJ• 'll • l 
..,u IU 340 

UO 't• l33 
JJ•'lj-1 

HO lJO Jd0 l•l,b 
ktA UlkASt'IIII FYLt 
Jl•JJ • I 
FYLLIJll•FYLC:IJll • AMMll,11 -.■ 111 - l 
~~lltlKA~E•~1 FYLE 
lfl11.~SE - 11 3SO, 3SO, 3¥0 l~U IFI( • 21 J~u, 370, 360 360 lfl11. • 41 370, 370, 380 
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HO ,_.,_ • I 
lltAOl•'"t fYU 
fYLllJll•FYLEIJlt ♦ AMll,lt 
... ._ • l 
• I U I••-. I F YU 

li,0 (.Ut<tl UtUI: 

:ALL DlfS•t•,ll•t 
C ~• 4 ON ••Ill DUI MAIS AND/011 Sf,NI Mlal ■ .. ,,1t&flOIIS 

S•. ,, ,u .. lllllUf ·''" Mar••· ...,1,1,,,,_ 

~ I CJ~u.•v~l,15~ 
3 0 •RlfflNO,&J I l,IIAMlll,JJt, JJ•l,tt,11•1,tl 
4uU lfl~AS( • II •10, •&O, ... 

C. 
SA [ •ass,, •~u NONI"'' 1, CIANI 

I Ml JII JY& JII I 
C IAAMI• I NI• JII• JYI• Jll• t 

C 
C 
C 
C 
C 

C. 
C 
C 
C 

C 

,. 

I Nit Jll9 JYI Jll I 

•ao ••••-&t ••o, •10, •zo 
4/0 IFl•-,1 ••o, •10, •JO 
4JO lt!C,•I • k/J 

AAMlllll,,ll•l'lllll 
A~Nlkk,Zl•&Jll,II 
AANlkl,Jl•IJC•,lt 
AANtk•1•1•AJl• 1 JI 

4 u (. .... , lNUE 

4 ,o 
.. 0 

JFC•A~E-lt •tO, •tO, 110 

UAO 
.eu 
IMO 
ANU 
f 
IG 

SOIL ,10•t•r11s DAIi 
HDIUI 
01 ilfY ILlll•Jt 
•on..,._, IAIIU 
501L VOID llUIO 
IOIL fYPI l9110U 

IG•I a-.,Ul.&a IAIIOS AIID tONISIVI 
IG•I aOUtlQ Glll ... D IAIIOS 

••111 our SOIL ,ao,1a111s 

111IIIIINO,lt t 10,IHD,AIIU,I 
,u ro •••0,,,0,,1, 
.illlllMO,lt t 
.. o 10 ••o 
111lllUINO,U t 
llHO•l..UIGVIY 

r.•111,r 
'fN,1 l•N-.,r • I 
uo ••o J•""''•""''' 11uo1•••u nu 
''LIIJt•JYLIIJt • WfTIIVTY 
N•N•I 
..a1 u, •• ,. ,,u 
.,. ... -, 
••ar111••• nu 

•••o CQfll IIIUl 
t 
t SAVI OIIGIN- a NAIIII Al PILI I 
C ,.., 

YO ,oo I• I, I JI 
•uuu•"• nu ...... , 

lJJ 

SOILS 



C 

t 
t 
t 
r .. 
t 
t 

,. 

C 
C 
C .. .. 
C 
C 

. .. 
C 
C 

C 
C 

, C •• II t n • ._ ' , n I 

uo 

•ufl, IL t .... Kllallfltl 

''' 11. ··- ,,,,.0-11.,-A_,,, 
)I 1 ••· ••z•sa .. 
)IC.ii I, r,,•~I 
0 I I\IU,\l t,IG 

.-•ute.•11. ,_ •••1111.o•ft 
,. 1,1 , t 
.. • , I ••• l , &l·I t••IICI ,O•I I 
w I •.,• i fl U., II ---~-:""'T"':':'.'-~■llii 
l•~•iw IUI lt ..... .-.. f,_ 

JflU • t lteat eveile~ .,;,c .. ....,, ... •--

~Ul ilUttS I ,I, J OJ UJI 
II IAIIII llllfll 

l&JI I 1al1&•t llllYl•t 
11 •• ,.... '"'"'" 

uu \•O l•l,J 
.,,,.,, , •. ,.o. ,.,u 

lllfll I .. ,, ... 
Id Utt 

,.o a.111,11•1.o•,a••o••s111.0•11.o-A11Ntt 
AJll,ll•l••o• l•~u••Jl), O .. ., .... , .. .,, .. ,. 
.. ' .,." s,o AJll,lt•1.o• . z••o••>IIJ . 0•11.0-AIWUII 
AJll,ll•lt,U• z••o••JI • 
"JII ,ll•AJII, l I 

')•U l)._f ll'IIU .,,o ., .• ,,.,o.o,,., 
•~llt191U,l0 I CAP 
·••rc1•u.11 I fLCV,AI 

ALL L. I ,1 )JL.FWI 
E'-D 

-~0 ~AN SJL.FQ ILll'IIK JI 
•u CING FUl'IICIIOl'II READE AND •wt MAIRII WRIIER 

su,~ •ra " sus•uur,~c~ 
SJL~b IQI MT~I MOO ~OR ~D•Y tONOS 

RCw•u INPur oar, 
ouu If 10. JI 
IFll,Jl,J•l,51 lfl0 •• ,4£15.51 

Nure- flHCU.v FUNCfh),. DAU MUSI ll 
LE~S lh&~ OR E~JAL IU ~O DAIA CARDS 

l'IIOIIMAL QJr,Uf 
tltV INITIAL ~U~ 
lllM l~lfllL uU~ 
IAU,lfll,Jl,J•l,SI 

ELEVAflU,• ANulE 
lllMUh4 &,~ _,Lt: 

FD~CIN~ FU~CTION TABULATION 

~EFl,.E tilt lllll,Z1~,u.~,. 211,1,z,.,u,Nt, 111,1,2,.,u,NI 
~CFl~E FILE 41l9U44,2,U,N41,.,llll,Z7•,U,Nl,.11Ji,ZJ6,U,NI 
UINCl'IISIO~ FYlllllll,111311 
CIJM'li., • ,, 

134 



r. 
C 

C 
C 
C 

C 
C 
C 
:: 

C. 
C 
C 
C 

: 111 ·q,.. , 01tr 1. '"tu, '"n J, '"t , .. ,,110,c u,!t,, u,11 tt ,ca,uu, - J ~Y ~ AJl&,JJ. ~l,Gl,A~U,110,~NO '°" J~ , ••• ,,.,,~o.,,.o,au,GtfA,Al.111,IN,VO,,HIO CuMllur• ,,4 ,&AMC l,4 J 
l u ► UII AflflOe••• t &~.SJ 
l F~IIVAfl4F&O.J,ISI 
1/ f- 91 ., Ull,ttJ.• o"N., I tG IIIAfllll'J 

1 Fu11 ~£ ffl H ,1 , ,•E&~.4J 
► .J 91 v. .11 1 1 ti 1 • •"it 11'4 r our Of cg J NA u 1 • • J , :, r IC .AT I I ◄ 0 • 21 ~ I 

lb FO•~\ffl ~ ell U,.t&l.4) 
I I f uR~A,.lNO,lll,'fllllE',7•··'·~,LE•,11,•TRAVtllSf',•x.•,·NfLE',6X, l' P l 4fLt f- O- :E •,l,J4A,'FURCE',1Jl,'IAR FORtt••r•,'NOIIIENJ•••X• . • ~L fl O~ AN ~Lt•,,.2,~,••~Ec1•,1x,•1LBS1•,···••L1s1•·····••N-LISI•, I JAe 1 1~E 1',1,l ~Jl,&81 1 • 1 11 
~ fOR~ AfflH ,lbJl,fq••• t l).4,El ; .4,zEI•••> 

RE AD FOR CING FUNCflO~ DAfA 
fOR:l~ G FU~CTI O~ DATA MUS T BE LESS OR EQUAL JO 50 IF LESS THA N ~O, MAKE LAST Fl l ,l) NEGAflVE 

00 1U AJ f I 1,1 • l l I 0 TA U 
••ti fl: I MU, l 7 I 
uo l IO I • l , 50 
~t AUll N,lO I (F ll,JI, J • l,Sl 
lf l~ ll,111 120, 110, 1•0 

llv ~ lf EI MU ,lti I lfll,J I, J•l,SI 
I ~.•'JU 
t.U ru 1 10 
r11.1> ■ •Fll,ll 
,. ;( I rt 0 111, 18 I 
l ~. • I 

IF II I JI I J•l,SI 

1 lu : ,1 ■ l 

"'AKE UP CQI MURI JC STORE AS FILE 
uU l&O K ■ l,23 
ll•ti•IK•ll 
Ou 2t.O 1•1,b 
I I• I I ♦ 1 
itEADl2' NI )( 
1'4•'4-l 
RLAUl1° NI fYLE 
ric '-.1-1 
F INJ I 3 1 ,'4 1 
IFI K-11 1 c:10, 180, 140 140 lfl ~.-2 0 1 lb0, 190, 150 1:., 0 IFll\•231 lb0o ZOU, lOU 

111 0 O,U•4P I NI., TERMS 
IUI • 11111 • IDTAU .. 21/b (Kl 

oO DO 170 J•ltl38 
l 7u ~IJl•FYLt:IJI ♦ I OTAU .. 216.0I • XIJI liU 1::, 2~0 

LALCULATE DAMPING TEMMS, STORE AS CCI ,~, • ,,.., 
+ OTAU/2 CC I • CDUU .. 21/6 

l tlU I\K•l 
G•Gl 
c;u ru 211J 

3 

110 

i '10 KK•2 
i.•lll 
CiU TO 210 

llS 



,OU 11.K•3 
l.•G2 

~!v :ll,r.Kl•u.Slb•llZ.•11.-ANUl•K0••2/17.-l,•A~Ull•SQRTCG•RHUI ~12,Kkl•IJ.4•~0••2111.-~~Ull•SQRTIG•~NO) l. I 3, KK I •CI 1, IC.IC. I 

no 

,no 
L 4(' 

2 'l 0 
L h(J 

l.(4,KKl•N0••1o111.0+3.0•11.o-A~Ul•AAM(KK,ll/CI.O•RHO•Ro••ttl Cl4,KKl•Cl4,KKl•IU.ij/(l.-AI\IUll•SORTCG•~NOI Cl'l,KKl&ll.3l•~o••z111.+2.•AAM(kk,]l/(~NO•Ro••s111 CIS,K~l•Cl,,KKl•~~RIIG•AAMIK~,31/ROI 
~ (b,KKl•Ru••4/(1,0+J.~•11.o-~~Ul•AAMIKK,41/18.0•RHO•Ro••s11 : 1b,KKl•~lb,~Kl•1u.a111.-A~Ull•SURTl~•RrlOI OU l40 J•l,lJI! 
IF(JI-JI 230, a o, ..:30 
Jl(Jl=~VL[IJI + (UTAU/2.ul • Cll,KKI + ,~rAu••Z/6.O1 • XCJI .,u l[J l4U 
JllJl•~VLEIJI ♦ IDTAu••Zlb.OI • XIJI LUNt INUc 
-~II l: I 3' 'II I ll 
.. u111 f I '4UE 

C 
C ,-.,0:.KL I.,) MAINIA MCJUIFICATIO,,S C. 

IFYLE•3 

C 
C~LL SJL~OIFYLE,IFYLEI 

r: 
C 

C 
r. 
~ 

~ 

r. 
C 
C 
C 
C 

~ 

~ 

C: 
C 

CALL OATSw(~,ISwl 
"U IU 1270,2101,ISW 

~w S UI\I PRINf UUT UAMPII\IG MATRIX ~w S JFF PkOCEEU 
L / (J ,; ~ II LI Ml,12 

L. . 1 l t4U l•l,J 
.:uu ~~r rE(M0,13 I 1,ILIJ,11, J•l,bl 

,u 

~00 IF I ED M 
"' 0CIFIEU K 
" lJOIFl(O 

MAINIX 
~:.:.hlJl 
MAT l< I>. 

,J ,.l (,1 .AL 
.,RI GI '.AL 

K M,, JRlll 
M MAIR! ..< 

:ALL OAl~Wlb,ISwl 
vu 10 IJ0 0 ,3 ~Ul,l)W 

s 'uR El) rn f I L E l 
STUitEO I~ FILE l 
~TU~EO 11\1 FILE l 
Sh,:u o 1,4 t-lLE S 

S f R EU ~•:_":_:,f-_:l;L;_l: _;b;-i::'.:--~!I 
Reproduced from 
be1t • .,,.ilabl• copy. 

~- b o .... 0 Nl~T our 1~ 1 ~w b JFF Ll'llk Tu SJLT M 
MAT1(1 l 

3JO •klltl,.. J ,14 
= l 

l •d '4 0 I• 1 , l l n 
11•1l-ll/b • l 
f(" Av l]''III JYLE 
-•lfftf"' ll tlS I 11,1 
JI• I 
J , • 1. 
vu (t(J k• l,21 
UlJ Jlu l(J•Jl,Jl 
IFC FYLrCaJtl ]ZU, 110, 120 HO t.utt.. f 11'.Ul: 

1, I J Hu 
J,'(J •Mlflo:11,&ta Ile IFYLt:IJl, J•Jl,Jll )IC Jl•Jltb 

Jl ■ J, ♦ f» 
HO U~f I UL 
hC I. ALI. I. l •••CSJL l~t 

&:~O 
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C ,. .. 
r. 
C 
r: 

r:. .. ,. .. -.. . .. 

-.. ,. 

ILINA 0 

Pk U~ ~Jll'- I 'llll • t 1 lflAL AC fLE•afl AL uu,oa 

.. 
• 
• 

t MU• 

1111f0Ui l 
U IU L 
, a u U•U ~f 
u 

II " UJt 

,~1,Jl&Jl,171,U,Nt 
,~ J, llJl,17•• ,NI 

.. 

ltl 1 ,I IJ t ll, 0 1 llllll,21 

I ht ,~-, 
1110• 
r,u o.o 

u •' •v 

I •. • I I.\, . . ,., ...... 
, ,l&A,11,llt 
, I .,, f &l.JI 

• •ti r •" • u ''" • ITllll .a• 

1)7 

U I I 

., .. u.,, 



C 
C ,. .. 

r. 

C 

.. 
r. 
r. 

C ,. 
~ -.. 

C 
C ,. 
~ 

lv O 

11. C 

1 't, 

vu 10 0 l•l,138 
Ll lll•u.u 
UU Tlll•O.O 
UDUflll• O.O 
~A LL u AISwl v ,ISWI 
..,L, TU CllU,l5ul,ISw 

~~ o ON R~AO l~ITIAL 10) , 1uur,. ANO IDOOTI DATA ~" 0 ur~ I OI • IO UTI • o.o 
~ EA IJ C I N, 12 I TAU 
rAU v • TAU 
uv 12 0 I• l, 2 3 
Jl•t>•I - 5 
Jl•Jl + S 
.ttA ,, CIN,12 I 
MEAL.. IIN,12 I 
"EA IHIN,l.Z) 
C.\LL SLITEICJI 

Reproduced from 
best available copy, 

IDIJI, J • Jl,Jll 
IUOTIJI, J•Jl,J2) 
IDUOTIJI, J•Jl,Jil 

lfCJ UUTClll l~S,l3S,lb5 

Fu l\M CCI IUOTI STOi<E TEMPORARILY l ,'1 18) 
13 , IFYL c: a4 

.. ~LL SJLMPll~YLE,UOl, B,KCI 

r LJl(M CK I ID I S TO l{ t TUWORAl(ILY IN CAI 
U· YLt • l 
.. -.LL SJL MPCIFYLE,U,A,11. C I 
~ALL SJLJQIJ,TAU,F,u~lA,AllM,IMI 

~J ltM lwl -IKI IUI -ICI COOT) 

ll J 140 l•l,lJtl 
l4G .111 : UIII - Alli - i.H II 

.., i.J I O l bO 
1,0 ~ALL SJLQQCQ,TAU,F,uETA,AZJM,IMI 

)L LVc FU!t J ,~IIIAL CUlluTI 

ibO I FYL (a l 
11. UD!- :Q 

.. i.LL SLllElll 
CAL., SJLuSI IFYU:,UU UT,wl 

lbS CMLL DATS~c~,l)~I 
v U l u 11/0,l .,Ol,l)W 

~TORE AS IQJ 

C ~lo ti 0:\1 dJTt UUT IOI, COOTI, ANL' COuOTI C SW ti OFF PM~CECU WlTM CALCULATIO~S C 
l /0 

ldU 
l '10 

•u 1 eo 11. • 1, z 3 
ll•t.•K-S 
l l• 11 • , 
,. -: I Ti: l~U,ll 
"

1<1 T t I ": LI , 11 
,, fqlll'~u ,ll 
,. ,~ I I E C ~;.J , 11 
t..J .'-. 1 I 1, Uc 

IUIIII, ll•ll,121 
I 00 r I I 1 I , I 1 • 1 l , I 2 ) 

C :L,u lCIII, ll a Jlt121 

L~LL )Jl O~ ID,OOf,O DO T,1 0 , XP,YP,Z~,ox~,OYP,OZP,SIGMA,ELEVI l ► l\uU • ,J - 31 t l O, 200 1 200 .c O() • iu ·., .. u 
" Kll f l ~d ,13 I (.A P 
"" I I t ll•lJ ,l 4 I 

.:10 .~1.,U•l • KUII NT • 
vll c' l' C l • lol0,3 
Ir( 1-ll ll O, , ~o . 23 0 , i e, •~µ ,. 
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( 

l. 

: 
r 

r 

, l - , I I ~• I :• • l It,, 
.. -< II L l ~' J tl~ I TAU,'iP,X.,,YP,lP,HEV,Al ,1011,11, , t I , ., /, l I , J I , J = l , 2 I 
"I IE I Joli I ll lU' ,D'fl' ,Olt'ol ll+l,11.ISI GMAll+l,Jl,J•l,ll 

• J O I I = l I - l I/ 3 

J & \ 

.,,., 1 l , , ro 
;• ·, u = 1 t> 

Reproduced from 
be1t available copy. 

J I• I l ~ 
J = l 7 
., {I f , 70 

CJU , 1•:. t ,J 

., I =-

• I 
J = I I':> 
,. , I T L I r,; ,l , I 6 '4 P , I O I J I , J z J l , J 2 I , I O l I , I I , I 1 I , J I t J • l , 2 I .. ~II LIM 8 ,17 IUOTIJl,J•Jl,J21,IUll+l, 1 1,ISIGMAIJ ♦ l,Jl,J ~ l,21 ,. I I t I MU, 1 8 I I D I I • 2 , I I , I SIC.MA t I • 2 , J I , J = I , 2 1,, ~ LL I l '. ISJ LTM) 

PROGRAM SJL TM I LI IIIK 5 I 

PMU~~~M SJLTM ILINK SI 
l ◄ A'; '.> IE'IT DISPL, VELIJCIT'f, ANO ACCEL CALCULATOR 

::> Uf' P..o RTI',,, SUt., .._l, UTl ,, f S 
SJL~ ~ TQ, X PRODUCT OF Fil l: MTRX BY COLUMN MTRX c, JL :.-.' f u'I.C Jl't G FUNCfJOIII INl l:: RPlJLAJCJR SJL G::i ~AUS S·SclUEL SOL4 FOR SIMULTA~EOUS EQ~S SJLOU ORuER OF SOLN FOR GAUSS-SEIDEL ~JLLL MAT ~ ICE::, MODIFIER FUR Ll::G LlfTIN~ 

SJLKU K A ~O I.J MLUIFICATIUNS FOR LEG LIF!ING SJ U • .i I(,,, I MI RX MJO FiJA HRORY CONUS SJLd, ,.1 1·.r I: .I S l. ,G U'II U lE ,1 ATI O , A:1U STRES S[S SJL U UU TµUl u EQ ATO ? t. , C .i ITEi{ 
R( I.J ' ,. l',P UI I.J AI A 

IMAK rAXI MU ~ TIM E I SE l (Fi O. J ) 
rioR .'IA L CUTl'Ul 

TRA'ISIE NT R~SPU'ISES,tLEV,AZIM,A I) STRESS ES FU~ '.>U CtS SIVE l IME IIIICREM E"- TS 

u ~Fl ~E FIL( ltll ti ,276,U, ~ I, ill3~,27b,U,Nl,31138,276,U,NI " Fl , E ► ILE 4ll'iu44,2,U,N41,!>ll31!,276,U.,~J EFl'4t rlLE l(lJb,276,U,:'i), Hll38,27o,U,N) l, IM t. i SI U~ ~ 113 u ) 
U I ~ '- ' JS I U'I A I 130), b I l3b I, Y 11 tl I 
u I ML '·1 .> I U • I [J I 1 l , 3 I , I D 1 I l 2 I , I U 2 I l 2 ) , I U 3 ( 2 I , S 1 GM A I 12 , 2 I ~ 

IHETl,TH E1i,IHETJ,TH( T4,PROPl19, ~1,SEGll 9 1,CAPl201 ~ lJ M:;u :'4 ~Jlb,Jl,ul, l,t ,A~u,RO,IUtO 
~tJ~i•1: r 1 C16,31,FC50,:>1,U1AU,AETA,All~1,JM,VO,P1CIO LJM~J ~ ~4,AAM(J,41 
C ..;M , 1u:--. lJ f l J h I t UL f ( J .H! ) t uulJ T ( l 3!11 1 f Auu 
L .. u I ✓ AL t '•~ t I J l) ( 1, 11 , I u l 111 ) , I ID I l, 2) , I Ol 11 ) ) , I IO ( l, 3), IO 3 ( 1 t I 
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C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 

C 
C 
C 

C 
C ,. .. 

C 
C 
C 

c1 .\ r ~ I !II IS, t., 14, 1,, o, 9, 11, 11!, l O, 1 l, 12, l ll 
w.\T~ ID~/l,l,l,12,4,~,~,14,8,1,lu,ll/ 
Joi J,. I LJ.1/ c!, 1, 12, I J, ~,Ct, l 4, l !>, 7 t II, 9, h)/ 

10 t JR••,•.111r11J,'14U•'•F7.l,' sec.•1 
11 f t.J lt',.Tl1tt ettl~o4l 
ll t- . ·H .. l lflu, \I 
11 t-uR ~~,c~il),41 

I ,\U• r huU 
u-1,,uur1111 '>O, 110, 90 

dU i..\LL SLITElll 
I .\U•O.r. 

,o , .... , 
~:u■, 

100 

"'·"' 11.KC•O 
LL•l 
11.kk(.•0 
~tA~IIN,12 I TMAX 
11.uU,'f f • l 
k00E•O 
UU•UU • OUU 
CALL SJLQQlij,TAU,F,IIETA,AllM,IMI 

fURM Ill ANO ldl MUil iCES 

IJO ll u I • l el 11 
•lll•COTIII • IDTAU/l.01 • DDOTIII 

110 dlll•Olll • ur,u•oo,111 • IOTAu••21,.01 • DOUTCII 

fUMM CCI Ill STORE AS IYI 

• L ,c IFYU:U 
C~LL SJLMPIIFYLf,A,Y,KCI 

MAII.E IIJI • IQ) • IC.I CAI 

1.hl 110 I• l, lll 
lJU wlll•QIII - YIII 

FORM IKI ldl S fUllE AS IY I 

LL•l 
LL•l 

NO LEuS ARE LIFTED 
Al LEAST uNE LEu I~ LIFTED 

uO TU 1140,lSOl,LL 
lieu IFYLE•l 

~u ro 1~0 
bll IFYLE•7 
1bO ~ALL SJLMPIIFYLE,S,Y,KCI 

~~~E lijl ~ lijl - ICI Ill - IKI 181 

UU l lO 1•1, lltl 
170 ~lll•WIII • YIII 

:ALCULATc 1ooor1 FROM MODlflEO CKI AND IMI 

uU TO 1180,1901,LL 
loO I fYLE•3 

..iO TU ZUO 
1'10 IFYLE•8 
lUU ChLL SJLGSIIFYLE,DDUT,QI 

~ALL OATSW18,IS~I 
~OTO lllU,1201,ISW 

210 w~ITEIM0,10 I TAU 

CALCULArE tOOII ANU IOI 
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t 

C .. .. 
C. 

.. 

,,o 00 llO 1•1,ll• 
UUTlll•Alll • IOTAU/2.01 • DDOTIII 

,10 Ulll•Klll • IUTAU••llbeOl•DDUTlll 
"t•u 
IF1D1211 2SO, ZSO, l4U 

,;tilJ KC•-c.C • 1 
,~o trlwllloll 270, l70, 260 
zc,u II.C•9'C • l 
&10 IF10lll411 290, 290, 210 
&bO 11.C•KC •) 
iiO IFl,CI )Uu, )OU, llu 
JOO IFIK~~tl ))0, )SO, llO 
HO LL•l 

"UDl:•O 
C~LL SJLWijlw,TAU,F,IETl,ALIM,IMI 
..;o lu lZO 

JlO IFILL-21 l4U, llu, JlO 
l)O lFl~KKC-Ktl 140, JSO, 140 
J4U ,ALL SJLLLIKUDE,KC,KKC,kKKC,TAU,w,D,DDT,LL,Dl,Dll•,DlJ41 

11u ru 120 

J~O CALL OATSWIK,IS•I 

)6C, 

)10 

HO 

~u tu ll&U,l~Ol,ISW 
~w 8 u~ •RITe OUT IDI, 10011, AND 
~w i O~F PROCEtD ■ ITH CALCULATIONS 

ltUUI Ph 121 Ol.MMY 

"'" 310 K•l,ll 
ll•C,O. - S 
12•11 • !, 
•lllltU.U,11 I 
o1R 11 t I I -~, U I 
"IC I fl I fi!,), 11 I 
•II I It I I~, l l I 
.. ~II(.( MO, 11 I 
11it IHI l ,h ll I 
"RI H: I fi'II, 11 I 
1.U:'4TINUE 

101111, 11•11,121 
101111, 11•11,IZI 

IDUTIIII, 11•11,12 1 
IUUTIIII, 11•11,lZI 
IOUOIIIII, 11•11,IZI 

IUDuTIIII, 11•11,121 

"~llkll~, lll TAU 

IDDOTI 

~~LL ~JLuGlu,UOl,UDuT,lu,XP,YP,lP,OXP,DYP,DIP,SIGNA,ILIVI 
~~LL SJLOUIKOU~T,ID,SIGMA,ELtV,TAU,XP,YP,LP,ox,,0,,,01,1 
l ► lf•U - TMAll 100, 10~, ,,o 
C..LL UIT 
l 'iD 

SUIROUTI NE SJLID IOUNOARY CONDITIONS WRITIR 

SUl~OUTl~E SJLIOIKODE,t4,S4,ALPHA,IETA,~AMA,&NTl,PYLEt 
UINtNSIO~ AMTXlb16141, fYlEllllt 
COMMON N 
CUMMON THET1,THETZ,THET3,TH~l4,PROP119,~l,SE,lltl,CAPl20t 

10 FOR"ITC lHl I 
ll fOR"ITClHO,'~OU~DARY tONDITIONS MATRIX KODE•'• 141 
lZ fDlMATllH ,,1,Ellel1/1lXl,/I 

MO•S 
U•SINI THET21 
Cl•CDSITH£Tll 
U•SINI THET31 
tl•:ODSI THET3 I .. . 

C CLEAR AMTX AS WORKING ARRAY 
C 
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uU 100 l•l,t, 
00 llJO J•l,b 
00 100 K•l,4 

100 AMT.<1l,J,Kl•0.0 
C 

uU TO lllU,ll0,130,1401,KOOE 
C "-ODE•l CALC BORY CONOS LINE 5 
C i<UOE•Z CALC BORY CUNDS LINE 4 
C l(UUE•3 :ALC BORY cu~os LINE 13 
C ,<QDE•4 CALC BORY CONOS LINE 11 
C 
C 
C ~k:TUP BORY co~o FUR Ll~E s 
C 

110 111•2, 
Jl•l 
J2•18 
Kl•l 
11.2• ., 
JJ l • 37 
JJ2a 138 
JJJl•O 
JJJt•U 
~H,• 1 .o 
.. u fl) uo 

C 
C ~~TUP 801tY CONO FOR LINE 4 
C 

120 ~•B 
Jl•l 
J2•U 
11.l•I 
11.2• I 
JJ1•2S 
JJ2•41 
11.Kl•Z 
KK2=3 
JJJl•t.l 
JJJi•lJti 
Sll.i•-1.0 
.iU TU uo 

C 
C HfUP BORY COIIIO FOR LI NE 13 
C 

130 N•'13 
Jl•l 
J2•42 
Kl•l 
Kl•l 
JJl•"-9 
JJ2•72 
KK1•2 
KK2•3 
JJJ1•8) 
JJJ2•138 
~lCi•l.O 

' K•2 
KK•] 
CiO TO 310 

C 
C SETUP BORY COND FOR LlNE l7 
C 

140 N•97 
Jl•L 
J2•<,6 
11.L•l 
K2•1 
JJL•H 
J·Jl•CJO 
kK1•2 



C 

IU,l• t 
JJJl•lO) 
JJJZ• ll• 
\li.•-l.O "., 
101.•2 

IU )10 

& O "0 200 l•l•& 
lfll-41 l7U, 110, a•u 

H,O IF11•51 110, 190, &10 
lFO AMTICl,l,ll•l.O 

i.0 l u 200 
ldv AMTICl,l,ll• : 2•:41;&MMA 

AMflll,1•1, 11•8ETA•t,•S4/G&MMA 
AMTAll,l•J,ll•· SIG•B ( JA•SJ• -/&AMMA 
~~f11l,1•1,ll•• C2• 4/~A~NA 
~MTlll,1•2,ll••Sl~•s2•s1•s•1 , ••• 
~MTICl,1,l1••4l tA• 4/IJ. O• AMMA I 
AMT«ll,l•l,31•-AMTlll,l·l,ll 
AMflll,1•1,11••A~llll,l· ,11 
AMTXll,l•l,ll • Ar fll l, l tl,1112. 0 
AMTaCl.l•l, 31•AMTlll,l•l,llll.0 
.,u I C, 0 

1~0 ~~IAll,l,l1•~LP~A•S4/ A~ MA 
AMTlll,l-l,ll••ALPHA•C4/~AMMA 
AMT11l•l•2,ll•iETA•tJ•t4/GAMM& 
AMlAll,1•4,ll••SIG•8EIA•SJ•t4/GAMM& 
AMl111,l•l,ll••SIG•ALPHA•t4/~AMMA 
AMl11l,l•J•••t2•t4/ll.O•GAMAI 
AMT•ll•l•l•Jl•ANT•ll•l•l•ll/2.0 
AMT•ll.1•2,Jl••ANllll,l•l,11 
•~Tlll,1•4,ll••ANTlll,1•4,11 
~Ml11l,l•l•Jl•·SIG• S2•Sl•C4/l2.0•GAHNAI , uo AMflll,l,21••1•0 

t. l u iJU '- lO I • 1 , 6 
DO HU J•l•• 
LIO HO IC.•l•J 
lfllMllll,J,AII llU, 210• 220 

2'-0 Tl•ElPIALOGIANTlll,J,KIII 
~MTlll,J,(l zSI CNITl,AMTaCl,J,(1 1 

i JO ON fl ••U t: 

~ALL UATSWIJ,ISWI 
t S• l 0~ -~•· UT ~ou~o,_Y CO N Ill ~s 
C ~• 3 JFf C0\ 11 UE CALC OF BUUN A Y CUNDITIONS 
C 

C 
C: 
C 

~O JU ll40,270 l,ISW 
240 IFIIC.00£•11 2~0, 2~0, 2•0 

-,o .. RI IEIMU, lO I 
lt.U •ll I fl: I MO, ll I kOOE 

•MITECMJ,ll I ICIAMTlll,J,Kl,J•l, b l,l•l,.l,l•l,Jt 
2 IO u U lOO I• l, b 

IFIJJJII JdO, 2iO, &90 
ldO ■Al Ttl l '~I HYLEI JI ,J•Jl ,JZI, I UM rill I ,J,KI ,J•l ••I ,1.•1.ltll.lt, 

11FYLtlJl,J•JJl,JJ21 
.,u TU JOO 

,iO ~Mllt:ll'~I lfYLEIJI.J•Jl,Jll,IIAMllll,J,KloJ••••·••••·•kll• llfYLllJl,J•JJl,JJ21,CIA~flll,J,ll,J•l,.1,A•KKltkllt • 
tlFYL(IJl,J•JJJl,JJJll 

·wo co~, I "-ut 
RETUM/i 

COMPUTE TERM~ FOM OOMY tO~DS LIHE 

31 O ,,u J•O I • l , • 
It 11-41 330, 140, lZO 
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C 

: 

C 
C 
C 

1.:0 lf1 1 -~I HO, HO, HO 
3 .HJ AM" I I ti , lt • l • 0 

uo.J I , , 3C>O 
140 .~T411,l,ll•C4••2 

~MTAll,l-2,ll•-Sl~•OETA•S4••2 
AMT,11,1·3,ll•Sl ~•BtTA•)4•C4 
AMT.< 11,l•l,ll•-S4•C1t 
A~T•ll,l,KKl•-S4••Z/l.O 
~~T41l,1·2,~~l•-A~Tkll,l-2,ll 
A~l~ll,1 - 3, KKl•·AMTXll,1-3,ll 
~~IAll,l•l, K"-l•AMIXll,l•l,ll/2.0 
.,o TU H,U 

)".,0 AMhlltl,ll•~4U2 
AMlllll,l-l,ll••S1t•C1t 
~~T~ll,1·3,ll•-Sl ~•OETA•S1t•C4 
. ~T,tl,1•4,ll•Sl ~•~LTA•L4••2 
~~T.<1l,l,KKl•-C4••2l2.0 
~MT\ll,l·l,KKl•AMTXll,l·l,ll/2.0 
A~T Xll,1•3,K"-l••AMTXll,1-3,11 
A'IT ll I I, I -It, K"- I • •AMT X 11, I •It, 11 

3b0 AMfXll,1,Kl•-1.0 
liu TU llO 
t:~D 

SUBRUUll~E SJLDG PINTLE DIS~L, GUN ORIENfATION, AND STRESSES 

su~~nutr~E SJLOGIO,UJT,~OOf,10,XP,VP,ZP,OXP,DVP,DZP,SIGMA,ELEVI 
UIM r NSIO~ Oll311,DUOTl13Ml,TIC3,31,uLUCl1S,6,21,Xl61,Vl61,ZC61 
OIMc~SIU~ T16,61,10112,31,SIGMAl12,21,DUTlll81 
CUMM(.J'~ I~ 
1. J M'' \ ,. 1 T ttE T l , T Ht; Tc, T t1 I: f3, f ~1E I It, PR OP I l '1,, l , SE Ii C l 'i I , CAP I 2U I 
.. Jl" ,•' fJ1l AJlei, ·n ,l,l ,G,,ANu,RO,~HO 
C. -~ ►, , 1,1' 4 CI b, l I , FI '>U, ~ I , 0 TAU, u ET A, AZIM, IM, VO, PH 10 
L f•M lill i11t,AAM13,41 

: u~ ruTE TH ~ PINTLE DISPLACEME NTS A~D GUN ELEV AND AZIM 

).t' • I I l ')I - 2. o~• D12c,J 
Yf• = I i I 
l P•~ l , 11 ♦ z.o 5•UIZ21. 
UAP • ~OTll ~ I - 2.0~•DOTll41 
.., YP ■ l,1., 11 , 0 I 

lP ~Lll ll .2 11 • 2.0~• D011221 
..i I : l 3 • ~U 
,tu • ,. 22 
t,JJ z l. O 
II 1.\/IMI 70,80,7U 

I I. AJJ • - b .O•SI G~IAJJ,AZIMI 
., () 10 '10 

t., (' A JJ ■ .O 
J O JJa .:. JJ 

JJ• c1 '> ♦ JJ 
OA•UIJJI 01191 
uY• u l201 OIJJ+ll 
tLf~•lttU•Dx•vo•OYI/IDl•IIVO+DYl•COSIPHIUl-tHU+DXl•StNCPHIO))I 
Al l ►l•Al IM 

IMA~SrORM SELEtTED DISPLS. ANO ACCELS. TU LOCAL COORD 

UU 2b0 l•l,15 
IFll-31 lOU, 100, 110 
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C. 

I 1 • 1 
ll •' 
KJ0£•l 
1, 10 1!10 
1~11-141 llO, 140, 140 
I 1 •-. 

11/1 2 • 
I I) • 

J 

.,J tu l \ 
I " 11 I l • 14 

1 , ■ 110 

Dt•3 
l , JJ . • I · I • 

I tu 

lJ lt 
JJ•JJ 
XIJ 

201), 
luu, 

110, 
UO, 

OE, I I ) 

II •I.J 
v, : . 'l J J •l,l 
I • I I • 
Jl(. a JJ I 

lll ~ , J K l• ll.1~1~1:.,:.•;J~J~I-":"""':~~-"']■• 
• b - lepr04hce4 ,, .. 

IM1t availaW. cop• 

,x,z.~. , l l 

, J ,Kl •llJ I 
I 2 ', , l t.O, C 

, t'M IT ,Y, l, , 1"1 , LI 
~ 10 

,,u 

' ., ' I• vE • I> 
""' '" } (,,4 

.!90 l •ltl l 
L • I I I ,I 
• I • , v 
.,,q • U, l• l,I LL I 
~ IC. •0,IJ 
..... c,. o 

..i dO I.C•l,11 
ll•I J ll,21 
1.:•1011,11 

r 

ot l•li, C •E•~◄ PILL,31/StGILLl••J 
,iH f A•t,, O•E•PttOPI l L, JI /UGI LL I ••z 
~M8J A•2, o •E•P~OPILL,31/SEGILLI 
~~•PROPILL,21/GVTY 
AL•:.ECIL LI 

.. 



AMll~•OtLTA•IOLUClll,2,l)•DLUCIIZ,2,111 
4~ll~•A~llk • A~bOA •12.u•DLOClll,6,ll • DLOCl12,6,ll) 
~Mll~•l~M•AL••2/420 ■ 1•122 ■ •DLOCl11,,,21+13 ■ •DLOCl12,2,211 
4MllM•AMZlM • AM•AL••l•IOLOClll,b,21/l0So•DLOCll2,6,21/l40ol r v lt1.•ttt: It I ULllC 11 l, 2, 11 •0LIJC 112, 2, 11 l+OEL TA• OLOC f 11 ,6, 11 
fYl~•FYlt1. • UELTA•UL0Cll2,6,ll 
FYl'•IAM•AL/Pu.1•12b ■ •DLUClll,2,21•9.•DLOClll,2,lll 
1Yl~• ► Yl~•IA~•AL••2/420 ■ 1•12i ■ •~LOCll1,b,21•1l.•OLOCl12,6,211 
.~Y,~•uCLIA•l•UL~C.lll,l,ll•CLOCll2,l,lll 
~MYl~•AMYlK • A~dUA•l2 ■ C•OLC~lll,5,ll•ULOCl12,S,lll 
MMYlM•I-AM•&L••2/42u.1•122.•DLOClll,3,Zl•l3o•ULUCl12,3,211 
AMYlM•AMYlM +AM•AL••J•l~LOClll,5,2l/lOS ■ -OLOCll2,,,21/l40el 
Fll( ■ CET •IDL0Clll,l,ll-OLOCll2,3,lll-UELTA•OLUCl11,5,ll Fll~•FZlK - UELTA•DLUClll,~,11 
► il~•IAM•AL/70.1•126 ■ •DL0Clll,J,21+~.•DLOCl12,3,211 
Fll~•FllM • IAH•AL••2/4,0.l•l22 ■ •DLOC.lll,~,21-1J ■ •DLOCl12,5,211 .l•~~llK • ~~llM - xl•lfYIK ♦ fYlMl 
.~•r.1•IAl/~Ll••1-o.2~•IAI/ALl••2 + o.s 
.,l•.ii - u.S 
.iz• .H:•x1u2•1 ... 2•1JLOCI 11,2,21-wl•ULOC.I 12,l,211 
.l•IAl/~Ll••2120.o-1x1,~Ll/6.0 • 1.01,.0 
,14 ■ 1XI/ALJ•cz120.o - IXI/All/12.0 
.l•.:.•••1.1••1•11.l•ULnC.lll,b,21 • l.l,..OLIICIIZ,6,211 
A' 0 -; 1 t 02 • CJ 
.l•~MYl~ • AMYlM • Xltl ► ZlK• ► ZlMI 
~z• o.1•1xl/ALl••1-o.25•LXI/ALI••, + o.s 
.l•.t - u.~ 
.i•~~•x1••2•1~1•0LOC.112,3,21· 02•DLOCl11,3,211 
~S•l~l/ALl••212u.o -IXI/AL)/b.O • l.0/b.O 
~~•l•ll~Ll••,120.0 • IXI/ALl/12.0 
.,■ :.~ · •,<1uJ ■ l1,,l•rLOClll,,,2l + Q4•D ~OCl12,!l,211 
- ~Al•;&• ,2 • Cl 

~ ALL lt~M~ FO~ ~fNOI~~ ANO COM~RE~~IVf STRESSES ARE COMPUTED ., I (i , , • I t'l{ (J P ILL,~)/ PRvP I LL, 3 l l • SUR 11 AMX yu 2 ♦ AMXZ •• , , 
.&•IL/ALl•IULUC.lll,l,ll•ULOC.112,l,lll 
.,•&.IJ. - IXl/AL) ♦ o.s•IXl/ALl••z 
.l•l ■ /b ■ • 0.5•1XI/ALl ■ •2 
>l~~•wl • IAM•AL/PRUP(LL,lll•IU2•~LOCl1l,l,21+Q3•DLOCC12,l,21t .)ll.•SI I.I • ~lllC 
lfl~h~l~IGI - Ab~ISIGMII 180, 2HO, 270 

If.., 'd G'·l•SIG 
A 11 =XI 

toll Xl ■ ,(I • UXI 
:.. I Ci '<I A I I , l I •SI GM 
~IGMAll,21•XII • 0.00001 

~,01.u~r1uE 

t .,u 

iU~ROUTINE SJLGS GAUSS-SEIDEL SULN FOR SIMULTANEOUS EQNS 
SUB~OUTl~E SJLGSIIFYLE,UOOT,QI 
ulMt~SIJ~ FYLEllldl,Qll381,DOOT(l111,Xl138,21 
OIM ~~~IU~ IU0(23,il 
._i.,M!'IUN ,i 

:uM~U~ TH~Tl,THtTl,THET5,THET4,PKOPl19,~1,SEGl191,CAP1201 CUM~J~ AJlb,Jl,~l,G2,ANU,AO,RHO 
LUM,~l, '. 4 CI c,, JI ,FI ~0,:, I ,DTAU,llt: TA,AZ IM, IM,VO,l'HIO 
~~M~U~ ~4,AAM(3,41 

lU ~UR~ATllHU,'lT•',151 
ll ► IIR' l o\TllH ,215,6El!lo4I 
ll 11,A"'IAfllhO,"-.UKt JHAN )0 IHMATIONS REQ"O, JOB TERMINATED•t 
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lO C 

l h, 

1,0 

~oc 
llli 
uo 
nu 

ttlO 

JOU 
'HC 
1,0 

3lS 

.. , ,. :, 

If•" 
1·•.f.,.1•1.0,, 
Lr~•Oefl 
i.ALL SJLOOl 1001 
~All ~Llf[fll,IS•I 
.,:; f:I 112", 1(1{1 t, Uw 
, C. l l lJ I • I , I >• 
it I, I l•D.,011 It 
1111,,,.,11,u 
,O 10 110 

1,1: a JD I• l, 1 H 
1,11,11•"·" 
1111,.:1•1).0 
i,O lf,O 1•1,U 
, • • • I Uli I I , I t • t 
I I • '1 
utJ lt.O J•l,t. 
JJ•h•IIDOll,ll•lt • J 
,..,&1, llfYLE'NI f,YLE 
AIJJ,ll•.lllt/FYLtlJJt 
I I• I I• l 
1111 l~u K•l,IH 
··•~-JJI 140, ltO, a•o 
AIJJ,ll•XIJJ,lt • FYLtlKt•Xl~,11/FYLEIJJI 1.c~,,~uE 
,4IJJ,ll•lllJJ,lt 
C•LL o,rsw11,1swt 
.,a 11, 111O,uu 1, uw 
•ICIT(OI0,10 tlf 
lU lU, K•l,H 
Jl•c,•11. - S 
Jl•JI • 5 
i,c, 1'0 J•J 1, Jl 

leproducecl from 
best available copy. 

IFIXIJ,111 ZOO, 190, ZOO 
'-"IUINUE 
JU fU llO 
•RITtlM0,11 tl,Jl,IIIJ,11, J•Jl,Jll CONI INUE 
lf•lf • I 
uu Z•u 1•1,ZS 
~-••10011,11 • 5 
11 ••'f 
uu lt»O J•l,c. 
JJ•b•l10011,2t - 11 • J 
MEADllFYLE'NI FYLE 
~IJJ,Zl•wllll/FYLtlJJI 
11•11 ♦ 1 
00 HO K•l, 131 
IFIK•JJI 240, 250, 240 
XIJJ,Zl•XIJJ,21 • FYLEIKt•XCK,21/FYLEIJJI 
CONTINUE 
XIJJ,ll•OMEGA•XIJJ,21 • 11.0•0MEGAl•XIJJ,lt CALL OAfSW17,ISWI 
~OTO 1210,lZOl,ISW 
WRITE I MO, 10 I IT 
UU 110 K•l,ZJ 
Jl•tt•" • S 
J2•Jl • ~ 
1>0 2~0 J•Jl,J2 
lflllJ,211 300, 2,0, 300 
CU~H INUI: 
C.ll TO JI0 
~RITEIM0,11 IK,Jl,IXIJ,2t,J•Jl,J2t 
CONJ ll•UE 
OU 190 I• l, 131 
l>IFF•Xll,21 - XCl,lt 
IFIAOSI OIFFI • l.Ot•Oll 32S,32S,340 
IFIA~SIXCl,111 • leOE•Olt 330,330,340 
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HO 

.iltu 
J .,o 
H,0 

!7lJ 
J -,o 
1 ,o 

1•U0 
'-1C 

41 ') 

,,,o 
"tu 

.<11,ll•u.u 
vU Tu 390 
IH(ll,211 360, 350, 360 IHXll,111 370, 390, 370 OIFF•OIH/XI 1,21 

(,lJ TO 380 
ulFf•ulFf/Xll,11 
lflAb)IUIFFI - EPSI 
.:u'4TINUt 

liO, 390, 
vu TJ 420 
l,U It 10 l•l,111 
Xll,ll•Xll,21 
IHJT-~ul ao,4U,415 
•klTEl l-\0, 121 
CALL EAIT 
uo It 30 I• 1, 138 
UOO TI I I• XI I , l l 
iiETURN 

d ed lrom Repro u~lable copy. best av•• 

400 

SUISROUTINE SJLKQ K AND Q MODJFICATIO~S FOR LIG LIFTING 

C 
C -" --C 
C 
C --C 

100 

110 

)VB~uvTJ~E SJLKwlKCI 
DIM t NSI0'4 FYLEK11311,FYLEM11Jlt CUMMOt-4 ~ 

CUMM~N THETl,THET2,THET3,THfT4,,~0Pl1t,tt,Sl&lltt,CAPIJOt CUM~U~ AJ(6,31,Gl,G2,ANU,~0,~HO 
~~M~U~ tf6,ll,Ff50,')1,DTAU,OEfA,AllM,IN,VO,PNIO :uMMON t-44,AA~l),41 

~C•l Sl~~IFIES NOLIAL POINr I LIFTtD 
~C•3 SJ~~IFJES ~OJAL POtNr 16 LIFJED 
~C•4 Sl~flfltS N00AL POl~rs 1 • l• LIFTED (Ca') SI G'41FIE~ ~UOAL POINT 19 LIFTED 
KC•~ SICi•l~llS ~UOAL POJ~TS l • lj LIFTED <t•8 SJ(;'41FIES NU~AL POINJS l• • 19 LlfflD ,C•~ SluilflES NOOAL POJ~rs 1 • 1, • 19 LIFTID 

KUOL•O 
J2•3 
l2•t4 
~OTO lll0,170,120,140,130,l50,170,l60,l701,Kt 11 •Z 0 
I Z• 2 3 
Jl•t 
J2•3 
(;0 I tJ 180 

120 11•1 
12•23 
Jl•l 
Jl•3 
1.1 l l ro 110 

lJO 11•1 
12•2u 
Jl•l 
Jl•l 
.,Q TO 180 

140 11•23 
Jl•J 
~u 10 110 

uo 11•20 
Jl•2 
c;ei ru 1110 
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• 

C 

l•O ll•I 
,U•l 
..0 IQ llO 

110 ll•l4' 
••o 1•1~uo•• ltO, ltO, 110 

C .,lllN IIU M H II ,.. LIii Ill ...... 
C 

C 

190 '4•1 
00 '70 1•1,U 
11•••1 • I 
~O llO J•I•• 
,uon•"• nua 
IJ• 11 • J • I 
IPII • llt IM, 100, Ill 

HO l.1J•JI 
"" TO UO .,o .,. •• • .,. , ... 110, , .. 

HU I.IJ•JI 
clO 1,tJ•II I.ct, 1 .. , Ill 
,11u PYLLlllJl•PYLIIIIJI • AJ11,,•1,,1 

"" IU 161 
,~u fYLtlllJt•fYLlllll,1 • a,c1J,,J•JI ,,o '4•111 • I 

i flLI 1 t-"fAIIII •AIILY IIGOIPIIO 111 Mflll 
• 

••ITICl••t fYLll 
l 10 tOllfltlUI 

tUIOl•I 
:.0 TO 100 

C 
C fQIUI UU IIAflll PIQII UU 1111 t•t Ml C 
t ~TUIII IIOOIPIID •~• Al PILI I 
C 

HO 't•I 
UO ltO 1•1,U 

······ - , .,., ... 
DO ltO J•I•• 
JJ•JJ • I 1uo,,, ... nu1 
,..,. • I 
llUUI l'llt PYUN 
IJ•II • J • I 
1•11 • llt IM, ZtO, JOO 

ld IJJ•JI 
~ 10 110 

JOO 1,11 • llt J61, 110, J6I uo • .,., • .,, 
llO ~D 1H l•l,11■ 

lfll • JJt 1401 JIO, 140 
JjO fYL(Nllt•fYLtllllt • IDTAU/leOt • CIJ,l,JI ♦ IOTAU••ll•eOl•PYLllllt ..u ro Ho 
)40 PYLllllllt•PYLINllt • IDTAu••z,,.01 • PYLIICII no tOIIIT IIIUI 

WI hi HO ,.o 00 1,0 ••1,1)1 
,,o FYLIIIIAt•PYLllllll • 10,au••11,.01 • PYLIIIKI 
HO '9•H • I 

-111!11 11111 FYLIII 

,.,0 '"''""' 1nu•1 
LALL SJLWIIFYLIN,IPYLII 
tllTUlN 

'"° 



u,u 

UC 

&JO 

IUIIOUI I 1111 IALL ... ,.,,., .,,,, ........ ,,. 
~~-· ··~· ,.1LLLIADDl,K(,1ac,u1c.,au.1.1.oo,,1.1..D1.O11.,,,,.. 

IM . ,,~~ DIIMI.DOlllhl•IIIIII 
,, .. " 

" M 11·, '"lll,INlll•INIU.TN1T•••••• .. •t11llllltt,C6'INt 
•• ,., ••. ... , •. ,, .•• ,.,0, ..... 

·• '-••• u ,,.,0,,1 ,u,,u,1& ra,.au11,111,wo,'"ao . ........ , ,.,. 
till HO, IOG, no 

C~LL ~JL.Ql~,,au,,,IEIA,AIIN,1111 
lj•IJ"I 
1,• .. tlt 
llt • l, I &&•I 

11 I 14•1. I I t4 I 
"' , • 1110.aro,uo,uo.L•o.110.uo.1•0.1101.ac 

11•1 
I •I H 
.. 1.. , , 110 
11•11• 
li•l '" 
.. u ru uo 
II•, 
1,•ll• 
.,, f I l•U 

,4<, U• 1\4 
lc•l'--

llU 

leU 

1 ,o 

'"" .. lC 
t.!O 

dO 

310 
?.lO 
., u .. 

340 

"'" lu 
11•/ 
l ,. l 14 
,,ti ltJ 
ll•llCt 
ll•l 14 

.. u '" II• 
l."•llc, 
11•1)4 

110 

110 

1110 

"'J Jb0 I• l t 1 U 
It I I - I l t 1 ltO, 
It I 1•12t 200, 
1,11-llt l&(I, 
&r I I• l It.I '20, 
II •4 
vu lu 
II., 
,..., ro 
II •c, 

lSO 

210, 
210, 
Zlu, 

211.lt 

190 
,oo 
"u 

240 

~111•-AJlll,ll•UIII - Cll,11-Jt•DOIIII 
'-U~fl ,.UE 
~flt••t 
l(U0t-•-1 
LL•l 
~CTURN 
EPS•u.e 
Ulffl•A~SID2•UIZII 
~,,r2-,es1011•-Dlll6tl 
ulrfJ•Ab~IOll4-Ulll411 
IFI 021 290, 210, 290 
IFIDllll JOO, JIO, JOO 
OIFFl•DIFfl/llSID21 
;;o ru 120 
~IFFl•DIFFl/l&S101211 
.;o ro 120 
LJIFFl•O.C 
IFl~llbl 340, 330, 340 
lf- D lllbll nu, nu, \SO 
ulFF,•OIFF2/AiSIDllbl 
.,Q llJ 370 
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J,c ~1Fr2•01rFl/A.SIDlll•II 
. ,Q Tll HU 

lt,U u1Fr2•0.0 
l1J l ► l~lJ41 3~0, 380, J90 
3 .. 0 lt· C.. Cl 34 II 400, 410, 400 
l,U ~IF~J•CIFF1/ABSIDl341 

..,LI TO 4l0 
40U u1FFJ~OIFFJ/AB~lnlll411 

vu l u 420 
ftU, .,IF ► ,.,,.v 

• 

ftLO ~J TJ 14'0,,2~,ft40,450,470,410,520,500,5201,Kt ftJ~ l ► l~IFrl-EPSt 5)~, 5~0, 100 
,.,.~ It 1:11FF2-~PSI 5)0, hO, 100 
45~ l ► l~l ► Fl•tPSI 46Ut 4•0• 100 
4~U lflUIFF2•EPSI 5~0, 550, 100 
.. ,~ lfl~lffJ-~PSI s~o. ,,o, 100 
.,oC If I.Jiff l·CPSI 4?0, 4-i0, 100 
4iU IFl v lFFl•EPSI 5,U, 5~0, 100 
~00 IFCnlFF,•EP~I ~10, 510, 100 
~lC' &r IDIFF 3-E.,~I ~~C, 5)0, 100 
,~u 1Fl111Ffl•EPSI HO, 530, 100 
,iu l ► lUIFFl•EPSI 54U, 54U, 100 
~ .. ~ 1rculFFJ•EPSI s,u, s,o, 100 
)>C ,-t;Dc•l 

LL ■, 

.. ~LL SJLQQlij,TAU,F,BETA,AZIM,IMI 
l~l~KKC-~CI s,u, 57U, 5.0 

~•C CALL ~JLK~IKCI 
11.llll,-. ■ II.(, 

:,10 i<t:TuR -'4 

Reproclucecl from 
but available copy. 

SUIIIOUTINI SJLMP MATIIIX ,aooucT OP PILE.,, ••• ,, 59LYII .. ,.,. 

C 
t 
t 
t 
C 
t 
t 
t 
~ 

"' t 
t 
t 
t 
t 
t 
t 
t 

SUIROUTl~E SJLMPIIFYLE,i,11,Ktl 
DIMCNSION 1111,~lll,FYLlllJII 
tDMMO~ NIii 
,uM"~N THETl,THET~,THET3,THET4,PIIOPClt,51,SIGCltl,tAPIIOI tOMMD~ AJC6,31,~l,G2,ANU,110,RHD 
CUMHON Cl6,31,Fl50,51,DTAU,KETA,AZIM,IM,VO,PHIO ,oMMUN N4,AAMC3,41 
N•lH 
M•lH 
L•l 

IFYLE 
a 
,t 

~ .. 
L 
~c 

FILE NUMiE~ Of FIRST INPUT MATIII COIi PILII NAME OF SE,COND INPUT MATlll CCOI.UMI 
NAME Of UUTPUJ MATIIX CCOLUMNI 
NUMBER Of MO~S IN FILE NATIIII AND IONS Of l NUM•EII Of ,DLUMNS IN FILE MATIII AND lOWI DP I 
NUMbEII Of COLUMNS IN I AND II 
GIIUUND DA~Pl~G QPJIUN l~OEI 
lC•U ALL LEGS BEIN, DAMPID 
KC•l 16 AND 19 IEING UANPII 
lC•3 AND 19 IEING DAMPID 
Kt•4 19 IEINI UAMPID 
KC•~ l AND l• IIING OAMPIP 
Kt•• 16 IElkG DANPIO 
KC•I l IEING DANPID 
Kt•9 NU LEGS IEING DANPID 
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C 
C 

C 

C 

C 

C 
C 
C 

IFCIFYLE - Ctl l90, 100, 290 

:.LEAR FILE It 

100 D~ 110 l•l,lll 
110 FYLEll l•O.O 

'IICt•l 
IJO i20 l•l,138 

120 •~lftlCt 1 NCtl FYLE 

~PtClAL CASE wHEN lFYLE•4 (DAMPING MATRIXJ 

lfl~CI 130, 130, 140 
130 KC•, 
lltU lC•l 
1~0 ~o TO llb0,220,170,180,ltO,Z00,320,210,JSDl,kt 
lbO ~o ru 12so,210,320,1201,1c 
17U ~YIU lll0,270,120,3201,lt 
l8u ~J Tu 1270,l20,l2U,3201,IC 
l~O ~~ TJ 1230,2~0,320,1201,lC 
tUO .;u IU 12SO,l20,l20,Jl01,lC 
,10 ~U IU 1210,ll0,320,3201,lC 
2l0 ~u TO 1230,2~0,270,32Ul,lC 
..30 ca 2Ct0 l•l,b 

1'4"•138•11-11 • l 
.: ,.u .,I( l It,,.• i,. I CI I, 11 

lC•IC • l 
.;u TO UO 

i':iO ll•O 
Uu 2ta0 l•l,b 
., .. •158"6 • ua•c 1-1, + 1 
11•11 • l 

,bU •KlTEllt 1 ~41 Clll,21 
IC•lC • l 
liU I U ISO 

270 l l •0 
uo 280 1•1,6 
'11Ct•l8llt8 + 131•11-ll + l 
11•11 • 1 

,bo -Rlltllt 1 NCtl Clll,31 
lC.•IC + l 
1aO 10 UO 

. 
jENERAL CASE IFYLE• l, 2, 3, 5, OR 6 

o:.-iO IM•l 
iii,- I 
UO HO J•l,~ 
1tl IRl•O.O 
l(tAUIIFYLE'NNI FYLE 
UO JOO l•l,M 

3UO Rll(l•MllRI + FYLtlll • 1111 
310 lR•IR + 1 

.UTuRN 
320 IR•l 

N4•1 
UO 140 J•l,N 
1Ul~l•O.O 
KEAJl4 1 Nltl FYLE 
cu nu I• 1 ,M 

330 l((l,1 ■ ,1IRI • ,vLECII • 1111 
340 IM•IR + 1 

RETURN 
J5U OU )bO 1•1,131 
)c,O Kii l•O.O 

~UtJRN 
END 
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:: 
C 
C 

C 
C 

C 

SUBROUTINE SJLMll MATRIX ELEMENT WRITER 

SUB~OUTl~E SJLMllCKASE,ALPHA,BETA,GAMMA,DELTA,AMIDA,AMU,RHO,TAU, 
1 AMT X , T I , l.L I 
o I ME :~ s I a~ AM, x c 6, 6, 41 , Tl c 1, 31 , Tc 12, 121 , v c 12, 121 , z 112, 121, x c 12, 12, 

LO FOA~ATllHO,'MAS) MAIRIX'I 
11 FOA"l.ll C lHO, 'STIFFNESS MATRIX' I 
12 FUA ~ATllH ,12El0.31 
13 FOA ·LH C lHO I 

Mu• S 

: LEAR X,Y,Z, AND T ARRAYS 

t,)Q 100 1•1,12 
DU 100 J• 1.12 
XCl,Jl•O ■ O 
Yll,JJaJ.O 
lll,Jl•O.O 

100 Tll,Jl• U ■ O 

rill T WITH Tl ALONG DIAGONAL 

00 llU L•ltlu,3 
1<. •L- l 
CJD 110 I• 1 , J 
Ju 11 o J • 1, 3 
11<.•I + tc. 
JK•J + K 

110 Tll~,JKl•Tlll,Jl 

.., J I IJ 1120,1501,KASE 
C ~ASE•l FILL AMTX WITH MASS HATRIX TEAMS 
C ~ASEal FILL AMTX WITH ~T!Ff~ESS MATRIX TERMS 
C 

l~U ::dli•l ■ U 
OD 130 "-•l,4,3 
AMTA11,1,Kl•2 ■ 0•ALPHA 
,.Ml•12,l,Kl•t-lETA 
A,'1T It I 3, .S, KI• i)E TA 
~MTX14,4,Kl•2 ■ 0•liAMMA 
~MTJCl5,5,Kl•~HO 
.. MJ -~16,ti,K I •~HO 
A~TX16,2,"-l" DELTA•SI G 
.:.MT4(::,, i,Kl:-O ELTA•SIG 
AMT~13, S,Kl•-D ELTA•SIG 
AMTXl2,o,Kl•UELIA•SIG 

130 SIG .. -1.0 
~I G= -1. 0 
UU 140 K•Z,3 
AMTAll,1,Kl•ALPHA 
AMT1tl2,2,Kl•A~~DA 
AMTXI 3, 3,Kl•AMOOA 
AMIXl4,4,Kl•GAMMA 
AMTXl~,'J,Kl•-TAU 
Ar-. T~Cb,b,Kl•-TAU 
AMTAl6,2,Kl•-AMU•Slu 
AMIX15,3,Kl•AMU•SIG 
AMIX13,~,Kl•-AMU•SI~ 
AMTX12,6,Kl•AMU•SIG 

140 !)l;,i•l ■ O 

GO TO 180 
150 SIG•l ■ O 

DO 160 K•l,4,3 
AMTXll,1,Kl•ALPHA 
AMTX12,2,Kl•bETA 
AMTKC3,3,Kl•8ETA 
AMTXC4,4,Kl•GAMMA 
AMTXl~,5,KI• ■ O•AMBOA 
AMTXl6,6,Kl•2 ■ 0•AMBOA 
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AMTA16,l,Kl•OELTA•SIG 
AMJXIS,l,Kl••OELTA•SIG 
AMTXll,,,Kl••DELTA•SI~ 
AMTXIZ,6,Kl•DELTA•SIG 

lbO ~IG•-1.U 
~IG•l.O 
l) IJ 170 IC. ■ 2,3 
A~TXll,l,Kl•·ALPH~ 
MMTXIZ,2,Kl•-8ETA 
~MTXCl,l,Kl•·bEJA 
4MTXC4,4,Kl•-~AMMA 
M~T~IS,S,Kl•AM60A 
AMTX1b,b,Kl•AM8OA 
~MTXCo,l,Kl••O[LTA•Slu 
A"'TXl~,l,Kl•UELTA•SIG 
AMTX13,S,Kl••DELTA•SIG 
~MTXll,b,Kl•OELTA•SIG 

170 ~lli•-1.0 
C 
C FILL l WITH AMTl TERNS 
C 

loO Kl•U 
M.J•u 
00 210 L•l,4 
uU 1'10 I• l ,6 
uo 190 J•l,6 
IK•I ♦ le.I 
JM.•J ♦ KJ 

1-10 XCl~,JKl•AMTXCl,J,LI 
i.;u Tu 1200,210,220,2301,L 

200 KJ•t, 
\,Q TO 2 30 

210 Kl•b 
it.J•O 
.;Q TO 230 

uo "J •ti 
~ JO 1.UNTINUE ,. 

w 

C P[RFO~M IT TRAN~POSEI I l I ITt 
C 

r~• 12 
"1•12 
L•l2 
C.ALL MTRAIT,Z,N,M,O1 
~ALL GMPROIZ,l,Y,~,M,LI 
CALL G~P~OIY,T,l,N,M,LI 
DO ~~O l•l,12 
OU 2 50 J • 1, 12 
IFllll,JII 240, 250, 21tO 

240 zz •EXPCALOGIZll,JIII 
Zll,Jl•SIGNILZ,lll,JII 

250 CO~TINUE 
C 
C 5ELEC T TRANSFORMATION FOR ELEMENT LL C 

IFILL-31 260, l60, HO 
lbO ITR• l 

GO TO 3~0 
do IFILL-81 280, 310, 290 
.cdO 1us2 

GU TO 350 
HO IFILL-91 280, 280, 100 
lUU IFILL-111 310, 310, 320 
310 ITR• 3 

.;a TO HO 
3~0 IFILL-161 330, 330, 31t0 
330 IJRa4 

.;o TO 350 
l'tO IFILL-191 2110, 280, 310 
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t ?O u ,n •>•o,,..o ,4•0,~101,111 
: IThl SI NlflO Ha,-s,01u•&11 'it l 

C: 
C 

C 

··••2 SlutlFlli ··•-s•o••&flU,. l 
lf••J SIG~IPIES T•&NSFOAN&IIO,- J 
11••4 SIGNIFIES r•&NSFDaN&II ON • 

I EUNl"IS 
b 11,l ■ O 

0 SO L • l, 2 
U 440 •• , •• 

I it• I • • I 
IFI 1-21 )80, HO, no 

70 IFCl-•t 410, )10, 110 
0 11.J•:) 

J 400 K•l,2 
UO HO J•J,S 
Jlt•J • KJ 

0 Zll"1JKt•O.O 
.. 0 IC.J•b 

..,Q TO 440 
:. 1 11,J• O 

00 4)0 K•l,2 
..i 42U J ■ l,2 

JK•J t ltJ 
0 ZIIK,JKl•O. O 

lll!t,KJ••J•O.O 
4 0 KJ•ti 
H u~TINU E 
C.'!>0 lll•b 

Gu 10 tilO 

i.oo Kl•O 
ua !HO l•l,l 
KJ• O 
00 '>00 K ■ l,2 
00 4110 J•l•• 
li<•11,I • J 
IFIJ-31 410, 410, 4 b0 

41 JK ■ IC.J • J • l 
... o ro 4110 

t,~ Q K • J • J -3 
1d0 llll(,JKl•O.O 

~AKE ZERO CELL FOR TRANSF ORMA TIOi 

'.> iO Kl•O 

5 .HJ 
~40 

0 t> OO L•l,2 
0 !>90 l • l,t> 

jl( ■ I • Ill 
,<J •D 

Ll '>K O K ■ ,2 
LJ '."110 J•l,b 
Jll.•'(.J • J 
lfll-JI 
lflJ-31 
lflJ-bl 
JJ•b-J 

530, 
540, 
55 0 , 

lfll-JJI 5b0, 
ll 1",JKl•O.u 
1.o~r ll~UE 
l(J•b 
~U"'-1 r I NUE 

570, 

5 30 
51t0 
5)0 
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C 
~l~ CA LL UAf~-ll,IS-1 

vu I U •~io,,101,,sN 
C ~- l 0~ •RIJE our SUI MAJlll IEFOlE AND,,,,. flANS,olMAflON C ~• 2 J,F IRl~SFER l INJO INfl A~O lfJUlN t 

~,o lfl(ASE•ll •>o, b)O, •40 
~ J~ all I I I "'0, l U I 

ll I t»5O 
&4U •-t 11 IM , l l 
bl uu b~O l•l,ll 
•~v •~lfllMU,ll I llll,JI, J•l,121 11111 I a IMO, l) I 

l, ul l•l,ll 
~10 •Rll ( l~U,ll I llll,JI, J•l,121 
c.•" "l•u 

(J• J 
uu 0 0 L•l,4 
UIJ •• i O I • l , t, 

, u9u J•l•• 
I._• I • " I 
Jf(•J • 11,J 

c,~O AMfAll,J,Ll•ZIIK,JKI 
~u 10 cruu,11u,1zo,1,01,L 100 J•t» 
·o 10 no 

11.J • 
... 1 ro 110 

le llJ•'• 
1 iU •H lfllUf 

,tt IUil l• 
t: •O 

SUllUUJl~E SJLOO 
su1qour1~E SJLODIIODI 

IME~SIO~ 100121,21 
I • l 
I Ollol1•9 
10011,21•4 
I• I• l 
LIU 100 ft•l,2 

l 00 I IJ I I ,ll I• U 
uU I ,u J•l,5 
I • I ti 

11 <., 
l 0 

• •J 
II I 1-11 ll O, 
u u ••l,2 
I 011 ,lll•JJ 
U I 140 

110 

I JO I 11 ol 1•4 
I U0ll,21•9 

140 

bO 
lbO 
110 

o~, •~u 
J l • , 
CIO i!>O J•l,11 
I • hl 
If I J-4t 
lflJ-itl 
lf-lJ-101 
I • 1-1 

lOO, 
zoo, 

ZOU, 

..,Q Hi 25U 
IFIJ•lll 200, 
Jl•• 
JJ•J • Jl 
C.U 10 lJO 
JJ•l) 
1.0 I 0 
JJ•l1 

lJO 

OU 240 K•l,l 
IUIHl,Kl•JJ 
co~, ,~ue 
kEfUR~ 
END 

210, 
220, 

l1U, 

uo 
hO 

110 

190 
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SUBROUTIPIIE SJLOU OUTPUT GEPIIERATOR APIIO WRITER 

SUO~OUTl~E SJL0UCK0UNT,10,SIGMA,ELEV,TAU,XP,YP,ZP,0XP,OYP,0ZP) 
DlMLN)lO~ 1Dll2,31,Sl~MAl12,21 
C.uMM ON ·~ 
1.CJf•P'1llN THETl,THETl.,THET3,THET4,PRQl>119, S I, EG1191,CAP(201 
C.UM~ON AJlb,31,Gl, ~2,ANU,R0,RHU 
CuMMu ·, Cl&,Jl,Fl'>O,Sl,UTAU,bETA,AZIM,IM,V0,PHI0 
CO M~ ON ~4,AAM13,41 

M~ O~ Ull)&l,UOTl1381,000T(l381 
10 H,RIIII\Tll~U,Zu.l(,'TRI PU0 MOUNT"' 3 FOR O.SO CALIBER MACHINE G N ' , / 

l ~lx,'C.A)E ANALYZED- •,,OA4,//,1X,'IRANSIENT RESPONSE-• ) 
11 FOR~AT I 1,HJ, ll., 'Tl Mt: •, 3X, 1 IIIO OAL', 7X, '01 SPLACEMENTS ANO VELOCl TI ES ' , 

l OX. 't LEV AT I J~ •• ) X' I AZ l l'IUT r1 I • 3 )(. I t L EME NT I • 3X' I PE AK C0M8 I NED I • 3X. 
2•uc: uR~ I ,G Al',/,2X,'IStC.I ~OlNT',lZX,'II Nl ',lOX,'IIN/ SECJ',llX, 
i • A,,:. LE • , bx, • " ;, C.L e • , ., x, • 1,.uMB r R • , 1 x, • s r RE s s • , ex , • L oc • T 1 111 • , , , , ::ix , 

,, 1 X ' , I 3 x , • Y ' , l 3 X, ' l 1 , 3 X , t. I sx , 1 IO Et, I ' I , 1 9 X , 1 I P I I 1 , b X , 1 I l N. FR OM ~.( 
•., 1 ,/tlX,12 0 1 '-' II 

l2 FUR~A Tl1H0,F7.5,15,3fl4.3,Fll.5,Fl0 ■ 3,I H ,El9,S,Fl2.31 
13 l-- u K",:,r1 l it ,7.11,1 5 ,3 !:1 4,3,2LX,18,El9.'>,Fl2.3) 
14 FUR~All ln ,ll X ,3El4,3,21X,l8,El~.5,Fl2 ■ 31 
1., FJ R~hTllH ,75X,18,El9.S,Fl2.3l 

MU"'':, 
l F I -<.uU ,·, T - 3 I l l O, 

lvU ,;uu .T=u 
w1U TC I MQ ,10 CAP 
io~llclMU,11 

11 0 KlJ U ,1 •KUU1~T ♦ l 
l. Ll l t!O l :a l,lU,3 
lfll-11 14!0, 

l 2lJ ii Ps4 
HV=ELEV/0.0l 7'tS 
.:,.L ■ Al I M/v.0174S 

120, 

100, 100 

130 

~~ITECM0,12 ITAU,NP,XP,YP,ZP,ELV,AZ,10(1,11,ISIGMAll,Jl,J•l,2 ) 
W,(lltlM0,14 l OXP,OYP,DlP,IDll+l,11,ISIGMA(l+l,Jl,J•l,21 • 
l..U I (J l ~O 

1 .l v I I • I I -11/ 3 
~OTO 1140,l~U,1601,11 

14 0 ,.P• l 

J.!• 3 
.., o TO 1 70 

1 '> 0 ,~ i'•lb 
Jl=ll'> 
J2•ll7 
C.O TO 170 

lbO Nl'•l9 
Jl•l33 
J2•135 

170 Wi<IIE(M0,13 
.. ~IIC:CMU,1., 

lt!O wRlftlM0,15 
l(ETURN 
ENO 

NP,I0IJI ,J•Jl,J21,1011,ll, ISJGMACl,JI, J ■ l ,21 
IOOT(Jl,J • Jl,J21,IUII+l,11,ISIGMAll+l,Jl, J: 1, 2 l 
l011+2,ll,ISIGMAll +2,Jl,J =l,2l 

157 



SUDROUIJ :-.E SJLT I 

SUB~OUTl~E SJLTICKOUE,TII 
~IMENSIU~ TJ13,31 
C.uMMOli N 

fRANSFOAMAflON NAfAll ~AIYIA 

:uMMUN frlETl,THET2,THtT3,THET4,PROPClt,~1,SEGlltl,tA,cZOI uo ~00 11•1,3 
uU 100 JJ•l,J 

100 11111,JJl•O.~ 
uU lu lll0,120,llU,140,120,1301,KODE 

C. 
C tOMPUfE SU8MAJRIX FD~ TRANSFORMATION l C 

C 

llU Tlll,11•:USITHtTll 
Tlli,21•COSITrlET11 
Tl12,ll•-Sl~ITHtT11 
llll,21•SINIIHETll 
fl( 1,31•1.U 
uU TO 150 

:LJMPUTE SUUMAIRIX FOR TRA~SFORMATION 2 C 

C 

llO Tlll,ll•:OSCTHET21•C.OSCTHET11 
T I I l , 2 I • - SI~ I T Ht T 2 I 
ll11,3J•:as1ThET21•SINIIHET31 
Tllt,ll•SINITHETll•COSITHETll 
Tll~,ll•COSCTHETZI 
flll,31•Sl~ITHE121•~1~1THET31 
Tlll,11•-Sl~ITH[Tll 
TIC \,31•:0SITHETU 
..,u ro 1:;u 

C. ~OM~UTE SUBMATRIX FOR TRA~SFORMATION J 

C 

130 TIC1,ll•COSITHET21•C.OSITHET31 
1111,21•-~l~ITHtlll 
Tlll,31•-COSITHETil•SINIIHET31 
Tlll,ll•Sl~ITMET21•,oSITHET31 
Tlll,21•COSITHET21 
Tll,,31•-Sl~ITt1ET21•SINITHET31 
1113,ll•SINITHE131 
111 ,,31•COSITHEl31 
1.10 TO 15U 

C :OMPUTE SUBMAlRIX FOR TRANSFORMATION 4 C 
140 Tlll,31•-l.O 

Tlll,ll•SINITH~T4l 
JI ll,ta•:USI ft11;141 
Jll3,ll•COSITHET41 
Tlll,21•-SINITHET41 

150 IH T'JK"l 
i; t-.0 
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SUPDUI I Jtl SJl.11 

su1,uu,1•1 SJLUllfYLl,NI 
u1•1~s10, fYLlllltt,QLl&l,1111 
tuNIIQfl fl 
·••Ill 
IJU lu" I• I, U 

lUO •t&,tM•~t l~L.11,Jt,J•l,1111 

II• I 
U•t 
Jl••I 
u0 UU Ultl 
ua 110 1•11,U 
UO llU J•I•• 
JJ•J • JI 

lhl 1,,LCl,JJt•"•U 
Jl•i• 
11•1 
U•ll 

llU tO,. fl "Ut 
t 
t ~U~V[~f Ll~l 9, [LINIUflllG tOlS I AIIO 9 
t ...... 

00 110 •••• , 
ilLAOtN'"t FYL.l 
Jl•l 
.,,.f) .,.,, ... 
tiU l •O L • l , 2 
"'" hO J•Jl ,Jl 
JJ•J • JJI 
C..JEF •fYU I JJ I 
FYL ~IJJt•O.O 
i.J l iO r.• l, UI 
C:.l • .. UEF•;L. t J,11.t 
U 1:. t UO, ISO, Uu 

1)0 CC~•ElPllLDGltijlt 
► YL~lkl• ► YLtlll • ~l,~lttO,tOI 
IFIAb~IFYLEl(l/t QI • a.of-041 lte0, 140, 110 

hO ► YL l:- 1,_l•UoU 
l SO I. ur. fl ,,UE 

Jl•7 
Jl•ll 
JJl•lll 

h,O Cv~ f I ~UC 
~-~-l 
aiCIUIM''O fYlf 

170 C0~flr.ue 
·••13 
J l • 1, 
'tl•4) 
UU i tu L • l,, 

C 
C L•l ELIMINAft fHt ·l.0 t0EFf FAQN IUAY EQNS Ll,.I ll 
C L•2 ELIMINlfl IHI •l,0 t0IFF FAON IDMY IQNS LINI 11 
t 

ua uo l•l•• 
110 ~tADfM 1 NI fQLfl,Jl,J•l,1111 

DD 190 l•l •• 
DU 190 J•l,C-
JJ•J • Jl 

hO ,.Lfl,JJt•O.o 
C 
C L•l tUHVEAf Ll~E 1, ELIMINIIING COL 11 
t l.•2 t0~VfAT Ll~E 12, ELIMINATING COL 17 
C 
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••~ l 
.JU llU I•••· 

&IC.IN•~• fYU 
lO J•l•• 

JJ•J • Jl 
C lt•HLflJJ• 
lfll IJJ••o.o 

' • 0 ..... ... 
·"" l'tl. ..... ,., ...... C0EF•-.1.u.a• l fl._Ul 

·· •--· l 
• I I • • 't • r YL I 

,, ~""' l"t L 
•• ... I 
Jl• •• ... ,. , 

HO 'ti l'•Uf 

lOC 

IJ 

ff ' .. 
l • 

~~-~ Ufl'tt ,., .. ~ ••• ,,u,,,111,.a11R.IRI ~,-, ~,~ .. ~ •• , ••• ,.\0.,1 
h,~ •••••• HI UU • ••••II• 

'" u 
110. 110, IOU 

I• I .. 
,.,.,. ., • •10 •• ,o 

tl•IIAU • ••••••·11/.tll•l• • ••••••lit 
•tl•Hll,ll• tll•••lll • lll•l•l• , .. , ...... , .. ,.,.,., ....... ,.,. -. , ... , ...... , ... , ..... ,, .. , .. . 
1.,1,a••••••~•·••••&,,1•••11-1.,11•~.u11•1 111 &• 

• ., .. • • • I ,.,,11.11 
,. A•Hl,41 ,_ . .. ,., ..... \. 

11 ~1 tUI • t )UIIN• 
• Y -r • ~l~lllf~I 
• l•rP • t ~I I fU• • I UZIM• 

• • •• 1)4 

• f IIA _,., ,, .... , 
,. I I I •r ,'l 
.. , 'J."' t•&: • . 1,,, .. , a• l,OS 
• I • I ••F I . ' .... 
~ 
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PROGRAM SJLfF 

C 

C 
C 

C 
c· .. . ,. .. 
C 
t 

.. .. 
C 
C 
r. 
,: 
C 
C 
C 
C 
C 

PRO~~&M SJLFF IIUXILIIRYI 
FO-tl~G FU,.tTIO,. Dlfl GE,.ERAfOR 

SUPPOllll~~ su.ROUIIHES 
.. a~£ 

llt"''D 11~.,UI 0111 
EL~V .,,0.11 .,.IIIIL ~u~ iLlv•rlON 111&1.I 
T&U,Fl,Fl,AM,INt 1,10 •• ,llteltllll•••lll,JI 

TAU TI Ml Uftl 
Fl ~ULT IUICl ILISI 
fl dlRRtL ,oacE (LISI 
Ill MILll~ER ACCELl•ATID~ IINIIICII 
AMC ,a,.ILE NONl,_I IIN-Ll~I 

,.DIE- IMESk OAIA ca•us MUSI II LIii THAN GI IIUAL 10 IO 
., LkSS ·~·~ ~o. M•at LISY'"' -·i•TIVI 

,_ l"UD JUIPUT 
lUV 1,.IIIAL &.U,• lUVAIIUtll All(,LI 
TAU,fl,fl,.M,AMt RtCIPIIUL•IIOtl 0, IWUf O•I• 

PU~CHID A,.D .,. Jr•TU OUTPUT 
lfll,JI, J•l,11 FUIICIIIIG FUNCIIQII OAT• 

u&Nt,.sau, ,1,0,,• 
'" •o• .,,,~1.•FllR:1,., fUCIIDft ,~,u, u.,. -·• 
II ru,~111,10 •• ,1,,.s,lllt •• ,1,,.,. 
U ► J• .1All lHU,l0X, 'l~IIIAL Gurt fUVATIDN AIIILI • 1 efll,lt 1 11\, 1 ,/111 

l,'IIMt•,t1,•~uL1',1X,'••••tL',11,'IICIIVll',111 1 Pl•TLl 1 1l1klt 
~,1•t~lt~•,t•••••:tfL.•,w1,•MQNf~l•,1,z11,•1SICl',ll,'ILISt•1tl1 
''•L~s••····••1,.,stt,••·'····•--L•S••·'·'''•··•·-··· 11 F~lM&lll" ,ll1,FY•••EIJ •• ,flt•••lll4.•t 

14 ru,~IIClHl,'tURtl ,fG fUfltllutt IIUIPUI o•u -•.1111,•T1111•,11, 
I• I-' I H Lt•, II,' UVU S£ •, 11, •PI ,.,u' •••, 'PlftfLI fGICI• ,/ ,I••• 1 fOICI •, 
,11,•oa~ F0•Lt 1 ,r1,•~0Ml~T•,~1,•atTIOlt l'tGLl',1,111,'IIICl',llt 
>'IL It)••, 'II,' I LltS I ',••,'I I '-•LbS •' , 'II,' I 0(11 1 tit I 91, .. I •••II 

1, ruRMAflFlo •••• ,.~.~· 
I •••l 
ll'•i 
Mil•~ 
wll lUNU,10 
111•11.~u 
cEl~ll~,11 • ELEV 
■MlfllMD,ll I tLlV 
••-■c.uu 
PHl~•~.ulJ•t•IELlV • 4 ........ ,. 
lLEl•O.Ol14t•ILIV 
'"''·····~·•,.••-u1•,1N1-HICllllll •• ,-o1•c011'"10111 
IJII 110 I• I, 'JO 
~E•u•l~,ll t IIU,Fl,fl,IM,IMC 
-••ttCMO,l). 1,u.,1.,l,i•.•c ,,.,,.o •. ,1,o .• u.,,., .• , ........ ,,01•11NIIMlt••'"•·· I 
~Ullf••l ♦ fl• IMR•AI 
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: 

,hf •flt\l IINlfll - ""''·" ,,uv• 
tf •AU •• IA/U~ •cu~, u-•·•••tUlll••lf•tt. JP•liUMt•to,1,LlVt••••tw,,, ......... , 

••• • T1•~•1rt•IINlfttlf••• ! "'•IINIILIWll••I• 
I ., • I , • IF tf, \ U fl I .... ,. 
•' I , ., IA/"• " I U\ 

I I, I I• I• 
111 .. t•r .. .. , ... .. , 

I I ,4 I• l\"'I 
1 11, l •u l& 
I I I I I O • I 10 • 110 

1., I • I 
,.I I Uu 

11 ~0-.11"1 
I ,. • .,0 

• I , A I I j , 11 I l,JIINIIY -.: ' , .. ' o,,. 

.. .. 

C 

• 

llll •I• I 
.. 19 I• I• Ill 
• ~llll~ l•l1 I 1,11.J•• J•&,t• 
a,lftll , ,U I l•ll•Jt. .l•lell 

I J -, .. .1-.1 I "l"l 
~u. uar 
·•t 

INHYk' a, .. 199 
"' UU I l '•I Mil .............. ,. 

vl" r -.SI 'I All•• 11• 
IF - 1, I Ult l• to,, A 

111.- ) 1 1e,10. 10 
ao .. ,L "'''''•••~-~.~,, 

• r f I '1 
I &' ,.111 H C.( :o( AL NAI• II 

, 0 Ill• 
,.J )U I• I.-. 
1,., ... 
I ll I\J J • I , .. 
IJ•IJ••• 
l••l tC •I 

10 I I • l•Af I.II 
,( I U-C • 

,U 

, . .., .. ,, 

suK•uv,,~t ~-P•o '''" ,,,, 
~Ub "11"11 ~~P-01&,~,M.~oN,LI 
~111 : ~l u4 Alll. b lll••tll , ... ., 
1 .... .. 
U lU ll•l,L 
I ~ .. , ... ._ 
., 10 J• I,~ 
I"• l o< •& 
JI •J•"" 
I u• I 11. 
,ct I O•O 
Ull 10 l•I• .. 
JI • JI• ·• 
I • I it• I 
at& .. l ■ lllllltAIJll•lllll 
.(L fult,._ 
L4D 
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su1aou11 !ti uu' nu iP9Jl1 
,111,ou,1,1 iJL.YIL,LUN,,a,11,ANTa,,YLlt 
OINtlilSID'I ANTlll,1,,t,,YLlllJlt,lllJlt 

"""""" ,. IFILuM,1 1uu. •oo. ,10 
100 IFIL-11 ••o· •z~. •10 
&•O lil•l•L • I 

(tu '" UO uu .... .. 
•10 ., ..... . 

., .. , ... , .. 

.. l•~ • U 
110 110 I •l •• 
lUDIUH•NI Z 
uu .40 ..... . 
........ .. . 

141 tl .. Jl•Zl .... 1 • 6'n111 .... 11 
ae•N • l 
lflL•lZI •~o. 160• 110 

l~O wllfEIK&SE'~IIZIJ., ....... J.1.IAMTlll,J.21•J••••••••YLll ... •J• .. 2••>a• .;n , c, 110 
1,u ••IIEIAASl'~••z1 ................ ,.MT~11 .... , ........ . 
110 C.U~ 1 INUI 

lflL·JI .90• 240• ••u 
&•U IFIL-161 190• ,50• &10 
•10 IFCL••t zoo. 200• 210 
lOO •MIIEIKASE•~tCCl&MTlCl•JtKl ... •l••••K•J,4 •• IFYL~l .. l• .. •J2.lJII• ll•l,c,1 

.;o tu 410 
210 IFIL•l21 llO, 230• llO 
,,o .RlltlKASE'NIICFYLEl .. , .... , ... 1 •• 1,aMTXll ... ,a, ......... a.,.41. 

llFYLkl .. 1,J• .. 2•·38·•1•1•61 
..,Q TU 410 

i10 -~1t£IK&~E•N•11FYLECJI.J•l ... 1 •• 1CAMTXll .... a .......... a.,.4 •• 1•1,•• 
.iU TU lilO 

l40 ~•li'J 
.;o Tu 210 

2,0 1'4•61 
00 260 l•l•• 
RUOIUU'NI Z 
li•N • I 
w~ITEIKASE'NI IZIJl,J•l,J•t•IIAMTlll•J•K••J•l••l•K•J•••• 

llFYLclJl•J• .. 2•1381 
260 C.O~TINUE 

liO TO 410 
210 GU TU 1280.Z90•J40•3~01•LUMP 
2b0 : 4 ■1tCJ 

~ .. ~. Jl 
JJ1•24 
Jl• :,:4-1 
JZ•H 
JJ2•31 
1.,0 TO 300 

llfO 14•41 
~·••79 
JJ1•72 

••~N-1 
J2•U 
JJ2•7'1 
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300 DU 310 l•l,6 
Rt:AUIKASE 1 NI Z 
N•N - l 
wRITEIKASE'NIIZIJl,J•l,JJlt,l(AMTXll,J,Kt,J•l,.t,K•l,21, llllJl,J•J2,l381 

llO c.o~r l:-4UE 
•'t•N • 
DO 330 l•l ,6 
REAul1C.ASE 1 NI Z 
IJLl l20 J•l,6 
JJ•J • Jl 

320 llJJl•ZIJJI • AMTXll,J,41 
N•~ - l . 
aRITEIK~SE 1 NIIZlJl,J•l,JJlJ,lAMTXll,J,JJ,J•l,•J,lZIJt,J•JJ2,1Jlt 330 ~U:'llf 11'4UE 
.,;u IU 410 

J1tO .~•43 
:'-4'i•lU3 
JJl•l02 
Jl•42 
J2•l09 
JJ2•4'1 
.. u ro uo 

3,0 •i•f> 7 
:,;,1 ■ 121 

JJ1•12U 
Jl••• 
U•l21 
JJ2• 73 

3bU t;i) i8U 1•1,ta 
UA,llK,.,.1:'NI Z 
uu 170 J•l,c, 
JJ•J • Jl 

3lu llJJl•ZIJJI • AMTXll,J,11 
'4•111 - l 

lKU RRl1EIKA,.E 1 NIIZCJl,J•l,JJll,lAMTXll,J,21,J•l,.1,lZIJt,J•J2,lJlt •••N ,i 
iJU 4UU I• l, 6 
REAOIKASE 1 NI Z 
UU HO J•l,6 
JJ•J • JJl 

3~U llJJl•llJJI + AHTXll,J,41 
"'•N - l 

ltOO w~ITEIKASE'NICZIJl,J•l,Jll,lAMTXll,J,31,J•l,61,lZIJl,J•JJZ,lJII 410 RETURN 
t:ND 
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APPENDIX D 

SAMPLE DERIVATIONS OF SOME EQUATIONS 
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APPEN X 

ME QUA'l' IONS 

. 1 aJ11p l e Derivat ion of Finite-Element Relationships 

n h1s section, der i vations wil l be given fo r equations 115), 131 , ( l 7 J , nd I ) 1 quoted in Sect i n 

Derivation of (15 

ons e r a bar of cross-sec 1onal are A, l eng h L, and E. e t he r i ght end of th e ar be cons r ai ned . r e~ ov: ng , 
end . s sub ected to a disp l acement 6 ± a l ong t hf axi s of the bar, as sh w n F g1~e •• A si ngl e applied axi ~ fo rce, F , i ~ required to a ~h is 1, ~a ·emen and as ngl e axial reaction ~rce Fx

2 
arises at the co, s · 1ne :i e. j - S'.lper ;cn pt k has been adde d here. 

This 1s a simple 
form a ong the bar, 

ne-d1mensional pro l em. 

=-

and t he axial stress lS therefore uni form along 

O"; €€)( 
E cJ:1 = -
l 

he r equired appli ed orce 1s now wri t en a 

For e _u ~ br1um, it follows h 

169 

he 

the 

x al s train is uni-

ar , given by 



1-
l ·1 

It 

~ 
N 

~ ~ ,- - -~L.--1 .. 
WJ;, ¼ 

Figure D.l: AXIAL DIC3PLACD1ENT OF BAR 

r L • I 
;:;, 

~ F.a ~--· 
- ~--1 .. 
G.l, 

r-

J: 
Figure D.2: AXIALLY ACCELERATING BAR 
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lh r. ,,..,e l av e 

FJ:_ = (¥)J:, 
J(/ 

• -(¥)~ { D. - ) ,; .. --
. 1 .2 Den vat1on of (3) 

now the rod subjected to an ax a l c~el ra 10n . • r eferring 
The applied force and react i on re uire o ma1 fhn such 

a :1. 

F• + F,,_ 
"' ,c / 

= F" + p-
"• ,ti, 

2) 

m 
w. ere f xl is the force required to mainta , n then cessary acceleration of 
tne bar , ass. 

·te acce l eration may be given as a fU~ction of d stance. t. f rom the 
;::, ti 1ned end• 

" ,, a on of mot ion may now be wri tten : 

m 1s the mass of rod per unit length. S 
nt egrat1ng t wice with respect tot yield 

·.-!-' _ e r: an D are 1ntegrat1on constt.nts . The 
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C: ... t ing D 
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1mpl1es that D 1s zero, and the condition 

1mpues 

so that 

Now the ax1al stress may be calculated 1 

er,. - E Jt: (J;) 

= - /Z, (Hz.-ljt {{)I:, 
and, now 

F.t = -Au-(t..) 

=(-~")~, + (~1~, 
~ .. Au-(t?) 

.. (¥)~, -(-¥).r, 
':, = {¥)~, +(¥)~ 

r:6 • (¥) f., - (¥) J;, 
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(D.8l 

(D.101 

(D,ll) 



s ng (D.2) and (D,J ), we have finally 

F,,,_ 
)(/ 

- '"'L.. •• 
-:,- ;:, 

F'"' .,.,..l •• (D,12) -
~I - -i;-" .. 

D,l -3 Derivation of (17) 
Consider now a bar constrained to be motionless on the ri1ht end, but ~ubjected to a lateral translation, in they direction, vith no rotation, 

at the left end (see Figure D,3) , A differential equation tor the deflecti on 
shape 1 s 

(D,13) 

Integrating four t1ae1, ve obtain 

The boundary condition, mq be written 

~ (o/ ~ J;1 
~ {L) = c::; 

~(;;)/. = 0 
,l•tl 

(D,14) 

/r(I;)/,,,. =0 
v1th t he reault that 

(D,l5l 
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J,Y 

X, 

y 

X 

--·--- - -
Figure D. 3: LATERAL DISPLACEME;:T OF BAR 

;;::,,....------=-;; ~:----_-_ --IJ ) / 3, 
· l - ---

1-'igu!"e • ~: LA':'ERALLY ACCELERA':'I?:G BAR 
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~here r 1s the centroidal area mcaent or inertia of the beam cr~11-sect1 0n ou the i-u11. One obtain, 

, . l I 
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• , , e l V&tl On c, f ( 5) 

:·t:e rod sha n.:,w b~ cons idered as accelerating, as :;hown in Fi1ure D,4, 

. he for~es and moments are vn tten I 

(,1 "' ,_ -~I + ;:;, 

;:;., . -- ~~ r ~-' (D,18) 

~I 

II 4 - ~I .,. ~~ .. -
~-1 

- ~. ,-..~. 

any position a ong the bar, the lateral acceleration 11 given 
y 

(D,19) 

where 1s the lateral acceleration at the left end. 
y 

. he equa ion , f motion, neglecting t ransverse shear and rotary inertia, 
1 ~ g ven y 

(D.201 

: .. er ng ( , 1 l and integrating, 

EI J;(!) = - fi- t, r;:fl s' - 1.:,, !'L 

+-~ r"',./ -r.13 r~ +CS/ +Pr+ E 
(D . 2 ll 

Th b nary condit ions (D,14 ) are asa1n employed,yield1ng ; 

EI~ (r} s -jJ f;, (~o !~ - 1:" F'L +_,7 I"'LJ 

- .!! 11'.J~ ~+-LL r•L- ,1~ ¥ £ fzr'-3/"'t.. +~ JJ 
.,t1() ~ ~ #~ '/ t. • ,_,, (- '/ 

(D,22) 
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Now 

13,,,..L r 1.zer r 
€✓ = .,s ".t' + /..,, ~.,, 

t::~ • • g,..,l f: _ 12 el: r 
., ·7t:7 'JI t., J t:1_y/ 

11,,,.,1..~ •• ~er ~ 
~I = 2/t:J ·J_;, + L.,, d.11 

M 13,,._t.,Z, •• her 
J,a = - ~,Zt:) ~I + i,.A J;, 

U11n1 (D ,18) and (D.17), we have 
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D Equi va 1. e. t r~omen t Jf lre rt1 a or the Telescoped Por ti ons of' Leis 

For probi em cte 11n1tion 1 refer to Figure 11 and Section 4,2 -- presented 
here i n is on ly the derivation .:if the required formula which is bui.lt up 
of si mp l e exp ressi ons for bearo de flection, such as found in Ref. 3, 

Ref e r ring t ::> Fi gure D. 5a, the sLlln of end rotations, fl', in the actual 
ca e of te l escoped tubes is given by: 

ID ,261 

Here f,1 is the end rotation of the inner tube, loaded by an end couple 
ML and oimpiy supp rt ed at both ends Likewise, BR 1s the end rotation of 
tne J Ut er t ube, oaded by an end couple MR' and also simply supported at 
bo th end5. But from equilibrium conditions we have 

which, when substituted in Eq. (D. 261 , yields the followinc: 

( D.2 l 

Shown in Figure D,5b 1s an "equivuent beam" with a moment or inertia I 1 loaded in an iden ti cal manner as the actual te l escoped tubes . 1' 1etem1ne e 
l e we stipulate hat the sum of end rotations for this equivalent beam be 
equa l to the sum o end rotations for the elescoped t ubes, i.e.: 

( . 

End r a ion a he eft end f t hee u va en eari: 

+-

End rotat1on at he r i gh end o! t he equ va en t ~ P..M : 
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• 

r 

. ~ 
, 

1 

V. 

Flcure D,5: IEffl>Ir.o DErt.!CTJ ?I "'IL PED TUIEJ (a , 
AID , t.:i Q JVAL .:T I!.. (b), 
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Adding t he preceding t wo expressions we get: 

lnv0k1ng t he equ1 valency cond t1 on, Eq. (D. 28 ), and so l ving the resultin~ 

equa l ity for I , we ge t the following express i on: 
e 

(D, 30 ) 
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