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ABSTRACT 

This volume describes the computer programs wr i t ten  fo r  the IBM 
7094 t o  perform the  computations and analyses discussed i n  Volume 11. 
a re  four programs which have the following purposes: 

There 

Program A: Find indicia1 and impulsive missi le  responses. 

Program B: Perform a Duhamel in tegra t ion  t o  f ind responses t o  
ac tua l  wind p ro f i l e s .  

Program C: 

Program D: 

Plot  and analyze r e s u l t s  of Program A. 

Plot  and analyze r e s u l t s  of Program B. 

- 1 -  
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n I. INTRODUCTION 

This volume contains documentation of the  computer programs wr i t ten  
for the  IBM 7094 i n  support of the work on Part  I1 of the contract  (see Volume 
11). 

Four d i s t i n c t  programs a re  described. 

Program A f inds  indicial* and impulsiveH responses f o r  a specif ied 
missile configuration ( i n  t h i s  case, Saturn C-5) using three  types of wind- 
induced forcing functions.  The forcing functions considered are assembled 
from combinations of the  geometric and aerodynamic representations.  
simplest type i s  cal led "instantaneous immersion" and uses the instantaneous 
immersion geometric representation with quasi-steady aerodynamics. 
accurate type, cal led "pure penetration," uses penetration geometrics and 
quasi-steady aerodynamics. 
cal led "penetration with l i f t  growth." 
t i o n  geometrics with t r ans i en t  aerodynamics. These forcing function repre- 
sentat ions a re  discussed i n  Volume 11. 

The 

A more 

The most accurate type of forcing functions i s  
These l a t e r  functions use the  penetra- 

Program 3 uses the  responses found i n  Program A and ac tua l  wind 
measurements t o  ca lcu la te  t he  wind-induced responses of t he  vehicle f o r  the  
three  forcing function representations.  

Program C p lo t s  the  indicia1 responses and analyzes the  da t a  f o r  ex- 
trema and occurrences of some prespecified value. 

Program D p lo t s  the  wind-induced responses and a l so  analyzes them 
f o r  extrema and ax is  crossings.  

11. GENERAL COMMENTS ON THE PRCGiWlS AND THEIR INTE-TION 

Program A i s  wri t ten i n  FORTRAN 11, version 3, f o r  operation under 
IBSYS. 
extremely short  subroutines which a r e  i n  MAP. 

The other  programs are  wri t ten i n  FORTRAN IV except f o r  one or two 

* Response t o  a un i t  stell. 
** Response t o  a u n i t  inpulse.  

- 2 -  
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The flow of d a t a  between the various programs i s  i l l u s t r a t e d  i n  
Fig.  1. Further information i s  given i n  the  sect ions on input and output f o r  
each of the  programs. 

When Program A, which was the  o r ig ina l  program, was being m i t t e n ,  
an e f f o r t  was made t o  keep it as f l e x i b l e  as possible,  since r e s u l t s  of t h e  
preliminary runs would have a bearing on the  way i n  which the program would 
l a t e r  be used. However, a f t e r  a p i l o t  run was made and analyzed, a decis ion 
w a s  made t o  choose the most e f f i c i en t  sequence f o r  running the desired cases 
and standardize upon t h i s  sequence i n  order t o  f a c i l i t a t e  input i n t o  Programs 
B and C .  Consequently, hograms B and C a r e  wr i t ten  t o  expect t h a t  t he  binary 
ind ic ia1  and impulsive response tape w i l l  contain responses f o r  only one f l i g h t  
time. Also uni t  impulse responses should precede un i t  s t ep  responses, and 
under each of these categories the aerodynamics options a re  ordered: 
stantaneous immersion; (2)  pure penetration; and (3) penetration w i t h  l i f t  
growth. Permutations of the  indicated order w i l l  r e s u l t  i n  tapes  which cannot 
be read by Programs B and C unless subroutine FINDEN i s  rewri t ten.  

(1) in- 

Program A contains a plot  rout ine which uses a version of QUIK3V 
from the  l i b r a r y  of NASA's Computer Division at George C .  Marshall Space 
Fl ight  Center. In  order t o  use the l i b r a r y  version of t h i s  rout ine with 
FORTRAN 11, version 3, a binary patch was made. This program m u s t  not be con- 
fused with the  subroutine of the same name used by Programs C and D, which i s  
from the  NASA IBSYS Processor l i b ra ry  tape .  

Storage l imi ta t ions  prevented Program A from p lo t t i ng  more than 
about 800 points  fo r  each response. From the  p i l o t  run it was seen that snore 
points  would be needed t o  provide necessary resolut ion.  Hence, Program C was 
provided w i t h  the  capabi l i ty  of p lo t t i ng  up t o  1189 points  f o r  each response. 
Control data i n  e i the r  Program A or  C can suppress undesired p lo t s .  

There a re  several  features  about the  four programs which should 
probably be changed i f  any extensive use of them is  planned. 
fea tures  r e s u l t  i n  inconvenience of operation but do not prevent t he  obtaining 
of correct  answers. Since there w a s  no opportunity t o  t e s t  any changes de- 
signed t o  improve these features,  it was decided t o  leave the program as it 
was when last compiled and t o  add comment cards i n  the  source deck t o  indicate  
the nature of recommended changes and the  locat ions where they should be made. 
The deck as delivered, however, should produce a program giving r e s u l t s  i den t i -  
c a l  with those reported i f  the  same da ta  a re  used. 

The undesirable 

No l i s t i n g  of t he  program i s  included i n  t h i s  repor t .  However, a 
complete source deck, from which a l i s t i n g  can be made, as well as sample data  

c 

- 3 -  



b Card Input 
Program A 

I 

1 Program 

(Gust) 
/ . 
\ A 

I 

Printed 
/ output 

Card Input 

f t 
i 1 

Program I 
output 

I 

B 
(DUHAMM) 

\ t Printed I 

Program 

(INALYS ) 

I 
Pr in ted  
output 

* This tape contains impulsive as well as ind ic i a1  responses. 

Fig. 1 - Data Flow Between Programs 
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I ’  c decks f o r  each of the programs w i l l  be supplied t o  the  Dynamic Analysis Branch, 
Dynamics and Fl ight  Mechanics Division of the  Aero-Astrodynamics Laboratory, 
NASA, i n  Huntsvil le.  

I n  addition t o  the  decks mentioned above, a deck named TESTPR w i l l  
be provided which i s  a version of subroutine PRBFIL used f o r  debugging. 
program defines  an a r t i f i c i a l  wind p r o f i l e  furnished by NASA which was used 
f o r  t e s t  purposes. If t h i s  deck i s  used instead of deck PRBFIL, no p r o f i l e  
tape i s  needed i n  running Program B. 

This 

An object  deck for  the p lo t  rout ine QUIK3V t o  be used with Program A 
w i l l  be provided. 
This deck should not be loaded with Programs C and D. 

This deck w i l l  contain the binary patch mentioned above. 

Meanings of symbols used i n  t h i s  report  without de f in i t i on  may be 
found i n  Volume 11. 

111. DISCUSSION OF PRCGRAM A (DECK NAME GUST) 

Program A computes indicia1 and impulsive responses f o r  a specif ied 
missile configuration. 
a r e  read i n t o  the  a r ray  R(1-165).  

The missile configuration and t r a j e c t o r y  parameters 

For a specif ied missile and t r a j ec to ry  there  a re  several  options pro- 
vided by the program. Either un i t  impulse-sor uni t  s t ep  responses or  both may 
be computed. I n  addition, f o r  e i the r  o r  both of these responses the  user may 
specify aerodynamic forcing functions based on one or more of the  following:* 

1. Instantaneous immersion; 

2 .  Pure penetration; and 

3 .  Penetration with l i f t  growth. 

The responses which the program always f inds  a re  t rans la t ion ,  rota-  
t i on ,  two sloshing modes, and control.  I n  addi t ion t o  these,  the user may 
specify how many bending modes are t o  be found. 
must be 0, 1, 2, 3, or  4 .  The swivel engine def lec t ion  may also be used i f  
desired.  

The number of bending modes 

* See associated r e s t r i c t i o n s  on sequence (of K values) f o r  subsequent input 
t o  Programs B and C .  

- 5 -  



c The basic  function of Program A i s  the  determination of i n d i c i a l  and 
impulsive responses a t  time T + A given the  responses a t  time T . This i s  
a t ta ined  through the use of a fourth order Runge-Kutta method. 
t i o m  of Program A include: 

Other func- 

1. The determination of the  i n i t i a l  response values based on the  
impulsive and/or i n d i c i a l  aerodynamic forces  r e su l t i ng  from the aerodynamic 
representation used. 

2. The exact solution of the  uncoupled control equation followed by 
the  subs t i tu t ion  of these values i n  place of the  Runge-Kutta values. T h i s  
i s  an optional fea ture  and, when used, w i l l  p e r s i s t  only f o r  a small, 
specified amount of time. 

3. The values of the  forcing funct ions a r e  calculated pr ior  t o  
computing new response values. 

4. Response values are  wri t ten on binary tape f o r  use i n  Program B 
and a r e  plot ted i f  desired.  

5. 
whether t o  s top the run. 
run w i l l  continue f o r  a specified amount of problem time. 

Program A makes use of a s teady-state  algorithm t o  determine 
T h i s  feature  may be suppressed i n  which case the  

A.  Input 

The first three  carCs of t h e  data deck contain 
f o r  heading formats. These cards a r e  invar ian t .  

lghabetic i n f o m a t i  

After the  three heading cards a r e  the  cards f o r  the various cases 
t o  be ruri. 
4 i n  the  descr ipt ion below and any of t i e  supplementary card sequences a ,  b, 
c,  d ,  or e a s  indicated by information on the four  basic  cards. 

Each case requires  a bas i s  of four  cards, which a r e  numbered 1 t o  

The card d l  must be inserted following card No. 2 i f  JGO on card 
No. 1 equals 4 .  If JGO equals 3, both cl and d l  must be used. A J G O  of 2 
requires  the  sequence b l  t o  b55 and c l  and d l .  
sequence of a, b, c, and d supplementary cards must be inser ted following 
card No. 2 .  

If JGO i s  1, the  e n t i r e  

The card e l  must be inserted following card No. 3 if  TBETA 2 DELl. 
(Both these var iables  a re  on card No. 3 .) The e l  card i s  read by subroutine 
BETA. This subroutine may be suppressed by s e t t i n g  TBETA equals 0. 

n 

- 6 -  



. 
The f i r s t  case run i n  a given machine load must have JGO equals 1 

i n  order t o  define the  quant i t ies  read i n  on cards a l t o  a9, b l  t o  b55, c l ,  
and d l .  Subsequent runs, however, may be run under the  assumption t h a t  some 
or a l l  of these quant i t ies  are unchanged. Broadly speaking, the  choice of J G O  
follows the  following outline: 

JGO = 1 i s  used only on the  first run of a job. 

JGO = 2 corresponds t o  a change i n  flight time. Missile parameters 
which vary with a l t i t u d e  band are t o  be changed. 

JGO = 3 corresponds t o  choosing a d i f f e ren t  s e t  of responses for the  
In other words the  number of bending equations used w i l l  be computation. 

changed or e l s e  the  swivel engine equation w i l l  be added or deleted.  

JGO = 4 corresponds t o  a change i n  the  aerodynamic forcing function. 
These functions a re  controlled by the  code K.  

JGO = 5 corresponds t o  a change i n  time increment. 

JGO = 6 i s  a s ignal  t ha t  the last  run has been computed. 

Data required on the  various cards and corresponding formats a r e  
shown below: 

Card No. 

1 

2 

1-4 
5 -8 
9-12 
13 - 1 6  
17-20 

1-2 
3 -4 
5-6 
7-8 
9-10 
11-12 
13 - 14 
15-16 
17-18 
19 - 20 
21-68 

Format 

I4 
I4 
I4 
I4 
I4 

I2 
I2 
I2 
I2 
I2 
I2 
I2 
I2 
I2 
I2 
8A 6 

Format 

JBNO 
J B N O l  
JBN02 
JBN03 
JGO 

- 7 -  



Card No. Synbol 

1-4 
9-12 
13-18 
19-24 
25-30 
31-36 
37-42 
43-48 
49-54 
55-60 
61-70 

3 I 4  
I 4  
F6 .O 
F6 .O 
F6 .O 
F6 .O 
F6.0 
F6 .O 
F6 .O 
F6.0 
E10.4 

INCPR 
JRUNPR 
DEL1 
DEL2 
DEL3 
TBETA 
TCHGEl 
TCHGE2 
TEND 
!FLAG 
TEST 

1-4 I 4  KLYDE 4 

a 1  1-4 
5-8 
9-12 
13-16 
17-20 
21-29 
30-38 

I 4  
I 4  
I 4  
I 4  
I 4  
F9.4 
F9.4 

KPRINT 
KK 
KTB 
KF'Rl 
KPR2 
AAT 
ABT 

a2 

a3 

a4 

a5-a9 

bl 

b2-b37 

b38 

b3 9 

1-72 BF9.4 

1-72 8F9.4 

1-72 CF9.4 

8-71 7X4E16. 7 

1-4 I 4  KPRINl 

8-71 7Xa316.7 

R( 165) 8-25 7XE16.7 

1- 15 
16-30 
31-45 
46- 60 

E15.7 
E15.7 
E15.7 
E15.7 

UM 
U 
Q 
XGX 

- 8 -  



C a r d  No. 

b40-bS5 

cl 

dl 

el 

Card No. 1 

Colunlns 

1- 15 
16-30 
31- 4S 

1- 4 
5-8 
9- l2 
13- 16 

1- 4 

1- 13 
14-26 
27-39 
40-52 
53-65 
66- 78 

Format 

JBNO = run i d e n t i f i e r .  
JBNOl  = month (1-E). 
JBN02 = day of month. 
JBNO3 = year. 
JGO = cont ro l  symbol explained i n  t e x t .  

CarqNo. 2 

E15.7 
E15.7 
E15.7 

I 4  
I 4  
I 4  
I 4  

I 4  

E13.7 
E13.7 
E13.7 
E13.7 
E13.7 
E13.7 

Symbol 

M 
L 
Kpm2 
KPRIN3 

K 

KKKKKK(1 t o  10) = p l o t  control var iables  for  each of the responses 1 t o  
10. A value of 1 causes p l o t  t o  be m a d e .  Zero o r  
blank suppresses it. 

'hit" is understood t o  precede the  words i n  this 
asray. For example, the characters might be IMPULSE, 
INST. IMMERSION, -- F.T. = 60 see. The word "unit" 
ahead of  "impulse" w i l l  be f'urnished by the  program. 

ABCDE(1 t o  8 )  = 48 characters t o  describe the  case p lo t ted .  The word 

- 9 -  



Card No. 3 

INCPR = number of increments between response pr int-outs .  
JRU"R = control  code for  pr int ing Runge-Kutta calculat ions p r i o r  t o  cor- 

A "1" causes pr int ing;  a "2" sup- rec t ion  i n  subroutine BETA. 
presses it. 

DEL1 = i n i t i a l  t i m e  increment. 
D E I 2  = time increment a f t e r  time exceeds TCHGEl. 
DEL3 = time increment a f t e r  t i m e  exceeds TCHGE2. 
TBETA = the  last  time a t  which subroutine BETA i s  used t o  cor rec t  the  

Runge-Kutta values. 
TCHGEl = t r a n s i t i o n  time when t i m e  increment i s  first increased. 
TCHGE2 = t r a n s i t i o n  time when time increment i s  last increased. 
TEND = t i m e  at  which program unconditionally terminates a case. 
TLAG = time at  start of case. 
TEST = f ac to r  used t o  test whether responses have reached s teady-state  

( T h i s  must be zero. ) 

values. 

Card No. 4 

K L t E  = cont ro l  code t o  determine how t o  terminate the  case. 
the  case t o  terminate if the  steady-state condition i s  m e t .  
"1" causes the  case t o  continue u n t i l  time = TEND. 

A "2" causes 
A 

Card No. a1 

KPRINT = p r i n t  code. A "2" causes R(l t o  20) t o  be pr inted.  A "1" sup- 
presses them. 

KK = number of missile stages. 
KTB = O. l /A? .  Increment s i z e  i n  G, H, I in tegra t ions  i s  O. l /KTB.  

A "1" causes G, H, I tables t o  be pr inted.  KPRl. = p r i n t  code. A zero 
A "2" causes asymptotic values only t o  suppresses print-out.  

be printed.  

be pr inted.  
suppresses both. 

grations.  
miss i le  conical  section. 

KPR2 = p r i n t  code. A "1" causes p a r t i a l  and t o t a l  forcing functions t o  
A "2" causes only t o t a l s  t o  be pr in ted  and a zero 

AAT and ABT are  constants determining cutoff point  TCN f o r  G, H, I in t e -  
TCN = AAT-ABT In aN where UN is  the angle of the &h 

Card No. a2 

BE(J) = semi-vertex angle (rad.)  of the  J t h  miss i le  section. (J = 1,KK.) 

Card No. a3 

RA(J) = radius  (meters) of the J t h  cy l ind r i ca l  port ion of missi le .  
(J = 1,KK). 
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. Card No. a4 

m ( J )  = distance from nose (meters) t o  the  f ron t  and r ea r  of respective 
missile conical sections.  (J  = 1,2*~~-1). 

Cards Nos. a5 t o  a9 

R ( J )  = constant missile parameters. 
(see Table I).* 

( ( J  = 4n-3,4n), n = 1,5). 

Card No. b l  

KF'REi1 = p r i n t  code. A "2" causes Z(21 t o  165) t o  be pr inted.  A "1" 

suppresses them. 

Cards Nos. b2 t o  b37 

R(J) = variable missile parameters. ( ( J  = 4n-S,4n), n = 6,41). 
(see Table I) .* 

Card No. b38 

R(165) = l a s t  entry i n  R array.  (see Table I).+: 

Car2 No. b39 

liM = 1-lach number. 
u = missi le  veloci ty  (meters/second). 
Q = product of dynamic pressure and four  t i n e s  missi le  base area (kg.) .  

XGX = center 03 gravi ty  location measured f rom nose (meters). 

Cards Nos. b40 t o  b55 

The Ith bending mode i n  the region of the  Jtil conical sect ion i s  
represented by C C ( J , I ) X 2  + BB(J , I )X + AA(J,I). 
numbered from the  nose rearward. 

The missile sections a re  
Coefficients a re  read i n  the  sequence 

( ( J  = 1,4),  I = 1,4).** 

* The un i t s  of the  parameters presented i n  Table I are  i n  the  MIS system. 

** If fewer than four missile stages a re  used, blank cards should be added 
Force i s  given i n  un i t s  of kilograms. 

t o  make 16 cards i n  a l l  since the program reads these coef f ic ien ts  f o r  
four s tages .  
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R( J) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

TABm I 

DEFINITION OF PA€#ETERS IN R( 3 )  ARRAY 

Ro 
18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

Parameter 

kE 

CE 

U 

Q 

m 

I% 

a 

a1 

F 

0 

($-X,) 

( xv-xg ) 

J1 

J2 

F2 

wsl  

R( J) 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

R( J) 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 
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. 

lie 
69 

70 

7 1  

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

Ro 
07 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

TABLE I (Continued) 

Ro 
105 

106 

107 

108 

109 

U O  

ll1 

112 

113 

114 

11s 

116 

117 

118 

119 

120 

121 

I22 

Parameter 

?3 

D3 

H3 

H3 

E3 

E3 

A13 

- 

- 

- 

A23 

*3l 

*32 

A33 

Bl3  

B23 

B31 

B32 

*33 

cl3 

c23 

Ro 
123 

124 

125 

12 s 

127 

128 

129 

130 

13 1 

132 

133 

134 

13 5 

13 6 

13 7 

138 

13 9 

140 
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R( J) 

141 

142 

143 

144 

145 

146 

147 

148 

149 

150 

151 

152 

153 

154 

155 

156 

157 

158 

Parameter 

H4 

% 

E4 

E4 
- 

A14 

*24 

A34 

Aql 

A42 

4 3  

A44 

B14 

B24 

B34 

B41 

B42 

B43 

B44 

TABLE I (Concluded) 

R(J) Parameter 

159 ‘14 

160 c24 

161 c34 

162 c41 

163 c42 

164 c43 

165 c44 
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Card No. e l  

M = number of bending equations used (0, 1, 2, 3, o r  4). 
L = control  code. A "2" causes swivel engine equation t o  be used. 

A "2" causes coef f ic ien ts  of t h e  d i f f e r e n t i a l  

A "2" causes the  inverse of the matrix of second 

A "1" suppresses it. 
KPRIN2 = pr in t  code. 

equation t o  be printed.  A "1" suppresses pr int ing.  
KPRIN3 = p r i n t  code. 

der iva t ive  coeff ic ients  t o  be printed.  A "1" suppresses 
pr int ing.  

Card No. dl 

K = a code def ining aerodynamic forcing function. The values of K 
correspond as follows: 

K = l i s  un i t  s t ep  - instantaneous immersion. 
K = 2 i s  un i t  impulse - instantaneous immersion. 
K = 3 i s  un i t  s t ep  - pure penetration. 
K = 4 i s  u n i t  impulse - pure penetration. 
K = 5 i s  u n i t  s t e p  - penetration w i t h  l i f t  growth. 
K = 6 i s  u n i t  impulse - penetration wi th  l i f t  growth. 

Card No. e l  

RR(1 t o  3) = d i s t i n c t  r e a l  pa r t s  of the roots  of t h e  homogeneous un- 
coupled sixth order control  equation. 

R I ( 1  t o  3)  = magnitudes of d i s t i n c t  imaginary parts of the  roots of t h e  
homogeneous uncoupled sixth order control  equation. 

B. Output 

The amount of output i s  controlled by input yarameters. F i r s t  of 
a l l ,  if JGO i s  chosen so t h a t  some of the preliminary calculat ions a r e  skipped, 
t h e  r e s u l t s  of these calculations a r e  the  sane and w i l l  not be printed.  

If the  G, H ,  and I tab les  a re  calculated the  amount of output depends 
on K P R l .  If KPRl i s  zero, the  t ab le s  a r e  suppressed. If WR1 i s  two, steady- 
s t a t e  values only a r e  printed.  If KPRl  i s  one, maximum printout  - i s  given with 
-r values ranging 0(0.1)5(0.2)10(0.5)Tm where 7, i s  the  time, 7 when G, H, 
and I in t eg ra l s  have reached asymptotic values. 

- 
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Out2ut of t h e  forcing functions i s  under the  control  of KPR2. If 
KPR2 i s  zero, no forcing functions a r e  pr inted.  If KPR2 i s  two, t o t a l  forces  
only a r e  printed.  
a s  t i e l l  as t o t a l s  a r e  pr inted.  
s t a t e ,  they are deleted.  
control  equations. 

If KPR2 i s  one, the  contributions from each missile sect ion 
After t he  forcing functions have reached steady 

There are no forcing functions f o r  t he  sloshing and 

Printout  of the  part of t he  R a r r a y  which is  independent of f l i g h t  
t i m e  i s  controlled by the  variable XPRINT. 
gram p i n t s  R(l t o  20); i f  KPRINT i s  one, pr in t ing  i s  suppressed. 

If t h i s  var iable  i s  two, the  pro- 

Pr intout  of t h e  pa r t  of t h e  
i s  controlled by the  var iable  KPRINl. I f t h i s v a r i a b l e  is  two, the program 
p r i n t s  R(21 t o  165); i f  K P R I N l  i s  one, p r in t ing  i s  suppressed. 

R a r r ay  which depends on f l i g h t  time 

Printout  of the  coeff ic ients  of the  d i f f e r e n t i a l  equations t o  be 
solved i s  controlled by  KPRIN2. 
var iable  i s  two and suppressed when it i s  one. The coef f ic ien ts ,  i f  printed,  
are i n  the form of th ree  matrices, a 10 by 10 and two 10 by 12's. 
and columns of each of the  matrices correspond respect ively t o  the equations 
and var iables  shown below: 

The coef f ic ien ts  a r e  printed out when t h i s  

The rows 

(Symbols a r e  defined i n  Volume 11.) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Equation 

Fourth bending 
Third bending 
Se c ond bending 
F i r s t  bending 
Translation 
Rotation 
F i r s t  sloshing 
Second sloshing 
Control def lec t ion  
Swivel engine def lec t ion  
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. 

Column 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Second 
Derivative Coefficient 

.. 
p4 .. 
T3 

712 

71 

.. 

.. 

.. 
yo .. 
pl 
.. 
.. 
t 
'2 
VI 

0, 
.. 
SE 

F i r s t  
Derivative Coefficient 

n, 

# 

Linear 
Coeff ic ients  

11-4 

rb 

72 

YO 

PI 

.. 
PC 

DE 

The inverse of the  second der ivat ive coef f ic ien t  matrix i s  Frinted 
out i f  K P R I N 3  i s  two. The format i s  the  same a s  t h a t  of the  second der iva t ive  
coef f ic ien ts  themselves. 
suppressed. 

If KPRIN2 i s  one, printout of the  inverse i s  

The responses may be printed out a f t e r  each t i m e  increment, or they 
may be suppressed u n t i l  several  increments have been made. The var iable  INCPR 
determines how many time increments a r e  made between pr in t ing  of responses. 
When t h e  time increment i s  changed a t  t he  various t r ans i t i on  times, t h e  pr in t -  
out  i n t e r v a l  i s  changed correspondingly wi th  the number of i n t e rva l s  between 
pr in tout  remaining the  same, regardless of the  s i z e  of t h e  in t e rva l s .  

Responses a r e  printed i n  three  columns, the second and t h i r d  columns 
being f i r s t  and second der ivat ives  of the response shown i n  the  f i r s t  coluuul. 
The bending responses a re  given f i rs t ,  beginning with the  highest  frequency 
mode. These a r e  follotred by t rans la t ion ,  ro ta t ion  and the  two sloshing re-  
sponses. The remaining rows of output r e l a t e  t o  the  control  equation, which 
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. 

i s  of s ix th  order, and the swivel engine equation. 
of notation swivel engine deflection, i f  it i s  used, i s  labeled BETAC, and 
control  def lect ion i s  labeled BETAE. Two dummy variables  N and P are 
introduced t o  represent second and fourth der ivat ives  respect ively of control 
def lect ion.  

Because of an interchange 

A binary ind ic ia1  and impulsive response tape (A4) i s  a l s o  generated 
which contains responses of the  coordinates, but not t h e i r  der ivat ives ,  a t  
every t i m e  where responses were calculated.  
responses are stored on the  binary tape  i s  grea te r  than the  corresponding 
number of points on the  p r in t  tape by a f a c t o r  INCPR. 

The number of points fo r  which 

C. Running Time Estimates and Operating Ins t ruc t ions  f o r  Program A 

Program A was run f o r  e ight  f l i g h t  time bands. Each band was 20 see.  
I n  each band the  responses of seven generalized coordinates were of r e a l  t i m e .  

computed for s ix  d i f fe ren t  aerodynamic forcing functions.  
averaged 25 min. per band with each 32nd response value pr inted.  
increments (seconds) a r e  given in  Table I of Volume 11. 
0 ( 0.0005) 0.02( 0.001)O. 45 ( 0.003 ) 20. 

The computations 

Typical values a r e  
Time 

This program requires a reserve tape, A 4 ,  and the normal p r in t  tape,  
B1. 
for. 
t h e  program t o  write end-of-file and rewind. 

A p l o t  tape, Be, i s  a l s o  needed i f  p lo t s  from t h i s  program a r e  cal led 
If no p lo ts  are required, t he  program s t i l l  s e l ec t s  B8 a t  the  end of 

D.  Description of Subroutines of Program A 

The re la t ionship  between the  main program and the  various subroutines 
used is shown i n  Fig. 2. A br ief  descr ipt ion of the purpose of t he  various 
subroutines used i n  Program A i s  given below. Flow charts  of the  pr inc ipa l  
subroutines a r e  given i n  Appendix I. 

GRAFT determines which quant i t ies  a r e  t o  be plotted and c a l l s  the  
a c t u a l  p lo t t i ng  routine QUIK3V. 

I N C ( i h  ass igns i n i t i a l  values of missile responses, based on the  
aerodynamic forcing function used. 

RUNEND determines whether run should terminate by calculat ing - 
JST@ equals 1 for  continue or  JST#P equals 2 f o r  h a l t .  
JSdP w i l l  equal 2 only when time (T)  exceeds some prescribed number (TEND). 
If KLYDE equals 2, sa t i s fac t ion  of a s teady-state  algorithm w i l l  a lso terminate 
the  run. KLYDE i s  read when RUNEND i s  entered f o r  the  first time. 

If KLYDE equals 1, 
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RKUTTA performs t h e  following: 

1. Calls  AERO f o r  forcing function values. 

2. Uses method of Runge-Kutta t o  calculate  next response values. 

3. Advances clock. 

4. Determines time for  output and c a l l s  $hJTPUT. 

1-fo T GHOST computes and s tores  tab les  of the in t eg ra l  /' dT 
0 (l+CtT)" 

f o r  n = 3,4 and 5. 
t rapezoidal  ru l e .  

The integrat ion procedure uses a modified form of the  
Printout  of t h e  computed t ab le s  is  optional.  

- COED computes and s tores  a 4 by 11 ar ray  of coef f ic ien ts  required 
f o r  the  aerodynamic calculat ions.  

- INTER in te rpola tes  i n  the t ab le s  generated by GHOST f o r  values of 
the  in t eg ra l s  and (opt ional ly)  the der iva t ives  of t he  in tegra ls .  

FORC computes the  contribution of one missi le  section t o  the - 
aerodynamic forcing functions of t he  equations of motion. 

A B  coordinates computation of the  aerodynamic forcing functions 
for a si?ecified time. FORC is  called successively f o r  each miss i le  sect ion 
and the  individual contributions a r e  summed f o r  t o t a l .  
functions is  optional.  

Pr intout  of the  forcing 

INPUT1 reads: 

1. Missile parameters which normally do not change. 

2. Quant i t ies  pertaining t o  the G, H, and I in tegra t ions .  

3. Fixed point numbers which determine whether the  parameters and 
the  in tegra t ion  r e s u l t s  a r e  wri t ten on the  output tape.  

. 
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.. INPUT2 reads: 

1. Missile and atmospheric parameters which a re  ap t  t o  change be- 
tween rms. 

2. A fixed point number which con t ro l s thep r in t ing  of the missi le  
and atmospheric parameters. 

INdUT1 wri tes  unchanging miss i le  parameters (R(  1)-R( 20)) on output 
tape.  

INfduT2 wr i tes  variable missi le  and atmospheric parameters 
(R( 21) -R( 165) ) on output ta9e.  

ERSTML reads the  f i r s t  th ree  data cards, which contain heading i n -  
formation for the  p lo ts .  

- LABEL s e t s  up the  heading information for t h e  par t icu lar  responses 
which a r e  being plot ted.  

UMIiEHR inve r t s  the matrix LA] of coef f ic ien ts  of second der iva t ives .  

WANDA computes the matrices A ,  B,  and C .  

BETA solves the uncoupled control  equations i n  the  v i c i n i t y  of 
t = 0 and subs t i tu tes  these solutions for the  Runge-Kutta values. 

WANdUT wri tes  the  quant i t ies  calculated i n  subroutine WANDA on the 
output tape,  namely: 

1. A(10,10), the  coeff ic ients  of the  second der ivat ives .  

2. B(10,12), the  coeff ic ients  of the f i r s t  der iva t ives .  

3. 

UMKdUT writes c A 3 - l  , a s  calculated i n  subroutine UMKEHR, on the  

C(10,12), the  coeff ic ients  of the  responses. 

output tape.  

~UTPUT wri tes  the missile ind ic ia1  and impulsive responses on the 
output tape.  
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PAGE tu rns  the  page. - 
- PLOP assigns the  plot t ing increments, organizes the  quan t i t i e s  t o  be 

p lo t ted  i n t o  a fonn compatible with the  QUIKSV subroutine. 

IV. DISCUSSION OF PROGRAM B (DECK NAME DUHAMM) 

The pur?ose of Prograu B i s  t o  ca lcu la te  missile responses f o r  a 
selected wind p ro f i l e  by evaluation of t he  superposit ion i n t e g r a l  

T 
R = FJ(T)I(T-T)dT 

0 

where 

R = missile response. 

W ( 7 )  = wind p ro f i l e  a s  function of time. 

I (T-7 )  = un i t  impulse response w i t h  sh i f t ed  argument . 

The wind p ro f i l e  i s  available a s  a function of a l t i t u d e  and the  u n i t  
impulse a s  a function of time measured from the  in s t an t  of appl icat ion of the  
impulsive gust .  In  both instances t h e  data  are i n  the  form of d i sc re t e  point 
funct ions stored on binary tape .  

The superposit ion in t eg ra l  i s  evaluated using t h e  t rapezoidal  r u l e .  
For t h i s  in tegra t ion  the available point funct ion of a l t i t u d e ,  W(h), i s  t rans-  
formed t o  a t i m e  function by assuming the missile t o  be f ly ing  a t  constant 
ve loc i ty  U . 

The response a t  a par t icu lar  a l t i t u d e ,  R(h), i s  calculated by choosing 
W(h) a t  the  corresponding a l t i t u d e  a s  W(T) f o r  the in tegra t ion .  
ca lcu la t ion  of R(h) a t  many a l t i t u d e s  the  impulsive responses a re  processed 
i n  time segments &/U where @h i s  the  preset  (uniform) a l t i t u d e  spacing a t  which 
t h e  response i s  t o  be evaluated. Appreciable condensation of the impulsive 
response data  i s  obtained i n  t h i s  manner a t  t he  outse t .  

To f a c i l i t a t e  
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A .  Input - 
Program input consists of a s e r i e s  of cards, the impulsive response 

tape, and the  wind prof i le  tape. 
seven i n  column two with other format a s  follows: 

Input cards a re  numbered between one and 

Card No. Columns Format Symbol 

1 3-12 F10 .O U 
23 -26 I 4  NTAPE 

2 23-26 I 4  K 

3 

4 

5 

6 

7 

23-26 I 4  NR 
27-28 I 2  NRES 
29-48 I 2  KT( J) ' s  

3-12 F1O.O ALTI 
23-26 I 4  NPRO 
27- 28 I2 NuMl 
29-30 I 2  NuM2 

3-12 F10 .O ALMN 
13-22 F1O.O ALMX 
23 -26 I 4  NDEL 

23-26 I 4  KTT 

I 4  LTAPE 23-26 
27-28 I 2  KFAUSE 
29-30 I 2  W I N D  
49-54 A 6  REEL 

Card No. 1 

U = missi le  veloci ty  i n  meters per second. 
NTAPE = log ica l  number of impulsive response tape.  

Card No. 2 

K = code number identifying the aerodynamic theory used (see  Program A 
descr ipt ion) .  
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Card No. 3 

KT(J), J = 1,lO , a r e  ident i f ica t ion  numbers assigned t o  the various 
missile coordinate responses as indicated i n  Table 11. 

TABLE I1 

NUMBERING SCHEME FOR RESPONSES AS REFERENCED I N  PROGRAMS B AND C 

Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Response 

Trans l a  t ion 
Rota ti on 
F i r s t  bending 
Second bending 
Third bendin@ 
Fourth bend i n@ 
F i r s t  sloshing 
Second sloshing 
F i r s t  control (control  def lec t ion)  
Second control ( swivel engine deflection)* 

* These responses were not computed i n  the  runs made t o  da te .  

Response Symbol 

7 
T 1  
32 
13 
?4 
21 
s2 
FC 
i3E 

NRES designates how many of the 10 responses a re  t o  be used i n  the  super- 
posi t ion in t eg ra l .  
responses t o  be processed a r e  ident i f ied .  
of t he  a l t i t u d e  spacing hh a t  which responses a r e  t o  be calculated.  
given 
processed i n  t i m e  segments h / U  . 
( t h a t  i s ,  from one KT(J) t o  another) the  processing should be done using the  
smallest  Ah of i n t e r e s t  (note tha t  Ah i s  r e s t r i c t ed  t o  d i s t i n c t  values 
25/k meters, k = an in t ege r ) .  k 
corresponding t o  A h i n  ( for  fur ther  c l e r i f i ca t ion  see NDEL, Card No. 5).  
Sh 2 25 meters, NR = 1. 

By reading i n  NRES and KT(J) f o r  J = 1 t o  NIBS, the  
NR, an integer  # 0, i s  a measure 

For 
K a l l  of the resnonses selected by the  KT(J)  a r e  simultaneously 

Since ah may vary from response t o  response, 

Thus, NR should be made equal t o  the  
For 
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Card No. 4 

NPRO = number of wind velocity points  t o  be stored a t  25 meter a l t i t u d e  
increments. 

ALTI* = lowest a l t i t u d e  a t  which nonzero wind data  a r e  s tored.  
be an a l t i t u d e  appearing on the  wind p ro f i l e  tape.) 

NUMl  = word number i n  wind p ro f i l e  tape record t o  be s tored.  
be 2, 3, 4, or 5. 

NUM2 ind ica tes  how many zeros are t o  be stored a t  t h e  low a l t i t u t e  end 
of t he  p r o f i l e  array.  

(This  must 

(This may 
See remarks on the  p ro f i l e  tape.)  

Ten x MUM2 zeros are stored. 

Card No. 5 

ALMN = minimum a l t i t u d e  a t  which response i s  t o  be calculated.  
program s h i f t s  A M  t o  the  next lower wind data  point.  

A M  = maximum a l t i t u d e  a t  which response i s  t o  be calculated.  
gram s h i f t s  ALMX t o  the  next higher wind data point.  

NDU = responses w i l l  be calculated a t  altitude spacing of 25 x NDEL/NR 
meters. 

The 

The pro- 

Card No. 6 

KTT i d e n t i f i e s  the response t o  be calculated,  namely the one 
corresponding t o  K!T(KTT). 
understood and a number 6 card is optional.  
i s  used t o  cycle through the  responses t o  be calculated.  

After re turn  from subroutine INDRES KTT = 1 i s  
For subsequent runs the  6 card 

Card No. 7 

The 7 card may be used opt ional ly  t o  write on l i n e  ins t ruc t ions  f o r  
It i s  suggested the  pro- mounting the  ind ic ia1  and impulsive response tapes .  

gran l i s t i n g  be consulted f o r  f u l l  d e t a i l s .  
t he  tape t o  be changed. 
is changed and nonzero i f  computation h a l t s .  
appropriate tape t o  be rewound. 
mounted. 

LTAPE i s  the  log ica l  number of 
KPAUSE is  zero if computation proceeds while the  tape 

NWIND f 0 w i l l  cause the  
RXEZ i s  the reel number of t h e  tape t o  be 

When the  program i s  first loaded, cards 1 through 5 followed by a 
blank a r e  required t o  i n i t i a t e  a run. ( A  run cons is t s  i n  calculat ing a 

* A l l  a l t i t u d e s  i n  meters. 
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response, say rotat ion,  a t  a s e r i e s  of uniformly spaced a l t i tudes . )  
sequent runs a re  made by reading i n  only those cards containing information 
t o  be changed. Each s e t  of data must be followed by a blank. 
t he  number 9 i n  column two must immediately precede the  t r a i l i n g  blank of the 
l a s t  s e t  of data t o  be run. This card causes a terminal record t o  be wri t ten 
on the binary output tape t h a t  informs Program D of the end of da ta .  

Sub- 

A card w i t h  

Control indices  a r e  se t  i n t e rna l ly  so t h a t  i n  consecutive runs the  
program performs only the  operations affected by the  data  changes. An over- 
s igh t  i n  9rograming these control indices makes it necessary t o  read i n  a 5 
card whenever a 4 card i s  read, even when the 5 card does not change. This 
shortcoming can be removed by adding a statement i n  the  DUHAMM rout ine (see 
corment cards i n  progi-am l i s t i n g ) .  

The ind ic ia1  and impulsive response tape i s  the  binary tape wr i t ten  
by Program A .  If t h i s  tape contains more than one case, the cases a r e  assumed 
t o  be ordered according t o  the value of K , the  code determining aerodynamic 
forcing functions.  The. sequence of K values expected i s  2, 4, 6, 1, 3, 5. 
Any of these 
Program B t o  f a i l .  

K ' s  may be deleted but  permutations of the  order w i l l  cause 

The prof i le  tape used i n  the present analysis  must be wr i t ten  i n  a 
format su i tab le  f o r  reading in to  a FORTRAN I V  grogram, i . e . ,  with a ccde word 
on the f ron t  of each record giving the  number of words i n  the  physical record, 
e t c .  The records must a l l  contain f i v e  words excluding t h i s  code word, and 
any records a f t e r  t he  first 804 a r e  ignored. The f i rs t  word of each record 
i s  a l t i t u d e  i n  meters. 
components respect ively for t he  f i r s t  wind prof i le .  The l a s t  two words a r e  
s i m i l a r  veloci ty  com?onents f o r  a second p ro f i l e .  

The next tuo  vords a r e  zonal. (W-E) and meridinanal (S-N) 

Alti tude difference between successive records i s  assumed t o  be 25 
meters. The subroutine which reads the prof i le  searches the  tape u n t i l  it 
f inds  a record having an a l t i t u d e  equal t o  the  given i n i t i a l  a l t i t u d e  (ALTI) 
and then s tores  corresponding velocity values u n t i l  NPRO values have been 
s tored.  The var iable  NUNJ, which must be 2, 3, 4, or 5, indicates  which word 
i n  each of the  p ro f i l e  tape records i s  the veloci ty  component desired.  

The inclusion of one or more alphameric heading records on the  f ron t  

Since the  program searches f o r  t h e  s t a r t i n g  a l t i t u d e ,  the  heading 
of the  p ro f i l e  tape w i l l  not a f f ec t  t he  program provided the records contain 
f i v e  words. 
records w i l l  be skipped. 
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B. Output Description 

A binary output tape i s  produced f o r  input t o  Program D and tabulated 
output i s  printed.  
aerodynamic theory; (2) f l i g h t  time; (3) response; and (4) wind p ro f i l e  (NUM1 
of input card 4) .  Following the heading a l t i t u d e  and calculated response a r e  
tabulated i n  f i v e  double columns. 

The p r in t ed  output consis ts  of a heading ident i fying:  (1) 

The first record of the binary output tape contains iden t i f i ca t ion  
information on the  first data run. 
of t h e  comguted responses i n  the order of calculat ion,  i . e . ,  by rows i n  the  
printed output. 
as above. A terminal record follows the  data records of t h e  l a s t  run t o  
inPorm Program D of end of data.  

Subsequent records each contain 125 values 

Successive runs m i t e  an iden t i f i ca t ion  record and data records 

C. Running Time Estimates and Operating Ins t ruc t ions  f o r  Program B 

Program B was run f o r  f i v e  f l i g h t  times each using two prof i les .  

A t yp ica l  run where each response was calculated a t  440 points 
Seven coordinate responses were found f o r  each of the  s i x  aerodynamic forcing 
functions.  
took 40 min. 

This program requires  t h a t  the  p ro f i l e  tape be mounted on un i t  A6 

However, i f  t he  NASA t e s t  p ro f i l e  i s  used, deck TESTPR 
and the  i n d i c i a l a n d  impulsive response tape or  tapes  on the u n i t s  indicated 
on the  input cards. 
should replace deck PROFIL i n  the program and the  p ro f i l e  tape i s  not needed. 
The program generates a normal pr in t  tape, B1, and a binary reserve tape,  A 5 ,  
containing wind responses t o  be read i n t o  Program D. A scratch tape, B4, i s  
a l s o  used. 

D. Description of Subroutines of Program B 

The re la t ionship  between the  main program and the various subroutines 
A brief  descr ipt ion of the purpose of the various 

Flow char t s  of the pr incipal  
used i s  shown i n  Fig.  3. 
subroutines used i n  Program B is given below. 
subroutines a r e  given i n  Appendix 11. 

II'?DRES processes the  impulsive responses i n  prescribed time segments 
a s  discussed e a r l i e r  and wri tes  t he  processed data on scratch tape.  

FINDEN moves the  impulsive response tape i n t o  posit ion f o r  reading 
t h e  desired s e t  of data.  
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4 RESPON ca lcu la tes  a response a t  one a l t i t u d e  by in tegra t ing  the  super- 
posit ion in t eg ra l .  

TAPEIN reads and s tores  data from the  scratch tape generated by 
INDRES . 
- SHIFT converts an integer from FORTRAN I1 t o  FORTRAN I V  format i n  

the  computer (wri t ten i n  MAP) 

PROFIL reads the required wind ve loc i t i e s  from the wind p ro f i l e  
tape,  i n s e r t s  zeros ahead of the values read and computes a l t i t u d e  values t o  
correspond with the ve loc i t i e s .  

UNLOAD rewinds the indicated tape.  (This routine should be modified 
t o  rewind and unload the  tape.)  

V. DISCUSSION OF PROGRAM C (DECK NAME INALYS) 

Program C i s  a routine t o  analyze the  ind ic ia1  and impulsive response 
data .  
minima, and crossings of zero (or any other  value requested). 
assembles the  response data t o  be plot ted and c a l l s  the  standard NASA plo t  
subroutine, Q U I B V ,  which produces a tape t o  be used by the SC4020. 

The program works with those responses requested and loca tes  maxima, 
I n  addi t ion,  it 

A .  Input - 
The program requires,  i n  addi t ion t o  the binary tapes produced by 

Program A ,  ce r t a in  control  information punched on data cards. The data cards 
a r e  i n  a format which i s  compatible w i t h  Program B, since much of the same i n -  
formation i s  required. 
decklets ,  each of which contains a var iable  number of cards. Each card i s  
ident i f ied  by a d i g i t  (card number) i n  column 2 .  Normally, a decklet  w i l l  
consis t  of cards 1 and 2, a variable number of card B ' s ,  an opt ional  card 7, 
and followed by a card 0 (or  blank). 
summarized below. 

A deck of data  cards w i l l  consis t  of one or more 

The d e t a i l s  of the data cards a re  
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Card No. 

1 
2 
7 
7 
7 
7 
8 
8 
6 
8 
8 

Columns Format Symbol 

23-26 
23 - 26 
23-26 
27-28 
29-30 
49-54 
27-28 
29-30 
3-12 
13-22 
31-32 

I4 
I4 
I4 
I2 
I2 
A6 
I2 
I2 

F10 -0 
F10 .O 
I2 

NTAPE 
K1 
I2 
I3 
I4 
A1 
N 1  
N2 

AVE(N~) 
AVE(N2) 

NTH 

Card No. 1 contains the log ica l  tape number (e.g., 9) which holds 
t h e  binary ind ic ia1  and impulsive response tape.  

Card No. 2 spec i f ies  whether the  un i t  s t ep  (IU = 1) o r  u n i t  impulse 
(K1 = 2) responses a r e  t o  be used. 

Card No. 7 i s  needed only i f  many binary tapes  a r e  t o  be analyzed 
during a s ing le  job. 
occur, t o  allow f o r  tape changes. 
data  on t h i s  card. 

It causes on-line messages and operator ac t ion  pauses t o  
See the  program l i s t i n g  f o r  d e t a i l s  of the  

Card No. 8 indica tes  two responses t o  be analyzed, and the  corres- 
ponding values ( A V E ) ,  the  crossings of which w i l l  be tabulated.  
a r e  considered t o  be represented by the  integers  a s  shown i n  Table I1 (see 
sect ion on Program B) .  As many cards of t h i s  format as a r e  necessary may be 
used. N1 and N2 may be the  same, i f  an odd number of responses a r e  t o  be 
analyzed. N 1  and N2 must be i n  the  range 1 t o  10. The l a s t  of the  card 8 ' s  
should have a value of NTH, which ind ica tes  t h a t  every nth point on the  
binary tape w i l l  be plot ted.  If NTH i s  not specif ied,  it i s  taken a s  5 . In 
any case, no more than 1189 points w i l l  be plot ted on a given curve. 

The responses 

Card 0 (blank) indicates  the end of a decklet ,  and must be present.  

Cards 3 t o  6 a r e  ignored by t h i s  program since they contain data 
per t inent  only t o  Program B. 

Card 9 i s  the l a s t  card i n  the  data deck, and indicates  end of job 
t o  the  program. Note: it does not replace card 0; both must be present.  

- 30 - 



For each decklet  of input data,  3 N  pages of output and 3N plo ts  w i l l  
(The be groduced, where N 

f a c t o r  3 
i n  Volume 11 a r e  analyzed.) 

i s  the number of responses requested via  card 8's. 
a r i s e s  since the three d i f f e ren t  types of aerodynamics discussed 

Each page of output contains ident i fying information followed by a 
t a b l e  of three columns. 
of the  response, and t h e  t h i r d  i s  the event (maximum, minima, o r  crossing).  
The values l i s t e d  a r e  not exact, but a r e  those values ex is t ing  on the binary 
tape which immediately precede ( in  time) the  event. 
a r e  tabulated.  

The f i r s t  column i s  the time, the  second i s  the  value 

No more than 60 events 

The plots  a r e  produced by the SC4020 from a p lo t  tape produced by 
See Volume 11, t he  program. 

Section 111-C f o r  samples of the  output from t h i s  rout ine.  
Each p lo t  is  labeled and i s  self-explanatory. 

C. Running Time Estimates and Operating Ins t ruc t ions  f o r  Program C 

Program C required about 3 min. of computer time t o  process each of 
The t o t a l  number of graphs and the  response tapes generated by Program A .  

t a b l e s  produced was 42, i . e . ,  seven responses f o r  s i x  aerodwamic forcing 
functions.  

This program requires tha t  the ind ic ia1  and impulsive response tapes  
The 

The program 
t o  be processed be mounted on the u n i t s  indicated on the  input cards. 
program generates a normal pr in t  tape,  B1, and the  p lo t  tape,  A 8 .  
w i l l  s e l ec t  un i t  A 5  a t  the  end of job t o  wri te  end of f i l e .  

The program deck should be preceded by four cards t o  ready the  p lo t  
tape.  These cards a re :  

Column 1 Column 16 

$ IBSYS 
$ ATTACH A 8  
$ AS SYSCK2, LOW 
$ EXECUTE IB JOB 
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D. Description of Subroutines of Program C 

The re la t ionship  between the  main program and the  various subroutines 
used i s  shown i n  Fig.  4. A br ie f  descr ipt ion of t he  2urpose of t he  various 
subroutines used i n  Program C i s  given below. Flow char t s  of t he  pr inc ipa l  
subroutines a r e  given i n  Appendix 111. 

[ - I  I QUIK3V 1 

Fig .  4 - Hierarchy of Subroutines Used i n  Program C 

FINDEN posi t ions the  ind ic i a1  and impulsive response tape fo r  
reading, and reads ident i fying information from it. 

- SHIFT converts an integer from FORTRAN I1 t o  FORTRAN I V  format i n  
the  computer (wr i t ten  i n  MAP). 

UNLOAD rewinds and unloads a tape.  (A  d m y  rout ine which simply 
rewinds was used. ) 

QUIK3V i s  par t  of a general p lo t t ing  rout ine which prepares data  
f o r  the  SC4020. 
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V I .  DISCUSSION OF PROGRAM D (DECK NAME WNDANL) 

Program D reads i n  the b inary  tape generated by Program C and produces 
a p lo t  t ape  f o r  t he  SC4020 a s  well as p r i n t  tape containing a summary of a l l  
maxima and iilinima and a x i s  crossings for each response. 
a t  t h e  end of t h e  binary tape by Program C s igna ls  t h e  end of t h e  program. 

A dumny record wr i t ten  

I n  i t s  present form Program D can process only one b inary  tape  per 
job. However, linkages were included which were intended f o r  use i n  converting 
the  program so t h a t  severa l  d i f f e r e n t  wind response tapes  could be processed 
with only one machine load. These linkages are indicated by comment cards 
i n  t h e  program source deck. 

A .  Input - 
The only input for Program D cons is t s  of a binary tape wr i t ten  by 

Program C .  T h i s  i s  mounted on un i t  A5 ( log ica l  tape 8).  

Program output consis ts  of a p lo t  tape A 8  and a p r i n t  tape B1 
( l o g i c a l  6 ) .  Samples of t he  output may be seen i n  Volume 11, Section I V .  

The p ro f i l e  i den t i f i ca t ion  i n  t h e  heading uses t h e  designation 
"PROFILE 1" t o  denote the  veloci ty  p ro f i l e  whose components are i n  words 2 and 
3 of each record of the  p ro f i l e  tape.  The other  p ro f i l e  i s  denoted as p r o f i l e  
2. 
i s  desired,  t h i s  d i s t i nc t ion  w i l l  have t o  be carr ied i n  t h e  alphabetic heading 
information, o r  a program change w i l l  be necessary. 

If a d i s t i n c t i o n  between responses f o r  each component of a given p ro f i l e  

The point printed a t  a crossing i s  the  first point  having the  new 
sign,  whether o r  not t h i s  response i s  a c t u a l l y  smaller i n  magnitude than the  
last response having t h e  old sign. 

C. Running Time Estimates and Operating Ins t ruc t ions  f o r  Program D 

Program D p lo t s  and analyzes t h e  wind-induced response data  wr i t ten  , 
on b inary  tape by Progran B a t  t h e  rate of about 30 graphs 2er  minute. 

- 33 - 



i 

i -  

CLEAN 1 UNLOAD - 

The program requires tha t  the wind-induced response tape t o  be 
processed be mounted on u n i t  A 5 .  
A 8 ,  a re  generated. 
end of f i l e  and rewind. 

A normal p r in t  tage,  B1, and the  p lo t  tape,  
A t  the  end of the job A6 and A 7  may be selected t o  wri te  

The progiam deck should be preceded by four  cards t o  ready the  p lo t  
tape.  These cards are:  

Column 1 Column 16 

$ IBSYS 
$ ATTACH A 8  
$ AS SYSCK2, LOW 
$ EXECUTE IB JOB 

D. Description of Subroutines for  Program D 

The re la t ionship  between t h e  main program and the various sub- 
rout ines  used i s  shown i n  Fig. 5. 
various subroutines used i n  Program D i s  given (p. 35). 
pr inc ipa l  subroutines a re  given i n  Appendix IV. 

A br i e f  descr ipt ion of the  purpose of the  
Flow char t s  of the 

I 1 

Program D (WNDANL) 

1 
t I 

1' 

Fig. 5 - Hierarchy of Subroutines Used i n  Program D 
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FESPIN i s  used t o  read the  wind-induced responses from the  binary 
input tape.  

QUIK3V i s  a c l o t  routine from the  l i b r a r y  of NASA's IBSYS processor, 
which produces a p lo t  tape f o r  the SC-4020. 

UNLOAD i s  a dummy routine which rewinds but  does not unload t h e  tape 
on the  log ica l  u n i t  corresponding t o  the  subroutine argument. 

- CLEAN i s  a routine from the  processor l i b ra ry ,  which presumably 
closes  a l l  output f i l es .  
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APPEYDIX I 

FLOIJ DIAGRAMS OF MAJOR ROUTINES FROM PROGRAM A 
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. 

No 
C a l l  
PLOP 
call 
GRAFT 

!r=lOOO 

Ye s 

1 1  

Call 
HElIlA 

Fig.  6 - Flow Diagram fo r  Program A (GUST) 
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(TJ 
+ 

\ start J 

Loop f o r  each missi le  
sect ion 

No IS K = l? 
4 

Ye s Ye s 

Is time = O? 

Set constant forcing Set forcing functions 

I 

Set constant forcing Set forcing functions 

I 

Pr in t  forcing functions u 

Is K = 3 or  4? 

, V L + + p & - x - ,  and control indices 

reached steady 
state? 

t 
IS ” 

asymptotic? 

S e t ,  signal t o  suppress 
fu ture  calculation of 

Find contribution of 
missi le  section t o  forcing 
functions 

sections been 

Sum partial forces 

s printout  

(see following page) 

Fig. 7 - Flow Diagram for Subroutine AERO 
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Q 
printout 
of forces 

1 F i r s t  time through suppress I future printout 

Print  forcing functions 

printout 
of time 
required? 

+ I 

P Pr in t  time 

Y 
time = O? 0 7  

e asymptotic? a l l  times yes= 0 

Q 
I 

Loop fo r  each missile 

lyes 
gust past 

base of nose 

lNo 
Find forces using 
f i r s t  time option 

Find forces using second 
time option. Set s igna l  
t o  suppress force calcula- 
t i on  when steady s t a t e  i s  { reached. 1 

gust past 
base of current 

missile 

P 
Find forces using 

P 
sections been 

processed? 

9 
Find forces using second 
time option. Set s igna l  
t o  suppress force calcula- 
t i o n  when steady s t a t e  i s  
reached. 

Fig. 7 (Continued) - Flow Diagram f o r  Subroutine AERO 
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S t a r t  T 

Set  forcing funct ions f o r  
Eqs. (7), (8) and (10) equal 
zero 

i 

Read data t h a t  var ies  with 
f l i g h t  t irne 

I____ Calculate a r r ay  of coe f f i c i en t s  

I 
I 

I 1 

I R e t u r n  

Fig.  8 - Flow Diagram for Subroutine COED 
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S t a r t  0 
Evaluate constants  
used i n  a l l  time 
options 

!e s 

Find forces  f o r  uni t  
impulse gust ;  first 
time option 

No - base of missile 

Yes 

1 1  

Find forces  f o r  unit 
impulse gust; second . 
t i m e  option 

J 

- 

t 
Find forces  f o r  u n i t  

option 
-_ s t ep  gust ;  first t i m e  No 

base of missile 

I I Yes 

Find forces  f o r  u n i t  
s t e p  gust ;  second 

+ 
0 

I 

Return 

Fig.  9 - Flow Diagram for  Subroutine FORC 
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I n i t i a l i z e  partial sums 
and control indices 

I 
N o 0  ti ons asymptotic? yes Go t o  

I n i t i a l i z e  T and AT fo r  
integration from 1 
forward 

Fig. 10 - Flow Diagram for Subroutine GHOST 

state values as 
required 

I n i t i a l i z e  7 and A7 fo r  
integration from 0 t o  1 

- 42 - 

4 

1L + t 
1 I Step integration Return Find l-fo(T) 

- Loop for each missile 1 

section 
- 

I 
e 

Set asymptotic inte- 
g r a l  values fo r  cur- 

No rent missile section 



Initialize for table entry . 
Find derivatives for 
T = 0.05 and 0.15 
- 

- 

Q 
f Yes 

Find G, H and I 

I I I 

Find G, H and I for T 2 0.1 * 
t 

yes Find derivatives for 

Find derivatives of 
G, H and I 

Fig. 11 - Flow Diagrain f o r  Subroutine INTER 
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APPENDIX I1 

FLOW DIAGRAMS OF MAJOR ROUTINES FROM PROGRAM B 
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L 

~ 

Call INDRES. (Process the 
indicia1 responses .) 

Read input data card 

I I  

Store data and se t  control indices 3 c 

Is KNo(1) = O? 0 

. 

Call FINDEN. (Position indicia1 
response tape for  reacting. ) 

I 

Find quantities needed by sub- 

Find lowest permissible a l t i tude 
I 

IS KNO(6) = O? ol 
I 

C a l l  TAF'EIN. (Read characterist ic 
values on scratch tape.) 

IS KNO(4) = O? m 
+No 

IS KNO(5) = O? T 
I n i t i a l i z e  for  response calculation L 
Loop t o  calculate response over 
specified a l t i t ude  range 

Write tabular output I 
Write calculated responses on 

+ 
e y e 5  calculated? 0 
o", 

Fig. 14 - Flow Diagram fo r  Program B (DUHAMM) 
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L 

Rewind response tape 

c 

. 
res pons e? 

.. 

Yes 

Before 
l p  

1 Read block of 110 words t h i s  block over 

I b  

. 
Fig. 15 - Flow Diagram for Subroutine FINDEN 
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(7) 

I, 

I 

Initialize program variables and 
control indices 

I 
I 

indicial responses 1 Loop t3 process indicial responses 

last to be 
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Fig. 16 - Flow Diagram f o r  Subroutine INDRES 
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Fig. 17 - Flow Diagram for Subroutine PROFIL 
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Fig. 19 - Flow Diagram for Subroutine TAPEIN 
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Fig. 20 - Flow Diagram for Program C (INALYS) 
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Fig. 21 - Flow Diagram fo r  Program D (WNDANL) 
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Fig. 22 - Flow Diagram for Subroutine FBSPIN 
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