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ABSTRACT 

The Initial gas force 1s defined as the cost function 1n the optimiza¬ 
tion of a soft-recoil mechanism. Design parameters and their con¬ 
straints are defined. The necessary equations to solve the optimization 
problem by steepest-descent method are derived. An 18 per cent reduction 
1n the Initial gas force was obtained and, at the same time, the con¬ 
straints of the problem were satisfied. The results clearly Indicate 
the useful applicability of optimization techniques to weapon design. 
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Definition of Terms 

X, X, X: Absolute displacement, velocity, and acceleration of 
recoiling parts 

Mr: Mass of recoiling parts 

Mp: Mass of floating piston 

B(t): Breech force 

e: Angle of elevation 

oil's: Orifice areas (defined graphically, page 3) 

A, 's: Pressure areas (defined graphically, page 3) 

c^'s: Flow coefficients 

P0: Gas pressure at X * 0 

V : Gas volume at X * 0 

o. Density of recoil oil 

g: Acceleration of gravity 

sgn(u): Algebraic sign of variable (u) 

k: Ratio of specific heats for gas 

Fp: Stuffing box friction-piston rod 

Fpp: Packing friction-floating piston 

Fq: Guide friction 

1V 
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introduction 

In the analysis of the dynamics of weapon systems, the equations 
by which the motion is described are generally these 
that reason. Iterative numerical methods are required to solve these 
equations0 A similar method is required for the optimization of a 
weapon system with respect to some design criteria (cost function). 
ThePsteepest-descent technique Is just such a method, or procede» 
as that described above. With this procedure, the best possible com¬ 
bination of parameters Is Initially estimated, and 
of the parameters at each Iteration are made. At eechA1t«rîtl0n» 
parameters are computed in such a manner that any constraints, placed 
on the system, will be satisfied and, at the same time, the cost func 
tlon will be minimized. 

A minimum Initial gas force was required for a soft-recoil '"jchanlsm. 
Design parameters that varied were those of the gas PcftJ?dd2^an 
the pressure area, An. Upper and lower limits were placed on the deslg 
parameters, Also,a Velocity past-latch of the recoiling parts was 
specified during the counterrecol 1 portion of the cycle. 

SUMMARY OF RESULTS AND CONCLUSIONS 

The Initial gas force (J - ArP0) was reduced from 5168 to 4323 
pounds P0 (Gas Pressure) was increased to the maximum allowable va!ue. 
The value °for Ad (Pressure Area) was adjusted during the Iteration 
process so that the terminal velocity constraint could be satisfied. 

RECOMMENDATION 

Continued study is recommended with the possible addition of 
structural constraints and other design parameters 

I Problem Formulation 

A schematic diagram of a recoil mechanism, in which the soft-recoil 
principle is used. Is shown on page 3. A detailed derivation of the 
differential equation by which the motion of the recoiling parts is 
described was developed by M. C Nerdahl and J. W. Frantz. 

1 



The equation of motion Is: 

Ar Is related to A.a and A2 by: 

AR * A1 - A2 

Initial conditions at latch: 

X(t0) * 0, X(t0) - 0 

Terminal conditions at latch: 

X(tf) » X » 0, X(tf) - Vf 

(2) 

(3) 

(4) 

2 
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At some predetermined distance (X ■ Xj) the weapon fires 

The cost function is: 

(5) 

The design parameters are: 

(Ar,P0) 
(6) 

Engineering constraints: 

ARMIN i AR 

a ^ “ AR 

'’min ^ Po ¿ pmax 

(7) 

ÄÄ 1KrJSÄSi“Ä?.,S,5i t SS'UK. 
by the steepest-descent algorithm. 

II Steeoest-Descent Formulation 

Minimize; J * ARP0 

^ s f: 

4 



I 

<B(t) + [WR + (^-*> Wp3 s1n ‘ 
A. 

+ Fr + T“ Fr (fp + fg + W S9n (X2) 

ARFo 

m ^ XM k 
(1 --vr' 

o 
2g 

A3 A? AR + Al 
r2 (j2 ¢2 „2 
C2 a2 ''l “l 

x20 sgn (x2) } / 
AN - ar 

V * 'N 

xa and x2 are displacement and velocity, respectively. 

XjU«,) • 0, x2(t0) - 0 

n(tf) * XjUf) - X2 * 0 

*1 * - vf * 0 

*2 “ ARM1N ■ ar s 0 

* «1 + AR ■ A1 - 0 

*4 * PHIN * Po - 0 

I's a p0 ’ PMAX ’ 0 

The adjoint equations are: 

dx 3fT x 3FÎ. 
dt ’ ’ a! ’ hi 

where x, f, F, J are vectors. 

(2) 

(3) 

(4) 

(5) 

5 



since the Inequality constraints and the cost (6) 
function do not Involve Integrals. 

Therefore, the adjoint equations are: 

X (7) 

(8) 

From the state equations. 

3xi 
0 (9) 

1 

o 
, . ar *7"?+1 
L 1 Î7 j 

0 

[Mr + ( an “ ar \ ] 

From (7) and (8) the adjoint equations become: 

(10) 

6 



For each tp constraint and for the cost function, the terminal conditions 
of the adjoint equations are determined from the following: 

X(tf> ’ C®(tf> + F(tf>] W 0l) 

Again, since no Integrals are present In the cost function or In the ^ 
constraints, F(t^) ■ 0, and Equation 11 becomes 

x(t'> * $ - W cà(^,] i (12) 

For the cost function, 

g0 “ ar p0 “ J 

Evaluating Equation 12 for g * g0 

[xJ (tf)]T ■ [0, 0] 04) 

For the ^ constraints, 

g^ * 1-1...5 

Evaluating Equation 12 for the ip constraints, 

(tf)]T ■ 06) T Xlf 

[»*1 (tf)]T ■ [0. 0] 1-2. 3. 4. 5 (17) 

From Equations 10, 14, and 17, 

[x*1 (t)]T * [0, 0] 1-2, 3. 4, 5 tc [t0. tf] (18) 

[XJ (t)]T - [0. 0] t. [t0, tf] (19) 

7 



tjj. 
The only adjoint equation to be Integrated numerically is (x *). 

The state equations are Integrated until the recoiling parts return 
to latch, then the adjoint equations are Integrated backwards from 
final time to initial time. 

Vector of design parameters is given by 

b . (AR. P0)T 

Define Equations 21 and 22 
t* 

X 1 

agoT . 
W + 

3f T .J 

agi 
ãT + 

( ãr + i x- (t) ) dt 

tf T aL, 
( aB- + 55" » 1 (t) ) dt 

(20) 

(21) 

(22) 

fo = 
(23) 

From Equations 13, 14, 21, and 23, 

in ‘ (p0.ar) (24) 

L. . 0 1 s 1...5 (25) 

The following 1s a list of the partíais of the state equations with 
respect to the design parameters. 

Define: Equation 26 

A - A 2 

Const » mr + ( —~ ) Mp (26) 

6 



I 

afl 
¿ir - 0 3Ar 

(27) 

3f2 
U 

sin e - 
rFP sgn(x2) ] / Const 

1 - 

AR Po k xi 3o 
AR X, k+1 " Sg 

V0 (1 --5-1) 
L 2 2 J 

X2 sgn(x2) 

+ f. 
2 (AN ‘ AR^ MP 

—H- 
/ Const 

af1 
ãF7 

0 - 
^77 k 
17-) 

/ Const 

The partíais of the psl functions with respect to the design parameters 
are: 

T 
,5- - [0, 0] (28) 

T 

w~ x ^1,03 

3)(»9 t 

nr * ti.o]T 

Const 

9 



3*4 
w 

[o. -i]T 

3^5 

ãE" 
[0. l]T 

From Equations 22, 25, and 28, 

rtf 

‘'O 

„ 4) 3^2 4», a*2 ,1 .+ 

c »21 x2 aP;3 dt 
(29) 

4,3 

i 4 « 

[-1. 0]1 

[1. 0]T 

[0, -UT 

[0. 1]T 

Define the following set: 

A = { a : 4»Ci " 0 1 

If , constraint Is violated or Is on th.ba.nd.j7, ««"^serlW» 
corresponding to the 5ons^r?^„ as tQ ^ ¡f 8n equality constraint Is 
equality constraint always belongs to A. iT Q.ndJ ^ > 0), then 
viewed as two Inequality constraints ( .g.. n - follows1that ^ In 

the1 set^of^constralnts1^^1 by has Its subscript In A. 

* 
A 

(30) 

10 



The following equations are then computed: 

M ipj - U*]T H¿* tJ (31) 

M C^]T w"1 z* (32) 

* * 
aeA 

(33) 

6b, 

-ai|) 

“h1 <»J - ** m;; mw) 

ib. . -W"1 t* M'1 [*j,] 

(34) 

(35) 

(36) 

6b 
2YO ib, + 6b, 1 4 (37) 

The change In the values of the updated design parameters Is given by 
6b. (1/2yo) is the step^slze and 'a' is the correction factor for the 

matrïxnStra1ntS ^ Wb 1s * Positive-definite weighting 

The following Is computed and a check Is made: 

Y ■ Hii < 2Y° C«*] - ) (38) 

If a term of $ Is zero, and the corresponding term,of y 1s less than 
zero, then that term of <|; Is deleted from A, and M ., and M 
are recomputed. ^ i|aJ* “ 

The care that A Is empty Is not considered since will never be 
Identically zero because of the numerical Integration of the state equa¬ 
tions and, therefore, will never be deleted. H 

11 



The following Is the algorithm In which the results of the preceding 
analysis are used: 

Algorithm: 

Step 1. Make an engineering estimate of . 

Step 2. Solve state equations for J 

Step 3. Solve adjoint equations for a i. 

Step 4. Check constraints and form the set A and the corresponding ¢. 

Step 5. Compute from (24) and i* from Equation 30. 

Step 6 Choose correction factor a. 

Step 7 Compute M^j and M^ from Equations 31 and 32. 

Step 8. Compute y from Equation 38. If any components corresponding to 
zero terms 1n ij) are negative, redefine ¡I» and A, deleting these 
terms, and recompute and of Step 7. and i of Step 5. 

Step 9 Compute 6b and 6b2 of Equations 35 and 36. 

Step 10. Choose yo 0 and compute b^ * b^ - 6b1 + 6b2 

Step 11. Check for convergence by computing the gradient: 

<mjj - M*J V where MJJ ■ ‘jT wb' lJ- If *bso1ute v*lue of the 
gradient is near zero, then terminate; otherwise, return to Step 2. 

A digital program was written in which the algorithm given above Is 
utilized. 

’2 



111. Results and Conclusions 

Input data: Firing at zero degrees with a zone 8 breech force curve. 
(lOBrtm Howitzer). 

WR - 1520 lb 

Wp = 30 lb 

g 386.04 In/sec2 

A1 » 4.46985 In2 

aj - 1.5 In2 

o « 1.5 In2 
2 

k - 1.6 

Vo = 1575 In3 

Fp » 270 lb 

Fpp « 700 lb 

fG * 0 

o - .030845 lb/1n3 

* .8 

Ajj * 25.0 1n2 

Constraint parameters: 

armin a 2,5 1n2 

PMAX = 1700 1b/1n2 

PMIN = 500 lb/1n2 

13 



At -48.0 inches, the weepon fires end the desired tennlnel velocity 
1s 80 In/sec. 
A list of the slgnlflcent peremeters for Inltlel and final values Is 
given in the following tables. 

Fro. lhe trtlti. 'F 

ÂÂÂr.ÂaÂ'SÆ3r" 
TU Wu was significant In the solution to this problem. 
The weighting matnxt «b» was . was used. Because the Converaence was poor when the Identity matrix was usea. oeuau» 
UsÍg^ntVÔfy4er2SÍergh%t?oP^ri"n0t^Sw‘*9«1n9V™tr1X.,convergence 

was obtained. The matrix used was 

wb s 
1, 0 

0, 1x10" 

ä ^riMnTÄS: w ifVvvÄ.t 
Is too large iS chosen, then divergence may occur. 

bîc^ÂÙlirvïlmUfîr°ÂR^ when the 
identity weighting matrix was used. The first guess was cna* 

aR 3 976 in » P( 1300 lb/1n2, or AR P0 » 5168 lb 

The value for the product from the tables Is Ar P0 * 4323 lb- Th1s 
represents an 18 p£r cent decrease In the cost function. 

14 



Set 1 

Parameter 

Po 

AR 

x(tf) 

Grad. 

Ar Pq 

Iterations 

Parameter 

% 

Ar 

x(tf) 

Grad. 

AR Po 

Iterations 

Initial 

1500 lb/1n2 

2.907 In2 

80.91 1n/sec 

7616 

4360 V) 

Set 2 

Initial 

1274 lb/1n2 

3.465 In2 

81.39 1n/sec 

7824 

4414 1b 

Final 

1700 lb/1n2 

2.543 In2 

80.00 In/sec 

6 

4323 1b 

16 

Final 

1700 1b/1n2 

2.543 In2 

80.05 1n/sec 

7 

4323 1b 

22 

From the results. It 1s seen that P0 reached Its maximum allowable value. 
If the minimum value of Ar had been made larger In the psl constraints, 
then It would have reached the minimum allowable Ar first. 

The results obtained are not to be Interpreted as best 1n the overall 
sense. The results are optimum only for the given cost function, chosen 
values of parameters, and limits placed on the constraints. 

15 
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Computer Progrem 
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t L AH A f A« in * • 
! ..,l3/(8Fl0.b)) 

PRINT 702 , 
702 FORMAT (/4bXt 12MBRE6CH , 

PRINT 70 It(BRCHKII )t BRCHY(11» 
701 FORMAT(AI F 12.8tF 12.I I I 

70J fuJmItusx.iohi^ut par‘¡,!IeÍJ’ 

PRINT •0<'»WR*W^,1^,^^,f1pEVíio 2.3H N ,I3.6H GRAV .F10.3, 
704 F0RMAT(4H WR ,F10.2,4H WP ,F10.2.3H N , 

I6H EL tV ,F10.3,AH PP rFJ0*Ji 

70, PO *FlO*3*Art VO . 

i;iî;î’^Ai:ii:A^.ôUcrr 

706 FORMAT I5H CAI . F 10«JH !Fl°!( 
1 Fl0.t>t 7H SIGMA .FlO.'JtAH Cl tFI 

__ -. A wcidc . y p I N • Vf-1 N t DE 

07 

FlO.it4*» «* t r iw. y* 
PRINT 706,CA1,AI,A2.TK,SIG A,C1 ,F10.5,AH TK . 
FORMAT 15H CAl ,F10.,.AH Al .F10.S.AH A¿ .rio 

F10.S,7H SIGMA t F 10 • •> » AH Cl .F10.5) 
«INT T07,C2.XFIRE .XFIN.VFIN.DfLT xfIN ,Fl0.5, 

FORMATIAH C2 tFlO.StTH *ri 

H’î-'æS”:!# «Si“ r:: I /7H GAMMA ,F1A.0.,H CCC .F10.6.6H CR1T ,riu. 
PRINT 709.CAMAX.XAIMIN 

I /7H GAMMA »FIA.O.SH Cl 
PRINT 709,CAMAX,XAIMIN 

)9 FORMAT 16H AMAX tFlO.St 
WBET A11) *•I 
WHETAI2Is.001 
WHET A I 3) = .001 
lltrl=o 
LTD=i 
XMR=WR/GRAV 
xmp=wp/grav 
ELEV=3.IAIS93*ELEV/Ifl0. 

XN=N . 

FLEV=3.IAIS93*ELcV/IoU. 

CONSTl=IWR^WP*(AN-XN*ARl/AN)*SIN(ELEV) 

CONST2 = - IXN*FP*FG+EFP*XN*AR/AN) 

.<AR..3./.C2.C2.A2.A2 ..XM.(CA1«3. 

18 



1/(Cl*Cl*Al*Al ))/(2.*GRAV) 

CONSTb-XMFUxMPM (AN-Xrj*AP)/AN)**2 
COMPUTE STATE EüUATIONS 
IFIRE =0 
NTRL* 1 
DISPL(1)«0.0 
VELOC(1)«0.G 
YL( D-0.0 
YL(2)*0.0 
MM* 1 
T*0 • 0 

c 

riMcm-o.û 
17 CALL RUNGE(2*YN»YL*0ELTtT) « 

MM*MM+1 
i» ï art i ni" I* YN I 1 ) 
VELUC(MM)=YN(2) 
IF(MM-fiOO)10t11,11 
PRINT 12 

17x?Îhî IME^6X ' 5HWp/nr F‘N*L DISPLACEMENT/ 
ooÎa!»! IME*6x* 5HVEL0C*6X, 5H[) 1 SPL ) 
PRINT13, (TIME( I), VELOCU )f OISPU î 1 ,1*1 mm q» FORMAT (3F11.0) » * wïarnl1,1*1,MM,9) 
CALL EXIT 
IF ( IF IRE-1 )14,lb,14 
IF(YN<1)-XFIN)14,16,16 
YL(1)*YN(1) 
YL(2)*YN<2) 
T*T*DELT 
TIME(MM)*T 
GO TO 17 

COMPUTE ADJOINT EQUATIONS 
16 TIME(MM)*T*0ELT 

11 
12 

13 

10 
15 
14 

01SPL(MM*l)*DISPL(MM) 
VELOC(MM*1)sVCLOC( MM ) 
T 1 ME ( MM*1)*T1ME( MM )*DEL T 
PSI( 1,MM)*-VZ(2)/VZ(1) 
PS I (2,MM )=1. 
N TRL*2 
MMN*MM-1 
OELTU-DELT 
YL(1 )*PSI (l,MM) 
YL(2 ) »PS I (2,MM) 
DU 181*1,MMN 
LEM*MM-I*1 
T*TIME(LEM) 
CALL RUNGE(2,YN,YL,0ELTl,T) 
PSI(1,L FM- 1 )*YN( 1 ) 

PS I (2,LEM-1 ) = YN(2) 
YL(1) = YN( I ) 

1Ö YL(2)*YN(2) 

19 



C CHANGE TO ODD NUMBER OF POINTS 
TEMP«MM 
SEMP* TEMP/2• 
LEMP*SEMP 

TEMP*L EMP 
IF(ABS(TEMP-SEMP »-.00001)20,20,21 

20 LEM*MM-2 
XJl*MM-2 
XJ2* MM-1 
DU 221*i,LEM 
XJJ«I 
T IE«XJJ/XJ1 
DISPL(!+i)*TIE*(DtSPL(1+2)-01SPL(I+l))+DISPL(I+l) 
VELUC( I♦I )=TIE*(VELOC( I+2)-VELOC( I♦l))♦VELOC(I + l) 
PSI(1,l+I)=TIE+(PSI(1,I+2)-PSI(1,1+1))+PSI(1,1+1) 
PSI(2,1+1)=TIE*(PSI(2,I+2)-PSI(2,I+l))+PSU2,1+1) 

22 TIME(I+l)«XJJ*DELT*XJ2/XJ1 
MM-MM-I 
DELT*TIME(2) 

C COMPUTE ALEPH PSI MATRIX 
21 CONl*XN*AR*WP*SIN(ElEV)/(AN*AN*C0NST5) 

CUN2* XN*AR*FFP/(AN*AN*CUNST5) 
C0N4»-C0NI*AN/AR 
CUN5*-C0N2*AN/AR 
CUN6*-XN*P0/CUNST5 
CUN7*-XN*AR/V0 
CQN8*-XN*XN +AR + PO*TK/(VO*CONS T5) 
CUN9=-3.*SIGMA*(XN**3)*AR*AR/(2.*GRAV*C2*C2*A2*A2'>C0NST5) 
CON10»2.*XN*(AN-XN+AK)*XMP/IAN*AN*C0NST5) 
CON 11 = -3. + 51GMA*CAI*CAI/(2.+GRAV*Ci*C1*Al*Ai*C0NST5) 
CUNI23 S IGMA*(CA 1** 3)/(GRAV*Cl*Cl*(Ai**3)*CUNST 5) 
CUN1A*-XN*AR/CONS T b 
DU 29 I = I , MM 
T = T I ME (IÍ-TFIRE 
IF(TIME(I».LT.TFIRE.OK.T .GT.BRCHX(MJ)) GO TO 28 
IHRCH « I 
CALL LINEAR(T,BRCHX,BRCHY,BF,IBRCH) 
GU TO 27 

2B UMO.O 
27 TtMP*VfcLOC(I)*VELOC( I i + SGNt VELUCII )) 

F2* (BF + CUNSTl+CQNST2*SGN(VELr)CU ) )+C0NST3/( I .-XN*AR*DI SPL C I ) / VO 
1 ) ** TK +CON ST4 + TFMP) /C0NST5 
VtTLsSGN(VELOC( I )) 
SeLr*I.+CUN7*i)ISPL( I ) 
bl( I )=(C0N4 + C0N5+VETL+C(JN6/SFLT**TK+C0N8*niSPL(I)/<SELT**(TK + l.)) 

1+CUN9+IEMP+F2*CUNI0)*PS1(2,I) 
82(1)=( CON 14/SEL T**TK)*PSI(2,I ) 

29 83( I)=CUNI2+rEMP*PSI(2,I ) 
CALL SIMSUN(,MM,0ELT,B1,ALEPH( 1,1) ) 
CALL S I MSON( MM, DEL T,B2» ALEPH(2,1)) 
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CALL SIMSON (MM»DftT*B3»ALEPH(3»1) ) 

1S2«i 
1 S3* 1 
ISA* l 
IS5-1 
1S6* 1 
I $7* 1 
MAP* l 
MMP* I 
DEPSI m«-CCC* ( VLLOCIMM )-VF IN) 

36 l F ( ARMIN «GE • Ait ) GO TO 38 
IS2-0 
GO TO 39 

3b MMP*MMP♦l 
ALEPH<I« MMP)*-l• 
ALFPH12*MMP)*0.0 
ALEPH(3.MMP)=0.0 
OEPSI (MMP)«-CCC*( ARMIN-AR) 

39 IMAl.GE.-AK+CAl) GO TO 41 
I S3*0 
GO TO 418 

41 MMP*MMP^1 
ALEPH(It MMP ) “♦ 1 • 
ALEPH(2* MMP)* 0•0 
ALEPHi3* MMP) * 1•0 
DEPSI(MMP) = -CCC*(Al+AR-CAl ) 

418 IF(POMIN«GF»PU )G3 TO 43 
I S4*0 

GO TO 44 
43 MMP*MMP4-1 

ALEPH(2*MMP)*-l• 
ALEPHIItMMP)*0.0 
ALEPH(3* MMP)*0.0 

DEPSI (MMP) *-CCC«(PDK IN-PU ) 
44 IF(PU.GE.POMAX) GO TO 4b 

I S5*0 
GO TO 723 

46 MMP-MMP41 
ALEPH(2fMMP)*l. 
ALEPH(1,MMP)*0.0 
ALEPH(3tMMP)*0«0 
DEPSI(MMP)«-CCC*(PO-POMAX) 

723 IF(Al.LE.XAlMIN) GO TO 726 
I S6*0 
GO TO 730 

726 MMP*MMP«-l 
ALEPH(l.MMP)*0.0 
ALEPH(2»MMP)*0.0 
ALEPHOfMMP ) = -1.0 
DtPSI(MMP)=-CCC*(XAIMIN-Al) 
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730 
48 

49 

PRINT 48 -...«.en. in* «uv&inC •11X*4HPSII«11X«4HPSI2) 
;rNÎUi!’in«!n:Sïs?un:«L^.;.Psni..».PSM2,. 

Pr*iNTT 49* itpE ( MM ) 101SPL t HM ) * VELOC (HHÏ »PSI(1.MHI»PSI 12 ,MDi 

I F ( LL TRL•fcQ.O) GO TO 790 
CALL EXIT 

790 PRINT 50 
50 FORMAT (//45X»12HALEPH 

00 222 J=1.3 
222 PRINT 51»CALFPHIJ*1)* 
51 F ORMA T(7E15.7) 

MATRIX) 

I = I »MMP ) 

00 52 1=1 » 3 
DO 53J=liMMP 

53 ALEPHTUt I )*ALEPH( I* J) 
52 CONTINUE 

ALEPJ(1)=P0 
ALEPJI 2) = AR 
ALEPJ(3)=0.0 
DO 54 1=1,MMP 
X IPJ( I ) = 0.0 

55 SuPjÎ IJ) = XIPJ( I )*ALlEPJ( J )*ALEpHT‘ I * J ) /WBE TA ( J ) 

54 CONTINUE 
OU 56 1=1,MMP 
DU 57 J* l,MMP 
XIPP( l,J ) = 0.0 

,8 >nppt IfJ)-XIPPi I.JJ.ALEPHTI i.KI.ALEPH I K* J) / WBfcTAOl) 

57 CONTINUE 
56 CONTINUE 

IF(MMP.EO.l) GO TO 609 
00 580 J*l,MMP 

580 XIPP(J,MMPM) = 0.0 
CALL MATINV(XIPPfMMP,MMP+1) 
LIEMP = MMP<>1 
DO 59 J=2,LTtMP 
DO 60 1= 1,MMP 

60 XIPPC 1,J-1>=X1PPU.J> 
59 CONTINUE 

GO TO 1000 
609 XIPPCi,l)=l./(XIPP(1,1)) 

C DELETION 
1000 I F (MMP•EQ.1) GO TO 617 

I F ( MAP•EO.O) 03 TO 617 
LL= 2 

625 DO 620 II=LL,MMP 
I F (DEPSl( I 1).EC.0.0) 

620 CONTINUE 
GO TO 617 

GO TO 621 
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621 IF(LL.EQ.2) GO TO 622 
GO TO 623 

622 MAP>0 
DO 618 I * 11MMP 
GAMT(1)>0.0 
DU 619 J* 1*MMP 

619 GAMT ( I ) '«GAMT ( 1)+XIPP( 11J )*<~2.*GAMMA*DEPSH J)-XIPJ( J)) 
618 CUNT1NUE 
623 IF(GAMT(II).LT.O.O) GO TO 624 

IF (11.EO.MMP ) GO TO 790 
LL*11♦1 
GO TO 625 

624 PRINT 627*I 1 
627 FORMAT (8H DEL FT E tli) 

1FUI.E0.MMP) GO TO 651 
I 11 = 11 + 1 
DO 630 I* It 3 
DO 631 »I* 11 I » MMP 
ALEPMtI,J-1)«ALEPH(ItJ) 

631 DEPSI(J-1)*DEPS1(J) 
630 CONTINUE 
651 MMP«MMP-1 

IF ( 11 • EQ «MMP +1) GO TO 790 
LL«II 
GO TO 625 

617 PRINT 61 
61 FORMAT(//45Xf12HINVERSE XIPP) 

PRINT 62f((XIPP(I.J)*J«1.MMP»,I»1,MMP) 
62 FORMAT (7F15•7) 

PRINT 610 
610 FORMAT(//2X»15HC0NTR0L NUMBERS ) 

PRINT 6lltIS2tIS3tIS4flS5tIS6 
611 FORMAT(813) 

PRINT 63 
63 FORMAT (//45Xf 9HDELTA PSD 

PRINT 62*(DEPSI( I)*I = lfMMP) 
XIJJ«PO*PO/WBFTA(1)+AR*AR/WBETA(2) 
GRAD=0•0 
DO 64 J«i,MK? 
PROD(J1*0.0 
DO 65 I*l,MMP 

65 PROD(J)*PRUD(Jl+XIPJ( I)4XIPP(1 »J1 
64 CONTINUE 

DO 66 I*l* MMP 
66 GRAD=GRAD+PROD(I)*XIPJ(I 1 

GRAD*-GRAD+XIJJ 
PRINT 67* GRAD 

67 FORMAT (6H GRAD*F15.7) 
IF(ABS(GRAD).GT.CRIT) GO TO 68 
LLTRL*l 
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GD TO 69 
68 IFILTO.LT.6 ) GO TO 69 

PRINT 70 
70 FORMAT II9H FA I LEO TO CONVERGE) 

CALL EXIT 
69 LTD=LTD+l 

DO 760 I s 11MMP 
PROD( I ) = 0.0 
00 77 J= 1 » MMP 

77 PRODI I ) = PROD (I)+XIPP( I«J)*XIPJ(J) 
760 CONTINUE 

00 78 1=1,3 
FIST ( I ) = 0.0 

Ü0 79 J= I,MMP 
79 FISTI1 ) = FIST(I)^ALEPh(1,J)*PÄOD(J) 

FIST!I)=(FIST(I)-ALEPJII ))/(2.*GAMMA*WBETA(1)) 
78 CONTINUE 

OU 81 1=1,MMP 
PROD( I ) = 0.0 
DO 82 J= 1,MMP 

82 p; 00(1) = PROD ( I ) + XIPP( I,J)*OEP SI (J) 
81 CONTINUE 

00 83 1*1,3 
ALEPJU ) = 0.0 
OÙ 84 J=1,MMP 

84 ALEPJ( I ) = ALEPJ( I)+PROD(J)*ALEPH(I,J) 
83 ALEPJiI)*ALEPJ(I)/M8ETA(I ) 

AR=AR+AL EPJ(1)♦?I STI 1) 
A1=A14ALEPJ(3)+FIST(3) 

PO=PO*ALEPJ( 2)^FIST(*2) 
SSJ=PO*AR 
PRINT 843 

843 FORMAT!//6X,25HUP0ATED DESIGN PARAMETERS) 
PRINT 8S,AR,P0, Ai,SSJ 

85 FORMAT (4H AR ,F10.6,4H PO ,F1U3, 4M A1 , 
1F 10•7,5H SSJ , E15.7) 

GO TO 900 
END 
SUBROUTINE FUNC(XDDT,T,X,N) 
DIMENSION X00T(6),X(6) 
CUMMONVZ(2)*NTRL,IFIRE,TFIRE,XFIRE,RRCHX(900),BRCHY(900)«CONST 1, 

1CONST2, CONS T4,C0NST5,AR,VO,TK,XN«TIME(900),DISPL(900) * VELOC(900) , 
2CONST3 •MJ 

GU TO ( 1,2),NTRL 
1 IF(IFIRE-1 ) 10, 11, 10 

io if<xu)-xfirem,i3,i2 
13 IFIRE =1 

TFIRfc=T 
PRINT 14,TF IRE 

14 FORMAT(5X,12HT1MC OF FIRE,Fil.8) 
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I 

11 

16 

12 
15 

C 
C 
C 
C 

1BRCH«! 
Tll-T-TFIRE 

^lInEArÎ Vil»BRCHX^BRCHYfBRCHtlBRCHÏ 

GO TO 15 
BRCH*0.0 

.,/const, 

Vzîlï*XOOT(1) 
VZ12)*XD0TI2) 
RETURN 

' EÆnii^iî^V.lïïU.OUL /yO)**lTK*l.))*CONSt!>) 

ÏÏ?:1, iNCARlT.TIMEtVELOC.VELP.IXX) 
PART2*CONST 4*2#*VELP*SGN(VELP)/CUNST5 
XOOTtl)«“PARTl*X(2) 
XDOT(2)*”PA^T2*X(2)”X( 1) 

RETURN 
END 
FUNCTION SGN(XY) 
IF(XY)1*2*2 

1 SGN—1. 
GO TO 3 

2 SON*1• 
3 RETURN 

SUBROUTINE SIMS0N|‘?Io!ÍISV¡¡/,eT ßc ODD) 
M-NU OF PTS TO INTEGRATE (MUST 6E ODD» 

SPACING MUST BE CU^T^]r-rBATF 
Y*ARRAY OF VALUES TO INTEGRATE 
SUM*VALUE OF INTEGRAL 
DIMENSION Y(900) 
N«M-3 
SUM*0*0 

i SUmÍsUM^aI^Y( I ) ♦2#*Y(!♦!I 
SUM*( SUM*Y (i)*4.*Y(M-i)^Y(Ml)*H/3* 

RETURN 

SUBROUTINE LINEAR( ARtX » Y »VV» I ) 
DIMENSION X(900),Y(900) 
IF(AR-X<1))29,27,27 

I-I-t-l 
GO TO 2B 
i;i;u)MAR-x<i*i>)/(x(i>-x<m))*Yn*i>*uR-xm>/(x<m>-xm) 

RETURN 

28 
27 

29 
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END 
SUBKUUTI NE MAT I NV lA.L.M) 
D I MENS I UN A( <7, 10) ,B( 9, 10) 
DU 1 11*1,1 
1.1 = 1-1 
MM=M-1 
DU 2 1=1,11 
DU 2 J = l » MM 

2 H ( I, J ) = A( !♦ I, J4 I )-A( 1 + 1, 1 )*A( 1, J+l )/AU, I ) 
DC) 3 1 = 1, LL 

3 L'( 1,M) = -A{ I 4 1 , 1 ) / A ( 1,1) 
DU 4 I = I, f M 

4 fUl, I ) = A ( l, I 4 1 ) / A ( l, 1) 
D( L, M )* I •/ A( 1, 1 ) 
DC S 1=1,1 
DU •> J= l,M 

b A( I , J) = H(1,J ) 
i continue 

KtTUKN 
END 
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