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Chapter 1 are actually enabling technologies. PLATSIM exploits
the particular form of sparsity (block diagonal with 2 by
Introduction 2 blocks) of the plant mat_rices for both _time anal_ysis and
frequency domain analysis. A new, original algorithm for
The software package PLATSIM provides time and the efficient computation of closed-loop (as well as open-
frequency domain analysis of large-order generic spacdoop) frequency response functions for large-order sys-
platforms. PLATSIM can perform open-loop analysis or tems has been developed and is implemented within
closed-loop analysis with linear or nonlinear control sys- PLATSIM. This algorithm is an enabling technology for
tem models. PLATSIM’s generic control structure para- the analysis of large-order systems, in general, and flexi-
digm permits almost any type of control architecture to ble space systems, in particular. Furthermore, a novel
be implemented, for example: attitude control systemsand efficient jitter analysis routine which determines jit-
with or without flexible body controls, active isolation ter and stability values from time simulations in a very
systems, and payload-instrument local control systems efficient manner (speedup of three to four orders of mag-
In the time domain analysis, PLATSIM simulates the nitude in typical examples as compared to the brute force
response of the space platform to disturbances and calcuapproach of sweeping minima and maxima) has been
lates the jitter and stability values from the response timedeveloped for and is incorporated in the PLATSIM
histories. In the frequency domain analysis, PLATSIM package.
calculates frequency response function matrices and pro-
vides the corresponding Bode plots. While PLATSIM
was designed for analyzing space platforms, it only

;sstuimﬁsi;hat ;( rila?j ?) fl?l'[re elerr]rjn: terdel ich1f atstr_tlj_(r:]tur bout control actuators, measurement feedback sensors,
at1s being excited by force andjor torque Inputs. ThUS, 5, 4 performance instrument outputs (e.g., boresight mea-

aPantrtrJ}ctrL]Jire I(et.r?”t %frot?]?mr'ﬁag ?u'[orr?%t'vehSrrgcgjrgl’surements), spacecraft disturbance data, and spacecraft
or mechanical) that fits this model can be analyze Y control system model.

PLATSIM.

PLATSIM requires the following user inputs: modal
data of the spacecraft as generated by finite element anal-
sis, damping ratios for flexible modes, information

, . The program can be used in either a graphical user
PLATSIM operates in the MATLAB technical  jnierface (GUI) mode or in a batch mode. The two modes
computing environment at MATLAB version 4_.2 or 5.0. yiffer in the way the required and optional flags and
MATLAB, a product of The MathWorks, Inc., is a tech- parameters that control execution are defined. In the GUI
nical computing environment for high-performance mode, the parameters and flags are chosen from pop-up
numeric computation and visualization (ref. 1). MATLAB menus with a keypad and a mouse. In the
PLATSIM also uses the Control System Toolbox and paich mode, all flags and parameters are defined in
SIMULINK, which are additional products of The MATLAB command lines, which can be placed in an
MathWorks, Inc. User input to PLATSIM is provided in  agcyj input file.
the form of MATLAB readable data files and MATLAB
function M-files. Although PLATSIM was developed to analyze
generic space platforms, the Earth Observing System
PLATSIM allows the user to maintain a database of EQS-AM-1 (ref. 2) is used throughout this manual as an
performance measurement outputs on the space platforraxample. Furthermore, several M-files and data files
and a database of disturbance scenarios. An individuaincluded in the PLATSIM distribution, some of which
run of PLATSIM can use all the performance outputs or are listed in appendix A, correspond to the EOS-AM-1
a user-selected subset; the user selects one diSthban@@acecraﬁ. These files are the spacecraft control system
scenario for each run. Time domain analysis in defined informscs.m , the instrument types and con-
PLATSIM provides on-screen plots of time histories at nectivity data defined ifinstdata.m , the finite ele-
user-selected output locations (e.g., instrument bore-ment data defined iomega.mat andphi.mat , the
sight) due to user-selected disturbance scenarios, encaptamping schedule defined imkdamp.m, and the
sulated PostScript files of these plots, tables of jitter- spacecraft disturbance data defineddistdata.m
stability values due to disturbances for user-selected timeyng its supporting routines. These files can serve as tem-

window sizes, and files containing the time history data plates for the user-supplied files for other space platform
in either compressed or full form. Frequency domain applications.

analysis in PLATSIM provides on-screen Bode plots,
encapsulated PostScript files of these plots, and files con-  pATSIM Version 2.0 Enhancements

taining the plot data. ] ]
PLATSIM version 2.0 offers several substantial

PLATSIM includes novel algorithmic features that improvements in both capabilities and performance over
provide efficiency in all calculations and, in some cases, the initial version 1.0 release. Improvements have been



made to all aspects of the software package, but the mosthe graphical user interface has been expanded.
significant improvements have been made to core analy-,
sis modules (time and frequency domain modules and the
jitter analysis module) and to the graphical user interface.

PLATSIM version 2.0 offers the following new features:

Complete graphical access to all new time and fre-
quency domain features has been added, for example,
transfer function definition (including input/output
connections), controller implementation methods,

Nonlinear controllers are permitted. plant integration methods, and others.

* Graphical interface for defining jitter windows is

. . : . . : _
Seven nonlinear integration routines are available for possible.

controller state propagation.

e The user has direct access of controller states to facil
tate solution integrity checking.

* Session file creation for convenient recovery of previ-
ous PLATSIM run-time variable setting can be used.

The manual begins with the description of input files

There is direct interface with SIMULINK controller and variables required by PLATSIM that include the
models. finite element data, instrument and disturbance descrip-
tion data, and information on the control system (chap-
ter 2). In chapter 3, the methodology and the assumptions
behind the various analysis capabilities by the program
are described, along with a discussion on the execution
control parameters and options, which direct the type and

extent of analysis performed by PLATSIM. Chapter 4
* Jitter calculations may be performed on-the-fly as describes the graphical user interface execution mode as
opposed to postprocessing the entire time historywell as the batch execution mode. The various menus,

* Controller models may be SIMULINK block diagrams
or generic S-functions.

Time-domain memory management has been greatly
enhanced.

matrices. buttons, and sliders in the graphical user interface that
assign the execution control parameters, define or rede-
Time-domain analysis has been generalized. fine the structural and controls models, or execute the

Jrogram are discussed in detail. The description of the
results or output of the various analyses performed by
PLATSIM, in terms of file names, types, and contents
* Hybrid control system models, consisting of continu- are provided in chapter 5. These results and outputs

* The control system can be modeled as continuous tim
or discrete time.

ous and discrete states, are supported. include the time history plots, reduced time history data,
e Three methods are available for the propagation p|antjitter tables, gain and phase plOtS, and transfer functions.
states. The run-time diagnostic messages generated by
PLATSIM are listed in chapter 6. Appendixes A and B
Frequency domain analysis has been generalized. provide a listing of typical user-supplied routines

required by the program. Appendix C provides an exam-

> ) ; ple of the type of routine required for the solution integ-
capability of performing Bode analysis on 16 closed- yj check capability of PLATSIM. Finally, examples of
loop and 9 open-loop transfer functions. typical PLATSIM outputs for a time domain analysis

* The control system may be continuous time or discrete(including jitter analysis) and a frequency domain analy-
time. sis are provided in appendix D.

* PLATSIM frequency domain analysis now has the



Chapter 2 The ASCII fileomega.dat contains one frequency
per line:

Input Files W,

The PLATSIM program requires user-supplied W,
information from which it can construct the simulation or .
analysis model. PLATSIM requires

1. Information on the finite element model of the plant:

n”rn]odal frequencies, modal damping ratios, and modewherep is the number of modes in the spacecraft model.
shapes.
The MATLAB binary file omega.mat should con-

tain a variablemega which is ap x 1 vector containing
the frequencies frommmega.dat as described above.

2. Information on the control system hardware and
instrument outputs: location, direction, identification
number, and types.

3. Information on disturbances: disturbance time histo- ~ The user running PLATSIM in its graphical user
ries, along with the corresponding location and direc- interface (GUI) mode has the opportunity, via the menu
tion of actions, and identifying names. item “Modify Plant Model” under the “Options” button,

4. Information on the control system mathematical to interactively change the plant model's frequencies.

model: whether the controller is linear or nonlinear; (See “Program Execution” on page 21.)
for linear control systems, the control system matri- .

ces; for nonlinear control systems, the nonlinear con- Mode Shape Data File

troller function, along with discrete-state updates and

output vector. The finite element mode shape data are to be pro-

_ _ _ _vided in ASCII filephi .dat , or in MATLAB binary file
5. Information on user-defined and optional checking phj mat. Uses to denote the number of grid points at
algorithm to be used in the validation of the integra- \,hich mode shape data are to be given ingfiledat
tion of the nonlinear controller. and label these grid points with grid numbers

Specifically, PLATSIM requires users to provide the fol- N1, Na, ...,Ns. Thenphi.dat  has(pxs) lines in the

lowing input files: format shown in figure 1 on page 4, wherg, X;', and
» modal frequency data file ofnega.dat  or Zji are the modal translations XY, andZ, and@ji, ¢'ji,
omega.mat) andLIJj' are rotations abow{, Y, andZ for modei at grid
* mode shape data filpl{i .dat orphi .mat) point N;. Note that grid points that are not needed to
] ] model instruments, the control system, or disturbances
* modal damping schedule filnkdampm) do not need to be included in fighi.dat . However, if

they are included, care must be taken to ensure that each

* instrument data fileirfstdata .
1 m mode block contains data for exactly the same grid

¢ disturbances data filelistdata .m) points.
¢ disturbances files (arbitrarily named M-files) Note: If p frequencies are defined omega.dat ,
] o ] modal amplitudes for exactly modes should be defined
* control system file (arbitrarily named M-file) in phi .dat , and the-th mode inphi .dat should cor-
« solution check file (optionalks6lchk .m respond to frequenay.
The MATLAB binary file phi .mat should contain
Note: These files should be placed in MATLAB's a variablephi , which is a g x s) by 7 matrix containing
directory path. the grid numbers and mode shape displacements and

] ] ] ) mode slope displacements frgohi .dat as described
The remainder of this chapter is devoted to presenting theyreviously. Users are encouraged to create the binary file
details of these input files. phi .mat to improve the efficiency of loading model
data.
Modal Frequency Data File

The finite element modal frequency data are to be Modal Damping Schedule File

provided in ASCII file omegadat , or in MATLAB PLATSIM determines the damping ratios of the flex-
binary fileomega.mat. ible spacecraft modes by calling the user-supplied

3
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Figure 1. Format ophi .dat .

MATLAB function mkdamp in file mkdamp.m This Instrument Data File
function has the following form:
The data defining the location, direction, type, and
function [d]=mkdamp(omega) identification of the control system actuators and sensors,
) ) o as well as the performance outputs of the system, must be
The input argumenbmega is a vector containing  provided by the user through a user-supplied MATLAB

the modal frequencies;, ay, ..., w,. The user must set  fynctioninstdata  in a file namednstdata .m This
the outpud to a vector containing the corresponding fynction must have the following form:

damping ratios. Appendix A contains a sample file
mkdamp.mfor the EOS-AM-1 mission. This file defines
a damping ratio of 0.2 percent for structural modes with
frequencies under 15 Hz, a damping ratio of 0.25 percenty
for structural modes with frequencies between 15 Hz and
50 Hz, and a damping ratio of 0.3 percent for structural
modes with frequencies over 50 Hz.

function [actmoutpoutinstr]=instdata

he following is a description of the user-defined output
parameters in filenstdata. See appendix A for a
sample fileinstdata .mfor the EOS-AM-1 spacecraft.

The user running PLATSIM in its graphical user Instrument data parameteact . Parameteract is
interface (GUI) mode can use “Modify Plant Model” used to define the location, direction, identification, and
under the “Options” menu to change the damping sched-scaling of the control system actuator models. Parameter
ule. (See “Program Execution” on page 21.) act is a matrix of four rows by as many columns as

4



necessary to represent the actuators. An examglet of
is given as

act

625 1211 1212 827 -
_|4 5 5 6
300 550 550 400 -
1.0 05 05 1.

Grid Point No.
Direction No.
Identification No.
Weighting/Scale Factpr

1

l

The first row ofact defines the finite element grid
points upon which the actuators are acting.

The second row oéct defines the directions at
which the actuators are acting. Direction numbers
are limited to 1 through 6, which correspond to
x-translational, y-translational, ztranslational,
x-rotational, y-rotational, andzrotational direc-
tions, respectively.

The third row ofact defines the user-defined pos-
itive identification numbers associated with the
actuators.Note: Each actuator must have a
unique identification number. A single actuator
may require more than a one-column
description.

The fourth row ofact defines the weighting-scale
factors associated with the actuators. This factor
allows for distributing the effect of an actuator
within grid points. For example, in tlaet exam-
ple, actuator 550 exerts its torque about\trexis

on two grid points (1211 and 1212), each with a
weighting of 0.5; that is, half the torque generated
by this actuator is applied to grid point 1211 and
the other half to grid point 1212. On the other
hand, actuator 400 exerts its torque about the
Z-axis solely at grid point 827. This factor also
allows for independent scaling of the actuator
output.

Each column ofct indicates a contribution of an
actuator (force or torque) to a grid poinote:
Each actuator must be represented by at least
one column.

Note: Internally, PLATSIM reorders the actuator
numbers according to the sorted (low-to-high)
identification numbers provided in the third row of
act . In the previous example, PLATSIM consid-
ers actuator 300 as the first actuator, actuator 400
as the second, and actuator 550 as the third and last
actuator.

Parameter

Instrument data parameter mout.

mout is used to define the location, direction, identifica-

mout =

tion, scaling, and measurement type of the control system

sensor models. Parametaout is a matrix of five rows

by as many columns as necessary to represent the mea-
surement outputs. An examplerobut is given as

111 121 122 82 -
5 6 6 4 -
11 11 11 12 -
0.5 0.25 0.25 1. -
0 0 0 1

Grid Point No.
Direction No.
Identification No.
Weighting/Scale Factpr
Type Flag No.

!

The first row ofmout defines the finite element
grid points whose responses contribute to the sen-
sSor measurements.

The second row ofmout defines the direction
associated with the grid point responses that
contribute to the sensor measurements. Direction
numbers are limited to 1 through 6, which
correspond to x-translational, y-translational,
z-translational, x-rotational, y-rotational, and
z-rotational directions, respectively.

The third row ofmout defines the user-defined
positive identification numbers associated with the
measurement sensofdote: Each measurement
sensor must have a unique identification num-
ber. A single sensor may require more than a
one-column description.

The fourth row ofmout defines the weighting-
scale factor associated with the sensors. This factor
allows for the contribution of responses from mul-
tiple grid points and directions to a measurement
signal. For example, in thmout example above,
measurement sensor 11 measures a combined
response from rotation about thaxis at grid
point 111, rotation about th&-axis at grid point
121, and rotation about th&-axis at grid point
122, with corresponding weighting factors of 0.5,
0.25, and 0.25. In other words, the measurement
signal of sensor 11 is comprised of half the rota-
tional response (about théaxis) at grid 111, a
guarter of the rotational response (aboufZfaxis)

at grid point 121, and a quarter of the rotational
response (about th&axis) at grid point 122. Note
that this weighting-scale factor also allows for
independent scaling of the sensor output.

The fifth row of mout defines the measurement
sensor type flag numbers which take the value 0 for
displacement and the value 1 for rate. PLATSIM is
programmed only to handle displacement and rate
sensors as input to the control system; however,
acceleration feedback to the control system can be
implemented by the addition of a judiciously
selected prefiltering of a velocity signal.



* Each column ofmout indicates a contribution of a
grid point (in a specified direction and type) to a
measurement sensaXote: Each measurement
sensor must be represented by at least one
column.

* Note: Internally, PLATSIM reorders the sensor
numbers according to the sorted (low-to-high)
identification numbers provided in the third row
of mout. In the previous example, PLATSIM

101 314 567 - Grid Point No.
5 6 4 - Direction No.
pout = 1 113 1120 - Identification No.
2.0626x 16 0.6188x 16 2.0626x 1G] - |Weighting/Scale Factor
0 1 2 -~ | Type Flag No.

* Note: The rows and columns of paramgteut
follow exactly the definitions given for that of
parametemout with one exception:

The elements in the fifth row ofpout , which
define the performance output types, may also
take values of 2 for acceleration output.

* A weighting factor is included with the prior data.
One use of this weighting factor is for conversion

of units. The performance output which is being
calculated in radians is converted to arc seconds by

multiplying the original weighting factors [1 0.3 1]
by (3600x 180)/t to obtain the fourth row in the
examplepout .

Instrument data parameterinstr Parameter

instr

in instr
outputs, that is, the number ditinctentries in the third
row of pout . An example ofnstr , corresponding to
the previous example @but , is given as

1|SWIR Pitch|SWIR]arc-sec

= |1120|VNIR Yaw Acceleration|VNIR|arc-sec/8ec
113|TIR Roll|TIR|arc-sec

instr

* Each element oinstr  is a string consisting of

three or four fields separated from each other by

the vertical bar (]) character.

* The first field is an integer which must correspond
to one of the performance output identification

numbers defined in the third row pdut .

is a matrix of character strings that provides
names for the performance outputs. The number of rows
must be equal to the number of performance

considers sensor 11 as the first sensor and sensor
120 as the second and last sensor.

Instrument data parameterpout . Parameter
pout defines the location, direction, identification,
scaling, and measurement type of the performance output
models. Parametgiout is a matrix of 5 rows by as
many columns as necessary to represent the performance
outputs. An example gfout is given as

Note: Every identification number in that row
must be referenced ininstr

* The second field is one or more alphanumeric
words which provide a unique name for the corre-
sponding performance output. These names are
used in PLATSIM on menu labels and to identify
information in output tables and graphs. They are
also used as parts of file names after embedded
blanks have been replaced by underscores ().

No characters (except blanks that will be

replaced by underscores) should be used
that would confuse the computer operating

system when used in a file name.

For purposes of determining whether
character strings are distinct, embedded
blanks should be considered the same as
underscores (e.g., “SWIR Pitch” and
“SWIR_Pitch” should be considered the
same).

* The third field is used to name the menu button
under which this instrument will be found when
running PLATSIM in the GUI mode. By using the
same name in the third field of several entries, the
entries will be grouped in a submenu under the
same menu heading. In the example shown previ-
ously, all performance outputs are found under
separate menus labeled: “SWIR”, “VNIR”, and
“TIR".

* If the optional fourth field is present, PLATSIM
will add it to the second field in generating the ver-
tical legend of time history plots; this can be used,
for example, to give the units of the output.



Disturbance Data

In the development of the PLATSIM package, it was
assumed that spacecraft simulations and analyses would
be performed for a variety of different disturbances sce-

narios and that each user would maintain a disturbancedflag

* For all nonbatch mode operations, the value of

casenum is set by the disturbance module GUI.
In batch mode, the value oasenum is set in the
batch mode input file.

. A string variable set to ‘yes’ for time-domain

database. Easy interactive access to the disturbance datanalysis and to ‘no’ for frequency domain analysis. This

base is provided in PLATSIM through a graphical user input is a version 2.0 modification which allows users to

interface. The operation and capabilities of the distur- avoid unnecessary calculations when frequency domain
bance GUI will be described in “Program Execution” on analysis is requested.

page 21.

The PLATSIM disturbance data are communicated
to the main package through a user-supplied MATLAB
function distdata in file distdata .m This user-
supplied data file provides a complete description of all

* When tdflag="no’
period do not have to be defined.

distdata.m

, output variablesw, and

outputs

spacecraft disturbance scenarios. A spacecraft disturdiSt : A matrix of four rows by as many columns as
bance scenario may consist of several disturbance event§l€cessary to describe one disturbance event represented
A disturbance event is a force or torque time history act-PY & column of the matriw. An example ofdist is

ing on the platform.

The actual structure of the user disturbance data is
described hereinNote: The specific structure of the
function call has been modified for version 2.0. The
variable tdflag  has been added to the input lisfThe
first line(s) of filedistdata .m must have the follow-
ing form:

function [dist,w,period,cnames,dnames,
instdat,mapping]
=distdata(casenum,tdflag)

The data the user returns in the first three parameters
(dist, w, and period ) will depend orcasenum,

while the data returned in the last four parameters
(cnames, dnames, instdat, and mapping )
must be the same, independent of the valwasénum.

The data returned imist, w, and period  will
model the one or more disturbance events of the distur-
bance scenario identified lmasenum .

distdata.m  input

casenum: Used to select a particular disturbance sce-
nario from the user-provided database.

e |f PLATSIM callsdistdata  with casenum =0,
the user need only return the last four parame-
ters €names, dnames, instdat, and
mapping ).

* |f casenum is input as a positive integer between
the values of 1 and the number of rows in character
matrix dnames, then all seven parameters should
be returned with the values in the first three corre-
sponding to the disturbance scenario whose name
is in rowcasenum of dnames. See input variable
tdflag for exceptions.

¢ Note: All other values ofasenum are invalid.

given as

6325 121 112 - Grid Point No.
dist =| T 5 5|~ Direction No.
100 200 200 - Identification No.

1.0 0.6 0.4 - |Weighting/Scale Factor

The first row ofdist defines the finite element
grid points upon which the disturbances are acting.

The second row aflist defines the directions at
which the disturbances are acting. Direction num-
bers are limited to the integers 1 through 6,
which correspond tg-translationaly-translational,
ztranslational, x-rotational, y-rotational, and
z-rotational directions, respectively.

The third row ofdist defines the user-defined
positive identification numbers associated with the
disturbancedNote: Each disturbance event must
have a unique identification number. A single
disturbance event may require more than a one-
column description.

The fourth row ofdist defines the weighting-
scale factor associated with the disturbances. This
factor allows for distributing the effect of a distur-
bance across multiple grid points. For example, in
the dist illustration, disturbance 200 exerts its
torque about th&axis on two grid points (121 and
112), with weighting factors of 0.6 and 0.4, respec-
tively. In other words, 60 percent of the torque
exerted by this disturbance is applied to grid point
121, and the other 40 percent is applied to grid
point 112. On the other hand, disturbance 100
exerts its force in the-direction solely at grid
point 6325. This factor also allows for independent
scaling of the disturbance levels.



¢ Each column oflist indicates a contribution of a dnames, then PLATSIM will call distdata

disturbance (force or torque) to a grid poMtte: with casenum = ‘j’. The user who wrote
Each disturbance must be represented by at distdata.m must return the disturbance case
least one column. which corresponds to the name in row ‘" of
* Note: Internally, PLATSIM reorders the distur- dnames by testingcasenum and acting on the
bance numbers according to the sorted (low-to- value found there.
high) identification numbers provided in the third * Individual disturbance scenarios may be “com-
row of dist . In the previous example, PLATSIM mented out” by editinglistdata.m  to return
considers disturbance 100 as the first disturbance the corresponding row ainames with an asterisk
event and disturbance 200 as the second and last (*) as the first character. The scenario will still
disturbance event. show on the disturbance GUI menu but in a dis-
w. A matrix of force and/or torque disturbance time his- tinctive grey type, and it will not be selectable.
tory profiles. The number of rows imis the number of  jnstdat: The variablesinstdat and mapping

time steps, and the number of columnwis the number  together define whickinames row entries will appear
of disturbance events. This output is optional for fre- ynder a particulacnames disturbance GUI pull-down
quency domain analysis. menu button. The vectdnstdat may be any length,
period : A disturbance sampling period, which is also and its entries may be in any numerical order.

used as the update rate of the simulation solution. Note
that the same discretization period is used for all events

in a single disturbance scenario. This output is optional

for frequency domain analysis.

Note: The entries ininstdat  must correspond
to valid row numbers in the dnames string
matrix.

A st o th ins th head mapping: The vectormapping must contain non-
cnames: A string matrix that contains the menu head- ,qoqaive integers and define the partitioning of the

ing labels for the disturbance GUI. The disturbance GUI instdat  vector required to map the entrieiimames

will create a pull-down menu button for each row in y, the gisturbance GUI labels created framames.
cnames. The entries incnames are used for menu

button labeling only and will not appear in output * The number of entries in th@apping variable

documentation. must equal the number of rowsdnames.
dnames: A string matrix of disturbance scenario case ¢ The sum of all entries imapping must equal the
names. The rows idnames are used for labeling pull- number of elements imstdat . For example, if
down menu items in the disturbance GUI, for labeling instdat  has 30 elements, the MATLAB com-
plot figures, and for constructing some PLATSIM output mandsum(mapping) must also equal 30.

file names.

To illustrate the use of the parametertaames,
* |f the PLATSIM user selects a disturbance scenario dnames, instdat, andmapping, suppose the file
from the disturbance GUI that was in row “/” of distdata.m  contains these commands:

cnames = str2zmat(‘Calibration’,’Tracking’);

dnames = str2mat(‘Solar Array’, Telescope Cal’,’Antenna Cal’);
dnames =str2zmat(dnames, Telescope Track’,’Antenna Track’,’Antenna Sweep’);
instdat=[12 3145 6];

mapping=[3 4];

This disturbance database should contain six distur-three entriesngapping(1) = 3 ) which will be taken
bance cases whose names are given in the six lines of thigom the first three rows of thnames matrix. The first

dnames matrix. When PLATSIM is run in GUI mode, three entries ofinstdat are[l1 2 3] . The
there will be two buttons on the disturbances menu with Tracking  button will invoke a submenu showing four
labels Calibration and Tracking . The entries (napping(2) = 4 ) which will be taken from
Calibration button will invoke a submenu showing rows 1, 4, 5, and 6 afnames. The next four entries of



instdat are l 4 5 6] ). Note that the same by isolating the controller block, by changing its

disturbance scenari@6lar Array in this example) input and output connections toports  and
may be included in more than one category. Outports , respectively, and by saving the
updates.

The control system model is accessed by a user-
supplied MATLAB function whose name is in the string
variablenlcon . Depending on the linear or nonlinear
nature of the controller, the user-supplied file may be

Control System File

* A user-supplied C or FORTRAN function
which follows the input/output requirements of
S-functions. This function is subsequently con-
verted to a MATLAB “mex” file through the
MATLAB fmex or cmex routines.

either a PLATSIM version 1.0 style, that is, a function

that returns a linear time-invariant state space representayote: Controller file names are arbitrary and can be

that any linear or nonlinear control system can be repre+jon in GUI mode or by setting string parameter
sented, such as a spacecraft attitude control system, ajcon in the batch mode.

flexible body control for payload isolation or disturbance

rejection, robotic control, and many others. General assumptions and comments:

Linear and time-invariant control systemif the 1. The linear controller can be either a continuous or a

control system is linear and time invariant, information digital controller. Note that the user declares the con-
on the control system may be provided in one of two tinuous or digital nature of the controller in flags used
ways: during the program execution.

1. A user-supplied MATLAB function must provide the 2 |t js assumed that the control system is implemented
matrices that define the control system in state-space yjth a negative feedback connection.

form. This form was required by PLATSIM

version 1.0. 3. Itis assumed that the number of control system inputs

* The first line of this type controller file must have is equal to the number of measurement outputs of the
the form function [ascs ,bscs ,cscs ,dacs ] plant. Moreover, there is a straight connection
=xxyyzz where the output parametesscs , between the measurement outputs of the plant and the
bscs , cscs , anddacs denote the state matrix, inputs of the control system.

the input influence matrix, the output influence _
matrix, and the feed-through matrix of the control 4. It is assumed that the number of control system out-
system, respectively. The name of the controller ~ puts is equal to or greater than the number of control

file, xxyyzz .min this example, is arbitrary and inputs to the plant. However, it is assumed that only
is passed to PLATSIM in the execution control ~ control system outputs 1 through the number of plant
parameter (p. 16 ff) nicon as nlcon = inputs are used in the feedback connection. Moreover,
"XXYyzzZ . the feedback connection is a straight connection.

An example file namedormscs .mis given in
appendix A. This file corresponds to a simplified
continuous-time model of the attitude control sys-
tem of the EOS-AM-1 spacecraft.

Nonlinear or time variant control systenif the
controller model is nonlinear or time variant, the neces-
sary information on the control system model is provided
solely by a user-supplied MATLAB S-function which

2. A usgr-supplied MATLAB S-function may be pro- can be defined in one of three ways, as discussed in the
vided in one of three ways: previous section. An example of a nonlinear control sys-

As a user-supplied MATLAB function which fol- tem corresponding to a continuous-time model of the
lows the input/output requirements for S-functions. attitude control system of the EOS-AM-1 spacecraft with
Typehelp sfunc  at the MATLAB prompt for a  reaction wheel stiction is provided in user-supplied
complete description of S-functions. An example MATLAB S-function stiction.m

of a user-supplied S-function corresponding to a

continuous-time model of the attitude control sys- General assumptions and comments:

tem of the EOS-AM-1 spacecraft is given in ) .
appendix B. 1. The nonlinear controller may have both continuous

. . and discrete states. (See S-function definitions.)
A user-supplied SIMULINK block diagram. If the

controller exists as a block in a SIMULINK simu- 2. It is assumed that the control system is implemented
lation file, a MATLAB S-function may be obtained with a negative feedback connection.



3. Itis assumed that the number of control system inputs

is equal to the number of measurement outputs of the Friction |
plant. Moreover, there is a straight connection torque ¥
between the measurement outputs of the plant and the fr'i‘zt:%f
inputs of the control system.

4. It is assumed that the number of control system out- T
puts is equal to or greater than the number of control . ertf:?'C .
inputs to the plant. However, it is assumed that only eon Wheel speed
control system outputs 1 through the number of plant l
inputs are used in the feedback connection. Moreover,
the feedback connection is a straight connection.
Solution Check File |

PLATSIM provides the capability to accept or reject
a solution of the nonlinear controller integration through
the use of the user-suppliedlchk .minput file. By
using this function (given the information on the previ- where T4t denotes the reactive torque (output torque),
ous as well as the current controller states and outputs)J,, represents the inertia of the reaction wheel, apd
the user can implement a checking of the solution; that is represents the wheel speed rate.
if the conditions are not met, the current solution is
rejected, and a smaller recommended step size is pro-

Figure 2. Reaction wheel friction characteristics.

Stiction condition.If the wheel speed is zero and the

vided by solchk .m The first line of filesolchk .m
must have the form

function[han]=solchk(z2,u2,z1,ul,h)

where the input parametez®, u2, z1, ul, andh are
defined as

z2: current controller state vector
u2: current controller output vector

magnitude of applied torque is also less than or equal to
the stiction torque (see fig. 3, “Stiction Condition”), the
reactive torque is given as

T 0

react =
The wheel speed would stay at zero until the applied
torque becomes larger then the stiction torque (static fric-
tion torque).

z1: previous controller state vector

ul: previous controller output vector A
h: integration step size Tii1
The output parametdran must be set td, if the 3 / |
user accepts the solution. If the solution is rejedtad, & Time _
should contain the recommended new integration step @
size, which must be less thhan =
Estimated zero crossing
Nonlinear Reaction Wheel Friction v atime T

As an example of controller solution checking, con-
sider the problem of nonlinear reaction wheel friction
model (stiction); see figure 2, “Reaction wheel friction
characteristics.”

Figure 3. Stiction condition.

From the previous equations, it is obvious that the

Nonstiction condition.If the wheel speed is non- reactive torque is not a continuous function @f,
zero, or if the magnitude of the applied torque is greaterMoreover, it is quite possible that in the process of

than or equal to the stiction torque (static friction torque), @dvancing the states of the nonlinear control system,
the reactive torque is given as which includes the nonlinear model of the reaction

wheel, an integration step may come about wherein (a) a
zero-crossing of the wheel speed occurs, and (b) the

Treact = ~Jw®w applied torque at the time of wheel speed zero-crossing is

10



less than or equal to the stiction torque; that is, stiction  The solution check is provided to give the user the
has occurred. Thus, the current solution of the integrationcapability of altering integration step sizes and state val-
is not valid because it did not model the behavior of theues to accommodate for discontinuities associated with
wheel properly by predicting and taking the stiction of some nonlinear devices. A solution check file for the
the wheel into account. For example, if from the statesstiction of reaction wheels in the EOS-AM-1 example is
and outputs it is determined that a stiction condition may provided in appendix C. Note that in this example file,
have occurred in the vicinity of point “s”, at timg, the checks on the zero crossing of the wheel speed and
from the previous step, the user may recommend retryinghe friction torque crossing of the applied torques are per-
the integration with a step size ®f  or some fraction of formed by using linear interpolation between the previ-

Te. ous and current values.

11






Chapter 3 Linear analysis.When using the previously men-
tioned assumption regarding the sample and hold applied

Analysis Methodology and Options to control inputs, the following applies to linear analysis:

. N 1
PLATSIM includes novel algorithmic features that

provide efficiency of all calculations while constituting

enabling technology in some cases. PLATSIM exploits
the particular form of sparsity of the plant matrices both
in the continuous-time and discrete-time forms, as used
by the time domain analysis and the frequency domain

analysis. 2.

Time Domain

In the time domain analysis, PLATSIM performs a
time simulation of the system by using the user-provided
input data files (which define the model) together with
the execution control parameters selected by the user.
This simulation is optionally followed by a jitter analysis
at the discretion of the user. PLATSIM assumes the fol-
lowing with regard to the plant and control system
models:

1. The plant model is assumed to be linear with model
information provided, as described in chapter 2.

2. The control system model can be either linear or non-
linear. See chapter 2 for the proper input file format.

3. The control system can be modeled in continuous
time or in discrete time.

4. Hybrid control system models, consisting of
continuous-time and discrete-time modules, are also
permitted (in the nonlinear analysis only).

5. The information needed to declare the type of control

. If the control system model is discrete time with a

sampling periodisc , then time simulation is per-
formed through algebraic propagation of the plant and
the controller states, with the output updates occur-
ring at the appropriate times (eveasgl for the plant
and eventsc for the controller).

If the control system model is continuous time, the
controller is still implemented in a discrete-time form.
However, the sampling periagdc is chosen auto-
matically by PLATSIM to be small enough; that is,
the controller, for all practical purposes, is continuous
time. Then, time simulation is performed through
algebraic propagation of the plant and the controller
states, with the output updates occurring at the appro-
priate times (everysd for the plant and everigc

for the controller).

* The controller sampling rate is chosen to be one
decade larger than the crossing frequency with the
line 20 dB below the H-infinity norm (of the con-
troller). A 40 dB line is used if the roll-off rate is
less than 20 dB/decade.

* Users may define their own value ftst (the
value must be different from the default) to over-
ride its automatic computation. (See “Execution
Control Parameters” on page 16.)

3. The disturbances are interpolated by using linear

interpolation as necessary.

Nonlinear analysisWhen using the assumption

system is provided by the user through the linearity regarding the sample and hold applied to control inputs,

flag (execution control parametérflag ) and the

continuous-time flag (execution control parameter 1.

ctflag ). See “Execution Control Parameters” on
page 16.

Once the plant and the control system models have
been defined, PLATSIM allows for two types of time
analysis, linear and nonlinear. The user defines the type
of analysis desired through the implementation flag
(impflag ). See “Execution Control Parameters” on
page 16. PLATSIM takes advantage of the sparsity of the
spacecraft dynamic model system matrix to perform the
linear or nonlinear analysis very efficiently. The reader
should refer to reference 3 for a detailed description of
this sparsity. To take advantage of the sparsity,
PLATSIM assumes that the measurement outputs of the
plant, which are inputs to the control system, are pro-
cessed through a sample and hold analog-to-digital con-
version; this is not a restrictive assumption because it is a
routine procedure in almost all modern practical
applications.

the following applies to nonlinear analysis:

In the nonlinear analysis, the sampled measurement
outputs are used in one of seven nonlinear integration
routines to propagate the states of the controller.
These routines are as follows:

* Euler integration algorithm

¢ Second-order Runge-Kutta-Heun integration algo-
rithm (with no error control)

* Second-order Runge-Kutta integration algorithm
(with third-order error control)

* Third-order Runge-Kutta algorithm by Bogacki-
Shampine (with error control)

* Fourth-order Runge-Kutta-Hall integration algo-
rithm (with error control)

* Fifth-order Runge-Kutta integration algorithm by
Fehlberg (with error control)

* Modified Rosenbrock algorithm for stiff systems
(with error control)
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The desired integration routine is selected from the firstvariation, and repeating until the end of the time history
element of vectoimthd. (See “Execution Control is reached), then abow(n— k) references are being
Parameters” on page 16.) made to points in the time history for each window,
2. Three methods are available for the propagation of thewheren is the number of points in the time history and
plant states: k is the number o_f points under_the window. T_he numbe_r
of references to time history points can constitute a seri-
¢ Zero-order hold ous computational burden.
* First-order hold PLATSIM uses an alternate algorithm (ref. 4), which
* Fourth-order Runge-Kutta-Hall integration has been shown to improve computational speed by three
algorithm (with error control) to four orders of magnitude, when compared with the
obvious way of calculating using typical engineering
problems. A single pass is made through the time history.
If the jitter value is desired for more than one window, all
are done in the same pass. A running tally is kept of jitter

3. If the control system does not have discrete states, andttributable to points which have passed out of the mov-
if tsc is not defined by the user, thést is set ing windows, and lists are kept of points still under any

equa| totsd by PLATSIM to perform controller state of the windows which mlght be Significant in future parts
propagation, as needed. of the jitter calculation. This single pass calculation can

i be done by making onlgma+ bn references to points
4. Note: If the contr(_)I system has discrete states, theqn the time history vector, where s still the number of
tsc should be defined by the user. points in the time historym is the number of windows
5. The user is provided with the ability to accept or for which jitter is being calculated, ard abd  are con-
reject a solution of the nonlinear controller integration Stants which are reasonably small and are independent of
through the use of the user-supplgadchk .minput the actual lengths of the windows. Empirical observation
file. (See “Solution Check File” on page 10.) The idea has shown thaa is aboQt3(a+b) , which implies that
is that given information on the previous, as well as the time to calculate jitter for each window after the first
the current controller states and outputs, the user cars about 30 percent of the time that is taken for the first.
implement a desired checking of the solution; that is, ) )
if the conditions are not met, the current solution is Note: The user should refer to the section “Execution
rejected, and a smaller recommended step size is proControl Parameters” at the end of this chapter for a
vided bysolchk .m complete listing and description of time domain and

. . . ) jitter analyses parameters.
6. The disturbances are interpolated by using linear

interpolation as necessary.

The desired integration routine is selected from the sec
ond element of vectomthd. (See “Execution Control
Parameters” on page 16.)

Frequency Domain

Jitter analysis. The calculation of jitter by
PLATSIM depends on a user-provided window (time
interval). Each performance output time history is
scanned from beginning to end by moving this window
along it. At each window position in the scan, the maxi-
mum peak-to-peak variation of the portion of the time
history within the window is noted. The biggest of these
is observed as the window moves to scan the entire tim
history; this is the measure of jitter in this time history
corresponding to this window.

In frequency domain analysis, PLATSIM computes
the frequency response function matrix from a set of
user-defined inputs to a set of user-defined outputs for a
set of frequency points selected by the user. A new, orig-
inal algorithm for the efficient computation of closed-
loop (as well as open-loop) frequency response functions
e{or large-order systems has been developed and is imple-
mented within PLATSIM. This algorithm exploits the
particular form of sparsity (block diagonal with 2 by 2
blocks) of the plant state matrices in both the continuous

In typical applications of this technology, time histo- and discrete forms used by the frequency analysis, as
ries can contain on the order of a hundred thousand to avell as the sparsity in the control input and disturbances
million points, and the various windows used in the anal- influence matrices in the continuous form. This algo-
ysis (there are typically several of them) can cover any-rithm is an enabling technology for the analysis of large-
where from a few hundred points to the entire time order systems, in general, and flexible space systems, in
history. If jitter is calculated in the obvious way (by plac- particular. A detailed description of a sample algorithm
ing the window at the beginning of the time history, find- is provided in reference 5. Figures 4 and 5 on page 15 are
ing the peak-to-peak variation under the window, block diagrams of open-loop and closed-loop systems
moving it one time step, finding the new peak-to-peak with the various input and output types identified.
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PLATSIM frequency domain inputs

. Ref, Attitude or rate reference commands: valid with
both open-loop and closed-loop analyses

. D, Disturbances at the plant input: valid with both
open-loop and closed-loop analyses

. W External disturbances: valid with both open-loop
and closed-loop analyses

. M Measurement noise: valid only with closed-loop 1.

analysis

PLATSIM frequency domain outputs 2.

. Err , Tracking errors: valid only with closed-loop
analysis 3

. U, Control input: valid with both open-loop and
closed-loop analyses

D

L +

+

Ref

K(S)

Contraller

3. Yper, Performance outputs: valid with both open-

loop and closed-loop analyses

4. Y, Measurement outputs: valid with both open-loop

and closed-loop analyses

PLATSIM makes the following assumptions and restric-
tions in frequency domain analysis:

Control implementation must be linear (parameter
impflag setto ‘yes’).

Control system may be continuous time or discrete
time.

. Input or output types cannot be combined; for exam-

ple, input: measurement noise and input: external dis-
turbances cannot be analyzed simultaneously.

W

G11|G12
G21|G22

Plant

Yper

Y

Figure 4. Open-loop block diagram.

Err U

+

Ref
K(3)

Caontroller

-+

M i 11/Gi12
G21|Gez
+ Plant Y

M

Figure 5. Closed-loop block diagram.
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4. The smallest frequency used in the analysis must noanalysis, some only to time domain, and some only to
approach zero because the frequency analysis probfrequency domain. Most of these parameters can be
lem becomes ill conditioned in the presence of rigid- defined easily by using an interactive PLATSIM GUI
body modes (or pure integrators) as frequency (chapter 4). Execution control parameters can also be set
approaches zero. by using commands from a prewritten script to run

PLATSIM in the background. (See “Batch Mode” on

5. Each flexible mode either must have positive damp-page 32.) PLATSIM assigns a default value to all execu-

ing, or its frequency must not be included in the fre- tion control parameters, with the exception of the

PLATSIM. These are MATLAB work space variables changeable filelefaults
that are used to define the type, extent, methods, and@ustomizedefaults

quency vector used for the analysis.

Execution Control Parameters

parametercasenum. If PLATSIM is running in GUI

mode,casenum is set by user responses to

the “Distur-

bances” menu. In batch modeasenum must be set
before PLATSIM is called. The default values for most
There are 38 execution control parameters within execution control parameters are specified in the user-

options of analysis required by the user, as well as toneeds. See appendix A for a listingdefaults
control the output of the program. Some of these parame-
ters have meaning to both time and frequency domain
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Table 1. Specifications for Individual Execution Control Parameters

Name

Usage

Type

Description

casenum

both

integer

This variable is set to the number of the disturbance s
nario to be used. PLATSIM will pass this value to user-
supplied MATLAB functiondisdata .m Can be set from
GUI mode.

clflag

both

string

This flag controls whether closed-loop or open-loop
analysis is performed. For closed-loop analysis, set
clffag ='yes', and for open-loop analysis, set
clflag ='no'. Can be set from GUI mode.

desint

both

integer vector

Determines which performance outputs will be used.
undefined, all will be used. To use, sde8int " to a vec-
tor of instrument identification numbers. (These number,
appear in the third row of thmout matrix returned by user
supplied MATLAB functioninstdata .) Can be set from
GUI mode.

impflag

both

string

Defines whether linear or nonlinear implementation of {
control system is used. For a nonlinear implementation
the control system, saghpflag ='no’. Can be set from
GUI mode. The necessary control system files are auto
cally created by PLATSIM; that is,

1. If the controller is lineaimpflag is settoyes’, and
an S-function is provided for the control system,
equivalent state space representation is created,
nicon is set toformscs .m A file formscs .mat is
also created to hold the controller data.

2. If the controller is lineaimpflag is set toyes’, and
a state space representation is provided for the co
system; no action is taken.

3. If the controller is lineaimpflag is settoho’, and a
state space representation is provided for the co
system, an equivalent S-function is created, rdodn
is set toplatc_  *.m where the asterisk is replaced
the lowest integer that defines a unique file name in

.m Users are encouraged to
.mto fit their particular analysis

.m

f left
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Table 1. Continued

Name

Usage

Type

Description

impflag

both

string

4. If the controller is nonlineampflag is set to ho’,
and an S-function is provided for the control system;
action is taken.

5. If the controller is nonlineaimpflag is set toyes’,
and an S-function is provided for the control system
equivalent state space representation is created,
nicon is set toformscs .m A file formscs .mat is
also created to hold the controller data.

linflag

both

string

If the control system is linear, Beflag  ='yes'. For
nonlinear control systems, detflag  ='no’. Can be set
from GUI mode.

phold

both

real scalar

a time history, Bode plot, or jitter analysis table will rema

at the end of table.

pltflag

both

string

In time domain analysiiflag ='yes’ causes reduc-
tion of time history data for plotting and writing of MAT-

able by settingltflag  ='no’. Can be set from GUI
mode.

prtflag

both

string

Ifpltflag  is settoyes’, this causes the encapsulated
PostScript forms of the plots to be written to files. Disab
by settingprtflag ='no’. Can be set from GUI mode.

nicon

both

string

The name of the MATLAB M-file which contains the

Can be set from GUI mode.

runmode

both

string

runmode ='batch ' before entering thelatsim com-
mand to run in batch mode. Only the first charactenof
mode is significant and may be of either case.

nmode

both

integer scalar, g
vector

r Which structural modes to use in the analysis. The \@lu
means “all modes”. A positive integemmeans “modes 1
through n”. A negative integen means “only mode n”. A
MATLAB vector such as1:6,10,13:16 ] means “use

GUI mode.

tdflag

both

string

For time domain analysis, &fflag =‘'yes’. Set
tdflag ='no’ for frequency domain analysis. Can be set
from GUI mode.

tsc

both

real scalar

Parametsc defines the controller sampling period. If

be used). The value tdc for a continuous time controlle

ferred value, it will be used; otherwise, a sufficiently sma
sampling time is automatically computed and used. Can
set from GUI mode.

A mnemonic falot hold phold is the number of seconds

file with reduced time histories. In both analyses, cause$
plots (time history or Bode) to be displayed on-screen. Di

S-function that describes the linear or nonlinear controllg

Determines what interface mode PLATSIM runs in. Set

37

exactly the mode numbers in the vector”. Can be set from

the controller is discrete time, the user should provide the
sampling time of the controller (or the default value wou|d

no

an
and

in

on-screen before being cleared for the next plot. See ngte 1

[¢)

=

is based upon the following: if the user has provided a pre-

I
be
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Table 1. Continued

Name

Usage

Type

Description

abstolc

time

real scalar

Absolute error tolerance used in the nonlinear integrat
the controller. See note 1 at end of table.

on of

abstolp

time

real scalar

Absolute error tolerance used in the nonlinear integrat
the plant. See note 1 at end of table.

on of

ctflag

both

string

Ifctflag  is set toyes’, the controller provided by the
user is assumed to be continuous (no discrete states). |
controller has any discrete states, therc8ktg ="no’.
Can be set from GUI mode.

Note: PLATSIM assumes that the input to the controller|i

discrete (sampled and held for one sampling period). Se
“Time Domain” on page 13.

the

imthd

time

integer vector

Determines the solution techniques used in the propagation

of the controller and plant states. When controller imple
mentation is nonlineampflag is set to ‘no’. Parameter
imthd is a 2-element integer vector, with the first eleme

nt

identifying the solution technique used in the propagation of

the controller states and the second element identifying
used for the plant. Can be set from GUI mode. The opti
for thefirst element ofimthd are

1. Euler integration algorithm

2. 2nd-order Runge-Kutta-Heun integration algorithm
(with no error control)

that
bns

3. 2nd-order Runge-Kutta integration algorithm (with 31d-

order error control)

4. 3rd-order Runge-Kutta algorithm by Bogacki-Shamp
(with error control)

5. 4th-order Runge-Kutta-Hall integration algorithm (wi
error control)

6. 5th-order Runge-Kutta integration algorithm by
Fehlberg (with error control)

7. Modified Rosenbrock algorithm for stiff systems (wit
error control)

The options for theecond element d@inthd are
0. zero-order-hold integration
1. first-order-hold integration

2. fourth-order Runge-Kutta-Hall integration algorith
(with error control)

ne

=y

m

jtrflag

time

string

Causes jitter analysis to be performed on time histories
able by settingtrflag ~ ="no’. Can be set from GUI
mode.

Dis-

lowmemflag

time

string

lfowmemflag is settoyes’, and time-domain analysig
or jitter analysis is requested, PLATSIM implements a
memory efficient simulation and jitter analysis algorithm
which reduces the required memory drastically, while pa
ing a slight penalty on computational efficiency. Can be
from GUI mode.

y-
set

maxiter

time

integer scalar

Maximum number of iterations allowed for convergen
each step of the nonlinear integration. See note 1 at enc
table.

ce at
of




Table 1. Continued

Name

Usage

Type

Description

multflag

time

string

Ifmultflag ="no’, a separate time simulation for each
event in the disturbance scenario is performed. To simu|
the effect of all disturbances simultaneously nselt-
flag ='yes’. Can be set from GUI mode.

ate

nplpts

time

real scalar

The parametpipts  is used in reducing the time histg

intonplpts  nonoverlapping groups of consecutive poin
the groups containing, as nearly as possible, the same
ber of points. See note 1 at end of table.

ries for plotting. The data points to be plotted are divideI

options

time

real vector

options is a 3-element vector that defines the most co
monly used parameters in the nonlinear integration. The
first element defines the relative integration error toleran
the second element defines the minimum step size alloy
and the third defines the maximum step size allowed. C
be set from GUI mode.

ved,
an

pmflag

both

string

lipmflag ='yes' a performance meter is shown during
simulation and that indicates what percentage of the cal
lation has been completed. Can be set from GUI mode.

saveflag

time

string

To save full, that is, not reduced time historiesaget
flag ='yes’. Can be set from GUI mode.

solchkflag

time

string

solchkflag is valid only with the nonlinear controller
implementation in time domain analysisstfichkflag

is settoyes’, the nonlinear integration solution is checke
against a set of user-defined conditions (provided in a
MATLAB function in file solchk .n see “Solution Check
File” on page 10); that is, if the conditions are met, the s
tion is accepted; otherwise, a smaller integration step is
gested by the user (as the outpus@thk .m. Can be set
from GUI mode.

plu-
sug-

tclip

time

real scalar

The parametelip  is used for clipping the time histo-
ries. If the value entered is not zero, any data point corr
sponding to a time befotelip  will be removed; that is, it
will not be used for jitter computation. Unitstefip
must match the units of parameperiod returned by
user-supplied MATLAB functiomlistdata . This option
is useful in the jitter analysis of steady-state disturbance
sequences. May be set from GUI mode.

D
i

window

time

real vector

A vector whose nondecreasing and positive elements ¢
the time windows to be used in the jitter analysiadow
must be defined if jitter analysis is requested. May be se
from GUI mode.

lefine

t

bfrax

frequency

string

Ibfrax is settoyes’, the Bode plot frequency axis unit
are set to rad/sec; otherwise, they are set to Hz. Can be
from GUI mode.

I’

set

bmagax

frequency

string

Hmagax is set toyes’, the Bode magnitude plot axis is
presented in decibels; otherwise, it is presented in a log
rithmic scale. Can be set from GUI mode.

bodemthd

frequency

integer vector

Determines the types of inputs and outputs for which
frequency response function is desifeddemthd is a
2-element integer vector, with the first element identifyin
the type of input and the second identifying the type of @
put. Can be set from GUI mode. The options for the first
element obodemthd are

1. attitude or rate reference commands (open loop

a

ut-

and

closed loop)
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Table 1. Concluded

Name

Usage

Type

Description

bodemthd

frequency

integer vector

2. disturbances at the plant input (open loop and
loop)

3. external disturbances (open loop and closed loop)
4. measurement noise (closed loop only)

The options for the second elemenbofiemthd are

1. tracking errors (closed loop only)

2. control inputs (open loop and closed loop)

3. performance outputs (open loop and closed loop)
4. measurement outputs (open loop and closed loop)

closed

desinti

frequency

integer vector

Determines which elements from the type selected (s
“Frequency Domain” on page 14) will be used as the inp
for the frequency response analysis. If undefined, all inp
will be used. To use, sdesinti  to a vector of identifica
tion numbers of the desired elements. Can be set from
mode.

ee
uts
uts

5UI

desinto

frequency

integer vector

Determines which elements from the type selected (4
“Frequency Domain” on page 14) will be used as the ou
puts for the frequency response analysis. If undefined, g
outputs will be used. To use, siEtsinto  to a vector of
identification numbers of the desired elements. Can be
from GUI mode.

ee
t-
1

set

fraflag

frequency

string

Ifrgflag  is set toyes’, model frequencies and, if
defined, a user-prescribed frequency vector, provided in
MATLAB variable usrfrq , are added to the frequency
vector used in the frequency domain analysis. Can be s
from GUI mode.

et

frequency

real scalar

The smallest frequency at which frequency domain an
will be done is 10%il. Can be set from GUI mode.

alysis

frequency

real scalar

The largest frequency at which frequency domain ang
will be done is 10%iu. Can be set from GUI mode.

lysis

npts

frequency

real scalar

The number of frequency points at which frequency d
analysis will be done igpts . Can be set from GUI mode

bmain

usrfrq

frequency

real vector

usrfrg is a MATLAB vector which contains the user-
defined frequencies that are also used in the frequency
domain analysidrqgflag ~ must be set toyes ’ for this
parameter to be used by PLATSIM. Can be set from GU
mode.

Note 1.

To run PLATSIM in GUI mode with a nondefault value for this parameter, it must be set by MATLAB
assignment statement prior to invokiplgtsim



Chapter 4 objective of this GUI is to provide the user with a conve-
nient and intuitive way to set PLATSIM execution con-
Program Execution trol parameters. A screen image of the PLATSIM GUI is
shown in figure 6.
Overview o _
i Top-level graphical interfaceThe top-level inter-

As already stated, PLATSIM operates in the ¢306 consists of five menu buttons (MATLABmenu
MATLAB technical ~computing —environment Of g,nciions) and two slider controls (MATLAB
MATLAB version 4.2. The MathWorks, Inc. products, icontrol functions).  Additional,  low-level,
Control System Toolbox and SIMULINK, must also be g,hnorting interfaces have been developed to provide

available. In order to run PLATSIM, one must first start complete graphical access to all PLATSIM simulation
MATLAB. Furthermore, MATLAB must have access t0  gnq analysis features. See “Supporting graphical inter-

the PLATSIM source code and the user-supplied datas,cegs” on page 25.
and M-files. Source code access is typically defined by a
startup .mfile that sets the MATLAB path variable The Menu-Driven (GUI) Mode is the default execu-

automatically on initialization. tion mode and is invoked by typingatsim in the
MATLAB command window. Normal execution of the
GUI Mode PLATSIM GUI will create a file calleghlatsim .mat,
A graphical user interface (GUI) has been developed which contains parameters associated with various GUI
for PLATSIM. PLATSIM’s GUI uses MATLAB’s Han-  functions. A complete description of all PLATSIM GUI
dle Graphics available in MATLAB version 4 or 5. The features is given in this chapter.

PLATSIM'S GRAPHICAL USER INTERFACE
Workspace|Optians|Ana|y5is| Inputstutputs| Cuit
About ...

PLATSIM

NASA Version 2.0
Langley Research Center August 1995

Enter Clip Window 0]

Mumber of I
(lze 7o (Timei

Figure 6. Graphical user interface for the PLATSIM package.
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m Workspace (see fig. 7, “Workspace button pull-down
menu.”)

Mew Figure
Clear & Reset Defaults
Save Session..

Load Session..
Save Workspace
Close YWindow

Figure 7. Workspace button pull-down menu.

* New Figure

The “New Figure” menu button simply executes
the MATLAB command figure. The creation of a
new figure is useful if graphical preprocessing or
postprocessing of PLATSIM data is desired.

¢ Clear & Reset Defaults

This menu button clears all (work space and glo-
bal) variables and resets them to their default val-
ues. (See fileefaults .m.) This menu option

must be invoked between successive PLATSIM
runs.

* Save Session

Selecting this menu button saves the current val-
ues of all PLATSIM variables to a binary “MAT-
file”. This utility, along with the “Load Session...”
menu button, allows users to quickly recover pre-
vious PLATSIM run-time variable settings.

¢ Load Session

Loads a previously saved session file and sets all
GUI object properties accordingly.

* Save Workspace

This menu button simply executes the MATLAB
save command. All work space variables are

saved on disk using the default file name
matlab .mat.

¢ Close Window

This menu button closes the main PLATSIM GUI
window.

m Options (see fig. 8, “Options button pull-down meju.”
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hadify Plant Model -
Plotting & Printing -
Feedback Connection -
ditter Analysis -
Save Qutput Time History

Figure 8. Options button pull-down menu.

* Modify Plant Model

This menu button has two submenu selection
options: “Frequencies” and “Damping Ratios”.
These submenu items allow the user to graphi-
cally modify or define both frequency uncertain-
ties and modal damping ratios. Details for using
these submenu options are described in “Support-
ing graphical interfaces” on page 25.

* Plotting & Printing

The “Plotting & Printing” submenu button pro-
vides the user with three plot control options: “No
Plotting”, “Plot Results”, and “Plot with Hard-
copy”. The “Plot with Hardcopy” option will plot

the analysis results on the screen and save data-
reduced versions of the plots in encapsulated
PostScript files.

¢ Feedback Connection

This menu button allows the user to select
between open-loog|flag="no’ , and closed-
loop, clflag="yes’ , analysis modes. Specific
controller models are prescribed in the “Set
Analysis Parameters” graphical interface under
the “Analysis” menu button.

* Jitter Analysis

This menu button has three submenu selection
options: “Perform Jitter Analysis”, “Memory
Conservative Mode”, and “Jitter Windows”.
Selecting “Perform Jitter Analysis” sets
jirflag  ='yes’ which invokes the baseline
postprocessing jitter analysis algorithms. If the
“Memory Conservative Mode”lgwmemflag =
'yes ") is selected, jitter values are calculated as
time history data are generated. Therefore,
creating and postprocessing potentially very
large time history response vectors are not
required. The combination of
lowmemflag ='yes’ andsaveflag ='yes’is

not valid because time history results are not
available to write to disk. Selecting “Jitter Win-
dows” opens an additional graphical interface
(see fig. 9, “Jitter window interface,” on page 23)
for the selection of various jitter windows from



— Jitter Windows e B

select Jitter Windows,
Enter any time wvalue
in text area below.

Windows --=

Figure 9. Jitter window interface.

either the predefined push buttons or by entering
arbitrary time values in the text field at the bottom
of the interface.

* Time Domain Analysis

Selecting this menu button specifies that time
domain analysis will be performed; that is,
¢ Save Output Time History tdflag ='yes'’. The time domain and frequency

The “Save Output Time History” submenu button domain modes are mutually exclusive options;
provides the user with the option to save the com- that is, PLATSIM does not allow for simulta-
plete output time history data; that is, variables neous time and frequency domain analyses.

and instr  will be saved if this option is

selected; that issaveflag ='yes’. Note that * Frequency Domain Analysis

selecting this option has the potential of creating a
very large file(s) and therefore should be used
with caution. The output data will be saved in the
file(s) labeledyl .mat and, if necessary?2 .mat,
y3.mat, and so on—as many as necessary so that

This button specifies that frequency domain anal-
ysis will be performed; that igdflag ='no’.
When frequency domain analysis is selected, the
clip window slider and text in the lower right cor-
ner of the main PLATSIM GUI will disappear.

there is one for each disturbance event. ,
* Set Analysis Parameters

m Analysis (see fig. 10, “Analysis button pull-down

menu.) This menu button invokes supporting graphical

W Time Domain Analysis
Freguency Domain Analysis

=et Analysis Parameters

Display Parameters

W Progress Meter

Begin Analysis

Figure 10. Analysis button pull-down menu.

interfaces that are used to define various integra-
tion and analysis parameters. The interface that is
displayed when this button is pressed is depen-
dent on the status ¢dflag andclflag . See
“Supporting graphical interfaces” on page 25.

* Display Parameters

Selecting the “Display Parameters” button will
echo the current values of PLATSIM parameters
in the MATLAB command window.

* Progress Meter

If “Progress Meter” is selected, a graphic meter is
displayed showing the percent completion of the
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simulation of the response to the current
disturbance event or of the current frequency
domain analysis.

* Begin Analysis

Selecting “Begin Analysis” executes the
MATLAB script file plattime.m or plat-
freq.m for time or frequency domain analysis,

added together to give a total jittdfor the pur-
pose of determining overall response at various
output locations, the “Run Disturbances
Together” option may provide more useful
results. Selecting “Run Disturbances Together”
sets the work space varialiltflag="yes’

Warning: Running disturbances separately
requires a separate simulation for each distur-

depending on the analysis requested. Once an bance event. Disturbance scenarios which have

analysis has been started, all GUI functions are
disabled. User control of the GUI will not be

returned until the analysis has been completed. As

for MATLAB version 4.2 or 5.0, the user may ter-
minate the analysis at any time by sending an
interrupt signal Control C  on most UNIX
workstations) from the MATLAB command win-
dow. If MATLAB is unresponsive to the interrupt
signal, most UNIX systems will respond to the
suspend signal (typicallyzontrol Z ). The user
resorting to this expedient should remember to
kill  the suspended process.

= Inputs/Outputs (fig. 11).
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Performance Gutputs... |

=elect Disturbances...
Fun Disturbances Together

Figure 11. Inputs/outputs button pull-down menu.

* Performance Outputs

Selecting the menu item labeled “Performance
Outputs” provides access to the performance out-
put selection figure window (see “Performance

output selection interface” on page 31). See “Sup-
porting graphical interfaces” on page 25.

¢ Select Disturbances

This menu button allows the user to interactively
select a disturbance model to be used in the
PLATSIM analysis. See “Supporting graphical

interfaces” on page 25.

* Run Disturbances Together

This menu button controls whether several simu-
lations are run, one for each individual distur-
bance event, or whether all disturbance events
acting simultaneously are simulatéfditter anal-

ysis is performed without selecting “Run Distur-
bances Together,” the jitter contributions from
each of the individual disturbance events are

many separate events may require excessive
CPU time to complete.

m Quit
« Quit MATLAB

This button simply quits the current MATLAB
session without saving any work space variables.

= Number of Modes

A slider control which is situated at the lower left-
hand side of the top-level interface may be used to
set the number of modes (PLATSIM variable
nmode) which is to be included in the analysis. The
slider allows the user to move, with a mouse, a slid-
ing bar which sets the numeric input to the value that
appears in the text field of the slider. The mode(s) to
be used in the analysis may also be changed by click-
ing the mouse in the text field and typing the desired
scalar or vector values. A scalar entry 1df0 is
equivalent tg1:100] in MATLAB notation; that

is, the first 200 modes will be used in the simulation.
Vector entries are used when multiple mode ranges
are desired or when mode range starting points do
not include the first mode. All vector entries must
follow MATLAB'’s syntax. For example, to capture
the rigid body response plus the flexible body
response between modes 100 and 200, the user
would enter[1:6 100:200] in the slider’s text
field. Negative scalar values are also permitted, and
are used to indicate thatsingle mode will be used

in the simulation, for example, if a text field entry of
-100 is used, only mode 100 will be used in the
simulation. A slider value dd implies all available
modes will be used in the simulation.

= Enter Clip Window

This GUI item is used to define the clip window
(tclip ) used in time domain analysis. The func-
tionality of this slider is similar to the mode slider.
Definition of thetclip  execution control parame-

ter is provided in “Execution Control Parameters” on
page 16.



Supporting graphical interfacesSupporting graph-
ical interfaces are accessed from either the top-level
menu buttons or from other support interfaces. All
top-level menu button labels ending with the ellipsis
symbol (...) access a supporting interface. Instructions for
each supporting interface are presented below in an item-
ized list, with each item label specifying the menu path
from the top-level menu buttons. For example, the
description of the frequency maodification interface has
this label: Options -> Modify Plant Model Brequen-
cies.., which implies that it is accessed from the top-
level “Options” button under the “Modify Plant Model”
submenu button.

All PLATSIM’s GUI routines operate in an asyn-
chronous input mode, with the exception of the distur-
bance selection GUI, which is a synchronous process.
Synchronous processing temporarily suspends other
MATLAB processes and waits for the user to respond to

m Options -> Modify Plant Model -> Frequencies...

Selecting the “Frequencies” submenu button of the
“Modify Plant Model” option provides the user
access to the Spacecraft Modal Uncertainty Graphi-
cal User Interface tool shown in figure 12, “Space-
craft modal uncertainty interfaceNote: Each time

the “Frequencies” submenu button is selected,
frequency values as defined in file(9)mega.dat

or omega.mat are used as the initial valuesThis
interface tool has two options for adding modal
uncertainties to the plant structural model. The two
types of uncertainties considered are constant scaling
and random scaling. The constant scaling uncertain-
ties are defined as follows:

0 (¢]
W = W tw xS

the current synchronous process before continuing.Whereas the random scaling uncertainties are defined

Therefore, once the “Select Disturbances...” button is

pressed, a disturbance selection should be made before

attempting to access other PLATSIM features.

(o} (0}
W = 0+ W xR xS

spacecraft modal uncertainty
Percent Modal Frequency Uncertainty

r 10de Hurnber

Comment Window

Use the "Reset” button to recover the default

maodal uncertainty.

Close

Figure 12. Spacecraft modal uncertainty interface.
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The variable§ in the above equations represents dom” from the “Scaling” button (constant is the
user-defined constant scale factor(s) for each prescribed default setting).
range, andR, represents a set of random numbers, one for
each mode, uniformly distributed over the interval (0,1) * mode by mode
(by the MATLAB random number generatand ). See item: Options -> Modify Plant Model -> Fre-
guencies... -rnode by mode

* File

* modes (frequency)

The frequency spectrum axis may be changed
from “Mode Number” (which is the default set-
ting) to “Frequency (Hz)” by using the top push-
button on the interface.

The “File” button allows the user either to save
the current frequency uncertainties to mdt”

file or load a preexisting that” file containing
frequency uncertainties.

* Reset
The “Reset” button resets the frequency uncer- e Close
tainty scale factors to zero for all modes and sets )
the number of ranges to three. This menu button_ closes the Spacecraft Modal
Uncertainty Graphical User Interface.
* range

m Options -> Modify Plant Model -> Frequencies... ->

The frequency spectrum, as defined in file(s) mode by mode

omega.dat or omega.mat, may be subdivided

into several intervals (ranges) to allow for differ- Selecting the “mode-by-mode” button from the
ent levels of uncertainties for different modes Spacecraft Modal Uncertainty Graphical User Inter-
within the frequency spectrum. A “range”, as face provides access to a graphical interface which
defined by the interface, is denoted by the interval allows convenient mode-at-a-time frequency modifi-
(a,b], where “a” and “b” are the lower and upper cations. Figure 13 on page 27 shows a screen image
bounds on the interval, respectively. For example, of the mode-by-mode graphical interface. This inter-
if a = 10, and b = 20, all modes starting from 11 face gives the user a list of frequencies of all modes
through 20 (including mode 20) will have the in aread onlytext window displayed on the right
same S factor. The lower and upper bounds side of the interface.

(“range” label on the GUI) for the interval may be
changed by using a mouse to “click-and-drag” on ~ * Frequency of Interest (Hz)

the vertical lines that are used to represent interval The user can scan the list of frequencies to select a
ranges. particular mode using the “Frequency of Interest”
text field. In figure 13, “Mode-by-mode fre-
* value e S "
guency modification interface,” on page 27, a
The scale factors (*value” label on the GUI) may value of 1 Hz has been entered as the frequency of
also be changed by using a mouse to “click-and- interest, and mode 25 was determined to be the
drag” on the shaded regions between the vertical closest mode, 1.0184 Hz.

lines. Both “range” and “value” may be changed
by using keyboard entries once the corresponding * Desired Value (Hz)
graphical element has been activated. A “range”
or “value” element is activated by using the
mouse to “click” on a vertical line or shaded
region, respectively. Once a graphical element
has been activated, its numeric value will be dis-
played in the “range” or “value” text area of the
graphical interface.

In figure 13 on page 27, the value of the currently
selected mode, 1.0184 Hz, may be changed by
either deleting the text and reentering a new
value, or by scaling it using any arithmetic opera-
tor, for example, +, —, * (for multiplication), or /
(for division).

* Ranges * Change Selection
The user may change the number of ranges by The user can also scroll through the list of fre-
selecting the interface button labeled “Ranges”. guencies using the “Change Selection” buttons.

The value in Hz of the currently selected mode

* Scaling will be displayed in the “Desired Value” text
A user may choose between the two allowable field. The currently selected mode is the mode
types of scaling by selecting “constant” or “ran- that is between the two horizontal dashed lines.
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= Options -> Modify Plant Model -Bamping Ratios...

Freguency of Interest (Hz)

Mode Mumber

Freguency (Hz)

1

Desired Value (Hz)

1.0184

0.5767
0.5832
0.7208
0.7460
07513
0. 7696
0.8115
0.ca0e

Change Selection

1.0184

1.0234
1.0350
1.0372
1.0545
1.3540
1.3792
1.4332

=

Figure 13. Mode-by-mode frequency modification interface.

* Reset

The “Reset” button restores the modal frequencies
to their nominal values, that is, those defined with
the interface in figure 12 on page 25.

e Undo

The “Undo” button clears only the last frequency
modification.

¢ Close

The “Close” button closes the interface and
accepts all frequency changes.

Selecting the “Damping Ratios” button from the
“Modify Plant Model” menu provides the user
access to a graphical tool for defining/modifying the
spacecraft modal damping schedule. The operation
of the damping schedule graphical interface is very
similar to the frequency modification graphical inter-
face. The graphical damping tool allows users to eas-
ily modify the structural damping ratios. Structural
damping ratios and ranges are specified by using a
mouse to “click and drag” on graphical elements that

represent modal damping ratios and ranges.
Keyboard entries are also permitted once a modal
damping range or value element has been activated
by a mouse click (see above frequency modification
description for definition of ranges, values, and
active elements). Damping schedules may also be
saved or loaded by using the “File” button. This tool
uses, as its default damping schedule, the schedule
defined in the user-changeable filekdampm If
mkdampm has not been defined, then a default
damping schedule of 0.25 percent is assumed for all
modes.

m Analysis ->Set Analysis Parameters..(time domain
analysis)

This interface provides access to various PLATSIM
time domain analysis parameters. See figure 14 on
page 28 for a screen image of this interface. As
mentioned in “Top-level graphical interface” on
page 21, the interface that is displayed when the “Set
Analysis Parameters” button is pressed is dependent
on the status didflag andclflag . The follow-

ing five time domain analysis features are accessible
with this interface:

27



28

Time Domain Parameters

+
KS) — G(S) ol
Controller Definition "Click” an Plant, G(5), Controller Integration
or Controller, k(5
Name & Type to set integration Runge-Kutta 34 — ‘
parameters.
Min Step 1.00e-05
Controller Max Step | 1.00e+01
Implementation
Reset Tolerance| 1.00e-04
# linear | ~ hanlinear |
Close
i 1.00e-03

Figure 14. Set analysis parameters interface (time domain).

e Controller Definition

Pressing the “Name & Type” button opens the
GUI shown in figure 15 on page 29. In this win-
dow, the user must enter the controller file name
and select whether it is a linear or nonlinear
controller. The file name is stored in string
variablenlcon and the type is in string variable
linflag

¢ Controller Implementation

The linear or nonlinear implementation methods
(impflag ) can be selected by using this inter-
face. See “Time Domain” on page 13, and
“Execution Control Parameters” on page 16 for a
complete description of controller implementa-
tion methods.

e Continuous- or Discrete-Time Controller

PLATSIM variablectflag  is set using the but-
tons labeled: “continuous”, “discrete”, and vari-
able tsc is defined in the “sample time” text
field. Select *“discrete” dtflag ='no’) for
mixed-time controllers, that is, for controllers
with both continuous and discrete states.

* Controller Integration

The desired nonlinear controller integration rou-
tine may be selected from the pop-up menu on the
“Controller Integration” panel. The additional
integration parameters that can be set with this
interface are minimum step size, maximum step
size, and relative error tolerance.

* Plant Integration

The choice of three plant integration routines are
available in this release of PLATSIM. The pop-up
menu on the “Plant Integration” panel provides
the interface to these choices: zero-order hold,
first-order hold, and Runge-Kutta 34.

m Analysis -> Set Analysis Parameters..(frequency
domain analysis)

This interface provides access to various PLATSIM
frequency domain analysis parameters. See
figure 16, “Set analysis parameters (closed loop, fre-
guency domain),” on page 29 for a screen image of
this interface. The following six frequency domain
analysis features are accessible with this interface:
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Figure 15. Controller definition interface.
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Figure 16. Set analysis parameters (closed loop, frequency domain).
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* Bode plot units

The magnitude and frequency units on the Bode
plots are defined by using this interface. The vari-
ables corresponding to the magnitude and fre-
guency units are bmagax and bfrax ,
respectively. See “Execution Control Parameters”
on page 16.

* Frequency bounds

Upper and lower frequency bounds are defined
using this interface. The variables corresponding
to the upper and lower bounds ave andil |,
respective!P/. Both entries are in powers of ten,
that is, 10" and 10" . The units for the fre-
guency bounds are defined by the parameter
bfrax

* Frequency points

This panel has three options: include model
frequencies f(gflag ), extra frequency points
(usrfrg ), and the number of pointsifts ) at
which frequency domain analysis will be done.
Selecting the “Include model frequencies” button
sets variabldrgflag ='yes’, which augments
the nominal frequency vector with model
frequencies. The nominal frequency vector is
defined by using the MATLAB command:
logspace (il ,iu ,npts ). See “Frequency
Domain” on page 14, for a list of assumptions and
restrictions for frequency domain analysis.

¢ Transfer function definition

PLATSIM has the capability of performing Bode
analysis on 16 closed-loop and 9 open-loop trans-
fer functions. Transfer functions may be selected
from the pop-up menu on the “Transfer Function
Definition” panel or selected graphically by using
the mouse to point and click on the block diagram

on page 31. Once a transfer function has been
defined, specific input/output connections may be
specified with this interface. Variabldgsinti
anddesinto (see “Execution Control Parame-
ters” on page 16) are defined with this interface.
The interface will display all possible inputs and
outputs for a given transfer function. Inputs and
outputs are labeled agput_xyz for inputs and
output_xyz  for outputs, wherexyz is the
unique identification number as specified in data
files instdata .m and distdata.m See
“Instrument Data File” on page 4 for descriptions
of identification numbers. To use the interface,
select the input/output pairs and press the “Con-
nect” button. Connections are made from each
activated input to all activated outputs. In
figure 17, “Input/output connections interface” on
page 31, two separate sets of connections have
been made; that igpput 2 is connected to
outputs 1 , 3 and 6, andinput_6 is con-
nected twutputs_3 and4. (Also see fig. 18 on
page 31, “Performance output selection inter-
face.”) Input and output buttons can be activated
individually by pressing each button separately,
or in groups by using the middle mouse button
and dragging a rectangle around the desired
inputs and/or outputs. The “Delete All” button
breaks all connections and sdessinti =[] and
desinto =[]. The “Delete” button, while acti-
vated, permits connections to be broken from
individual inputs or outputs. Transfer functions
using external disturbances as inputs require a
disturbance scenario to be specified so that spe-
cific inputs may be correctly displayed. There-
fore, if the “Connections” button is pressed before
a disturbance is chosen, the user will be required
to make a disturbance scenario selection using the
interface shown in figure 19 on page 31 before
individual connections can be specified.

input/output symbols. See “Frequency Domain” Inputs/Outputs -Performance Output...

on page 14 for a description of transfer function
inputs and outputs.

e Controller

Pressing the “Controller” button opens the same
GUI shown in figure 15 on page 29. In this win-

dow, the user must enter the controller file name
and whether it is a linear or nonlinear controller.
The file name is stored in string variabtdgon

and the type is in string variableflag

¢ Connections

Selecting the button labeled “Connections” pro-
vides access to the graphical interface shown in
figure 17, “Input/output connections interface,”

Selecting the submenu item labeled “Performance
Outputs” provides access to the performance out-
put selection figure window shown in figure 18 on
page 31. The performance output window provides a
menu-driven method of selecting a full or partial set
of output locations from those defined in the user-
defined functioninstdata .m This utility allows

for a large database of output locations to be main-
tained in functionnstdata .m without the compu-
tational expense of solving for all these outputs in
every analysis. The labeling and grouping of the
menu items for the performance output window are
determined by the third field in the work space vari-
able instr , which itself is defined in function
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Figure 17. Input/output connections interface.
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instdata .m All entries that have exactly the same
character string in the third field afstr ~ will be
under the same pull-down menu, and this common
character string will be used to title the menu group.
See “Instrument Data File” on page 4 for more infor-
mation on the instrument data file. The performance
output selection figure window has three pushbutton
functions. These buttons are used to select all out-
puts, deselect all outputs, or close the selection
window, and are labeled “Set All”, “Clear All", and
“Close”, respectively. A user may select perfor-
mance outputs individually, or as groups of outputs
using the “Select All" option for each group, or all
groups using the master “Set All” button. Any cur-
rently selected output may be deselected by simply
reselecting the item, or using the “Clear All" button.
An additional level of print control is available for
each group of performance outputs using the “Print”
button at the bottom of each group’s pull-down
menu. Deselecting the “Print” button disables print-
ing and plotting for all performance outputs under
that menu heading.

= Inputs/Outputs -Select Disturbances...
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motion of a scanning mirror and a separate distur-
bance scenario for calibration operations. The entries
in the cnames and dnames matrices (see
“Disturbance Data” on page 7 for more details) pro-
vide the names for the disturbance scenario groups
and the disturbance scenarios, respectively. A distur-
bance scenario may be selected from the pull-down
menu with a single click from a mouse. Upon selec-
tion, the appropriate disturbance models, as defined
in the user provided fildistdata .m will be exe-
cuted and instrument/system disturbance data will be
loaded into the MATLAB work space. This process
may take several seconds to complete, depending on
the number of data points and the number of individ-
ual force and/or torque profiles that make up the dis-
turbance scenario. Note that if the user attempts to
run a simulation without first selecting a disturbance
model, a warning message will be displayed with
instructions to select a disturbance followed by the
display of the disturbance module figure window.

Batch Mode

In batch mode, each PLATSIM execution control

parameter is set either by the user with MATLAB assign-
When the pull-down menu button labeled “Select ment statements before thalatsim  command is
Disturbances” is selected, an additional figure entered or it is used with its default value. Execution con-
window with a top-level menu bar will appear; trol parameters may be set in an interactive MATLAB
see figure 19, “Disturbance module interface,” on window, but it is primarily intended to provide a way to

page 31. The disturbance window top-level menu ryn PLATSIM in the background by using commands
bar is used to display labels pertaining to disturbancefrom a prewritten script.

scenario groups that may consist of one or more dis-
turbance scenarios. A single instrument/system may
have multiple disturbance scenarios. For example, a
scanning telescope may have a disturbance scenario Batch mode operation will be demonstrated with two
that describes the forces/torques related to thebatch mode examples.

Batch Mode Operation

Example 1. MATLAB is started in a directory containing two files which are listed hetartup.m and

runplat.m:

format compact
path(‘/scb3/usr5/eos/platdir’,path)
path(‘/scb3/usr5/eos/platdir/eos_eg’,path)

runplat.m

diary % generate a diary of the run

runmode="b’; % run in batch mode

tdflag = ‘n’; % perform frequency domain analysis

nmode = 40; % use first 40 modes

clflag = 'n’; % run Bode plot open loop

casenum =7; % use ‘MODIS static imbalance’ disturbance

% from the EOS-AM-1 example



prtflag = ‘n’; % do not write .eps files
desinto = 14; % only output is ‘MODIS Pitch’

ndist = -2; % use only the second event from the

% ‘MODIS static imbalance’ disturbance
phold = 120; % give the user at least 2 minutes to look at plot
platsim %Thisshouldnow runasingleinput/singleoutput

% Bode plot using 1000 points logarithmically spaced
% between .01 and 10,000.

MATLAB is started and the command 1. setenv DISPLAY
>> runplat 2. lusr/local/matlab-4.2/bin/matlab
is given. MATLAB performs the necessary calcula- << EOF > mat-out
tions and displays the Bode plot. To exit from )
MATLAB, the command 3. diary
>> quit 4. runmode='b’;
is given. Now two new files are in the directory, 7.
MODIS_static_imbalance_freq .mat, which S. casenums=r7;
contains the results of the Bode calculation in MATLAB g pmflag="n’;
readable form, anddiary, which shows what
occurred: 7. platsim
PLATSIM initialization in progress... 8. quit
Selected disturbance case: MODIS
static imbalance 9. EOF
Initiating Bode Plot for bodemthd A UNIX command such as SUN Solaris command
=[3 3] at —m-fdoit 20:00  will wait until 8 p.m. and then
Task completed in 13.05 seconds start executing the commandsdait . Line 1 ofdoit

. may get around a problem MATLAB has on some sys-
Plot and print Bode plots Task tems while trying to run plotting commands without run-
completed in 8.16 seconds ning them from a logged-in terminal. Line 2 starts
PROGRAM COMPLETED Total cpu time = MATLAB running and uses the following lines as input
22.72 seconds >> quit to MATLAB until it finds the line (9) matching thEOF
in line 2. MATLAB then executes lines 3 through 8,
2204653 flops. causing it to run PLATSIM in batch mode by using dis-
Example 2uses a batch operation utility such as the turbance number 7 (MODIS static imbalance) and by
UNIX at command. First a command script is prepared using defaults for all other run parameters except
and written to a file, for exampléloit (line numbers  pmflag . When the job is done, the user can harvest
are not present in the script; they have been added hereesults from the files created by PLATSIM. (See
for reference purposes): chapter 5, “PLATSIM Output.”)

33






Chapter 5 lengths of less than ten thousand. The reduction is per-
formed in such a manner (ref. 3) that the visual effect of
PLATSIM Output plotting the reduced data is virtually identical to that of
plotting the full time history. Thus, the results are faster
PLATSIM returns its results in two general manners, on-screen plotting, faster writing of encapsulated Adobe

interactive and permanent. Interactive output includes postScript files, smaller PostScript files, and faster print-

MATLAB work space variables which are set to the ing of these files by a PostScript printer.

results of PLATSIM calculations, plots, and tables dis-
played in MATLAB figure windows. Permanent output
consists of a variety of files. The most useful of the
PLATSIM work space variables can be captured in
MATLAB MAT-files. Plots can be written as encapsu- 1.
lated PostScript files. Tables of jitter values are written
as both ASCII files and in PostScript form.

General file-naming conventions will be given first,
and the modifications necessary to fit PC file-naming 2.
limitations will be given at the end of each section.

Time Domain Analysis

Full-time histories.The results of each simulation
are contained in a variabjewhich contains one column
for each performance measurement output and one row
for each row in the user-supplied disturbance time histo-
ries used to drive the simulation. If the user needs these
full-time histories, the user can elect to have them written
to MAT-files (saveflag on page 19 and “Save Output
Time History” on page 23).

1. Fileyl.mat will contain the time history by using the
first disturbance event or the simulation by using all
events simultaneously.

2. If there is more than one disturbance event and they
are being run separately, the additional time histories
are in filesy2 .mat, y3.mat, ..., up to as many as are
needed.

3. Each file contains the time history in varialeas
previously stated, a scalar variapleriod that con-
tains the time increment between discrete points of
the simulation, and a character ariagtr  whose
rows contain the names of the performance outputs
that are being simulated.

The following rules define how time history plot

variable names are represented in the MATLAB work
space:

If each disturbance event is simulated separately,
there is one time history plot variable for each combi-
nation of performance measurement output and dis-
turbance event.

If the disturbance events are run together, there is one
time history plot variable per performance measure-
ment output.

The reduced data from a typical time history is con-
tained in a MATLAB variable with a name which
looks likep113_1.

* The 113 is a performance output identification
number taken from the third row of the user-
supplied pout matrix. (See “Instrument data
parametepout” on page 6.)

* The numbed indicates that this is the response to
the first event in the chosen disturbance scenario if
events are run separately, or that this is a simula-
tion using all the events simultaneously.

* |f there is more than one event in the disturbance
scenario, and if the events are being run separately,
the reduced response to the second event will use
the numbeg after the underscore, and so forth.

* The variablepl113 1 (or like variables) is a
2-column matrix. Column 1 contains time data,
and column 2 is the performance output data.

The plots are made by plotting the second column
of this variable as a function of the first column.

The following rules define the file-naming

convention used for the previously mentioned time
history plot variables. All these variables are saved in
a MATLAB MAT-file with a name such as

4. Note: Depending on the numbers of performance

outputs, the time steps of simulation, and the dis-
turbance events, these files can be very large and
can require significant disk space. 1
Time history plots and reduced time history data.
The user can elect to have the time histories plotted on-
screen and further can elect to write encapsulated
PostScript files of the on-screen plots. If the latter is cho- 2.
sen, a reduced form of the data is plotted. Although some
simulations involved a hundred thousand or even a mil-
lion time steps, the reduced data typically involve vector

MODIS_static_imbalance_1_time

.mat.

The MODIS_static_imbalance part of the
name comes from replacing any blanks with under-
score characters in the name for the disturbance used
in this simulation.

The numbetl is used if these data come from the first
disturbance event in the disturbance scenario when
events are being run separately, and it is also used if
the events are run simultaneously.
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. Thetime

If the events are being run separately, the second
event would have the numhbar

in the name distinguishes this file from a
similarly named file from the frequency domain anal-
ysis part of PLATSIM.

If the user chooses the option “Plot with Hardcopy”,

PLATSIM writes encapsulated PostScript files of the
plots, which the user can send to the printer. These files
have names such BODIS_Yaw_1 time .eps.

1.

elected, the results of the jitter calculation are available
to the user in several forms. The following rules define

The MODIS_Yaw part of the name comes from
replacing any blanks with underscore characters in
the name for the performance output used in this
simulation.

. The numbell andtime follow the same convention

as described in the previous paragraph.

Jitter results and plotslf the calculation of jitter is

how jitter work space variable names and file names are
generated.

1.

If disturbance events are run separately, the results of
the jitter calculation for the first event are in
MATLAB variable JITTERL ; those for the second
event (if any) are idITTERZ2 , and so forth.

Each of these variables is a matrix with one column

The worst value in each column is displayed in a
contrasting color for emphasis.

* These tables are also written in both PostScript and
ASCII files.

* The PostScript format tries to emulate what is
shown on the screen; however, if too many perfor-
mance measurement outputs exist, the PostScript
file prints two or more pages.

* The PostScript files for the individual disturbance
event jitter results have names such as

MODIS_static_imbalance_1_jitr .ps

and

MODIS_static_imbalance_2_jitr .ps,
while the table with overall totals is in
MODIS_static_imbalance_jitr .ps.

* For the ASCII files, the names are the same except
that theps extension is replaced oyt .

2. If there is only one event in the disturbance scenario,

or if the disturbance events are run simultaneously,

* The one jitter result is written to the files with
names such as
MODIS_static_imbalance_jitr
MODIS_static_imbalance_jitr
event number).

and
(no

ps
.out

Example.An example of time domain analysis and

. The variableJITTER1 , JITTER2 (if defined), and

for each jitter window and one row for each perfor- jitter analysis, which is based on the EOS-AM-1 space-

mance output (the order of the rows is determined bycraft, is presented in appendix D. In the example,

the numerical order of the identification numbers of PLATSIM runs use the default values of all execution

the performance outputs). time parameters, along with the disturbance scenario
MODIS static imbalance

. The “total jitter” in the form of the sum of the individ-

ual jitter calculations in the variable

JITTER.

IS given File-naming conventions for PC’s.PC’s running

under DOS (Disk Operating System) have limitations on
If the disturbance events are run simultaneously, thewhich character strings may be file names. Letters are
results are iIRITTER1 andJITTER, which, in this mapped to upper case. The file name may have, at most,
case, are identical. eight characters, optionally followed by a period and an
extension of one to three characters. Consequently,

PLATSIM output files are given alternate names which

so forth are preserved in the same files containing the;qnform to PC DOS restrictions, if the program is run on
reduced time histories (see the previous section). Fory pc-

example, JITTER2 would be in file
MODIS_static_imbalance_2_time .mat fol- 1. The file which was called, for example,
lowing the example in the previous section. MODIS_static_imbalance_1_time .mat is

now called JITTER1.mat. The file which was

6. The variableJITTER would be written in a file called, for example
namedMODIS_static_imbalance_time mat. MODIS_static_imbalance_time .mat is now

The table of jitter values is displayed on the screen. calledJITTER .MAT

1. If the events are being run separately, a table is pre2. The file which was called, for example,
sented for each event and another is presented for the MODIS_static_imbalance_1_jitr .out is
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jitter totals.

now calledJITR_1 .OUT



3. The file which was called, for
MODIS_static_imbalance_1_jitr .ps is
now calledJITR .PS. 1
4. The file which was called, for example, '
CERES2_Yaw_2_time.eps is now called

P9 2 T.EPS

¢ The number 9 comes from the identification num-
ber used for the instrument nam@BERES?2 Yaw.

e The number 2 indicates the disturbance event
number.

¢ The letterT indicates that the file contains a time
history.

* Only single or double digit identification numbers
are allowed for the performance outputs.

* Up to 99 events in a disturbance scenario are 4,
allowed.

Frequency Domain Analysis

example, variables are also written in MATLAB binary form to a
MAT-file following naming convention:

If the inputs are reference commands, the file name
would bereference_command_freq  .mat.

2. If the inputs are disturbances at the plant input, the

file name would be

input_disturbance_freq .mat.

3. If the inputs are external disturbances, the file name

would be

MODIS_static_imbalance_freq .mat. The
MODIS_static_imbalance part of the name
comes from replacing any blanks with underscore
characters in the name for the disturbance used in this
analysis.

If the inputs are measurement noise, the file nhame
would bemeasurement_noise_freq .mat.

Bode plotslf plotting is requested, the Bode plots

for the selected outputs in response to the selected inputs

Frequency response matrixn frequency domain

are plotted on-screen.

If “Plot with Hardcopy” is

analysis, PLATSIM calculates either the open-loop or selected, in addition to on-screen plots, PLATSIM writes
closed-loop frequency response matrix from a set ofencapsulated Adobe PostScript files of the plots. These
user-selected inputs to a set of user-selected outputs. Afiles have the following naming convention:

mentioned in the Instrument Data File on page 4, the
inputs may be in the form of attitude or attitude rate ref- -
erence commands, disturbances at the plant input, exter-
nal disturbances, or sensor noise, if closed-loop response
is requested, and in the form of attitude or attitude rate
reference commands, disturbances at the plant input, or
external disturbances, if open-loop response is requested.
Similarly, the outputs may be in the form of tracking
error, control effort, performance output, or measure-
ment output, if closed-loop response is requested, and in
the form of control effort, performance output, or mea-
surement output, if open-loop response is requested.
Moreover, all or a user-specified subset of the inputs or
outputs may be chosen by the user. The vector of
frequency points is generated from the execution control
parameters defined by the user. (See paraméterau ,

npts ,clflag ,usrfrgq , andfrgflag in table 1.)

The frequency response matrix is stored in a
MATLAB work space array. The size of arrag isk by
Tx p, wherek is the number of elements in the fre-
guency vectory is the number of selected inputs,pand
is the number of selected outputs. Subsequently liye
T X p gain matrix in decibels is stored in MATLAB vari-
able m and thek by tx p wrapped phase matrix in
degrees is stored in MATLAB variabfe The frequency
vector is stored in a MATLAB variableq .

The variabledrq , g, m andp are work space vari-
ables that are available to the user when PLATSIM
completes the frequency domain calculations. These

If the outputs are tracking errors, the file name
would be tracking_error_1_4 freq .eps.

The number 1 corresponds to the identification num-
ber associated with the measurement output used in
the analysis. The “4” corresponds to the identification
number associated with the selected input. For exam-
ple, if the input is an external disturbance, the
number 4 indicates that the input used to generate the
Bode plot corresponds to the disturbance event with
identification number 4 for the disturbance scenario
chosen.

2. If the outputs are control effort, the file name would

be control_input_1 4 freq .eps. The num-

ber 1 corresponds to the identification number associ-
ated with the actuator used in the analysis. The

number 4 corresponds to the identification number

associated with the selected input. For example, if the

input is a reference command, the number 4 indicates
that the input used to generate the Bode plot corre-
sponds to a reference command for measurement out-
put with identification number 4.

3. If the outputs are performance outputs, the file name

would be MODIS Yaw 4 freq .eps. The
MODIS_Yawpart of the name comes from replacing
any blanks with underscore characters in the name for
the performance output, supplied by the user, that is
used in this analysis. The number 4 corresponds to the
identification number associated with the selected
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input. For example, if the input is an external distur- with

the disturbance scenaridVilODIS static

bance, the number 4 indicates that the input used tambalance

generate the Bode plot corresponds to the disturbance
event with identification number 4 for the disturbance
scenario chosen.

File-naming conventions for PC'sAs in the previ-

ous section on time domain analysis, the file-naming

conventions just given will not work for PC’s. The con-

would be

measurement_output_1 4 freq eps. The
number 1 corresponds to the identification number
associated with the measurement output used in the
analysis. The number 4 corresponds to the identifica-o
tion number associated with the selected input. For
example, if the input is measurement noise, the num-
ber 4 indicates that the input used to generate the
Bode plot corresponds to a measurement noise in the
measurement output with identification number 4.

1.

An example of frequency domain analysis, which is

based on the EOS-AM-1 spacecraft, is presented in3.
appendix D. In the example, PLATSIM runs use the
default values of all execution parameters except that

tdflag
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‘n’ selects frequency domain analysis, along

. If the outputs are measurement outputs, the file nameventions used on PC’s are exemplified here:

The frequency response matrix, the gain and phase
matrices, and the frequency vector are stored in file
FREQmat.

The Bode plots, irrespective of the type of input or
output, will be 0li4_f .eps. The lettero andi are
prefixes that denote output and input, respectively.
The number 1 denotes the identification number asso-
ciated with the output (any form of output). The num-
ber 4 denotes the identification number associated
with the input (any form of input).

Using this naming convention, the identification num-
bers on inputs and outputs can each range from 1
to 99 without violating the PC DOS file-naming limi-
tation of 8 characters before the period.



Chapter 6

Diagnostic Messages

tclip (=1000) is larger than ftfinal
(=999.974)

input a new value fortclip -->

Solution: Type in a valid value fotclip  after the

The error and diagnostic messages generated byyrow, followed by a carriage return.

PLATSIM are given below. The format used below gives

a brief description of a scenario that may cause the error
the actual error message as seen in the MATLAB com-

mand window, followed by a recommended solution.

In the GUI execution mode, if the “begin analysis” but-

ton is pushed before a disturbance is selected from the tclip

disturbance menu, PLATSIM displays the “PLATSIM
DISTURBANCES” menu and the following message
appears in the MATLAB window.

A disturbance case was not specified, please select one
now.
Solution: Choose a disturbance from the pop-up menu.

In the batch execution mode, if PLATSIM is executed
without the execution control parameteasenum

* |f the scalar parametdclip  defined is greater than
" the simulation time and the execution mode is batch,
the following message will appear:

tclip s larger thantfinal
0.5*tfinal
or increase the simulation time.

is setto
Solution: Adjusttclip

* |f any mode number chosen for analysis is greater than
the number of modes available in the Glmega.dat
or omega.mat, the following message will appear in
the MATLAB window and program execution will
stop.

An error has been detected in file
formpint Maximum mode number chosen

having been defined, the following message appears ing greater than number of modes avail-

the MATLAB window, and the execution of PLATSIM
terminates.

The batch mode disturbance variable ¢asenum’ is
not defined. Please select a valid case number from
file: " distdata.m ' and resubmit 'platsim ’

Solution: Assign a valid value to the execution control
parameter casenum and restart the execution of
PLATSIM.

* |n the batch execution mode, if PLATSIM is executed
with the execution control parametarsenum having

able. Program termination in formpint

Solution: Check the mode numbers and restart the
program.

* |f the number of rows of arrgyhi (in file phi .mat or
phi .dat ) is not an integer multiple of the number of
modal frequencies defined in filemega.mat or
omega.dat , the following error message will appear
in the MATLAB window and program execution will
stop.

been set to an invalid value, a message of the followingThe number of rows of “phi” (in file

form appears in the MATLAB window, and the execu- Phi.mat

tion of PLATSIM terminates.

casenum=200 , is not a valid disturbance case num-
ber. Select an integer between 1 and 15.

Check batch mode input data.

Solution: Assign a valid value to the execution control
parameter casenum and restart the execution of
PLATSIM.

If the variablesmapping, instdat , cnames, and
dnames, as defined in the user-provided file
distdata.m , do not satisfy specific relationships,
the following message will appear in the MATLAB
window.

Disturbance data is not correct!

Solution: See “Disturbance Data” on page 7 for a com-
plete description afistdata.m  variables.

* In the GUI execution mode, if the scalar parameter
tclip  contains a value greater than the simulation

time, then a message of the following form appears ininstdata

the MATLAB window.

or phidat ) must be an integer
multiple of the number of elements of

‘omega” (in file omega.mat or
omega.dat ). Program termination in
formpint

Solution: Make thephi andomega files consistent and
restart the program.

If a grid point defined in fildnstdata .m for the
spacecraft control system input is not defined in array
phi (in file phi .mat or phi .dat ), the following
error message will appear in the MATLAB window
and program execution will stop.

An error has been detected in file
formpint.m. A FEM SCS input
number referenced in file
instdata.m is not available in file
phidat or phimat . Program termina-
tion in formpint

grid
as

Solution: Check the first row of parametact in file
.m check file phi .dat or phi .mat, and
restart the program.
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If a grid point used in filenstdata .mfor the mea-
surement outputs is not defined in ary (i file
phi .mat or phi .dat ), the following error message
will appear in the MATLAB window and program exe-
cution will stop.

An error has been detected in file
formpintm . A FEM measurement output
grid number as referenced in file
instdata.m is not available in file
phidat or phimat . Program termina-
tion in formpint

Solution: Check the first parametemout in file
instdata .mand check filghi .dat orphi .mat, and
then restart the program.

If a grid point used in fillnstdata .mfor the perfor-
mance outputs is not defined in arrplgi (in file
phi .mat or phi .dat ), the following error message
will appear in the MATLAB window and program exe-
cution will stop.

An error has been detected in file
formpint.m A FEM performance output
grid number as referenced in file
instdata.m is not available in file
phidat or phimat . Program termina-
tion in formplnt

Solution: Check the first row of parametpout in file
instdata.m , check filephi.dat or phi.mat , and
restart the program.

If a grid point used in filelistdata .mfor a distur-
bance sequence is not defined in amply (in file
phi .mat or phi .dat ), the following error message
will appear in the MATLAB window and program exe-
cution will stop.

An error has been detected in file
formpint.m A FEM disturbance grid
number referenced in file
distdata.m is not available in file
phidat or phimat . Program termina-
tion in formplnt

Solution: Check filedistdata .mand filephi .dat or
phi .mat, and restart the program.

as

If a step size smaller than the minimum step size,

defined by the user, is required in the controller state or

plant state propagation, the following error message
will appear in the MATLAB window and program exe-
cution will stop.

A step size smaller than the minimum is required in
filename.m.

Note: Filename may take the name of any of the
six routines that perform controller state or plant state
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propagation with step size contrat23 , rk32 , rk34 ,
rkas | rstiff | nipint4

Solution: (1) Decrease the minimum step size allowed
from the GUI window or in variableoption ;

(2) Increase the integration error tolerance from the GUI
window or in variableoption

* |f the number of iterations in one integration step for
the controller state or plant state propagation goes
beyond the user-defined maximum number of itera-
tions allowed, the following error message will appear
in the MATLAB window and program execution will
stop.

Maximum number of iterations reached without con-
vergence infilename.m

Note: Filename may take the name of any of the
six routines that perform controller state or plant state
propagation with step size controk23 , rk32 , rk34 ,
rk45 | rstiff , nipint4

Solution: (1) Increase the maximum number of iterations
allowed per step from the GUI window or in variable
option ; (2) Increase the integration error tolerance
from the GUI window or in variableption

* If the number of iterations in the solution check of the
nonlinear controller goes beyond the user-defined max-
imum number of iterations allowed, the following error
message will appear in the MATLAB window and pro-
gram execution will stop.

Maximum number of iterations reached without con-
vergence infilename.m  due to solchk.

Note: Filename.m  may take the name of any of
the four routines that perform controller state propaga-
tion: nisim.m nisim2.m nisim_m.m
nisim_m2.m .

1 ’

Solution: Increase the maximum number of iterations
allowed per step from the GUI window or in variable
option

* |f an attempt is made to use the memory conservative
feature of PLATSIM without having compiled the
MEX-file for Imtime or trplomem , one of the fol-
lowing error messages will appear in the MATLAB
window and program execution will stop.

LMTIME MEX-file for Imtime not found, cannot
proceed.
trplomem.m: For " help” only, must run the

MEX-file from trplomem.c

Solution: Compile the MEX-files forimtime and
trplome  or do not attempt to run the memory conser-
vative option.



¢ |f PLATSIM function nlinitcl .m or nlinitol.m Solution: Make sure that none of these variables are

executes one of the commanelsist(‘nisim’) , being used in the wrong way (such as for a compiled
exist(‘nlsim_m’) , exist(‘nlsim2’) , SIMULINK function) and that the M-files (and
exist(‘nlsim_m2) , Or exist(propgateo)) , MEX-files, if they exist) of these names are on the

and the answer is neither 2 (the name represents amatlabpath
M-file) nor 3 (the name represents a MEX-file), one of

the following error messages will appear in the

MATLAB window and program execution will stop.

NLINITCL : failure setting ismex NASA Langley Research Center
) ) Hampton, VA 23681-2199
NLINITOL : failure setting ismex August 27, 1997
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Appendix A

User-Supplied Routines for Earth Observing System EOS-AM-1 Example

The following listings are examples of the routines to be supplied to PLATSIM by the user. These examples are
based on the Earth Observing System EOS-AM-1 spacecraft and are distributed with PLATSIM. The user may want to
use these examples as templates for writing the user-supplied routines for the platform that the user wishes to analyze.

mkdamp.m

function [d]=mkdamp(omega)

%

% function [d]=mkdamp(omega)

%

% purpose: to assign modal damping ratios
%

% input variables:

%

% omega : vector containing the natural frequencies
%

% output variables:

%

% d : vector of damping ratios

%

%

% Author: Peiman G. Maghami
% Spacecraft Controls Branch
% NASA Langley Research Center
%
%%%%%%% %% %% %% %% % %% %% %% %% %% % %% %% %0 % % %% %% %0 % %% %% %% % %% %% %0 %
%
% damping schedule for the EOS-AM-1 Spacecraft
%
% damping ratio = 0.2% for modes with frequency less than 15Hz
% damping ratio = 0.25% for modes with frequency greater than 15Hz
% but less than 50Hz
% damping ratio = 0.3% for modes with frequency greater than 50Hz
for i=1:max(size(omega))
if omega(i)< 30.0*pi
d(i)=0.002;
elseif omega(i)>=30.0*pi&omega(i)<100.0*pi
d(i)=0.0025;
else
d(i)=0.003;
end
end
d=d’;

instdata.m

function [act,mout,pout,instr]=instdata
%
% function [act,mout,pout,instr]=instdata
%
% purpose: a user-defined routine to provide the grid
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% point numbers, directions distribution/contribution
% factors, and identification numbers for the

% spacecraft instruments. It also provides names for
% the performance outputs.

%

%

% output variables:

%

%

% act : control input information matrix

% mout : measurement output information matrix
% pout : performance output information matrix

% instr : list of names for performance outputs

%

%

%

% Author: Peiman G. Maghami

% Spacecraft Controls Branch

% NASA Langley Research Center

% August, 1993

%

% modified: P. G. Maghami

% March, 1994

%

%%%% %% %% %% %% % %% %% %% %% %% % %% %% %% %% % %% % %% %% %% %% % %% %0 %% %0 %
% The following parameters are associated with

% EOS-AM-1 Spacecraft.

%

%%%%%% %% %% %% % %% %% %% %% % %% %% %% %% % %% %% %% %% % %% %% % %% %% %% %
% define the spacecraft control input information

% matrix (the ACS input at the RWA)

%

act=[155003,155003,155003;

4, 5, 6
1, 2, 3;
1.0, 1.0, 1.0}

%
% define grid points for the measurement feedbacks at
% the NAVBASE
%
mout=[111091,111091,111091,111091,111091,111091;
4, 4, 5 5 6, 6
1, 2, 3, 4, 5, 6
1.0, 1.0, 1.0, 1.0, 1.0, 1.0;
o, 1, 0, 1, 0O, 1j
%
% define grid points for performance outputs
% [NAVBASE, CERES1, CERES2, MISR, MODIS-N, MOPITT,
% SWIR, TIR, VNIR]
%
pout=[111091,111091,111091,350420,350420,350420,...



351420,351420,351420,333498,333498,333498,361203,...
361203,361203,396400,396400,396400,329722,329722,...
329722,326989,326989,326989,325647,325647,325647;
4,5,6,45,6,45,6,4,56,4,5,6,4,5,6,4,5,6,4,5,6,...

4,5,6;

1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,...
20,21,22,23,24,25,26,27;
1111111,12111,11,1,1,1,1,1,1,1,1,1,1,...

11,1;

0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,...

0,0,0];

%

% convert the performance output units from rads

% to arcsec

%

pout(4,:)=(180.0*3600.0/pi)*pout(4,:);

%

%

% define the performance output names, display

% and unit labels

%

instr=str2mat(‘1|NAVBASE Roll|[NAVBASE|arcsec’,’2INAVBASE Pitch|[NAVBASE]|

arcsec’);

instr=str2mat(instr,’3|NAVBASE Yaw|NAVBASE|arcsec’);
instr=str2mat(instr,'"4|CERES1 Roll|[CERES]arcsec’,'5|CERESL1 Pitch| CERES]|
arcsec’);

instr=str2mat(instr,’6|CERES1 Yaw|CERES]arcsec");
instr=str2mat(instr,’"7|CERES2 Roll|[CERES]arcsec’,'8| CERES2 Pitch| CERES]
arcsec’);

instr=str2mat(instr,’"9|CERES2 Yaw|CERES|arcsec’);
instr=str2mat(instr,’10|MISR Roll|MISR]arcsec’,’11|MISR Pitch|MISR]arcsec’);
instr=str2mat(instr,’"12|MISR Yaw|MISR|arcsec’);
instr=str2mat(instr,’13|MODIS Roll|[MODIS|arcsec’,’14|MODIS Pitch|]MODIS]|
arcsec’);

instr=str2mat(instr,’"15|MODIS Yaw|MODIS|arcsec);
instr=str2mat(instr,’16|MOPITT Roll|[MOPITT|arcsec’,’”17|MOPITT
Pitch|[MOPITT|arcsec);

instr=str2mat(instr,”18|MOPITT Yaw|MOPITT|arcsec’);
instr=str2mat(instr,’19|SWIR Roll|ASTER|arcsec’,’20|SWIR Pitch|ASTER|
arcsec);

instr=str2mat(instr,’21|SWIR Yaw|ASTER|arcsec’);

instr=str2mat(instr,’22|TIR Roll|[ASTER]arcsec’,’23|TIR Pitch|ASTER|arcsec);
instr=str2mat(instr,’24|TIR Yaw|ASTER|arcsec’);

instr=str2mat(instr,’25|VNIR Roll|ASTER|arcsec’,’26|VNIR Pitch|ASTER|
arcsec’);

instr=str2mat(instr,’27|VNIR Yaw|ASTER|arcsec’);

%

distdata.m

function [dist,w,dt,cnames,dnames,instdat,...
mapping]=distdata(casenum,tdflag)

%function [dist,w,dt,cnames,dnames,instdat,...
mapping]=distdata(casenum,tdflag)

%
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% Author: Sean P. Kenny
% NASA Langley Research Center
% Spacecraft Controls Branch
% Created: 2/14/94
%
%
if nargin ==
casenum=0;
tdflag="yes’; % This will not affect the
% analysis, just the amount
% of data generated (time spent)
% here.
elseif nargin ==
tdflag="yes’;
end
%
%
%
% Individual Instrument Disturbances:
%
% Defines labels for pull-down menus, also labels
% for jitter tables, and time history plots.
%
% Note:
%
% A GUI menu item may be disabled by including a
% preceding asterisk in the string variable, e.g.,
% s23="* High Gain Antenna’, will be displayed,
% but cannot be selected with the mouse. This feature
% pertains to GUI mode ONLY ! Batch mode will allow
% the selection of all entries.
%
%
%
s1="TIR repoint’;
s2="TIR calibrate’;
s3="TIR scan’,
s4="TIR chopper’;
s5="TIR cryocooler LDE’;
s6="MODIS scan mirror’;
s7="MODIS static imbalance’;
s8="MODIS dynamic imbalance’;
s9="MOPITT mirror scan’;
s10="MOPITT cryocooler LDE’;
s11="MOPITT pressure modulated cells’;
s1l2="Reaction Wheel Assembly case 1’;
s13="* Reaction Wheel Assembly case 2’;
sl4="Solar Array Drive’;
s15="Solar Array Thermal Snap’;
%
%
%
% Combine individual cases into a matrix form using
% function “str2mat”.
% Note “str2mat” allows a maximum of 10 arguments per




% call, therefore, multiple calls may be required.
% Each individual case defined above represents a
% row entry within the “dnames” string matrix.
%
dnames=str2mat(s1,s2,s3,s4,s5,56,57,58,59,510);
dnames=str2mat(dnames,s11,s12,s13,s14,s15);
%
%
%
%
%
% Disturbance Category Labels
% (labels for top-level menu items on pop-up figure)
%
ss1="ASTER-TIR’;
ss2="MODIS’;
ss3="MOPITT’;
ss4="Misc. Disturbances’;
%
% Combine Category Labels into a string matrix:
%
chames=str2mat(ssl,ss2,ss3,ss4);
%
%
%
% Setup mapping between category labels and
% disturbance case numbers.
%
% instdat[i] corresponds to the ith row in “cnames”,
% e.g., the vector instdat5 contains all case numbers
% that are associated with the fifth row in “cnames”.
% The elements of the instdat[i] vector are the row
% indices within the “dnames” string matrix. For
% example, if the 4th, 5th, and 10th row entries in
% “dnames” correspond to the category in the 5th row
% of “cnames”, then instdat5=[4,5,10].
%
% The vector variable “mapping” is a pointer that
% defines the number of cases in each category, e.g.,
% mapping(1)=8; implies that there are eight
% disturbance cases associated with the first
% category.
%
%
mapping=[];
instdat1=[1,2,3,4,5];
linst=length(instdatl);
mapping=[mapping,linst];
instdat2=[6,7,8];
linst=length(instdat2);
mapping=[mapping,linst];
instdat3=[9,10,11];
linst=length(instdat3);
mapping=[mapping,linst];
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instdat4=[12,13,14,15];
linst=length(instdat4);
mapping=[mapping,linst];

%

instdat=[instdat1,instdat2,instdat3,instdat4];

%

%%%%%%% %% %% %% %% %% %% %% %% %% %% %% %% %% % %% %% %% %% %% % %% % %% %%

%

% Based upon menu selection, create the proper

% disturbance input vector(s).

%

%

% TIR Mirror Repointing

%

if (casenum == 1)

% 326990 ==> scanner

igrid=[326990];

idir=[4];

inum=[1];

ifac=ones(size(inum));

dist=[igrid;idir;inum;ifac];

% get torque/force profiles for only time-domain

if stremp(tdflag(1),’y’)
[dt,torque] = tirl;
w(:,1)=torque’;

end

%

% TIR Mirror Calibration

%

elseif (casenum == 2)

% 326944 ==> chopper

igrid=[326990];

idir=[4];

inum=[1];

ifac=ones(size(inum));

dist=[igrid;idir;inum;ifac];

if stremp(tdflag(1),’y’)
[dt,torque] = tir2;
w(:,1)=torque’;

end

%

% TIR Scanner

%

elseif (casenum == 3)

% 326990 ==> scanner

igrid=[326990 326990 326990 326990 326990 326990];

idir=[12 345 6];

inum=[1:6];

ifac=ones(size(inum));

dist=[igrid;idir;inum;ifac];

if stremp(tdflag(1),’y’)
[dt,torque] = tirscani;
w(:,1)=torque’;
[dt,torque] = tirscan2;
w(:,2)=torque’;



[dt,torque] = tirscan3;
w(:,3)=torque’;
[dt,torque] = tirscan4;
w(:,4)=torque’;
[dt,torque] = tirscanb5;
w(:,5)=torque’;
[dt,torque] = tirscane;
w(:,6)=torque’;

end

%

% TIR Chopper

%

elseif (casenum == 4)

% 326944 ==> chopper

igrid=[326944 326944];

idir=[1 2];

inum=[1:2];

ifac=ones(size(inum));

dist=[igrid;idir;inum;ifac];

if strcemp(tdflag(l),’y")
[dt,torque] = tirchopl;
w(:,1)=torque’;
[dt,torque] = tirchop2;
w(:,2)=torque’;

end

%

% TIR Compressor/Displacer "Low Distortion Electronics" (LDE)

%

elseif (casenum == 5)

% 326992 ==> compressor

% 326993 ==> displacer

igrid=[326992 326992 326992 326992 326992 326993 326993 326993 326993 326993];

idir=[1245621456];

inum=[1:10];

ifac=ones(size(inum));

dist=[igrid;idir;inum;ifac];

if stremp(tdflag(1),’y’)
[dt,torque] = tircal;
w(:,1)=torque’;
[dt,torque] = tircaz;
w(:,2)=torque’;
[dt,torque] = tirca3;
w(:,3)=torque’;
[dt,torque] = tirca4;
w(:,4)=torque’;
[dt,torque] = tircab;
w(:,5)=torque’;
[dt,torque] = tirdal;
w(:,6)=torque’;
[dt,torque] = tirda2;
w(:,7)=torque’;
[dt,torque] = tirda3;
w(:,8)=torque’;
[dt,torque] = tirda4;
w(:,9)=torque’;



50

[dt,torque] = tirda5;
w(:,10)=torque’;

end

%

%

% MODIS scan mirror

%

elseif (casenum == 6)

% 3601 ==> averaged interface

% 361203 ==> scan mirror center

% 361342 ==> scan mirror motor/encoder

% 355349 ==> solar door 8/12/93 spk

igrid=[361342];

idir=[4];

inum=[1];

ifac=ones(size(inum));

dist=[igrid;idir;inum;ifac];

if strcemp(tdflag(l),’y’)
[dt,torque] = modisi;
w(:,1)=torque’;

end

%

% MODIS static imbalance

%

elseif (casenum ==7)

% 361342 ==> scan mirror motor/encoder

igrid=[361342 361342];

idir=[2 3];

inum=[1:2];

ifac=ones(size(inum));

dist=[igrid;idir;inum;ifac];

if strcemp(tdflag(l),’y’)
[dt,forl,for2] = modis2;
w(:,1)=forl’;
w(:,2)=for2’;

end

%

% MODIS dynamic imbalance

%

elseif (casenum == 8)

% 361342 ==> scan mirror motor/encoder

igrid=[361342 361342];

idir=[5 6];

inum=[1:2];

ifac=ones(size(inum));

dist=[igrid;idir;inum;ifac];

if strcemp(tdflag(l),’y’)
[dttorl,tor2] = modis3;
w(:,1)=torl’;
w(:,2)=tor2’;

end

%

% MOPITT mirror scan

%

elseif (casenum == 9)



% 396400 ==> scan motor 1
% 396403 ==> scan motor 2
% 3608 ==> Avg. interface
igrid=[396400];
idir=[4];
inum=[1];
ifac=ones(size(inum));
dist=[igrid;idir;inum;ifac];
if stremp(tdflag(l),’y’)
[dt,torque] = mopitt;
w(:,1)=torque’;
end
%
% MOPITT Compressor/Displacer “Low Distortion
% Electronics” (LDE)
%
elseif (casenum == 10)
% 396416 ==> compressor
% 396417 ==> displacer
igrid=[396416 396416 396416 396417 396417 396417];
idir=[215215];
inum=[1:6];
ifac=ones(size(inum));
dist=[igrid;idir;inum;ifac];
if strcemp(tdflag(l),’y’)
[dt,torque] = mopittcl;
w(:,1)=torque’;
[dt,torque] = mopittc2;
w(:,2)=torque’;
[dt,torque] = mopittc3;
w(:,3)=torque’;
[dt,torque] = mopittd1;
w(:,4)=torque’;
[dt,torque] = mopittd2;
w(:,5)=torque’;
[dt,torque] = mopittd3;
w(:,6)=torque’;
end
%
% MOPITT pressure modulated cell (PMC)
%
elseif (casenum == 11)
% 396412 ==> PMC #1
% 396413 ==> PMC #2
igrid=[396412 396413];
idir=[1 1];
inum=[1:2];
ifac=ones(size(inum));
dist=[igrid;idir;inum;ifac];
if strcemp(tdflag(l),’y")
[dt,pmc1,pmc2] = mopmc;
w(:,1)=pmcl’;
w(:,2)=pmc2’;
end
%
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%
% Reaction Wheel Assembly (RWA) Imbalance: Case 1
%
% ** static imbalance in wheel #1 **
%
elseif (casenum == 12)
% 50600 ==> RWA averaged interface
% 155003 ==> RWA 1 (farthest from C.G.)
igrid=[155003 155003 155003];
idir=[1 2 3];
inum=[1:3];
ifac=ones(size(inum));
dist=[igrid;idir;inum;ifac];
if strcemp(tdflag(l),’y")
[dt,rwax,rway,rwaz] = rwal;
w(:,1)=rwax’;
w(:,2)=rway’;
w(:,3)=rwaz’;
end
%
% Reaction Wheel Assembly (RWA) Imbalance: Case 2
%
elseif (casenum == 13)
igrid=[155003 155003 155003];
idir=[1 2 3];
inum=[1:3];
ifac=ones(size(inum));
dist=[igrid;idir;inum;ifac];
[dt,rwax,rway,rwaz] = rwa2;
w(:;,1)=rwax’;
w(:,2)=rway’;
w(:,3)=rwaz’;
%
% Solar Array Harmonic Drive
%
elseif (casenum == 14)
% 69090 ==> solar array drive (SAD)
igrid=[69090];
idir=[5];
inum=[1];
ifac=ones(size(inum));
dist=[igrid;idir;inum;ifac];
if strcemp(tdflag(l),’y")
[dt,torque] = sadhd;
w(:,1)=torque’;
end
%
% Solar Array Thermal Snap
%
elseif (casenum == 15)
% 69090 ==> SAD
% 60024 ==> SA
igrid=[69090 60024 60024];
idir=[4 1 3];
inum=[1:3];



ifac=ones(size(inum));

dist=[igrid;idir;inum;ifac];

if stremp(tdflag(1),’y’)
[dt,torque] = sal;
w(:,1)=torque’;
[dt,torque] = saz;
w(:,2)=torque’;
[dt,torque] = sa3;
w(:,3)=torque’;

end

%

end

%

% End distdata.m

formscs.m

function [aacs,bacs,cacs,dacs]=formscs

%

% function [aacs,bacs,cacs,dacs]=formscs

%

% Purpose: To form the continuous-time spacecraft
% control system (SCS) for the space platform

%

% Currently, this function forms the attitude

% control system for the EOS-AM-1 Spacecraft.
%

%

% output variables:

%

% aacs : the SCS state matrix (continuous)

% bacs : the SCS input influence matrix (continuous)
% cacs : the SCS output influence matrix

%

% Author: P. G. Maghami

% Spacecraft Controls Branch

% NASA Langley Research Center

% December, 1992

%

% Modified: March, 1994

%

%%%%%% %% % %% %% %% %% %% %% %% %% %% %% %% %% %% %0 %% %% %% %% %% % %% % %%
third-order Butterworth filter

kf=0.25005;

af=1.0;

bf=1.2600;

cf=0.7938;

df=kf;

numf=kf;denf=[af,bf,cf,df];

% wide-band notch filter

an=0.52335;

bn=0.19678;

cn=1.0;
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kn=0.57408;
numn=[an,bn,cn];denn=[an,kn,cn];

% rate gyro

kg=1.0;

wg=12.5664;

zg=0.7071;
numg=[kg*wg*wg];deng=[1.0,2.0*zg*wg,wg*wg];
%zero order hold

taw=0.512;
%numh=taw;denh=[0.125*taw*taw,taw,1.00];
numh=1.00;denh=[0.125*taw*taw,taw,1.00];
%delay
numd=[0.125*taw*taw,taw,1.00];
dend=[0.125*taw*taw,taw,1.00];

%

krp=[4284.6;6696.4;8322.5];
kri=[30.604;40.761;105.68];

%

% rate loop compensator-roll
numrr=[krp(1),kri(1)];denrr=[1.00,0.00];
%

% rate loop compensator-pitch
numrp=[krp(2),kri(2)];denrp=[1.00,0.00];
%

% rate loop compensator-yaw
numry=[krp(3),kri(3)];denry=[1.00,0.00];
%

kp=[0.051604;0.049064;0.047159];
ki=[1.5199e-4;1.6984e-4;3.3011e-4];

%

% position loop compensator-roll
numpr=[kp(1),ki(1)];denpr=[1.00,0.00];
%

% position loop compensator-pitch
numpp=[kp(2),ki(2)];denpp=[1.00,0.00];
%

% position loop compensator-yaw
numpy=[kp(3),ki(3)];denpy=[1.00,0.00];
%

% rate loop total compensation

%

%

% transform (numg,deng) to state-space
%

[al,b1,c1,d1]=tf2ss(numg,deng);

%

%

% transform the position-loop combined TFs to
% state-space

%
[apl,bpl,cpl,dpl]=tf2ss(numpr,denpr);
[ap2,bp2,cp2,dp2]=tf2ss(numpp,denpp);
[ap3,bp3,cp3,dp3]=tf2ss(humpy,denpy);
%

%



% combine the position loop and rate loop filters
%
[acl,bcl,ccl,dcl]=...
append(apl,bpl,cpl,dpl,al,bl,cl,dl);
[ac2,bc2,cc2,dc2]=...
append(ap2,bp2,cp2,dp2,al,bl,cl,dl);
[ac3,bc3,cc3,dc3]=...
append(ap3,bp3,cp3,dp3,al,bl,cl,dl);
%
ccl=ccl(1,:)+ccl(2,:);dcl=dcl(1,:)+dc1(2,:);
cc2=cc2(1,:)+cc2(2,:);dc2=dc2(1,:)+dc2(2,:);
cc3=cc3(1,:)+cc3(2,:);dc3=dc3(1,:)+dc3(2,:);
%
% combine the butterworth filter and the notch filter
%
[numl,denl]=series(numf,denf,numn,denn);
%
% combine the rate loop compensator in series
% with the notch filter
%
[num31,den31]=series(numrr,denrr,numl,denl);
[num32,den32]=series(numrp,denrp,numl,denl);
[num33,den33]=series(numry,denry,numl,denl);
%
% add the zero order hold in series
%
[num41,dendl]=series(hum31,den31,numh,denh);
[num42,den42]=series(hum32,den32,numh,denh);
[num43,den43]=series(hum33,den33,numh,denh);
%
% add the time delay in series
%
[numinr,deninr]=series(hum41,den41,numd,dend);
[numinp,deninp]=series(num42,den42,numd,dend);
[numiny,deniny]=series(num43,den43,numd,dend);
%
% transform the rate loop TFs to state-space
%
[arl,brl,crl,drl]=tf2ss(numinr,deninr);
[ar2,br2,cr2,dr2]=tf2ss(numinp,deninp);
[ar3,br3,cr3,dr3]=tf2ss(numiny,deniny);
%
%
% Form the SCS state-space model
%
%
[aacsl,bacsl,cacsl,dacsl]=...
series(acl,bcl,ccl,dcl,arl,brl,crl,drl);
[aacs2,bacs2,cacs2,dacs2]=...
series(ac2,bc2,cc2,dc2,ar2,br2,cr2,dr2);
[aacs3,bacs3,cacs3,dacs3]=...
series(ac3,bc3,cc3,dc3,ar3,br3,cr3,dr3);
%
[aacs,bacs,cacs,dacs]=append(aacsl,bacsi,...
cacsl,dacsl,aacs2,bacs2,cacs2,dacs?2);
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[aacs,bacs,cacs,dacs]=append(aacs,bacs,...
cacs,dacs,aacs3,bacs3,cacs3,dacs3);

%

% apply the scale factor KW of the reaction wheels

% (units in Ib-in/ssc)

%

kw=0.22*12.00;

cacs=cacs*kw;

%



Appendix B

S-Function Representation of Earth Observing System EOS-AM-1 Attitude Control System

The following listing is an example of an S-function representation of an attitude control system. This example is
based on the Earth Observing System EOS-AM-1 spacecraft and is distributed with PLATSIM. The user may want to
use this example as a template for writing the S-function routines for the spacecraft that the user wishes to analyze.

stiction.m

function [yout]=stiction(x,u,t,flag)

%

% Purpose: A MATLAB S-function that defines the
% EOS-AM-1 attitude control system with the reaction
% wheel models included. The reaction wheel friction
% nonlinearities and stiction are modeled. However,
% an uncontrolled model of the wheel is used (no
% wheel speed controller).

%

% Inputs: Standard MATLAB S-function inputs.

%

% Outputs: Standard MATLAB S-function outputs.
%

% Author: Peiman G. Maghami

% Guidance and Control Branch

% NASA Langley Research Center

% Hampton, VA 23681-0001

%

% Created: September, 1995

% Modified: March, 1996

%

%%%%%%% %% %% %% % %% %% %% %% %% %% % %% %% %0 % %% %% % %% %% %% %% % %% %% %0 %
global PLAT _ac PLAT_bc PLAT_cc PLAT _nc

%

if flag==

%

% if flag=0, the number of the continuous states,

% discrete states, outputs,and inputs are required.
%

sizes=[51,0,6,6,0,0];

end

%

%

% call “formscs.m” the first time to generate the

% ACS system matrices

%

% The first “nc” states correspond to the states of
% the linear ACS controller.

% The states “nc+1" to “nc+3” represent the reaction
% wheel speeds.

%

if exist(‘PLAT _ac’)~=1
[PLAT_ac,PLAT_bc,PLAT_cc,PLAT_dc]=formscs;
nc=size(PLAT ac,1);

end
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%
% compute the required torques
%
uc=PLAT_cc*x(1:nc);
%
% compute the reaction wheel drag torques
%
ws=x(nc+1:nc+3);
tdrag=0.0232215-0.0209812*exp(-0.0035787*abs(ws));
izws=find(x(nc+1:nc+3)==0);
inzws=find(x(hc+1:nc+3)~=0);
tdrag(inzws)=12*sign(ws(inzws)).*tdrag(inzws);
tdrag(izws)=12*sign(uc(izws)).*tdrag(izws);
%
if flag==1
%
% if flag=1, the derivatives of the continuous-time
% variables are required.
%
yout=zeros(size(x));
%
% compute controller state derivatives
%
ydot=PLAT_ ac*x(1:nc)+PLAT_bc*u;
%
% compute reaction wheel accelerations
%
wdot=(1/(12*0.103))*(uc-tdrag);
%
fori=1:3
%
% if a wheel is under stiction, zero out the wheel
% accelerations
%
if abs(uc(i))<=12*(0.0232215-0.0209812) & abs(x(nc+i))<1.00e-12;
wdot(i)=0;
end
end
%
yout=[ydot;wdot];
%
elseif flag==
%
% if flag=2, the system outputs are required.
%
% The first three outputs are the reaction torques
% and the next three outputs are the requested
% torques.
%
yout=zeros(6,1);
%
% compute reaction torques
%
for i=1:3
%



% if a wheel is under stiction, set the reaction
% torque to zero.
%
if abs(uc(i))<=12*(0.0232215-0.0209812) & abs(x(nc+i))<1.00e-12;
yout(i)=0;
else
yout(i)=(uc(i)-tdrag(i));
end
end
%
yout(4:6)=uc(1:3);
end
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Appendix C

Solution Integrity Checking File

The following listing is an example of solution integrity checking. This file corresponds to the example given in the
Solution Check File on page 10. The user may want to use this example as a template for writing a solution integrity
checking file for the spacecraft that the user wishes to analyze.

solchk.m

function [hout,z2,u2,isolok]=solchk(z1,ul,z2,u2,h)
%
% function [hout,z2,u2,isolok]=solchk(z1,ul,z2,u2,h)
%
% purpose: Generally, to determine if a user-defined
% solution discontinuity condition has occurred in the
% nonlinear control system during the last
% integration update, and take action as necessary
% to reset the integration step size or to redefine
% the controller states and outputs. This particular
% file is written to handle the discontinuities that
% are brought on due to the reaction wheel stiction
% for the EOS-AM-1 spacecraft.
%
%
% input variables:
%
% z1 : last controller state vector
% ul : last controller output vector
% z2 : current controller state vector
% u2 : current controller output vector
% h :integration step size
%
% output variables:
%
% hout : new integration step size to be tried by
% the integration algorithm.
% z2 :updated current controller state vector
% u2 :updated current controller output vector
% isolok : an integer scalar. If isolok=1, the

% current solution is accepted, otherwise, the
% solution is rejected and the integration is
% to be performed again with hout.

%
%

% Author: Peiman G. Maghami

% Guidance and Control Branch

% NASA Langley Research Center

%

% Created : March, 1995

%

%%%%%%% %% %% %% % %% %% %% %% %% %% % %% %% %0 % %% % %% %0 % %% %% %% % %% %% %0 %
global PLAT _flag

%
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% if PLAT_flag(i)=0, wheel no. “i" is in non-stiction
% condition with potential for entering stiction
% condition
% if PLAT_flag(i)=1, wheel no. “i" is in stiction
% condition with potential for leaving stiction
% condition
%
% nwheels : number of reaction wheels
%
nwheels=3;
%
% nc : the position of the wheel speed variables in
% the nonlinear controller state vector
nc=[49,50,51];
%
% nrt : the position of the reaction torque levels of
% the wheels in the nonlinear controller output
% vector
%
nrt=[1,2,3];
%
% nat : the position of the applied torque levels to
% the wheels in the nonlinear controller output
% vector
%
nat=[4,5,6];
%
% define the stiction torque
%
tstic=12*(0.0232215-0.0209812);
%
% define minimum step for the cross-over from one
% condition to the next
%
hmin=1.00e-5*h;
%
% initialize the wheels flags. If the initial wheel
% speed is zero, assume stiction condition, and set
PLAT_flag(i)=1; otherwise, set PLAT_flag(i)=0.
%
if exist('PLAT _flag')~=1
for i=1:nwheel
if z1(nc(i))==0
PLAT_flag(i)=1,;
else
PLAT_flag(i)=0;
end
end
end
%
% loop around the number of reaction wheels
%
for i=1:nwheel
hout(i)=h;
%



if PLAT_flag(i)==0
%
% check wheel speed zero crossing
%
if (z1(nc(i))*z2(nc(i)))<=0

%
% compute estimated location of the wheel speed zero
% crossing
%

if (z2(nc(i))-z1(nc(i)))~=0

wc=-z1(nc(i))*h/(z2(nc(i))-z1(nc(i)));
else
wc=h;

end
%
% compute estimated requested torque @ wc
%

uc=ul(nt(i))+((u2(nt(i))-ul(nt(i)))/h)*wc;
%
% if estimated requested torque @ wc is less than the
% stiction torque, stiction has occurred.
%

if abs(uc)<tstic
%
% if stiction has occurred at the end of the time
% interval, set the appropriate flag and accept the
% solution
%

if wc==h
PLAT _flag(i)=1,;
isoloki(i)=1;

%
% if the stiction condition is estimated to have
% occurred at a time between hmin and h-hmin, reject
% the solution, and retry the last step with step
% size set at 0.9*wc.
%
elseif wc>=hmin & wc<(h-hmin)

isoloki(i)=0;

hout(i)=wc*0.9;
%
% if the stiction condition is estimated to have
% occurred at a time between 0
% and hmin, assume the cross-over from non-stiction
% to stiction has taken place;
% accept the solution, and zero out the wheel speed
% and reaction torque
%

elseif we<hmin & wc>0

PLAT flag(i)=1;

isoloki(i)=1;

hout(i)=wc;

z22=71;

z2(nc(i))=0;

u2=ui;

u2(nrt(i))=0;
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%
% if the stiction condition is estimated to have
% occurred at a time between h-hmin and h, assume
% the cross-over from non-stiction to stiction has
% taken place; accept the solution, and zero out the
% wheel speed and reaction torque
%
elseif we>=h-hmin
PLAT_flag(i)=1;
isoloki(i)=1;
z2(nc(i))=0;
u2(nrt(i))=0;
end
else
isoloki(i)=1;
end
else
isoloki(i)=1;
end
%
elseif PLAT_flag(i)==1
%
% check the requested torque levels
%
if abs(u2(nat(i)))>=tstic
%
% compute estimated location of the requested torque
% crossing the stiction torque
%
if (u2(nat(i))-ul(nat(i)))~=0
tc=(sign(u2(nat(i)))*tstic-ul(nat(i)))...
*h/(u2(nat(i))-ul(nat(i)));
else
tc=h;
end
%
% if non-stiction condition has occurred at the end
% of the time interval, set the appropriate flag and
% accept the solution
%
if tc==h
PLAT_flag(i)=0;
isoloki(i)=1;
%
% if the non-stiction condition is estimated to have
% occurred at a time between hmin and h-hmin, reject
% the solution, and retry the last step with step
% size set at 0.9*tc.
%
elseif tc>=hmin & tc<(h-hmin)
isoloki(i)=0;
hout(i)=tc*0.9;
%
% if the non-stiction condition is estimated to have
% occurred at a time between 0 and hmin, assume the



% cross-over from stiction to non-stiction has taken
% place; accept the solution, and zero out the wheel
% speed and reaction torque, and set the applied
% torque to tstic
%
elseif tc<hmin & tc>0
PLAT _flag(i)=0;
isoloki(i)=1;
hout(i)=tc;
22=71;
z2(nc(i))=0;
u2=ul;
u2(nrt(i))=0;
u2(nat(i))=sign(ul(nat(i)))*tstic;
%
% if the non-stiction condition is estimated to have
% occurred at a time between h-hmin and h, assume the
% cross-over from stiction to non-stiction has taken
% place; accept the solution, and zero out the wheel
% speed and reaction torque, and set the applied
% torque to tstic
%
elseif tc>=h-hmin
PLAT_flag(i)=0;
isoloki(i)=1;
z2(nc(i))=0;
u2(nrt(i))=0;
u2(nat(i))=sign(ul(nat(i)))*tstic;
end
else
isoloki(i)=1;
end
%
% end if-loop on PLAT _flag
%
end
%
% end loop on i
%
end
%
% Determine the new step size to be taken by the
% integration. If no changes in the condition of any
% of the wheels are observed, e.g., any wheel that
% was in stiction remains in stiction, or any wheel
% that was not in stiction condition remain outside
% the stiction region, the solution is accepted
% (isolok is set to 1) and the new step size is the
% same as the old one. Otherwise, the solution is
% rejected (isolok is set to 0), and the recommended
% new step size is set to the minimum of the step
% sizes for the each of three wheels.
%
hout=min(h,min(hout));
isolok=min(isoloki);
%
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Appendix D

Time Domain Output and Frequency Domain Output for Earth Observing System EOS-AM-1
Example

Time Domain Output for EOS-AM-1

As an example, suppose that PLATSIM runs using the default values of all execution time parameters and the exam-
ple data distributed with the PLATSIM software, which is based on the EOS-AM-1 spacecraft. Suppose further that the
disturbance scenario selected is “MODIS static imbalance”; then the following files are generated by PLATSIM:

MODIS_static_imbalance_1_time.mat MODIS_static_imbalance_2_time.mat
MODIS_static_imbalance_time.mat

CERES1_Pitch_1_time.eps
CERES1_Pitch_2_time.eps

MISR_Pitch_1_time.eps
MISR_Pitch_2_time.eps

CERES1_Roll_1_time.eps
CERES1_Roll_2_time.eps
CERES1_Yaw_1_time.eps
CERES1_Yaw_2_time.eps
CERES2_Pitch_1_time.eps
CERES2_Pitch_2_time.eps
CERES2_Roll_1_time.eps
CERES2_Roll_2_time.eps
CERES2_Yaw_1_time.eps
CERES2_Yaw_2_time.eps

MODIS_Pitch_1_time.eps
MODIS_Pitch_2_time.eps
MODIS_Roll_1_time.eps
MODIS_Roll_2_time.eps
MODIS_Yaw_1_time.eps
MODIS_Yaw_2_time.eps

NAVBASE_Pitch_1_time.eps
NAVBASE_Pitch_2_time.eps
NAVBASE_Roll_1_time.eps
NAVBASE_Roll_2_time.eps
NAVBASE_Yaw_1_time.eps
NAVBASE_Yaw_2_time.eps

TIR_Pitch_1_time.eps
TIR_Pitch_2_time.eps
TIR_Roll_1_time.eps
TIR_Roll_2_time.eps
TIR_Yaw_1_time.eps
TIR_Yaw_2_time.eps
MODIS_static_imbalance_1_jitr.out

MODIS_static_imbalance_2_jitr.out
MODIS_static_imbalance_jitr.out

MISR_Roll_1_time.eps
MISR_Roll_2_time.eps
MISR_Yaw_1_time.eps
MISR_Yaw_2_time.eps

MOPITT_Pitch_1_time.eps
MOPITT_Pitch_2_time.eps
MOPITT_Roll_1_time.eps
MOPITT_Roll_2_time.eps
MOPITT_Yaw_1_time.eps
MOPITT_Yaw_2_time.eps

SWIR_Pitch_1_time.eps
SWIR_Pitch_2_time.eps
SWIR_Roll_1_time.eps
SWIR_Roll_2_time.eps
SWIR_Yaw_1_time.eps
SWIR_Yaw_2_time.eps

VNIR_Pitch_1_time.eps
VNIR_Pitch_2_time.eps
VNIR_Roll_1_time.eps
VNIR_Roll_2_time.eps
VNIR_Yaw_1_time.eps
VNIR_Yaw_2_time.eps
MODIS_static_imbalance_1_jitr.ps
MODIS_static_imbalance_2_jitr.ps
MODIS_static_imbalance_jitr.ps

The reduced time histories for the EOS-AM-1 instruments, namely, CERES1, CERES2, MISR, MODIS, MOPITT,
NAVBASE, SWIR, TIR, and VNIR, are provided in an encapsulated PostScript form in the corresponding files with
extension “.eps” for roll, pitch, and yaw axes. For example, th&€HHBRES1_Roll_1_time.eps provides the roll
time history for the CERESL1 instrument due to the first MODIS static imbalance disturbance element (vector), and
VNIR_Yaw_2_time.eps  provides the yaw time history for VNIR instrument due to the second MODIS static
imbalance disturbance element (vector).
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A typical time history output as encapsulated in FMESR_Roll_2_time.eps is shown in figure D1. This
time history was generated using the 703-mode model of the EOS-AM-1 spacecraft being distributed with the
PLATSIM software.

10 T T T T T T T T T

MISR roll, arc sec

A
N

10 I I I I I I
0 100 200 300 400 500 600 700 800 900 1000

Time, sec

Figure D1. Example of time history plot. Time response for disturbance sequence MODIS static imbalance (2); 29 Apr 1994.

Files MODIS_static_imbalance 1 time.mat and MODIS_static_imbalance_2_time.mat are
MATLAB binary files which include the reduced time history data for all EOS-AM-1 instruments and the corresponding
jitter values (in variablesITTER1 andJITTER2) for the first and the second MODIS static imbalance disturbance

elements (vectors), respectively. RlODIS_static_imbalance_time .mat is a MATLAB binary file which has

the overall jitter values (in variableJITTER). Files MODIS_static_imbalance_1_jitr .out and
MODIS_static_imbalance_2_jitr .out are ASCII files which contain the jitter values, in a tabular form,

for the first and the second MODIS static imbalance disturbance elements (vectors), respectively. File
MODIS_static_imbalance_jitr .out is an ASCIl file containing the total jitter values in a tabular
form, obtained through the direct summation of jitter values in M&DIS_static_imbalance_1_time .mat

and MODIS_static_imbalance 2 time .mat. The jitter data written to file
MODIS_static_imbalance_1_jitr .out looks as follows:
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Disturbance Source: MODIS static imbalance(1)

Window 1.00 1.80 9.00 55.00 420.00 480.00 1000.00
NAVBASE Roll 3.19 382 755 1250 1250 12.50 12.50
NAVBASE Pitch 042 055 140 220 220 220 220
NAVBASE Yaw 3.97 496 1419 26.88 26.88 26.88 26.88
CERES1 Roll 3.19 382 7.55 1250 12.50 12.50 12.50
CERES1 Pitch 042 055 140 220 220 220 2.20
CERES1 Yaw 3.97 496 14.19 26.88 26.88 26.88 26.88
CERES2 Roll 3.19 382 7.55 1250 12.50 12.50 12.50
CERES?2 Pitch 042 055 140 220 220 220 2.20
CERES2 Yaw 3.97 496 14.19 26.88 26.88 26.88 26.88
MISR Roll 3.19 382 7.55 12,50 12.50 12.50 12.50
MISR Pitch 042 055 140 220 220 220 220
MISR Yaw 3.97 496 14.19 26.88 26.88 26.88 26.88
MODIS Roll 3.19 382 7.55 12,50 12.50 12.50 12.50
MODIS Pitch 042 055 140 220 220 220 220
MODIS Yaw 3.97 496 14.19 26.88 26.88 26.88 26.88
MOPITT Roll 3.19 3.82 7.55 12,50 12.50 12.50 12.50
MOPITT Pitch 042 055 140 220 220 220 220
MOPITT Yaw 3.97 496 14.19 26.88 26.88 26.88 26.88
SWIR Roll 3.19 382 7.55 12,50 12.50 12.50 12.50
SWIR Pitch 042 055 140 220 220 220 220
SWIR Yaw 3.97 496 14.19 26.88 26.88 26.88 26.88
TIR Roll 3.19 382 7.55 12,50 12.50 12.50 12.50
TIR Pitch 042 055 140 220 220 220 220
TIR Yaw 3.97 496 14.19 26.88 26.88 26.88 26.88
VNIR Roll 3.19 382 7.55 1250 1250 12.50 12.50
VNIR Pitch 0.42 055 140 220 220 220 2.20
VNIR Yaw 3.97 496 14.19 26.88 26.88 26.88 26.88

RUN DATE: 29-Apr-94

Files MODIS_static_imbalance_1 jitr .ps, MODIS_static_imbalance_2_jitr .ps, and
MODIS_static_imbalance_jitr .ps are equivalent to their dut " counterpart, except that they are in
PostScript form.
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Frequency Domain Output for EOS-AM-1

As an example, suppose that PLATSIM runs using the default values of all execution time parameters, except
tdflag = ‘n’ (which selects frequency domain analysis). Suppose also that PLATSIM runs using the example data
distributed with the PLATSIM software which is based on the EOS-AM-1 spacecraft. Suppose further that the distur-
bance scenario selected is “MODIS static imbalance”; then the following files are generated by PLATSIM:

MODIS_static_imbalance_freq.mat

CERES1_Pitch_1_freq.eps MISR_Pitch_1_freq.eps
CERES1_Pitch_2_freq.eps MISR_Pitch_2_freq.eps
CERES1_Roll_1_freq.eps MISR_Roll_1 freq.eps
CERES1_Roll_2_freq.eps MISR_Roll_2_freq.eps
CERES1_Yaw_1_freq.eps MISR_Yaw_1_freq.eps
CERES1_Yaw_2_freq.eps MISR_Yaw_2_freq.eps

CERES2_Pitch_1_freq.eps
CERES2_Pitch_2_freq.eps
CERES2_Roll_1_freq.eps
CERES2_Roll_2_freq.eps
CERES2_Yaw_1_freq.eps
CERES2_Yaw_2_freq.eps

MODIS_Pitch_1_freq.eps MOPITT_Pitch_1_freq.eps
MODIS_Pitch_2_freq.eps MOPITT_Pitch_2_freq.eps
MODIS_Roll_1 freq.eps MOPITT_Roll_1_freq.eps
MODIS_Roll_2_freq.eps MOPITT_Roll_2_freq.eps
MODIS_Yaw_1_freq.eps MOPITT_Yaw_1_freq.eps
MODIS_Yaw_2_freq.eps MOPITT_Yaw_2_freq.eps
NAVBASE_Pitch_1_freq.eps SWIR_Pitch_1_freq.eps
NAVBASE_Pitch_2_freq.eps SWIR_Pitch_2_freq.eps
NAVBASE_Roll_1 freq.eps SWIR_Roll_1_freq.eps
NAVBASE_Roll_2_freq.eps SWIR_Roll_2_freq.eps
NAVBASE_Yaw_1_freq.eps SWIR_Yaw_1_freq.eps
NAVBASE_Yaw_2_freq.eps SWIR_Yaw_2_freq.eps
TIR_Pitch_1_freq.eps VNIR_Pitch_1_freq.eps
TIR_Pitch_2_freq.eps VNIR_Pitch_2_freq.eps
TIR_Roll_1_freq.eps VNIR_Roll_1_freq.eps
TIR_Roll_2_freq.eps VNIR_Roll_2_freq.eps
TIR_Yaw_1_freq.eps VNIR_Yaw_1_freq.eps
TIR_Yaw_2_freq.eps VNIR_Yaw_2_freq.eps

The Bode plots for the EOS-AM-1 instruments, namely, CERES1, CERES2, MISR, MODIS, MOPITT,
NAVBASE, SWIR, TIR, and VNIR, are provided in an encapsulated PostScript form in the corresponding files with
extension “eps” for roll, pitch, and yaw axes. For example, the GERES1 Roll_1 freq .eps provides the Bode
plot for the roll response of the CERESL1 instrument due to the first MODIS static imbalance disturbance element (vec-
tor), andVNIR_Yaw_2_time .eps provides the Bode plot for the yaw response of the VNIR instrument due to the sec-
ond MODIS static imbalance disturbance element (vector). A Bode plot output would look as in figure D2 on page 71.
This Bode plot was generated by using the 703-mode model being distributed with the PLATSIM software.

File MODIS_static_imbalance_freq .mat is a MATLAB binary file containing the results of the frequency
domain calculation in the form indicated in “Frequency response matrix” on page 37.
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Figure D2. Example of Bode plot. Frequency response at MISR roll, arcsec. Disturbance: MODIS static imbalance (2); 29. APR 1994

71



References 4. Giesy, D. P.: Efficient Calculation of a Jitter/Stability Metric.
J. Spacecr. & Rocketsvol. 34, no. 4, July—Aug. 1997,

1. MATLAB Reference Guid&he MathWorks, Inc., 1993. pp. 549-557.
2. Asrar, Ghassem; and Dokken, David Jon, et893 Earth
Observing System Reference HandbookSA NP-202, 1993. 5. Maghami, P. G.; and Giesy, D. P.: Efficient Computation of

Closed-Loop Frequency Response for Large-Order Flexible
SystemsJ. Guid., Control, & Dyn vol. 19, no. 4, July 1996,
pp. 780-786.

3. Maghami, Periman; Kenny, Sean P.; and Giesy, Daniel P.:
PLATSIM: An Efficient Linear Simulation and Analysis Pack-
age for Large-Order Flexible SystenMASA TP-3519, 1995.

72



Form Approved
OMB No. 0704-0188

REPORT DOCUMENTATION PAGE

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources,
gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this
collection of information, including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson
Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503.

1.

AGENCY USE ONLY (Leave blank) |2. REPORT DATE

December 1997

3. REPORT TYPE AND DATES COVERED
Technical Memorandum

4.

TITLE AND SUBTITLE 5. FUNDING NUMBERS
PLATSIM: A Simulation and Analysis Package for Large-Order Flexible
Systems (Version 2.0) WU 233-10-14-05

6.

AUTHOR(S)
Peiman G. Maghami, Sean P. Kenny, and Daniel P. Giesy

7.

PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION

REPORT NUMBER

NASA Langley Research Center L-17608

Hampton, VA 23681-2199

9.

SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING/MONITORING

AGENCY REPORT NUMBER

National Aeronautics and Space Administration NASA TM-4790

Washington, DC 20546-0001

11. SUPPLEMENTARY NOTES

12a. DISTRIBUTION/AVAILABILITY STATEMENT

12b. DISTRIBUTION CODE

Unclassified—Unlimited
Subject Category 18
Availability: NASA CASI (301) 621-0390

13. ABSTRACT (Maximum 200 words)

The software package PLATSIM provides efficient time and frequency domain analysis of large-orde
space platforms. PLATSIM can perform open-loop analysis or closed-loop analysis with linear or nonlinea
system models. PLATSIM exploits the particular form of sparsity of the plant matrices for very efficient lin
nonlinear time domain analysis, as well as frequency domain analysis. A new, original algorithm for the|
computation of open-loop and closed-loop frequency response functions for large-order systems has b
oped and is implemented within the package. Furthermore, a novel and efficient jitter analysis routine wh
mines jitter and stability values from time simulations in a very efficient manner has been developsg
incorporated in the PLATSIM package. In the time domain analysis, PLATSIM simulates the response of

generic

r control
ear and
efficient
een devel-
ch deter-
d and is
he space

platform to disturbances and calculates the jitter and stability values from the response time histories. |n the fre-

quency domain analysis, PLATSIM calculates frequency response function matrices and provides the cq
ing Bode plots. The PLATSIM software package is written in MATLAB script language. A graphical user ir
is developed in the package to provide convenient access to its various features.

rrespond-
terface

14. SUBJECT TERMS . i . A A ) 15. NUMBER OF PAGES
PLATSIM; Time domain analysis; Frequency domain analysis; Jitter analysis; Lin~~- 80
control; Nonlinear control; Flexible structures; Large-order systems 6 PRICE CODE

AO05

17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION [19. SECURITY CLASSIFICATION  |20. LIMITATION
OF REPORT OF THIS PAGE OF ABSTRACT OF ABSTRACT
Unclassified Unclassified Unclassified

NSN 7540-01-280-5500

Standard Form 298 (Rev. 2-89)
Prescribed by ANSI Std. Z39-18
298-102



