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1. INTRODUCTION

This manual is a preliminary guide to the Integrated Large
Space Sensors Simulation (ILS?®) computer program. It is
intended to illustrate the software methodology of the
system as uwell as to supply information to those persons
involved in maintaining and using the system. ILS3 is a tool
to aid in the analysis of large flexible satellites and
their sensors with special emphasis on the structures,
dynamics, optics and control disciplines associated with the
performance. It couples the appropriate disciplines shoun in
Figure 2.1 into an interdisciplinary integrated analysis to
reveal the critical interactive effocts of design features.
The program is modular in design, with the major glements
written in FORTRAHN IV for use on an IBM 370 or compatible
computer. Double precision gcomputation is used throughout
the system. Defaults are provided for Rey parameters.



2. SYSTEM OVERVIEW

The ILS? system currently consists of five major modules and
a source code editor, which may be run either together or
decoupled.

One subsystem is called the DYNAMICS module. This module
consists of the dynamic formulations, the dynamic
disturbances, and the control of both structure and attitude
of +the satellite. The output of this subsystem is the
transient dynamic deformations. Another module, called the
STEADY STATE, determines the steady state of the system in
response to a sinusoidal input. These two subsystems are
mutually exclusive. A  third module, Xnown as the QUASI-
STATIC accounts for slowly varying loads, resulting in
residual thermal deformations. The data essential +to the
execution of all of the above mentioned modules comes from a
finite element mathematical model of the en*ire structure.
The fourth subsystem, the INTERFACE module is used for
merging and interpolating the output of the above modules
with optical data from the raytrace program and performing
coordinate system transformations. The fifth subsystem,
Known as the Deformed Optics Evaluator (QOPTICS) uses the
outputted results from the INTERFACE module to evaluate the
optical performance by computing line-of-sight and power on
the detector.

The configuration of the system is shown in Figure 2.1, 1its
associated data flow in Figure 2.2, and a description cf the
data bases in Table 2.1. The configuration may be started

and/or stopped at any subsystem along the path.

The source code editor, written in SNOBOL, is used to modify
variables having complicated <functional source code
dimensions prior to compilation time, thereby increasing
efficiency and decreasing turnaround time.
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Table 2.1 Data base index

- hl

No. | Contents ISection| Namel
| == - |

1 IDynamic or steady state transient 4.9 IIQTAPI
| deformations 5.9 |IQTAPI

| 7.9 IFIL3 |

2 |Mode shapes and frequencies 4.8 |ITAPE]|
| 5.8 IITAPEI

3 |Initial thermal disp'acements 6.8 IFIL1 |
4 |JRctuator influence matrices 6.8 |IFILS |
5 |Local input 4.7 |IIN |
| 5.7 IIN |

| 6.7 | IN |

| 7.7 1IN |

| 8.7 I IN |

6 INodal coordinates on surfaces 6.8 |FIL7 |
| 7.8 IFILS |

7 INoxrmal vectors 6.9 |IF1L2 |
8 |Figure control matrices 6.9 |FIL6 |
9 |Thermal deformations 6.9 IUFIL |
| 7.9 IFIL1 |

10 IRaytrace data of undeformed system 7.8 IFIL7 |
11 IInterpolated quasi-static deformations 7.9 IFIL2 |
12 IInterpolated dynamic or steady-state 7.9 IFILY |
| deformations | !

13 |Nodal polar Coordinates 7.9 |IFIL6 |
14 |Polar coordinates of rays 7.9 {FILS8 |
15 ICoefficients of interpolation 7.9 'FIL9 |
16 |ICoefficients of extrapolation 7.9 IFIL111
17 |INet wave aberrations 7.9 |FIL1O]
| 8.8 JFILT |

18 |Point-spread-function 8.8 |IFIL2 |
19 |Line-of-sight errors 8.8 |FIL3 |
20 |Energy on detector 8.8 IFILY4 |
21 |Raytrace input | |




3. SOURCE CODE EDITOR

3.1 PURPOSE

This program modifies array sizes and data constants for all
subsystems in order to minimize the storage requirements of
the system. This is done by editing source code to replace
parameters by their desired values. The parameters and their
values are read from FTO9F001. The first record is a symbol
(defined 1in these programs as an ampersand(&)). The
remaining inputs define the parameters and their values, one
per record. The value of a parameter may be defined by a
constant or a sequence of arithmetic operations (or a
function which computes the maximum of two variables, MAX)
applied to a constant or previously defined parameter(s).
Comment xrecords are allowed in the input stream and are
defined by an asterisk in column 1. The 'pseudo source
code' to be edited is read on FTO8F001. The resulting output
on FT10F001 is compilable FORTRAN source code.

The parameters for each of the subsystems and the
subroutines where they are used are defined belou.

3.2 INPUT DEFINITIONS FOR EACH SUBSYSTEM

3.2.1 DYNAMICS

EEA ALY A5~ R AR L L e e

MODULE M N26 MD2 MD122 N16 MD1 N1 N2 CMAX N1MD1 N2MD2 P MD12
ASN X X X X

BLOCK x X X X X X X X X X

CAINIT x X X X

CHEKER x

CNTL X X X X X X X X X X X
COPA X X X X X
COPAC x X X X
COPO X X X X X X X
DERIVP x X X X
ETAQ X X X X X

FTAB X X X X X X R
INPUT X X X X X X

PSINWT x X X X X X X
RKETA X X X
RKSC X



MODULE N2C NSEGS MN NT NDIS1 NDIS2 N1C NNORM CMAXN

ASN

BLOCK

CATINIT

CHEKER

CNTL X

COPA

COPAC

COPO

DERIVP

ETAQ X X
FTAB b4
INPUT b e
PSTNUT

REKETA

RKSC

B. Parameter Definitions

CMAX:

CMAXN:

MD1:

MD12:

MD122:

MD2:

MN:

NDIS1:

NDIS2:
NNORM:

NSEGS:
NT:

Twice the number of modes to be
used for structure control

(2 ¥ ENI1C + 2 ¥ EN2C)

The total number of modes to be
used for structure control

(EN1C + EN2C)

Number of force actuators

Number of System 1 modes to he
used

The total number of modes in the
system

(EMD1 + EMD2)

Twuice the number of modes in the
system

(2 * EMD1 + 2 % EMD2)

Number of System 2 modes to be
used

The maximum number of nodes in
one system

(MAX(EN16,EN26))

Number of System 1 disturbances
Number of System 2 disturbances
The number of normal vectors for
each segment

(1 oxr 3)

Number of segments in the system
Number of entries in table of

7



System 1 forcing functions

N1: Number of System 1 degrees-of-
freedom
(6 X EN16)

N1C: Number of truncated states to be
used in precision base

N1MD1: Number of System 1 degrees-of-
freedom times the number of System
1 modes
(EN1 * E&MD1)

N16: Number of System 1 nodes to be
used

N2: Number of Syst.a 2 degrees-of-
freedom
(6 ¥ EN26)

N2C: Number of truncated states to be
used in navigation base

N2MD2: Number of System 2 dagrees-of-
freedom times the number of System
2 modes
(EN2 * E&MD2)

N26: Number of System 2 nodes to be
used

P: Number of sensors

3.2.2 STEADY STATE

A. Modules Where Parameters Are Used

MODULE NW N1 MD1 N16 N1MD1 NDIS1 NNORM NSEGS

MAIN X

BLOCK X X b4 X

coo X X X

cou X X

FUNC X X X X b4
INPUT X X X X X X

B. Parametexr Definitions

MD1: Number of System 1 modes to be
used
NORM3: Flag which indicates if three

ncrmal vectors will be inputted
for each segment
NDIS1: Number of System 1 disturbances

8




e e

! NNAM1:

NNORM:

NSEGS:
Nu:
N1:

N1MD1:

N16:

3.2.3 QUASTI-STATIC

Node numbers to be included in
System 1

Number of normal vectors per
segment

(1 oxr 3)

Number of segments in the system
Number of fregquencies

Number of System 1 degrees-of-
freedom

(6 * &N16)

Number of System 1 degrees-of-
freedom times the number of System
1 modes

(EN1 * EMD1)

Number of System 1 nodes to be
used

E MODULE NSEGS NM NODES NODES3 FMAX FMAX2D NDUM NT NI
BLOCK X X
INPUT X X

s MAIN X X X
MATCOM X X X
PREPRO X X X X
SCALE X X X X X
vourT X X X X
B. Parameter Definitions

FMAX:

FMAX2D:

NDUM:

Maximum number of force
actuators

Dimension of an upper
triangular matrix of force
actuators

(EFMAX X (&FMARX + 1) 7 2)
The amount of space in a
common block left over
after scratch storage
(ENODES3 * EFMAX + E&FMAX2D
~ E&NNODES3)



NI: Number of time steps or
thermal load configurations

NM: Number of mirrors

NODES: Maximum number of nodes in
a segment

NODES3: Triple the maximum number
of nodes in a segment

NSEGS Maximum number of segments
on each mirror

NT: Maximum number of times for
scaling

3.2.4 INTERFACE

A. Modules Where Parameters Are Used

MODULE NM NSEGS DEGR DEGTH MAXRT MAXRTNM MTMM NR NTHETA

BLOCK X X X X X X

CCMP ‘R X X

DELIN X X

DYPREP X X X

GLOBC X X X
GLOBR X X X
INPUT X X X

INTERP X X X
MAIN X X X X X X
OUTFUT x X

SEGFND X X X

MODULE NODES DEGRTH
BLOCK

COMP

DBLIN

DYPREP

GLOBC

GLOBR

INPUT

INTERP X X
MAIN X
OUTPUT

SEGFND

10



B. Parameter Definitions

DEGR:

DEGRTH:

DEGTH:

MAXRT:

MAXRTNM:

MTMM:
NM:
NODES
NR:
NSEGS:
NTHETA:
NX:

NY:

3.2.

OPTIC

A R N2

needed for
R direction
needed for
both R and

Number of points
interpolation in
Number of points
interpolation in
THETAR directions
Number of points needed for
interpolation in THETA direction
Maximum number of xays that will
be allowed

Total number of points where
each ray hits each mirror
(EMAXRT * &NM)

Scaling factor

Number of mirrors

Maximum number of nodes in a
segment on STARDYNE tape

Maximum Number of different
radii in a segment

Maximum number of segments in
each mirror

Maximum number of different
angles in a segment

Maximum Number of different
X-coordinates in a segment
Maximum Number of different
Y-coordinates in a segment

S

A. Modules Where Parameters Are Used

MODULE NRT NR N N1 N12 N21

BFOC
BLOCK
FILL
INPUTA
MAIN
PROC

X

X X X K X

X

X X X X X

X

X X
X X
X X

1"



B.

NR:

NRT:

N1:

N12:

N21:

rametey Definitions

——— = b

Size of the detector (must be a power of 2)
Number of radii to be used for integration

Number of rays

One more than the size of the detector '
(EN + 1)

Number of grid points in the detector

(ENT ¥ ENT)

Number of grid spaces in half a row (or

column) of the detector

(EN 7 2 + 1)

12
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4. DYNAMICS

4.1 PURPOSE

This program computes the dynamic equations of motion open
loop. It also provides the capability of closing the loop by
having a dynamic attitude control and/or structure control.
The output at each time-step is a vector of displacements
for each support point having six degrees-of-freedom (three
translational and three rotational c¢omponents). This 1is
converted into a deformation for each support point.

4.2 TECHNICAL SUMMARY

A set of truncated second-order equations of motion in modal
coordinates, as defined in Section 4.2.1. are integrated
from a given initial time, TO. to a given #final time, TF,
using a given time-step, DTP. A state vector is produced forx
each mode at each time-step, which may be transformed to
discrete coordinates, if desired, and used to produce a set
of transient dynanic deformations.

An option may be exercised to utilize structure and/or
attitude control models, defined in Sections 4.2.2 and 4.2.3
respectively, to generate feedback control vectors. This is
performed by passing modal state-vectors from the plant
dynamics to the control models at desired times, in order to
compute sensor information needed by the control estimators.

A technical overview of the program is illustrated in Figure
4.1

13
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4.2.1 Plant Egquations of Motion

T =St = = r= b | re - r— " = =t
Inqe"'1 | &' B4D | ! nqa' | ! B4 | ] ] ! BxrUx |
] 1 o= 1 | I nq¢ | + 1 ] puw o+ ]
Inz2'"1 | B-aH F' | I n2" | ! By | ] ] ! BzUz |
! ! ! ! Il n2 | ! ! ! ! ! !
| N - t— - L - [ -_— e reral L -
[ (Mor+m02IX1 ) [ (zmp1+2MD2)X1 ] fmxil
[ (MD1+MD2)X(2MD1+2MD2) ] [ (MD1+MD2)IXM ] [ (mpieMp2INL ]

where the coefficient matrices and their dimensions are
defined by:

A' = [=2 &4 wql —wq?] (MD1x2MD1)
T
By = [-94 b, Kal (MD 1xM)
T
D= (0| -d bz 2] (MR2MD2)
T
B, = [~¢2 b2 Kal (MD2xM)
T
H=10(014d by ¢4 (Mx2MD1)
T
F' = [=2 #2 Wz 2 G #2 | -wz?] (MD2x2MD2)
T
BxUxr = [¢q Fpql (MD1x 1)
T T
BzUz = [¢, Foz)l + [¢z br [IR] {s""}] (MD2x1)

by is a NI1x3M system 1 foxce actuator influence matrix
denoted hy a 6x3 matzrix of meros for each actuator at
gach node. For each actuator an identity matrix 1is
inserted at the translational coordinates of the node
to which it 1is connected. Each actuator may Dbe
connected to only one system 1 node. the activated
nndes are defined by the vector Al.

b, is a N2x3N System 2 foxce actuator influence matrix
enoted by a 6x3 matrix of =eros for each actuator at
a

a
gach node. For each actuator an identity matrix is



inserted at the translational coordinates of the node
to which 1t is connected. Each actuator may be
connected to only one System 2 node. the activated
nodes are defined by the vector A2.

a Mx3M block diagonal force actuator nominal distance
matrix defined as follous:

r—= s |
IDJ4y.4 DJ2.4 DJ3,4 O 0 0 |
| |
|0 0 0 DJ1,m DJz,m DJg,m |

4

L— —_—

Ka is a 3MxM block diagonal force actuator matrix defined as

follous:
r— -
IKy [DJy,9 DJI2, DJ3, 4] 0 0 0 |
| . |
| 0 0 0 Km [DJy,m DJ2,m DJa,m] |
L— -

BR is a N2x3 <rotor influence matrix of zeros except for a

3%3 identity matrix inserted at the rotational
coordinates of the node specified by NR.

T
-bR [IrRs'] bR (N2xN2) Gyroscopic coupling matrix
(block diagonal)

IR is a 3x3 resultant rotor inertia matrix composed as

follous:

r— -1
}IRINg,4q ¥ CI4 IRIN4,.: CI, IRIN,,3 ¥ CI,l|
|[IRIN;,,4 ¥ CI4, IRIN,y, ¥ CI, IRIN,3,3 X CIal
|[IRIN4y.4 ¥ CI, IRINy,, ¥ CI, IRIN,,3 ¥ CIsl

L—a —

¥

[IRs'] is a 3x3 skew symmetric rotor body coupling matrix.

r " r= hamin |
lal | 0 -¢ bl
[Ir] {s'} = Ibl - lIrs'l = | ¢ 0 -al
lcl I-b a 0l
L J L —

16



4.2.2 Structure Control System

From +the above plant equations and two input vectors

defining the truncated states, the truncated matrices Ct',
C2', and C3' can be formed for wuse in the low order system
model (estimator). Normally the sensor computation will use

untruncated matrices and state vectors.

Sensor computation:

r= =
Inqy" |
y = [c | E] Iny |
Inz'l| [ (2Mp1+2MD2) %1 ]
|le |
b —J
[Px1] [Px(oMp1s2MD2) |
wherxe
r—= s | r= - r— =1
| T I 10 0 I 0l |g¢, 0l
C = |[Ly] I 10 0 0 0l (0 ¢l
| T I 10 0 0 01 - |
I 0 {L,] I == ]
| Tl
I 0 0 [Lrp] |
L— |
=
L [px3p] 81 [3pxen1] [2N1xzmpl ]
r= =1 r— b | r= s |
| T I 10 0T 0} Ie¢z OI
E = |IL,] I 10 0001 10 @5l
I T | 10 0 0 0] ‘- —
I o (L] | - o
| Tl
(] 0 [Le] |
L— -
=
L [px3pr] Bz [3pxaNz] [2nzxemp2 ]
L 1s the same for C and E. Each LI sets the sensor axis and
is a ur.t vector
B1 sets which node has a sensor. Also it sets whether

position or velocity are measured.
Using the same two input vectors, TRCI(NIC) and TRC2(N2C),

17



the state vectors outputted from the pilant can be truncated
for use »y the sensor computation.

Estimator (Low-Order System Model):

H=C1' + c2' G = K [c | E]
[ c2H1c+2NzC IR (2NIC+2N2C) ) [ (2N1C+2NZCIXRM ) [ (2M1ce2h2e) 2P ]
[ caMic+2n2CINR(2MIC+2N2C) ) [ MR (2N1C+2N2C) ) [ PR(2N1C+2N2C) ]
x' = H x + " K y c3’
[ cen1cecm2eIn1 ) [ c2n1c+cN2CIHY ) [pPx1] [(enicecN2CIXY ]

[ t2n1c+2H2c) R(2NIC+2H2C) ] [ (2N1C+2N2CHIHP ]

This is a set of first-order differential equations, the
initial conditions of which are all z=ero.

control Gain:

U = G X
(mx1] [mxcznics2nzey) [ canic+2N2C)HL ]

4.2.3 Attitude Control

IMU output:

r= -1 = - r= -1 = =
I8mmu'l = [brR O | ¢, 0 | Ing'l
18100 | 10 brl 10 ¢l Ins |
L— J— | | T - L J—— L —=Jd
[63x1] [exznz ] [zn2xenzvp2 ) [ 2Mp2xl )

.0033 dEg(t)sdt + Eg(t) = S1w

613 d3Ei(t)sdt® + 3.414 d2Ei(t)sdt?

dYEi(t)sdtY + 2.
+ 2.613 Ei(t)rsdt + Ei(t)sdt = Eg(t)

.15 [d?Ei(t)/dt2 + .0051 dEi(t)/dt
+ .00005 Ei(t)]

dEw(t)rsdt

d3s/dt? + .001 d?s/dt? = .5 dEw(t)sdt

4.3 FEATURES AND CONSTRAINTS

A. Independent integration time-steps for plant, and
structure and attitude control models.

B. Truncation capability to choose desired nodes and modes
for a particular set of disturbances.

18



C. Disturbances may be modeled either analytically ox
tabular form.

D. Capability to run the DYNAMIC subsystem four ways:
1 - Open-loop plant dynamics
2 - Closed—-loop structure control
3 - Closed-loop attitude control
4 - Closed-loop structure and attitude control

E. Time-histories are printed in both modal and discrete

coordinates at a frequency defined by input.

F. Files containing time-histories of selected nodes may be
outputted for further analysis at a frequency

determined by input.
G. Fixed time-step for each model.

H. Structure and attitude control models must be zun

frequency which is either equal to or an even multiple

of the plant time-step.
4.4 SUBSYSTEM ARCHITECTURE

The flow of the DYNAMICS subsytem is shown in Figurxe 4.2

19



¥ h i |
| S3U319134007 jue|d ayndwo) |

f e d r—te = - e e e -~

I N9013 jue|d 3e38” I
| su0131PuUod 1e13|ur Jueld dn 305 |
’ a1
>
r 1 H / S \
| SU0I31PUOD [B13IUL 8PNYI3IY dn 305 [—ggx —  3U3S3Ud OPN3|33V ST

\: .ﬂ -~/

uojjedauag abessay 40443
3 MPayn Aduajs|suo) ejeqd

m s|epoy | 1043u0) | | lodfquoy | ’
Sojusul
_ aduequnis|g _onsu_uu<_ _ogauo:;um_ “ uho_n n “

P _ _. .
L

| sandur |

pr —

Ll
L
|

-

he

1

| 3438 |




SWE g EHIHKIEU)

p o
e e

C aaad L Bbad b ohie Bt Sl etiin Lt UL g b
\

=

| SUO{}|puU0d jej3[u| INdIND |

A

g

oN

%9013 |0J43u0D I

3pn3|IyY 34e3s |
San[3eA|Jag epny|iyv [¢—ggx 3UaS34d PN3[33V ST
3 S$.40SUaS [043U0)D _ .

SpN3 133V ajndwoy |

o - — — — —

Ve

~

 §

m San|jen|4aQ Jojeu|3s3 4a3ndwo) wr : >

i
=
¥
IS

: oN
! 1 / \
oonis 1035 iy b
y AU3saUd [bajuo)
1043U0) 34N3ON43S 404 pasn | A 94n30Nn43S ST
S40SUdS djedundl 3 ajndwo) |

Y

g

-
o e — —y

Ve
~

'y y

_. San|jen}aaq jueld aznhdus) _

4

»



P4

| SUO{3{puod |e|3ju} INdINO _

'%

#9013 1043UQ) |
SpnN1 133V 34835 |

ON

ssn|3en|43a opny |3y [€—83x
3 SJ40SUSS |OoL3u0] |
opn3 |33V e3ndwod |

o e o ———

JUISIAd 9PN 1Y SI

P4
~

m SaN|3BA} 490 403RW|IST 4IINCWOY =

1

#20{J (o4u0l |

on

~
Pd

juasasd |bajuol

©4N3dNJ3S 34838 —yy
|043U0) 3.N3dNU4S 404 Pasn | A

S40SUSg 238duUnJl T 93ndwod |

Y

o e s iy e

94N30Nn438 S1

3

P4
N~

| sanjjeAjiag jJueld 93nduold _

P LT e —— T L g S e, Y e



|043u0) o;swusng M
404 pasn s.tosuas |
ajedunJl 2 ajynduwol |

o o o ——

, 524

suojjenb3 joujuo)
a4n3i3nays ayy
ajeJbajur 03 asuyl 3| ST

o

\ /
\' (4

/ \
$3338 Y3 anes 03 aupl 3| SI

/ \ /
ON -
/ \
JUSSIUd |043U0T 9.4n39N43S ST
IR N x s = 5

m suojjenbl jueid ovn;moch\ﬂ
L ’ J

{043U0) aun3onuys ﬁ
404 pasn siosuas |
ajedunul ¥ ayndwo)d |

o —— —

ON

m_ochoo o;:vosuwm ] ﬂ
| 9PN3133Y Y3IM Adep |
| 3%U3 squaiolsseos [gIx

suojjenbl aje3s joujuol
94N30N43S 40 apn3 33y
pajepdn 03 ena s,44203°

L

jue|d ainduo)d

]

jue|d ajepdn 03 Jayaaym oeys

\
\'

\

+—




PR R .
0

ON
/ \

~y

andinpo o3 awjl 3| SI

\: /

e

|

suo|jenby 83838 [043uU0)
8pn31 i3y ejeubajur

o e . g

apn3 |33V
40} pasn S.Josuss
23edunJl 3 93nduo)

o — e
b — —— o

/ 534 \ i
suojienb3 (oJ4juo) |
apN3133v ay3 ON {
93e46a3ur 03 Quil 3} SI -
\ / E
/" \
$3383S 9y} anes o3 aujl 3| SI
\ /
. ) ’ )
oN
Vs \
— 33K JUSSIUd {043U0D PNV ST
\ /
\ y y /
e

R |

joluUCT: 2003133V
4CE Dasn suosuas
2580UNJ4l 2 ajynduo)

_
_
:

m suo(jenb3y ajeys jo43uo) m
l 94n3onJ3s ajeubajur ]

- .

3
‘
\

' Figure 4.2 Subsystem architectur

21




e A 7 A N
P

| doys Jo andur |
| MaN 403 uan3dy |
L J

ﬂ o A B
o F R

| sxo0|3 9jepdn p—

S3A
/' \

1
p—

~o=_h jeu|4 403 xoosu~
| 30ld S,p400d |epol |

\ L
| 40,3 939498|0Q INdINO _

1 !

|
(
|
;

)

oy * .
/ N
ﬁiﬁ andyno o3 swiL 3| ST

\ x ; |

21

subsystem architecture:




4.5 SUBROUTINE NESTING HIERARCHY

MAIN
I
|--- INPUT
I I
| |--- TABLES
I I
| |--- MOVER
I I
I |--- ERROR
I I
I l--- ABVAL
I I
I |--- FORCE (FORCO)
I I I
I | |--- TABLES
I I I
I I |--- ERROR
I I
I I
] |--- CNTL (CNTLIN)
| I
I |--- TABLES
I I
| | --- ERROR
I
I
|--- CHEKER
I I
I |--- ERROR
I I
| | --- NEARZ
I
I
l--- AINIT
I I
| |--- MOVER
I
I
|--- COFO
I I
I | --- MOVER
I |
I |--- poT
I I
I |==- MTXV
I
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MXV

MOVER

|--- TABLES

I
| --- MOVER

I
|--- LGRANG

DOT
MXM
MOVER

MXV
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4.

|--- DOT
-=-= RKETA
|
i""- DERIVP
:"-— MXV
:""" FORCE
:""- TABLES
:""-~ MOVER
:"—“ LGRANG

~=~= CNTL (COCR)

-== CNTL (COCS)

-=——- CNTL (DERIVC)

| --- RKSC

!

|--- MXV
--= ASN
=== RKATT

!

|--- RKSC
-—== NEARZ

6 SUBROUTINE SUMMARIES

Asnii) computes attitude sensor information as a function of

plant state variables, either when the state is to be
saved (N=1) or when integration is to be performed

25



(N=2).

Cainit initializes those attitude variables which change as
a function of structure control.

Chelezr checks for compatibility of size and timing between
plant and control models.

Cntl contains all code related to structure control. Derivece,
Coca, Cocs, and Cntlin are all entries.

Derivc(CODE) computes the first derivative of the
structure control equations and calls a first-
order four step integrator. When the control
clock is slower than the plant CODE=1 and the
saved sensor information is used along with
current information. Othexrwise CODE=2 and only
current sensor information is used.

Derc0 initializes all structural control variables.

Coca computes the attitude-dependent portions of the
control coefficients.

Cocs(CODE) computes sensor information as a function of
structure control coefficients and plant state
variables. If the control clock is running slouer
than plant clock this entry is called twuice per
control time-step, once when the state is to be
saved (CODE=1) and once when the control equations
are to be integrated (CODE=2). If the clocks are
running at the same speed, it is only called once
with CODE=2.

cntlin reads input local to structure control
equations.

Copa computes the attitude-dependent portions of the plant
coefficients.

Copac computes the portions of the plant coefficients that
vary with attitude and/or structure control.

Cop0 initializes the time-invariant portions of the plant
coefficients.

Dexrivp computes the second derivative of the plant
‘equations.
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Etag outputs in modal and discrete coordinates.

Force(T) computes the forcing function at 2ach time(T).
Forc0 is an entry.

Forc0 reads input local to the forcing computation. We
currently have tuwo versions of this subroutine.
One obtains the function by 1linear interpolation
from a table which was input. The other computes
them using a sinusoidal function.
Input reads in input

Rketa second-order Runge-Kutta integrator.

Rksc first-order Runge-Kutta integrator.

Error(N) prints error messages and stops if serious. The
parameter, N, defines the message to be printed.

Rkatt performs attitude control updates.

4.7 USER INPUT SPECIFICATIONS

A. FILE NAME: IN
SOURCE: LOCARL

RECORD 1:
FORMAT: NAMELIST 'SYSTEM'
FIELD TYPE NAME
1 Lxy SYs1
2 L*Yy SYs2
RECORD 2:
FORMAT: NAMELIST 'DP1’
FIELD IYPF NAME
1 I*y MD1
2 Ixy N16
RECORD 3:
FORMAT: AMELIST 'TRUN1!

. FIELD TYPE  NAME

27



1 Ixy NNAM1
2 Ixy MNAM1
3 L*xy N1ALL
Yy L*y M1ARLL
RECORD 4:
FORMAT: NAMELIST 'NFLAG'
FIELD TYPE NAME
1 Lxy NORM3
RECORD 5:
FORMAT: (51I10)
FIFLD TYPE NAME
1 I*xy NODES(K)
2 Ixy NODNOS(1,k)
3 I¥y NODNOS(2,Kk)
4 Ixy NODNOS(3,k)
5 Ixy NODNCS(4,k)
RECORD 6:
FORMAT: (3E20.7)

FIELD TIYPE

NAME

1 R¥Yy HORM(1,3,Kk)
2 R¥y NORM(2, 3,Kk)
3 R NORM(3,3,Kk)
RECORD 7:
FORMAT: (110)
FIELD TYPE NAME
1 Ixy 999
RECORD 8:
FORMAT: NAMELIST 'TRUP1!
FIELD TYPE NAME
1 R¥4 PHIP
2 R¥ Y4 Wip
3 R* 4 PSI1P

28



; REV&RD - 9:

CARMAT:  NAMELIST 'DP2'
FIELD IYPE NAME
1 I*u MD2
2 XYy N26
’ RECLRD 10:
FORMAT:  NAMELIST 'TRUN2'
FIELD TYPE  NAME
1 Iy NNAM2
2 XY MNAM2
LYy N2ALL
y LYy M2ALL
RECORD 11:
FORMAT:  NAMELIST 'TRUP2'
FIELD TYPE NAME
1 RX Y PHI2P
2 R*Y w2
3 RXY PST2P
RTUORD 12:
FORMAT:  NAMELIST 'ETAS'
"FIELD TYPE  NAME
1 R* Y ETA
RECORD 13:
FORMAT:  NAMELIST 'INR1'
FIELD TYPE  NAME
1 R*Y TO
2 R¥Y TOPT
3 R*Y DTOPT
M R¥ Y TF
5 R¥Y TPRINT
6 R*Y DTPRNT
7 L*Y $CNTL
8 LXY S$ATT

29




RECORD 1y:
FORMAT:

FIELD

DO NG & WD —

RECORD 15:
FORMAT:

FIELD
1
RECORD 16A:

FORMAT:

FI

(o]
o

& W -

RECORD 16B:
FORMAT:

FIELD

NOoO U EWN —

RECORD 17:
FORMAT:

NAMELIST 'INP3'

TYPE NAME
R*Yy K
R¥*Yy DJ
R¥y IRIN
RXY CI
R*y DTP
I*y M
Ixy NR
Ixy Al
Ixy A2

NAMELIST 'INPY'

TYPE

NAME

R¥Y

FD2

NAMELIST 'FORC'

TYPE
R¥Y
R¥Y
IXYy
I*y
Ixy

NMAMELIST

FLPIE
R*Y4
R¥Y
R¥Y
Ixy
Ixy
I¥y
Ixy

NAMELIST

NAME
PO1
OMEGA'1
NDIS1
IDIS1
ITUPI

'FORC"

NAME
P01
TTAB
FTAB
NT
NDIS1
IDIS1
ITUPI

‘D1’
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FIELD TIYPE NAME

1 RXY U
2 R*y XHAT
3 R*Y DXHAT
RECORD 18:
FORMAT: NAMELIST 'INC1°

FIELD TYPE NAM

1 R¥4 G
2 R¥Y4 CK
3 R¥y LT
4 RXy BET1
5 R¥Yy BET2
6 R¥Y4 DTC
7 Ixy N1C
8 Ixy N2C
9 Ixy P
10 Ixy COPT
11 Ixy TRC1
12 I*xy TRC2
RECORD 19:
FORMAT: NAMELIST 'ba1l!

FIELD TYPE NAME

1 RXY4 S
2 RXY4 EG
3 RXxy EI
RECORD 20:
FORMAT: NAMELIST 'INA1®

FIELD TYPE NAME

1 R*Y DTR
There is one record of type 1. Records 2 through U4 are
required if SYS1=T. There is one of each type. One Record 5
1s required for each segment if SYSI=T. Each Record 5 must
be follouwed by 3 records of type 6 if SYS1=T and NNORM3=T.
One each of Records 7 and 8 are required if SYS1=T. One

recoxd each of types 9 through 11 are required if SYS2=T.
One record each of types 12 through 15 is always required.
Record 16A is required if the System 1 forcing function is
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of the form: FD1 = po1 x SIN(OMEGA * 7Tp). Record 16B ig
required if the System 1 forcing function is given in j
table. One record each of types 17 ang 18 are Yequired if
$CNTL= TRUE. One record each of +types 19 ang 20 is aluays
required.

4.8 EXTERNAL STORED DAT2 BASES

A, FILE NAME: ITAPE
SOURCE: c¢bpC NASTRAN OR STARDYNE PROGRAMS

RECORD 1:
FORMAT: (3I110)
FIELD TYPE HAHE
1 Ixy NiT
2 Ixy HELT
3 Ixy MDI1T
RECORD 2:
FORMAT: (I12,3E20.7)
FIELD TYPE NAME
1 I*y Node Number (Temporary)
2 R*y COORD(1,31)
3 R*y COORD(2,3i)
4 R*Y COORD(3,3i)
RECORD 3:
FORMAT: (I10)

FIELD TY
1 ;

"o
(5]
Z
x
=4
(8]

H

%
£
H
o
c
fur

RECORD 4:
FORMAT: (I12,E20.7)
FIELD TIYPE NAME
1 I*y Mode Number (Temporary)
2 R¥yY WIP(3)
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RECORD - 5:
FORMAT: (I12,3E20.7)

FIELD TYPE NAME
1 IXy Node Number (Temporary)
2 R*Y PHITP(1,i,3J)
3 R*Y PHI1P(2,i,3)
. 4 R¥Y PHI1P(3,i,3)
RECORD 6:
FORMAT: (12%,3E20.7)

FIELD TYPE

NAME

1 R*Y PHI1P(Y4,i,3)
2 RXY PHI1P(5,i,3)
3 RXY PHT1P(6,1i,3)
RECORD 7:
FORMAT: (2110)
FTELD TYPE NAME
1 Xy N2T
2 IXy MD2T
RECORD 8:
| FORMAT: (I12,E20.7)
| FIELD TYPE NAME

1 IXy Mode Number (Temporary)
2 R¥Y W2P(3)
|
RECORD 9:
' FORMAT: (I12,3E20.7)

f FIELD TYPE NAME
¢ 1 Xy Node Number (Temporary)
2 R¥Y PHI2P(1,i,3)
3 RXY PHI2P(2,1,3)
Yy R¥Y PHI2P(3,1i,3)
RECORD 10:
FORMAT: (12X,3E20.7)
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FIELD TYPE NAME

1 R¥Yy PHI2P(4,i,j)
2 RXY4 PHI2P(5,1i, j)
3 R¥4 PHI2P(6,i,3)

Records 1 through 6 are required when SYS1=T. One record of
type 1 is required. The number of records of type 2 is NIT.
The number of records of type 3 is NELT. The number of
records of type 4 is MDIT. Each record of type 4 is followed
by NIT sets of records where each set ccnsists of one record
of type 5 followed by one record of type 6. Recoxds 7
through 10 are required when 5YS2=T. One record of type 7 is
needed. The number of records of type 8 is MD2T. Each record
of type 8 is followed by N2T sets of records where each set

consists of one record of type 9 followed by one record of
type 10,

4.9 INTERNAL STORED DATA BASES

A. FILE NAME: JIQTAP (unformatted)
SOURCE: DYNAMICS

RECORD 1:
FIELD TYPE NAME
1 R*Yy COORD( 1,NODNOS(1,Kk))
2 R*Yy COORD(2,NODNOS(1,K))
3 R¥*y COORD(3,NODNOS(1,K))
RECORD 2:
FIELD TYPE NAME
1 R¥*Yy COORD( 1,NODNOS(2,Kk))
2 R¥*Yy COORD(2,NODNOS(2,K))
3 RX 1 COORD(3,NODNOS(2,Kk))
RECORD 3:
FIELD TYPE NAME
1 RXYy COORD(1,NODNOS(3,K))
2 R¥*Yy COORD(2,NODNOS(3,k))
3 R*Yy COORD(3,NODNOS(3,k))
RECORD 4:

FIFLD TYPE NAME
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i R¥Y4 DEL(1)
2 R*4 DEL(2)
3 R¥4 DEL(3)

One record each of types 1 through 3 is produced for each
segment in the system. For each time-step, NSEGS records of
type 4 are produced.

4.10 GLOSSARY

Al: Node number to be activated as a
function of actuator number in the
System 1 force actuator influence
matrix

A2: Node number to be activated as a
function of actuator number in the
System 2 force actuator influence
matrix

BET1: Sets which node of precision base
has a sensor and whether position
or velocity is measured

BET2: Sets which node of na'igation base
has a sensor and whetler position
or velocity is measured

CI: Rotor spin axis direction cosines
CK: Estimator gain matrix
COORD(3,node #): ¥, ¥, and Z coordinates for each
node
COPT: Control option flag
1 = Untruncated sensor computation
Untruncated coefficients
2 = Untruncated sensor computation
Truncated coefficients
3 = Truncated sensor computation
Truncated coefficients
DEL(3): Deformations of the three points
defining a segment
DJ: Force actuator axis (nominal
distance matrix)
DTA: Attitude time-step
DTC: Control time-step size
DTOPT: Time between file outputs
DTP: Time-step size for plant equations
DTPRNT: Time between prints
DXHAT: Current velocity for estimator
EG: Attitude inputs
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EI:
ETA:

FD2(dof):

FTAB(time #,dist. #):

G:
IDIS1t:

IDUM:
ITUPI:
IRIN:
K:

LI:

M:
MD1:
MD1 !:

NORM3:

MD2"

MD2T:

MNAM1:

MNAM2:

MIALL:

M2ALL:

NDIS1:
NELT:

NNAMI1:

NNAM2:

Attitude inputs
Vector of modal velocities and
coordinates ordered as follouws:

1 - all System 1 velocities
2 - all System 1 coordinates
3 - all System 2 velocities
4 - all Svstem 2 coordinates

System 2 disturbance

Table of System 1 forcing
functions

Control gain matrix

Node numhbhexrs in System 1 where
disturrances occur

Dummy integer

Degree-of-freedom within the
System 1 node where disturbances
occur (must be 1 through 6)
Rotor inertia matrix in attached
body vector

Force actuator spring constant
Sets the sensor axis

Number of force actuators

Number of System 1 modes to be
used

Total number of System 1 modes in
the model

Flag which indicates if three
normal vectors will be inputted
for each segment

Number of System 2 mod:s to be
used

Total number of System 2 modes in
the model

Mode numbers to be included in
Systen 1

Mode numbers to be included in
System 2

Flag which is set when all System
1 modes are to be used

Flag which is set when all Systen
2 modes are to be used

Number of System 1 disturbhances
Number of dummy records on file
ITAPE

Node numbers to be included in
System 1

Node numbers to be included in
System 2
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NODES(segment #):

NODNOSt(node #,sa2gment #):

NR:

NSEGS:

NT:

N1ALL:

NiC:

NI1T:

N16:

N2ALL:

N2C:

N2T:

N26:

OMEGA1:
pP:

PHI1P(dof,node #,mode #):

PHI2P(dof,node #,mode #):

PSI1P(mode #):
PSI2P(mode #):
PO1:

g

SYs1:

5YS2:
TF:
TOPT:
TPRINT:
TRC1:

TRC2:

Number of nodes in each segment
(either 3 or H4)

Ncde numbers For the segment
Determines which node in the rotor
influence matrix has an activated
wheel

Number of segments in the system
Number of entries in table of
System 1 forcing functions

Flag which is set when all System
1 nodes are *o be used

Number of truncated states to be
used in precision base

Total number of System 1 nodes in
the model

Number of System 1 nodes to be
used

Flag which is set when all System
2 nodes are to be used

Number of truncated states to be
used in navigation base

Total number of System 2 nodes in
the model -
Number of System 2 nodes to be
used

Forcing frequency

Number of sensors

Set of normaliczed mode shapes
relative to the mass matrix for
System 1

set of normalized mode shapes
relative to the mass matrixr for
System 2

Damping ratio per mode

Damping ratio per mode

Amplitude of forcing function
Attitude inputs

Logical flag which is true if
System 1 is present

Logical flag which is true if
System 2 is present

Final time of dynamic simulation
Time of next file output

Time of next print

Precision base states to be used
by estimator

Navigation base states to be used
by estimator
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TTAB(time. #):

TO:
U:
WiP(mode #):

W2P(mode #):

XHAT.

SATT:

$SCNTL:

Table of times for System 1
foxrcing functions

Initial time of dynamic simulation
Current control vector

Natural frequency associated with
each mode

(xad/sec)

Natural frequency associated with
each mode

(rad/sec)

Current position for estimator
Flag which indicates if attitude
contrxol is present

Flag which indicates if structure
contrxol is present
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B = 1

5. STEADY STATE

5.1 PURPOSE

This program computes the steady-state dynamic equations of
motion open-loop. The output at each time step is a vector
of displacements for each support roint having six degrees-
of-freedom (three translational and three rotational
components). This is converted into a deformation foxr each
support point.

5.2 TECHNICAL SUMMARY

A set of algebzaic equations as defined below are computed
for a number of equally spaced times between t=C and t=27/wpD
to produce a set of steady-state dynamic deformation time-
histories for each specified frequency of disturbance (uwp).
For each mode:

GFJ = 1/wJZ (F4 #Dy,J + F, ¢Dp., 0 + ... + FN ¢DN,J)

whexe N is the number of disturbances and D1 is the degree-
of-freedom at which disturbance 1 is located

Y = WD /W)
Ry = 1 - yJ2
By = -2 ¢{u v
CJ = GFy v (RJZ + BRJZ)
If wa = 0,
GFJ = F4y ¢Dq,0 + F2 ¢D2,J + ... + FN ¢DN,J
ARy = -1 suwp?
By = 0
CJ = GFJ

For each degree-of-freedom:
«l = Ay Cy ¢I 4 + A, Cy #I,2 + ... + AM CM ¢I M
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Bl = By Cqy 91,4 + Bz C2 ¢1,2 + ... + BM CM ¢I. M

where M is the number of modes.

For p equally spaced times betueen t=0 and t=2nr/wob:
qi(t) = ar sin(wo t) + BI cos(wp t)

5.3 FEATURES ANKD CONSTRAINTS

A. Truncation capability to choose desired nodes and modes
for « particular set of disturbances.

B. The STEADY STATE subsystem may only be run open loop.
There is currently no provision for any control.

C. Only one disturbance frequency may be used at a time.
D. Files containing time-histories of selected nodes may be
output for further analysis at a frequency determined

by input.

5.4 SUBSYSTEM ARCHITECTURE

The flow of the STEADY STATE subsystem is shown 1in Figure
5.1
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¢ 5.5 SUBROUTINE NESTING HIFRARCHY

MAIN

!

|--- INPUT

| !

I |-~- TABLES

) ! !

I |--- MOVER
| |

I |--- ERROR
! !

I |--- ABVAL
|

!

|--- Co00

|

|

|--- couw

I |

I | --- MOVER

|

!

|--- FUNC

I I

I |--- poT

!

!

|--- NEARZ

Co0 computes portions of the coefficients that are

} 5.6 SUBROQUTINE SUMMARIES
a independent of frequency.

Couw computes the coefficients for each frequency.

; Func computes velocities and coordinates for all degrees-of-

freedom and outputs deformations at each time for each
' frequency.

l Input reads all input.

5.7 USER INPUY SPECIFICATIONS

A. FILE NAMuL‘ IN
SOQURCE: LOCAL
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RECORD 1: .

FORMAT:  NAMELIST 'DpP1°
FIELD TYPE  NAME
1 Iy MD1
2 I*y N16
RECORD 2:
FORMAT: NAMELIST '"TRUN1'
FIELD TIYPE NAME
1 Ixy NNAM1
2 Iy MNAM1
3 Ly N1ALL
4 LXy M1ALL
RECORD 3:
FORMAT:  NAMELIST 'NFLAG®
FIELD TYPE NAME
1 L*Yy NORM3
RECORD 4:
FORMAT: (5110)
FIELD IYPE NAME
1 I*xy NODES (k)
2 Ixy NODNOS(1,Kk)
3 Iy NODNOS(2,Kk)
M Ixy NODNOS(3,Kk)
5 Ixy NODNOS(4,K)
RECORD 5:
FORMAT: (3E20.7)
FIELD TYPE  NAME
1 RXY NORM(1,3j,k)
2 R¥y NORM(2,j,Kk)
3 R*Y NORM(3,3,Kk)
RECORD 6:
FORMAT: (110)
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FIELD TYPE NAME

1 Ixy 999

RECORD 7:
FORMAT: NAMELIST 'TRUP1®

FIELD IYPE NAME

1 R¥Y4 PHI1P
2 R¥Y4 Wip
3 R¥ Y PSItP
RECORD 8:
FORMAT: NAMELIST 'INP1'

FIELD TYPE NAME

1 R¥Y4 W
2 IxXy P
2 I*y NuW
RECORD 9:
FORMAT: NAMELIST 'INP2'

FIELD TYPE NAME

1 RX¥Y4 F
2 IXy NDIS1
3 Ixy IDISI
4 I*y ITUP1
RECORD 10:
FORMAT: NAMELIST 'INP3'

FIELD IYPE NAME
1 FRE®
2 NEXTO

s

I*
IX

There is one record each of types

is required for each segment.

by 3 records of type 5 if NNORM3=T.

through 9 are required.

1 through 3. One Record 4
Each Record 4 must be followed

One each of Records 6



5.8 EXTERNAL STORED DATA BASES

A. FILE NAME:

ITAPE

SOURCE: CDC NASTRAN OR STARDYNE PROGRAMS
RECORD 1:
FORMAT: (3I10)
FIELD TYPE NAME
1 Ixy N1T
2 I*xy NELT
3 Ixy MDIT
RECORD 2:
FORMAT: (I12,3E20.7)
FIELD TYPE NAME
‘ ] I*Xy Node Number (Temporary)
2 R¥Y COORD(1,1i)
3 RXY COORD(2,1i)
4 R¥Y COOrD(3,1)
RECORD 3:
FORMAT: (I10)
FIELD TYPE NAME
1 Ixy IDUM
RECORD 4:
FORMAT: (I12,E20.7)
FIXTLD TYPE NAME
1 Ix*xy Mode Number (Temporary)
2 RXY WIP(3)
RECORD 5:
FORMAT: (I12,3E20.7)
FIELD TYPE NAME
1 I*xy Node Number (Temporary)
2 R¥Yy PHITP(1,i,3)
3 R¥Yy PHI1P(2,1i,3)
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RECORD 6:
FORMAT:

FIELD

RXq4 PHI1P(3,1i,3)

(12X,3E20.7)

TYPE NAME

1
2
3

RECORD 7:
FORMAT:
FIELD

1
2

RECORD 8:
FORMAT:

FIELD

RXY PHITP(4,1i,3)
RXYy PHIIP(5,1i,3)
RX 4 PHI1P(6,1i,3)
(2110)

TYPE NAME

I*Xy N2T

Ixy MD2T

(I12,E20.7)

TYPE NAME

1
2

RECORD 9:
FORMAT:

FIELD

I*y Mode Number (Temporary)
RX*4 W2P(3)

(I12,3E20.7)

TYPE NAME

1
2
3
y
RECORD 10:

FORMAT:

FIELD

Ixy Node Number (Temporary)
RXYy PHI2P(1,1i,3)
R*Yy PHI2P(2,1i,3)
R*Yy PHI2P(3,i,3)

(12X,3E20.7)

TYPE NAME

1
2
3

Records 1 through 6 are required when SYS1=T.

R*Y PHI2P(4,i,3)
R* Yy PHI2P(5,1,3)
RX Y4 PHI2P(6,1i,3)
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type 1 is required. The number of records of type 2 is NIT.
The number of records of +type 3 is NELT. The numbex of
records of type 4 is MDIT. Each record of type 4 is folloued
by NIT sets of records where each set consists of one record
of type 5 followed by one record of type 6. Records 7
through 10 are required when SYS2=T. One record of type 7 is
needed. The nunwper of records of type 8 is MD2T. Each record
of type 8 1is followed by N2T sets of records where each set
consists of ole <record of type 9 followed by one record of
type 10.

5.9 INTERNAL STORED DATA BASES

R. FILE NAME: IQOTAP(unformatted)

RECORD t:
FIELD TYPE NAME
! R* 4 COORD(1,NODNOS(1,k))
2 R¥4 COORD(2,NODNOS(1,K))
3 R¥Yy COORD(3,NODNOSC(1,Kk))
RECORD 2:
FIFLD TYPE NAME
1 R¥Yy COORD( 1,NODNOS(2,Kk))
2 RXY COORD(2,NODNOS(2,Kk))
3 R¥y COORD(3,NODNOS(2,Kk))
RECORD 3:
FIFLD TYPE NAME
1 RXY COORD( 1,NODNOS(3,Kk))
2 RXY COORD(2,NODNOS(3,Kk))
3 RXY4 COORD(3,NODNOS(3,Kk))
RECORD 4:
FIELD TYPE NAME
! R¥4 DEL(1)
2 R¥4 DEL(2)
3 R¥Y DEL(3)

One record each of types 1t through 3 is produced for each
segment in the system. For each time step, NSEGS records of
tyre 4 arxe produced.
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5.10 GLOSSARY

COORD(3,node #):
DEL(3):

F(frequency #):
FREQ:

IDIS1:
IDUM:
ITUP1:
MD1:
MDI1T:

NORM3:

MNAM1:
M1ALL:

NDIS1:
NELT:

NEXTO:
NNAM1T:

NODES(segment #):
HODNOS(node #,segment #):
NORM(3,n,segment #):

NSEGS:
NuW:
N1ALL:
NI1T:
N16:

P(frequency #):

X, ¥, and Z coordinates for each
node

Paformations of the three points
fefining a segment

Amplitude of disturhance

Number of time-steps betuween
printouts

Node numbers in System 1 where
disturbances occur

Dummy integer

Degree-of-freedom within the
System 1 node where disturbances
occur (must be 1 through 6)
Number of System 1 modes to be
used

Total number of System 1 modes in
the model

Flag which indicates it three
normal vectors will be input for
each segment

Mode numbers to be included in
System 1

Flag which is set when all System
1 modes are to be used

Number of System 1 disturbances
Number of dummy recoxrds on file
ITAPE

First printout time-step

Node numbers to be included in
System

Number of nodes in each segment
(either 3 or 4)

Node numbers for the segment
Normal vector for the segment
n=1 if NNORM3=F

n=3 if NNORM3=T

Number of segments in the system
Number of frequencies

Flag which is set when all System
1 nodes are to be used

Total number of System 1 nodes in
the model

Numbexr of System 1 nodes o be
used

Number of time-steps
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PHI1P(dof,node #,mode #):

PSItTP(mode #):
W(frequency #):
W1P(mode #):

Se*t of normalized mode shapes
relative to the mass matrix for
System 1

Damping ratio per mode (¢J)
Frequencies (wp)

Natural frequency associated with F
each mode (wJ)

(rad/sec)
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6. QUASI-STATIC

6.1 PURPOSE

This program corrects the thermally induced displacements of
the optical surfaces by the use of position and figure
control actuators.

6.2 TECHNICAL SUMMARY

For each node n in segment s of mirror m in the system, the
component of deflection normal to the mirror surface is:

E0O(n,s,m) = §(3,n,s,m) e Uyo(3,n,s,m)

where ﬁ is the normal vector at the node and U0 is the total
deflection of the node.

The initial surface deflection of each mirror is:

E0OC3,m) = -3 §(3.n,s,m) EO(n,s,m)
SN

Each element of the 3x3 rigid body sensitivity matrix f-r
each mirror is:

ECj,K,m) = = NCj,n,m) NCK,n,m)
SN

The rigid-body movement of each mirror due to the thermal
load is:

R(3,m) = E(3,3,m)-'" EO(C3,r?

The deflection due to the optical train <--> backup truss
actuators is:

U1(3;n’mps) = U0(3yn;m)s) - R(3,m)

The initisl surface deflection of each segment is:
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E0O(3,s,m) = -Z §(3.n.s.m) EO(n,s,m)
N

Each element of the 3x3 rigid-body sensitivity matrix for
each segment is:

E(j,k,s,m) = £ N(j,n,s,m) N(K,n,s,m)
N

The rigid-body movement of each segment due to the thermal
load is:

R(3,s,m) = E(3p3p5pm)-1 E0(3p5pm)

The deflection due to the backup truss <--> segment
actuators 1is:

U2(3,n,m,S) = U1(3pnpmp5) - R(3'S'm)

The residual deformation of each segment due to the thermal
load after implementstion of the quasi-static control system
is:
T T T
U3(3pn’mp5) = U2(3pnpmp5) (I - ACA A)-l'A ) + UAX

where & iz the actus-sr infliuenc= matxix of the segment and
Us¥ i the Jdeflostion 2due to randon actuator errors

6.3 FEATURES AND CONSTRAINTS

A. Rigid-body actuators can be used to remove piston and/or
tilt motions.

B. Surface actuators correct surface deformations.
7

C. Any combination of corrections may be performed.

D. Output may be produced before corrections and/or after
any corrections.

6.4 SUBSYSTEM ARCHITECTURE
The flow of the QUASI-STATIC subsystem is shown in Figure
6.1
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e R

UOU'};(_‘}!'E'M'HVEC;RHSTOT:NTOIpTOTALplp_H_) computes the
deformation for each node in the normal direction and
prints them with the root-mean-square. If TOTAL=TRUE,
the total root-mean-square for the mirror is printed.
The deformations are also written onto one or more
files, scaled if required.

Exrstop prints error messages and stops if severe.
Random(VEC,N) currently inserts N zeros into a vector.

Input Reads and echoes 1local input and sets up files for
scaling results if required.

Matcom(ROW,U2,U3,NVEC,N) Computes:
T T
U3 = U2 (I - ACAR)-'A) + U3

using ROW as a holding vector.

Prepro computes normal vectors and rigid-body sensitivity
matrices.

6.7 USER INPUT SPECIFICATIONS

A. FILE NAME: IN
SOURCE: LOCRML

RECORD 1:
FORMAT: NAMELIST INPT

FIELD TYPE NAME

1 Ixy NI

2 Ixy NM

3 Ixy NSEGS
Y Ixy NODES
5 Ixy EXROUS
6 L*Yy $MAT

7 L*y $WRITI
8 LxY4 SWRIT2
) L*y 1
10 L*xYy $2
" L*Yy 53
12 Lxy PUSH
13 Lxy TILT
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6.5 SUBKOUTINE NESTING HIERARCHY

MAIN
i

| --- INPUT

6.6 SUBROUTINE SUMMARIES

PREPRO
I
|--—— MOVER
|
|--- 8I
MOVER
DOT
MXVSYM
uouT
|
|--- DoOT
RANDOM
MATCOM
|
|--- DoOT
I
j—== ST
|
|--- MOVER
SCALE

Scale

consolidates scaled

when $SCALE=TRUE.

deformations into one file for
each type of corxection.
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Uout(y.ﬂ.ﬁg.NVEc,RMSTOT.NTOI.TOTAL.L,E) computes the
deformation for each node in the normal directien and
Prints them with the root-mean-square. If TOTAL=TRUE,

the total root-mean-square for the mirror is printed.
The deformations are elso written onto one or more
files, scaled if regquired.

Erstopr prints error messages and stops if severe.

Random(VEC,N) currently inserts N 2eros into a ve:ztor.

Input Reads and echoes local input and sets up files for
scaling results if required.

natcom(RON.Qz.Qg.NVEC.E) Computes:
T T
U3 = U2 (I - A(a AY"ThA ) + y3
using ROW as g3 holding vector.

Prepro computes normal vectors and rigid-body sensitivity
matrices.

6.7 USER INPUT SPECTIFICATIONS

A. FILE NAME: IN
SOURCE: LOCAL

RECORD 1:
FORMAT: NAMELIST INPT
FIELD TYPE NAME
1 I*y NI
2 I*xy KM
3 Ixy NSEGS
4 Ixy NODES
5 Ixy EXROWS
6 L*y SMAT
? L*y $URIT1
8 Lxy $SWRIT2
9 Lxy $1
10 L*y $2
11 Lxy $3
12 Lxy PUSH
13 Lxy TILT
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RECORD 2:
FORMAT: NAMELIST IN2

FIELD TYPE NAME

i R¥*8 FACT
2 Ixy NT
3 L¥Y $SCALE

There is one record each of types 1 and 2.

6.8 EXTERNAL STORED DATA BASES

A. FILE NAME: FILI!
SOURCE: CDC NASTRAN OR STARDYNE PPOGRAMS

RECORD 1:
FORMAT: (3E20.7)

FIELD TYPE NAME

i R¥Y u(1,4d)
2 R¥ Y uez,Jd)
3 R¥Y ues3,J)

There is one record of type 1 for each node and each thermal
load.

B. FILE NAME: FILS
SOURCE: CDC NASTRAN OR STARDYNE PROGRAMS

RECORD 1t:
FORMAT: (210)

FIELD TYPE NAME
i IXy FIN
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RECORD 2: -
FORMAT: (5E16.6)1

FIELD TYPE NAME

1 R¥Y ACT, 1, 1)
2 R*Y AC2,1,1)
3 R*Y AC3,1,1)
4 R¥*Y AC1,2,1)
5 R*Y AC2,2,1)

There is one record of type 1 for each segment of each
mirxror. The number of records of type 2 needed for each
segment 1s 3XNODES(S,M) * (FIN + EXROWS)/5. The number of
sets of Record 1 followed by the proper numbexr of Records 2
is determined by the numbex of segments in the system.

C. FILE NAME: FIL7Y
SOURCE: CDC NASTRAN OR STARDYNE PROGRAMS

RECORD 1:
FORMAT: (F10.5)

FIELD TYPE NALE
1 R¥4 RC

RECOREL 2:
FORMAT: (2E20.10)

FIELD TYPE  NAME
1 RXY X
2 R*Y Y

There is one record of type 1 for each mirror. The number of
records of type 2 1is determined by the total number of nodes
on the mirror. The numbexr of sets of Recurd 1 followed by
the proper number of Records 2 is determined by the numbex
of mirrors in the system.

1 This format was changed from (8F10.7) on Septembexr 19, 1978.
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6.9 INTERNAYL STORED DATAR BASES

A. FILE NAME: FIL2(unformatted)

RECORD 1:
FIELD TYPE NAME

1 R¥Y NVEC(1,1)

2 R*Y NVIZC(2,1)

3 R*Y NVEC(3,1?
R¥Yy
R¥Y
R¥Y .
R*Yy NVEC(1,J)
R*Yy NVEC(2,J)
R¥Y NVEC(3,J)

One record of type 1 is produced for each segment of each
nirror. Eachk record has t*NODES(S,M) fields.

B. FILE NAME: FILé6{(unformatted)

RECORD 1i:
FIELD IYPE NAME

1 R¥ Y ROWCT, 1)

2 R*Yy ROWC2, 1)

3 R¥Y ROWC3, 1)
R*y
R¥Y
R*Yy o
R¥4 ROW(C1,NODES(S,M))
R¥Yy ROW(2,NODES(S,M))
R+ Yy ROW(3,NODES(S,M))

Both the number of fields per record and the number of
records per segment is 3*¥NODES(S.,M).

C. FILE NAME: UFIL(unformatted)

RECORD 1:

1 R*Y DELT(1)
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R*Y
R*Y
RXY

J RXY DELT(J)

One record o* type 1 is produced for each segment of each

mirror.
of these files.

6.10 GLOSSARY

K(3,node #,actuator #+EAROWS):

DELT(node #):
EXROWS:

FACT(mirrxox #,time #,thermal #%):

FIN:

J:

M:

NI:

NM:

NT(thexrmal #):
NODES(segment #,mirror #):
NSEGS(mirror #):

NVEC(3,node#):
PUSH:

RC:
ROW(3,node #):

S:
TILT:
U(3,node #):
U1(3,node #):
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Each record has NODES(S,M) fields.

There are four

Actuator influence matrix
for a segment

Deformation of a node
Numbexr of rous added to A
for dependent push and tilt
removal

Scale factor

Numbexr of figure actuators
for a segment

Node numbex

Mirroxr number

Numbexr of time-steps ox
thermal loads

Numbexr of mirrors

Number of times for scaling
Numbexr of nodes in each
segment

Number of segments in each
mirror

Normal vector for each node
Flag which indicates if
mirroxr rigid body actuators
should remove push motion
in mirror rigid-body
computation

Radius of curvature

Row of the matrix used for
figure control

Segment number

Flag which indicates if
mirror rigid-body actuators
should remove tilt motion
Initial displacements for
each node

Pisplacement for each node
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U2(3,node #):

U3(3,node #):

$MAT:

$SCALE:

$WRIT1:

$WRIT2Z:

$1:

$2:

$3:
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after mirror rigid-body
correction

Displacement for each node
after segment rigid-body
correction

Displacement for each node
after random actuator
correction

¥ coordinate of node

Y coordinate of node

Flag which indicates
whether matrix used for
figure control will bhe
computed

Flag which indicates
whether scaling is to bhe
done

T - scale

F - no scaling

Flag which indicates
whether output is desired
after mirror rigid-body
computation

Flag which indicates
whether output is desired
after segment rigid-body
computation

Flag uhich indicates
whether computation of
mirror rigid-body
deformationes is desired
Flag which indicates
whether computation of
segment rigid-body
deformations is desired
Flag which indicates
whether computation of
figure control deformations
is desired



7. INTERFACE 3

7.1 PURPOSE

This program interpolates residual deformations pProduced by
the DYNAMICS or STEADY STATE and/or the QUASI-STATIC
bPrograms at the structural points, to obtain deformations at
the optical points. The wave aberrations produced by the
combined deformations arxe calculated using the raytrace data
of the undeformed system and are added to the disturbance-
free aberrations of the system to obtain the total wave
aberrations of the deformed system.

7.2 TECHNICAL SUMMARY

The INTERFACE subsystem can bPresently utilize deformations
from two sources, dynamic¢ and quasi-static, to produce total
net wave aberrations at the raytrace points.

7.2.1 Dynamic

The deformation, éon, at the 1th raytrace point on mirror M
is computed as follous:

oo ={[yr(xc-x8) + yB(xI-%C) + YC(XB~XI) ] 6NMA
+ [yI(xa-nc) + yaiwmc-x1) + YCUXI-%A) ]SNB
+ [yIfxB-%A) + ya(xi-xp) + ye(xA-x1) 1é6NC) /7
[ya(xc-xu8) + ypB(xA-)C) + yc(xB-xA) ]

where it is assumed that the segment of the mirror touched
by the ray is a plane defined by support points A, B, and ¢,
having associated deformations, &M, 6ms and duC.

7.2.2 Quasi-static

The deformation, éay, at the 1th raytrace point on mirror M
is computed as follows:
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B R . R T R R T L.

S+1 R+1 S+l R+l

daM = = = [ M [ (yr-yk)/CyN-yK) ] 1T [ (xI-%J)/(RL-%J) ]} ELN
N=1 L=1 K=1 J=1
K#N JEL

where R and s are the orders of interpolation desired in
each direction respectively and the x's and y's are the
nodal coordinates for interpolation.

7.2.3 Net Wave Aberrations

The deformations obtained by the methods in Sections 7.2.1
and 7.2.2 are now combined on each mirror and summed ovexr N
mirrors to produce the total aberration W of the 1th xay by
the following expression:
N
WI = WO+ = *2 COSIM (éaqu +6DM)
M=1

7.3 FEATURES AND CONSTRAINTS

A. Coefficients of interpolation may be saved and reused.

B. Interpolated deformations may be saved and reused.

C. Cartesian or polar coordinates may be specified.

D. Interpolation orders may be specified in both directiong.
E. There are six running options:

1 - Use deformaticn darz from the wURST-3TATIC
subsystenm only.

2 - Use deformation data from the DYNAMIC subsystem
only.

3 - Use deformation data from both the QUASI-STATIC an
the DYNAMIC subsystems.

4 - Use deformation data from the DYNAMIC subsystem
with saved interpolated QUASI-STATIC data.

5 - Use deformation data from the PUASI-STATIC
subsystem with saved interpolated DYNAMIC data.

6 - Use saved interpolated QUASI-STATIC and DYNAMIC
data.
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7.4 SUBSYSTEM ARCHITECTURE

The flow of the INTERFACE subsystem is shown in Figure 7.1.
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‘ 7.5 SUBROUTINE NESTING HIERARCHY

MAIN

!
|--- SEGFND

ERSTOP

NEARZ

CONVRT

- NEARZ

ERSTOP

NEARZ

ERSTOP

DBLIN
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|-~- LGRANG
| |
| |--- MOVER

—-—=- OUTPUT

|--- DMOVER

7.6 SUBROUTINE SUMMARIES

Cint finds an interpolated value given a two-dimensional
table, pointers into the table in both directions, a
set of coefficients for each direction, and the order
of interpolation in each direction.

Convrt converts the coordinates of one point from cartesian

to polar.

Dblin performs two-dimensional interpolation and also
returns the <coefficients of interpolation in both
directions together with pointers for them. The actual

interpolation in each direction is performed by Lgrang.

Erstop writes an error message and either stops or returns
depending on the severity of the error.

Globc converts the global coordinates for one mirror from
cartesian to polar. Error checking is performed, and
the polar coordinates are output. The actual conversion
is done by calling Convrt

Globxry performs error c¢hecking for one mirror when cartesian
coordinates are desired
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Globr reads in the polar coordinates for one mirror.

Input reads data in namelist form. vVariables which have
default values may optionally be overriden by input.
Variables which do not have default values must Dbe
inputted.

Interp interpolates the quasi-static displacements to get
the displacement at a point on a mirror. If the
coefficients of interpolation are also to be computed
and filed, Dblin is used. If the coefficients are to be
read in, Cint is used.

Lgrang performs Lagrangian interpolation of any ozrder and
also recurns the coefficients of interpolation together
with a pointer for them.

Scale computes scale factors for data on each mirror if
required

Qutput writes the wupdated raytrace file for the OPTICS
program.
seqfnd £finds the segment of the mirror which contains a

certain point.

7.7 USER INPUT SPECIFICATIONS

A. FILE NAME: 1IN
SOURCE: LOCAL

RECORD 1:
FTORMAT: NAMELIST 'INT'

FIELD TYPE NAME

1 I*xy NM

2 Ixy MAXRT
3 Ixy NODES
Y Ixy NSEGS
5 Ixy GLFLAG
6 Ixy RTCFLG
7 I*y RUNTYP
8 Ixy NT

RECORD 2:
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FORMAT: NAMELIST 'RT'

1 RXY ZR1
RECORD 3:
FORMAT: NAMELIST 'IN2'
1 Ixy DEGR
2 Ixy DEGTH
3 I*xy COFLAG
RECORD 4:
FORMAT: NAMELIST 'REW®
1 Lxy $SREWD?2
RECORD 5:
FORMAT: NAMELIST 'DYN'
1 L¥y DYCFLG
RECORD 6:
FORMAT: NAMELIST 'IN3'
1 RXYy SGN
2 I*xy FRE®
3 Ixy NEXT
There is one record each of types 1 and 6. There is one

only. There is one record of type 4 required for runs
reading interpolated quasi-static data from file,

7.8 EXTERNAL STORED DATA BASES
A. FILE NAME: FILS

SOURCE: CDC NASTRAN OR STARDYNE PROGRAMS

70




-t -

RECORD 1:
FORMAT:

FIELD

(F10.5)

TYPE NAME

1

RECORD 2:
FORMAT:

FIELD

R¥4 RC

(2E20.10)

TYPE NAME

1
2

There 1s one

RX*Yy X
R¥Y Y

record of type 1 for each

followed by NODES(S,M) records of type 2.

B. FILE NAME:

SOURCE:
RECORD 1:
FORMAT:

FIELD
1

2
3
4
RECORD 2:

FORMAT:

FIELD

FIL?

RAYTRACE FORMATTER

(3I5,F15.6)

TYPE NAME

1

2

3

4

RECORD 3:

FORMAT:

FIFLD

I*xy IND

I*y IC(NRT)
Ixh JC(NRT)
RX¥4 T

(4F20.6)

TYPE HAME

R¥Y XRT(NRT, 1)
R*Y YRT(NRT, 1)
RXY COSI(NRT, 1)
RXY XRT (NRT, 2)
(4F20.6)

TYPE NAME

1

RXY YRT(NRT, 2)

71

mircor.

It

is



2 RxYy COSI(NRT,2)
3 RX*Y XRT(NRT, 3)
4 RX*Y YRT(NRT, 3)
RECORD U4:
FORMAT: (4F20.6)
FIELD TYPE NAME
1 R¥Y COSI(NRT,3)
2 R¥Y WIO(NRT)
3 R¥*Y XR(NRT)
4 R 4 YR(NRT)
RECORD 5:
FORMAT: (F20.6)
FIELD TYPE NAME
1 RXY ZR(NRT)

There is one record each cf types

7.9 INTERNAL STORED DATA BASES

A. FILE NAME:

FIL1(unformatted)
SOURCE: QUASI-STATIC

RECORD 1:
FIELD TYPE NAME
1 R*Y DEL21(1)
RXY
R¥Y
. RX*Y o
J RX*Y DEL21(J)

One record of type 1

B. FILE NAME:

is required for each segment
mirror. Each record has NODES(S,M) fields.

FIL3(unformatted)

SOQURCE: DYNAMICS
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RECORD 1:

FIELD TYPE NAME

1 RXY XDYN(1,S5,M)
2 R¥*Y YDYN{1,S,M)
3 RXY ZDYN(1,53,M)
RECORD 2:
FIELD TYPE NAME
1 RXY XDYN(2,S,M)
2 R¥*Y4 YDYN(2,S,M)
3 R¥*Y4 ZDYN(2,S,M)
RECORD 3:
FIFLD IYPE NAME
1 R*Y XDYN(3,S,MN)
2 R¥4 YDYN(3,S,M?
3 R*Y4 ZDYN(3,S,M)
RECORD 4:
FIELD TYPE NAME
1 R¥Yy DELD1(1,8)
2 R¥Y DELD1(2,S)
3 R¥Y DELD1(3,S8)

One record each of types 1 through 3 is required for each
segment in the system. These are followed by NSEGS records
of type 4 for each time-step.

C. FILE NAME: FIL2(unformatted)

RECORD 1:
FIELD TYPE NAME
1 R¥Y DELQ2

NRT records of type 1 are produced for each time-step or
thermal load whenever gquasi-static interpolation is
performed.

D. FILE NAME: FILU(unformatted)
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RECORD 1: v
FIELD TYPE NAME

1 R* Y4 DELD2

NRT records of type 1 are produced for each time step or
thermal loal whenever dynamic interpolation is performed.

E. FILE NAME: FILG6(unformatted)

RECORD 1:
FIELD TYPE NAME

1 I*y NRS

2 R¥ 4 R(1,8)
R* 4
RXY4
R¥Y4 .
R¥4 R(NRS,S)
I*y NTHS
R¥Y THETA(1,S)
R¥*4
R¥Y4
R* Y4 o
R¥Y THETA(NTHS,S)

One record of type 1 1is produced for each segment in the
system.

F. FILE NAME: FIL8(unformatted)

RECORD 1:
FIELD TYPE NAME
1 RXY4 RTR
2 R*Y4 RTTH
3 I*y RTSEG

One record of type 1 is produced for each ray in the systen.

G. FILE NAME: FIL9(unformatted)
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RECORD 1:

FIELD TYPE NAME

1 R¥Y4 CRTH( 1)
2 RXY CRTH(2)
R¥Y4
R*Y
R¥Y4 C
I*y RPT
I*y THPT

one record of type 1 is produced for each ray for each
mirror in the system whenever quasi-static interpolation is
performed.

H. FILE NAME: FIL11(unformatted?

RECORD 1:
FIELD TYPE NAME
1 R¥Y4 ce1l
2 R¥Y c(2)
3 R¥* U c(3)

One record of +type 1 is produced for each ray for -each
mirror in +the system whenever dynamic extrapolation 1is
performed.

I. FILE NAME: FIL10(unformatted)

RECORD 1:
FIELD TYPE NAME

1 IXy NRT

2 I*4 Icct)

3 I*y Jc(1)

Yy RX*8 WIOC(1)

5 R*8 XR(O1)

6 R*8 YR(1)

7 R*8 ZR(1)
R¥8
RX8
R¥*8 .
Ixy IC(NRT)
Ixy JC(NRT)
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R*8 WIO(NRT)
R*8 XR(NRT)
R¥S YR(NRT)
RX8 ZR(NRT)
RECORD 2:
FIELD TYPE  NAME

1 R¥8 TOTW(1)
R¥8
R*8

. R¥8 .

NRT R%8 TOTW(NRT)

One record of type

1 is producedqd.

type 2 is

One record of

Produced for each time-step or thermal load

7.10 PLOTTING OUTPUTS

A. Nominal wave aberrations

B. Time-history of net wave aberrations

7.11 GLOSSARY

c(3):

COFLAG:

COSI(ray #,mirror %):

CRTH(DEGR*XDEGTH) :
DELD1(3,segment #):
DEGR:

DEGTH:

DTLD1:

DELD2(xay #):

Coefficients of DYNAMIC
extrapolation

Flag which determines whether
intexrpolation coefficients for
CUASI-STATIC interpolation will
be computed or read

1 = Computed

2 = Read

Cosine of the angle of incidence
Coefficients of QUASI~STATIC
interpolation

Displacemants of the three
points defining a segment

Number of points needed for
interpolation 1in R direction
Numher of points needed for
interpolation in THETA direction
Displacement at the DYNAMIC
support points

Displacements frem the DYNAMICS

76



DELQ1:

DELQ2(xay #):

DELTH:
DYCFLG:

DYFLAG:

FREQ:
GLFLAG:

IC(ray %):
IND:
JC(ray #):
M:

IAXRT:

NEXT:

NM:

NODES(segment #,mirror #):

NRS:

HRT:
CSREGS(mirror #2

NT:

NTHS

%8
~
»

¢y adivs & s ofie
ne:
RPT:

CFLG:

program intexrpolated to the
raytrace points
Displacement at the QUASI-STATIC
nodes
Displacements from the QUASI-
STATIC program interpolated to
the raytraca points
Displacement of a node
Flag which determines whether
entrapolation coefficients for
DYNAMIC extrapolation will be
computed or read
F = Computed
T = Read
Flag which determines formula
for DYNAMIC computation
Frequency of print output
Global coordinate flay
1 = Convert to polar
2 Read in polar
3 Not needed in polar

(RUNTYP = 6)
4 = Used in rectangular
I coordinate in the grid
Ray identifier
J coordinate in the grid
Mirror number
Maximum number of rays that will
be alloued
Time or thermal load number of
next print output
Number of mirrors
Number of nodes in each segment
on STARDYNE tape
Number of different radii in a
segment
Number of rays
Number of segments in each
mirroxr
Number of time-steps or thexrmal
loads
Number of different angles in a
segment
Radius
Radius of curvature
Pointer to array of radii for
QUASI-STATIC interpolation
Raytrace coordinate flag
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RTR:
RTSEG:

RTTH:
RUNTYP:

S:
SGN(mirroxr #):

T:

THETA(angle #,segment #):
THPT:

TOTW(ray #%#):
HIO(ray #):
X

XDYN(3,segment #,mirror #):

XR({(ray #):

XRT(ray #,mirroxr #):
Y:

YDYN(3,segment #,mirror #):

YR(xray #):

YRT(ray #,mirror #):

ZDYN(3,semment #,nirror #$):

1 = Convert to polar

2 = Read in polar

3 = Not needed in polar
(RUNTYP = 6)

4 = Used in rectanqgular

Radius of the raytrace point
Segment number of the raytrace
point

Angle of the raytrace point
Deformation data from

1 fuasi-static

2 = Dynanic

3 = Quasi-static and Dynamic

4 = Quasi-static (from £file) and
Dynamic

5 = Quasi-static and Dynamic
(fxrom file)

6 = Quasi-static and Dynamic
(both from file)

Segment number

Sign of the factor to be used in

computing the total wave
aberration

Transmission constant

{may only be 1.0 or 0.0)

Angle

Pointer to array of angles for
QUASI-STATIC interpolation

Wave aberration (WI)

Nominal wave aberration (W?9)

X coordinate of node

X coordinates for the three
points which define a segment in
the DYNAMICS program
X-coordinate of the incidence
point of the ray on the original
reference spherne

X coordinate of ray

Y coordinate of node

Y cooxdinates for the three
points which define a segment in
the DYNAMICS program
Y-coordinate of the incidence
point of the ray on the original
reference sphere

Y coordinate of ray

Z coordinates for the three
points which define a segment in

78



ZRT(ray #,mirror #):

ZR(ray #):

$REWD2:

the DYNANMICS
Z coordinate
Z-coordinate
peint of the

progranm
of ray

of the incidence
ray on the original

reference sphere

Flag which is true if the
interpolated quasi-static file
is to be rewound and reread
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8. OPTICS

8.1 PURPOSE

This program computes the point-spread-function of the
deformed system and generates the line-of-sight and amount
of signal energy reachiny a detector element as a function
of time in order to evaluate the optical performance.

8.2 TECHNICAL SUMMARY

The OPTICS subsystem computes the following:

¢ Pupil function, F

¢ Irradiance point-spread-function, I

¢ Ensquared power: P

for every a (field angle) in the system. These computations
are performed for the:

. Nominal or disturbance free aberrations, W% with
respect to nomiral focus.

. Net wave aberrations, Wl (including time-history
thermal ands/or dynamic deformations) with respect to
nominal focus.

. Net wave aberrations, WF with respect to a new
reference sphere centered at a best focus for which the
variance of the wavefront error is minimum.

Foer each time and field angle the followire are also
comnuted:

. Transverse and longitudinal defocus

L LOS error

. Averaga variation in the ensquared power for both WI
and Wr. :

The pupil function is computed as follows for W=W%Ca),
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S p————

Wila,t), and Wr(a,t) to obtain FO(a), Fila,t) and Frla,t)
respectively.
r

F(u,v) = lexp{ (27i/\) W(u,v)] Inside Exit Pupil

] 0 Outside Exit Pupil
L

b — e J

where N is the optical wavelength.

The irradiance point-spread-function is computed as follous
for F = FO%a), Fi(u,t) and FF(a,t) to obtain I®(a«), II(a,t)
and IF(a,t) respectively.

I(x,y) = (1/M2R2) |//F(u,v) Exp{(-27/\R) (xu+yv) ldu dvl?

where (x,y) is in the Image Plane
and (u,v) is in the Exit Pupil Plane.

The above integral is a Fourier transform of the pupil
function, and R is the radius of the reference sphere.

The ensquared power of the PSF is computed as follows for I
= I%(a), Ir(a,t) and IfF(a,t) +to obtain P%°(a), Pila,t) and
PF(a,t) respectively.

P = f f/I(x,y) dx dy

where the integration is performed ovexr the desired
detector, and then normalized by a factor £.

The average variation in the ensquared power is computed as
followus for P = Pi(a,t) and Prla,t) to obtain APila) and
APF(a) respectively.

L
P = (/L) =P - PO
t=1

The transvexse and 1longitudinal defocus is computed as
follous for rxfF(a,t) to obtain Ar(a,t)

r s |
| Arx = rFxXx - rx0]
| Ary = rfFY - rvy%| transverse
L d
Arz = rfFzZ — rz0 longitudinal
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The line-of-sight exror (LOS(a,t)) is computed from A;(a,t)
as follous:
1L0S = (Axx? + Axvy2)-S5,/f%

whoere £ is the system focal length.

8.3 FEATURES AND CONSTRAINTS

A. Multiple field angles

B. Dynamic point-spread-function

C. Matrix of data points representing the pupil function
must be a rectangle with dimensions equal to powers of

two

D. Clear region of pupil may be “.y size or shape and be
placed anywhere in the exit pupil grid.

E. The detector must be square. It may be of any size and
positioned anywhexe in the image plane grid.

F. Multiple detectors may be employed, one at a time, to
analyze the data.

8.4 SUBSYSTEM ARCHITECTURE

The flcw of the OPTICS subsystem is shown in Figure 8.1.
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Figure 8.1 Subsystem architecture
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- 8.5 SUBRQUTINE HESTING

MAIRN
|

INPUT
INPUTA
FILL

I

|--- FUNC

]

]--- CMOVER
FFT

I

|--- REVBIT
MAPR
ouT

I

|--- SOUT
INTSET

I
| -—-- INTEG

OUT1
DMOVER
BFOC

I

|--- DMOVER

|

| --- CROUT

I

|]--- ERSTOP

HIERARCHY
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e

MXV
FILL
|
|--- FUNC
|
| -—- CMOVER
FFT
I
| === REVBIT
MAPR
ouT
I
|--- sourt
INTSET
I
|--- INTEG
OUT1

8.6 SUBROUTINE SUMMARIES

Bfoc computes bhest focus and variance.

Fill computes the functions for all sets of coordinates, and
stores them in a two-dimensional complex array.

Inputa reads input which may vary with field angle.

Proc(WI, PK)

subsystem

aberrations (WI)

The enexrgy on the detector is

time periods in PK.

executive for

eithexr before

one
or atterx

set of wave
best focus.

added to that from other

Exrstop(N) prints error messages and stops if serious.
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Func(ARG) computes and returns:
(COS(ARG),1 SINCARG))

Input reads invariant input.
Integ(DATn,ANS,NINT,ﬂ.XCTR,YCTR) integrates a two~-

dimensional array (DATA) in the square extending NINT
units in both directions from the point (XCTR,YCTR).

Intset( AIN, ANS., RADIUS,XCTR,
the square-of-integration
integration by C.

YCTR,C) computes the radius of
and scales the results of

Mapr(CIN,ROUT,N,NPT) maps an NxN complex array 1into
alternating elements of a 2xNxN real array by squaring
the absolute value of each element and inserting it
into the same position of a different gquadcant as
follous:

I {==> IV
II <--> IIIX

Out (ANS,N) Outputs alternate elements of a 2xXNxN real array.

(o]

ut1(P,N) outputs a linear array of length N.

Out2(ANS,N,XCTR,YCTR,R) outputs the portion of an NxN
array(ANS) 1lying within the square extending R units
from (XCTR,YCTR).

Sout (ANS, N outputs the real single-precision portion of a

)
complex double-precision vector (ANS).

8.7 USER INPUT SPECIFICATIONS

A. FILE NAME: IN
SOURCE: LOCAL

RECORD 1:
FORMAT: NAMELIST 'IN1'

FIELD TYPE NAME

1 R¥*8 F
2 R*8 LAMBDA
3 I*Yy N
4 Ixy NALPHA
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RECORD 2:
FORMAT: NAMELIST 'INI1A'
FIELD TYPE NAME
1 Ixy FRE®
2 I*xy FIRST
3 I*xy LEVEL
RECORD 3:
FORMAT: NAMELIST 'IN2'
FIELD TYPE NAME
1 Ixy NT
2 IXxy X0S
3 I*xy YOS
4 Ixy R
5 Ixy OPT
6 I*y NIN
7 I¥Xy  NR
8 L¥y Wwo
RECORD 4
FORMAT: NAMELIST 'IN3'
FIELD TYPE NAME
1 RX*8§ NP
2 R*8 R1
3 R*8 XP
) RX*8 YP
5 R*8 ZP
6 L*y $DELP
There is one each of Records 1 and 2. One record each of

types 3 and 4 are required for each field angle.

B. FILE NAME: FILS
SOURCE: LOCAL

RECORD 1:
FORMAT: (3D20.12)
FIELD TYPE NANME
1 RX8 DELP(1)
2 Rx8 DELP(2)
3 R*8 DELP(3)
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There is one Records

8.8 INTERNAL STORED DATA BASES

A. FILE NAME:

SOURCE:

RECORD 1:
FIELD

N E WY —

RECORD 2:
FIELD
1

NRT

One record of type 1 is required for each field angle.

FIL1(unformatted)

INTERFACE
TYPE NAME
IxYy NRT
Ixy IRCY)
I*y Jgce1)
R*8 WIO0C(1)
RX*8 XR(1)
RX*8 YR(1)
R*8 ZR(1)
RX*8
R*8
R*8 :
Xy IR(NRT)
Iy JC(NRT)
R¥8 WIOQ(NRT)
R*8 XR(NRT)
R¥8 YR(NRT)
RX*8 ZR(NRT)
TYPE NAME
R*8 WIC1)
R*8
R*8
R*8 .
R*8 WICNRT)

must be followed by NT records of type 2.

B. FILE NAME: FIL2(unformatted)

RECORD 1:
FIELD
1

TYPE NAME
R*U DATASR(1,1)
RXY

89
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RXU

. RXY .
N RXY DATASQ(N, 1)
RXY
RXY
R*4 .
RXY DATASQ(N,N)
If OPT 1is 1 oxr 2, then the number of records produced is
NT¥NALPHA+1, ITf OPT = 3, then the number of records

produced is 2*NTX*NALPHA+1.

C. FILE NAME: FIL3(unformatted)

RECORD 1:
FIELD TYPE NAME
1 R*8 ELOS

The number of records produced is NT*NALPHA.

D. FILE NAME: FIL4(unformatted)

RECORD 1:
FIELD TYPE NAME
1 R*8 P(1)
RX*8
RX8
: R*8 .
N R*8 P(N)

Tf OPT is 1 or 2, then the number of records produced is
NR* (NALPHAXNT+NALPHA+1). I£f orPr = 3, then the number of
records produced is 2¥NR*(NALPHAXNT+NALPHA+1).

8.9 PLOTTING OUTPUTS

A. R Point-spread-function for each time step.

B. Time history of line-of-sight errors.

C. Time history of ensquared power for each detector.
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8.10 GLOSSARY

DATASQ(N,N):
DELP(3):

F:

FIRST:
FREQ:
IR(ray #):
JC(xray #):
LAMBDA:
LEVEL:

N:

NALPHA:
NIN:.

NP:
NR:
NRT:
NT:
OPT:

P:
R(xadius #):
R1:

WICray #):
WIO(xray #):
WO :

X0S(radius #):

XPpP:
XR(xray #):

YoS(radius #):

YP:
YR(ray #):

Point-spread-function

Displacement of best focus point from the
old reference point

system focal length

Time-step of first printout

Frequency of print output

I coordinate in the exit pupil grid

J coordinate in the exit pupil grid
Optical wavelength

Amount of printout desired

1 - Minimun
2 - R1ll except mod? data
3 - All

Size of the exit pupil grid {must ke a power
of 2)

Number of field angles

Grid size of the portion of the exit pupil
containing rays

Index of refraction in the image space
Number of radii to be used for integration
Nunmbexr of rays

Number of time-steps or thermal loads

Run type option

! - Use wave aberrations as read

2 - Use wave aberrations after best focus
3 - Use both wave aberrations
4 - Use neither; compute best focus only

Energy on the detector

Radius of detectorx

Radius of the original reference sphere
Wave aberration at each time-step

Nominal wave aberration

Flag which detexrmines whether to bypass
reading wave aberrations {use only nominal
when true)

Xx-direction offset of the centexr of
integration

X-coordinate of the old reference ray point
¥x-coordinate of the incidence point of the
ray on the original reference sphexe
Y-direction offset of the centexr of
integration

Y-coordinate of the old reference ray point
Y-coordinate of the incidence point of the
ray on the original reference sphere
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ZP: .
ZR(zay #):

$DELP:

Z-coordinate of the o0ld reference ray point
Z-coordinate of the incidence point of the
ray on the original reference sphere

Flag which determines whether the
displacement of the best £/ tus point from
the old reference point will he computed or
read

F ~ computed

T - read
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9. SAMPLE TEST CASE

9.1 MODEL DESCRIPTION

A sample problem is presented to illustrate the flow of data
through the different modules of the simulation. A
simplified model of a typical large space structure is used.
This system, shown in Figure 9.1, contains three mirrors.
The primary and tertiary mirrors each have one segment and
the secondary mirror has three segments. The mirror support
structure is made up of graphite epoxy hollow tubes. A
finite element model was created and analyzed using NASTRAN
in order to determine the natural frequencies and mode
shapes of the stru ture. These are listed in Table 9.1.
The system was subjected to a dynamic disturbance on the
secondary support truss and analyzed wusing the DYNAMICS,
INTERFACE, and OPTICS modules. The local input to the
DYNAMICS module is shown in Tables 9.2 and 9.3. The local
input to the INTERFACE and OPTICS modules are shown 1in
Tables 9.4 and 9.5 respectively.

The output of the system illustrates the degradation of the
image due to the system disturbances. Plots of the nominal
point-spread-function and the point-spread-function at
0.0040 seconds are shown in Figure 9.2.

The CPU time and storage requirements of each module are
listed in Table 9.6.
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Table 9.1 Natural Frequencies and Mode Shapes

p——— —_—— —_—— — — e e e s e e e e e e e e

s e e

| Mode | Freq(Hz) | Description

| == ——— 1 - | —————————
I 1 -6 | 0.0 I Rigid Body

| | |

| 7 1 43.96 | Bending

] 8 | 44.08 | of

| 9 | 65.u45 | Secondary
| 10 | 73.90 I Mirror

| 11 ] 73.92 |

| | |

| 12 | 98.13 | Toxsion
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Table 9.2 Dynamic local inputs

|Computer | I

I Input | Value | Definition

| | |

IMD1 | 6 INo. of :i.odes

IN16 | 13 INo. of nodes

I MNAMA1 | 7,8,9,10,11, IMode numbers to be

| | 12 I used in analysis

INNA“1 l 1,2,3;”,5'6' INOde numbers tO

| | 7,8,9,10,11,.1 be wused in

| | 12,22 | analysis

INORM3 | TRUE IFlag to indicate that normals at
| | | mirror support points follow

| -

| 3 4 5 6

| -0.4152 0.7193 -0.5573
| 0.0 0.8303 -0.5573
| -0.4152 -0.7193 -0.5573
| 3 7 12 8

| -0.1687 -0.2922 0.9413
| G.1687 -0.2922 0.9413
| -0.3375 0.0 0.9413
| 3 10 1 12

| 0.1687 0.2922 0.9413
| 0.3375 0.0 0.9413
| 0.1687 -0.2922 0.9413
| 3 9 8 10

| -0.1687 0.2922 0.9413
| -0.3375 0.0 0.9413
| 0.1687 0.2922 0.9413
| 3 1 2 3

| 0.0 0.0 -31.0

| 0.0 0.0 -1.0

| 0.0 0.0 -1.0

] 999

i-————_—_——___—_—_——_—____________—_-l

96



Table 9.3 Dynamic local inputs (continued)

a2
|Computer
| Input

I

I

I
IPSITP I
ITO |
|TOPT I
IDTOPT I
ITF I
| TPRINT I
I DTPRNT I
|CNTL I
IATT I
IDTP |
|PO1 I
JOMEGA 1 I
INDIS1 I
|IDIS1 I
I I
[ITUP1 I
I I

L

QOO0 OO0

Definition

IDamping Ratio per mode
|Initial time

[Initial time to output to file
ITime interval for file ouput
IFinal time

jInitial printout time

ITime interval for printout

INo structure control present
INo attitude control present
|[Plant time-step

|Amplitude of forcing function
|Frequency of forcing function
INo. of disturbances present
INode number indicating whezxe

| disturbance should be located
|Ipegree-of-freedom where

| disturbance occurs
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I Input

IMAXRT
INODES
|
INSEGS
IGLFLAG
|
IRTCFLG
[

| RUNTYP
INT
IFREQ
INEXT
ISGN

|

L—

Table 9.4 Interface local inputs

Value Definition
I — — —
3 INo. of mirrors
12 INo. of raytrace points
5*y INo. of nodes used to define
I each segment
1,3,1 INo. of segments in each mirror
1 IConvert segment definitions to
I polar coordinates
1 IConvert rayTrace data to
I polar coordinates
2 IType of input: 2 = Dynamics
15 INo. of time-steps on input file
1 |[Frequency of printout
1 [First time-step to be printed
3*-1.0 ISsign of factor for total

— e — — ——— —— — — et — — — — — — — ]

I wave aberrations
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Table 9.5

Optics local inputs

r

|Computerxr | |
| Input | Value | Definition
| | | =
|F | -10.0 |system focal length
|LAMBDA | 1.0E-6 |System wavelength
IN | 64 |size of Detector
INALPHA | 1 INo. of field angles
|FRER | 1 |Frequency of printout
|NEXT | 1 IFirst time-step for printout
ILEVEL | 3 |Level of output:
| | | Level 3 = PSF for input wave
| | | aberrations and best focus
INT | 5 INo. of time-steps
|xos, Yos | 0.0, 0.0 |offsets for center of integration
IR ! 1 |Integration radius
| NR | 1 INumber of radii
ININ | 5 |Raytrace grid size
| | | in each direction
fwo | FALSE |Read nominal wave aberrations
IR | -5.33 |Radius of the reference sphere
|XP,YP,ZP 10.0,0.0,-5.33 |Coordinates of old reference
|

L

ray point

2

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
J
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Figure 9.2 Plots
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Table 9.6 CPU time and storage requirements

r _———=1
| | Time | Storage
| | (sec) | (K bytes)
- | - | |
| DYNAMICS I 1.40 | 112
| INTERFACE | 2.31 | 144
| OPTICS | 36.291 | 172

' The PSF was calculated for ncminal and
at each time-step.
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