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PREFACE

This report covers the analytical modeling of hydraulic actuator systems.
It also details control design methodologies. This report may be difficult
to read for the casual reader. It is written assuming the reader has some
fundamental background in control theory.

I would like to thank Contraves Goerz Corporation for their notes descib-
ing the hydraulic system which will be used on the Turret Motion Base Sim-
ulator (TMBS). Contraves Goerz Corporation is the prime contractor for the
TMBS. .
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1.0 INTRODUCTION

This report, prepared by the Systems Simulation and Technology Division,
of the U.S. Army Tank-Automotive Command (TACOM) describes an analytical
study of hydraulic systems used for laboratory testing. Motion base sim-
ulators are used by the Army to test vehicles or vehicle subsystems for
various forms of performance and structural integrity. This form of
testing is performed by hydraulic systems which produce forces applled to
the vehicle simulating operation over terrain profiles.

A considerable effort is being made to develop analytical models of
laboratory simulators so that a complete assessment can be made before
testing is conducted. Analytical studies may point to various problems with
the system and control design considerations may be made early in the
development stage. The results of selected command signals representing
terrain profiles can be simulated with the analytical model before being
applied to the actual system. As the level of complexity in laboratory
testing is increased the more important becomes analytical studies.

The Turret Motion Base Simulator (TMBS) will be a very complex system used
for laboratory simulation testing. The TMBS is a computer controlled 6
degree of freedom motion base simulator which is capable of driving an Ml

.turret. An effort is being made to model the entire TMBS system. The

starting grounds is to develop a model of a hydraulic actuator system and a
means of control design and evaluation of performance. Although the model
used in this report describes the hydraulics, it only contains a single
actuator while the TMBS consist of a six actuator system. Therefore, the
results in this study may not describe the performance of the TMBS. At
this initial stage of the TMBS development, the material presented in this
report should only be considered a study of a general hydraulic system. The
analytical study that more directly relates to the TMBS will be addressed
at a later time when the entire system is modeled. A portion of a model
describing the dynamics and kinematics for the TMBS has already been
established. The results of this study will be be incorporated in the
model in the near future so that a model will be constucted that contains
the six actuator systems coupled with the platform dynamics.

This is a first attempt in modeling hydraulic systems in detail. An
earlier attempt was made in creating an empirical model based strickly from
test data which is described in reference 1. This technique consisted of a
curve fit model of a hydraulic system derived from a measured closed loop
frequency response of the system. Although this technique had resulted in
prediction of actuator motion to some degree, it was only good for a system
with no modifications or complexity.

2.0 OBJUECTIVE

This report contains the initial stage of an analytical study of the TMBS.
The primary objective is to develop a hydraulic actuator model along with a
control design which produces reasonable performance. It is expected that
the actuator system will have a performance bandwidth of 10 Hz with an
adequate stable transient response. The initial step in achieving this
objective is to find a means of designing a control system by using the
mathematical model. A methodology was developed which consisted of
writing a FORTRAN program which is used to design control system
compensation by supplementing it with the computer mathematical model.




3.0 CONCLUSIONS

The methodology and software developed to design control compenéation seems
to work very well. There is definitely a correlation between the stability
margins obtained in the frequency domain and the transient response in the

time domain. The model shows that the actuator system can perform a 10 Hz

bandwidth. The step response simulated has very good results in terms of
overshoot and settling time. It is concluded that a control design can be
obtained analytically without making a linear reduction of the system.

The control design obtained through this analysis may or may not be
adequate for the actual system. This will depend solely on how accurately
the hydraulic model compares with the real system. The most serious
difficulty encountered while modeling a hydraulic system is that several of
the parameters required to describe the system are unknown. What is more
important at this time is that the methodology is now available for control
design if an adequate model can be obtained. The ground work established
in this study can lead to the analysis of other hydraulic systems used for
laboratory testing or for any other application. Deriving the frequency
response from a non-linear mathematical model can assist in control design

or improvementing existing control designs.

The study presented in this report is a starting point for more extensive
analytical studies of hydraulic systems. A model of the TMBS has been
established containing the dynamics and kinematics which consist of the
configuration of the 6 actuator orientation and platform. However, this
model required a working model of a hydralic actuator with control. Now
that a working hydraulic actuator model has been established, the next step
is to incorporate the hydraulic model into the TMBS model. The study will
lead to investigating the control of the platform by the six actuators.-
Various methodologies have been developed by Contraves Goerz Corporation
which uncouples the effects of the six actuators driving the platform.
These methodologies consist of a form of adaptive control which involve
considerations of the inertias, mass and actuator/platform orientations in
3-dimensional space. This form of adaptive control, supplements with the
single actuator control to complete a control design for the entire system.
Future goals are to investigate these methods thoroughly by using
analytical models which may lead to problem solving or possible
improvements with the TMBS system.

4.0 RECOMMENDATIONS

It is important to validate the hydraulic model developed in this study.

At this time it can be stated that the model exhibits behavior very similar
to other known hydraulic systems. The pressures, flow rates and
actuator/valve characteristics of the model are reasonable for this type ‘of
system. Nevertheless, there is a degree of uncertainty to the parameters
used for the model. Contraves Goerz Corporation is scheduled to perform a
single actuator tést later this year. At this time the model can be ,
validated and adjusted if necessary. The analysis and control design were
conducted using a small mass for a load. This was done so that comparisons
can be made with the single actuator testing using little to no load as a

starting point.

The search for an optimal control design was not real extensive at this
time. Once the model shows some validity then an extensive optimal control
design can be studied. This is only when the unknown parameters can be
determined and the proper configuration is known. (There are still .
uncertainties on the inner loop configuration). Once this is accomplished
a further study can be made on optimizing the controller for a 1oaded case

consisting of a larger mass.
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5.0 DISCUSSION

The starting point for modeling hydraulics is to obtain a set of equations
which best describes the system. These equations contain many parameters
which reflect the characteristics of the system. These parameters are not
always known and must be estimated or guessed at some way until
measurements can be made on the system. It may not be possible to measure
some of these parameters directly. Some parameters may require
determination by a combination of measurements and other known mathematical
relationships. Once a set of equations and parameters are obtained, a
model can be developed. There are many forms of computer software
avallable to simulate the model. The one used for this analysis is the

: Advanced Continuous Simulation Lanquage (ACSL) which basically simulates
equations in the time domain.

To achieve the results of a system with feedback control, a control design
must be known or derived from the model. A control design is part of the
system that is modeled and comprises the loop configuration and control
compensations. For our case, the control design received was from early
development and is not considered acceptable. A good part of this study is
to find a means of deriving a control design from an analytical model.

To derive a control design, the proper method using classical control
theory implies that various frequency responses must be determined where an
open loop response can be evaluated and control compensation can be
designed. Most fundamental courses in control theory stress the importance
of linearizing the system equations (Plant equations). This is done so
that the frequency response can be easily obtained because the equations
reduce to transfer functions in simple Laplace Transform format. With a
linearized set of equations it is also convenient to determine the éigen-
values (root locus analysis). It is usually questionable when linearizing
a system if the end results are still truly representative of the system.
An effort was made in this study to develop a software technique which will
determine a frequency response from a non-linear mathematical model
directly without linearizing. The primary philosophy was that no
questionable linearizing techniques have to be applied and the procedure of
algebraically reducing the system equations to a transfer function was not
required. This method takes advantage of number crunching computer power
and is similar to a frequency response technique which is measured in a
laboratory utilizing a signal analyzer. The hydraulic model is then
evaluated with this technique and control compensation is designed for each
feedback loop. The rest of this report describes the details of the
hydraulic model and the results of the analysis used for this technique.

2.1 HYDRAULIC MODEL

Shown in Figure 5-1 is a diagram illustrating the internal workings of a
hydraulic spool/actuator system. The spool basically controls the fluid
flow to the actuator and is considered the input state to these equations.
As the spool is displaced up, the supply pressure creates flow to the
actuator bottom chamber which creates a pressure (Pu) which in turn
produces an upward force on the actuator. The negative actuator motion is
produced the same way with a spool displacement down. The equations
describing the spool/actuator system are shown in Table 5-1. The model is
a simplified case where no overlaps are considered for the spool or the
actuator.

11




HYDRAULIC ACTUATOR SYSTEM

SPOOL ACTUATOR

% Xv

L, aL/ot

v vd
Pr Qd
/ Pd ad
- Ps g: | ;/////// .
Pu

INPUT: Xv  Spool Position

ACTUATOR: L Actuator Position
al/at  Actuator Velocity

Au , Ad Effective Actuator Area

Vu,Vd Entrained Volume

PRESSURES: PS  Supply Pressure
Pr  Return Pressure
Pu  Actuator Pressure Up
Pd  Actuator Pressure Down

FLOWS: Qa  Flow In from Supply - (Actuator Up)
Qb  Flow Out to Return (Actuator Up)
Qc  Flow In from Supply (Actuator Down)
Qd Flow Out to Return (Actuator Down)

FIGURE 5-1
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HYDRAULIC EQUATIONS

Assume ldeal Valve with Zero Overlap

Flow Area = nDXv =W Xv D
Xv
Flow Q =CXvVAP Q
Wh(;ereC :vl: hysdraulic constant WAP
) YSARO SQRO
| ispl Cd
Valve Up Xvu
Xvu= Xv if Xv>0
=0 if Xv< O

Spool Diameter
Spool displacement from null

Flow

Pressure across valve/actuator
Valve Spool Circumference
Fluid Constant |
Hydraulic Constant

Valve Down Xvd

xvd = |xvlif Xv<o0

=0 if Xv>0

Flow Equations for Valve/Spool/Actuator System

Qa= CXvwu Y[Ps- Pu| Sign (Ps - Pu)
Qb= CXvd V|Pu - Pr| Sign (Pu - Pr)
Qc= CXvu VY| Ps -Pd]| Sign (Ps - Pd)
Qd= CXvd Y[Pd - Pr| Sign (Pd - Pr)

Actuator Pressure

o(Pu)/ot = B/Vu ( Qa- Qb - AudLiat)
d(Pd)/st = B/Vd ( Qc- Qd- Ad dL/at)
where

Vu= Vu0 + AulL

Vd =Vdo- AdL

Actuator Force

F = PuAu - Pd Ad

Pu Actuator Pressure Up

Pd Actuator Pressure Down

Ps Supply Pressure

Pr  Return Pressure

Qa, Qc Flow In from Supply

Qb, Qd Flow Out to Return
(Actuator Up Down Respectively)

B Bulk Modulus of Fiuid

Au , Ad Actuator Piston Area
(for up and down respectively)

Vu0 , Vd0 Initial Entrained

Vu, Vd Entrained Volume
(for up and down respectively)

L Actuator Displacement
dL/at  Actuator Rate

F Actuator Force

TABLE 5-1
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The direction of the valve displacement is detected and separated by the

variables Xvu & Xvd for up and down motion respectively.

This was done so that the up and down cases can be handled separately since

the two motions have different characteristics in terms of flows, effective

areas and entrained volumes. Note the u & d subscripts for the remaining

equations. There are four relative pressure drops between the supply &

return (Ps & Pr) and the actuator pressures (Pu & Pd). The four relative

pressure drops produce four flows which are described in the equations as

Qa, Qb, QOc and Qd. (See Figure 5-1) The flow is assumed to be proportional 4
to the spool displacement (Xv) times the square root of the corresponding
pressure drop by a constant C. The equations take the absolute value of
the pressure drops since complex numbers dc not apply (square root of a
negative value). The sign of the pressure drop is considered by the 'SIGN!
function instead. Thus a negative relative pressure drop creates a
negative flow. The spring characteristic of fluid is affected by the
entrained volumes (Vu, vd, vu0 and vd0) and the bulk modulus (B) which is
assumed to be constant (no temperature variation). The derivative of
pressure is dependent on many quantities including the actuator motion. 1In
a sense this can be considered a natural internal feedback in the system.
Reducing these equations to a single transfer function is very difficult
and is not required for the methodology presented in this analysis. The
valve transfer function is shown in Table 5-2 which describes the valve
dynamics by a second order. The S represents Laplace Transform notation
throughout this report. This equation describes the response for a valve
where the input would be current and the output is the displacement of the
'spool. Also shown in Table 5~2 are the various parameters used for the
model. The most questionable and difficult to measure value is the
constant C which is the hydraulic flow constant mentioned earlier. The
various equations were obtained partially from a combination of reference
2, '3, and 4. The parameters used for this analysis are from reference 4.
The key element of control is the feedback loops which can now be
incorporated with these equations describing the system to complete the
model. The model was computer simulated using Advance Continuous
Simulation Lanquage (ACSL) which is listed in Appendix A,

It should be mentioned that this hydraulic model is a simplified
representation. There are many nonlinear hydraulic fluid flow properties
which are assumed to be negligible in this model. In addition this model
describes a two stage servo system even though it is believed the TMBS will
have a three stage servo system. Since no details have been received on
the pilot valve characteristics it will be assumed that the pilot valve is
an ideal case. It is also proposed that the TMBS will have three valves
driving each actuator which are all controlled in the same manner. This
was primarily done for safety and backup considerations. It is also
assumed that this will not change the actuator performance predicted by

this model. Some of the assumptions made to simplify this model may not be .
valid. These modifications may be incorporated in the model at a later '
time. ‘

5.2 METHOD FOR DETERMINING A FREQUENCY RESPONSE

The basis of designing a control system using classical control theory is
to obtain a frequency response of the system (Plant Response). ©Once a
frequency reponse is established, control compensation can be designed to
desired stability margins and gain crossover (bandwidth) which will reflect
the system's performance in the time domain. As mentioned earlier, an
effort was made not to complicate the analysis with questionable
linearizing techniques which simplify but may burden the accuracy of the

analysis.
14
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System Parameters Used In Modeling

Valve Transfer Function

Spool Position

1.5 E-4 IN
Input Current - 2 mA
2533 E-6S + .002228 S + 1
Circumference W = 3.78 IN
Actuator Initial Entranined Volume
2 3 3
Effective Area = 38.5 IN Up 1697 IN Down 1336 IN
Hydraulic Fluid Constants
SQRO=1. Bulk Modulus ( 8 ) = 100,000. Cd = 100.
Pressures
Supply = 3000. PSI Return = 100. PSI
Mass

1
M= - (Ring Mass) = 32.37 Slugs
6

Note; All frictions and hydraulic leakages are assumed to be negligible

TABLE 5-2
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The method of determining a frequency response from a non~linear
mathematical model is shown in Figure 5-2. The method is based on taking
the Fourier series of both the input and output time histories. This
method can be interpreted as having the analysis force the model to behave
much like a real system when measured by a Fourier analyzer in the
laboratory. However the input signal for this case consists of a sum of
sine waves at selected frequencies which span a desired range. The Fourier
coefficients are then used to determine the appropriate gain and phase of
the response. The end result of the analysis is only considered at the
frequencies generated by the input signal. (A round off technnique is
applied to round off to the nearest milli-Hz) The technique used in the
analysis was derived from experimentation with a known linear model
describing a transfer function. This was done so that the correct results
can be determined and compared with the results of this analysis. Various
forms of input signals were tested using this technique. An impulse
function was used in several cases. Although the results were close for
gain there was an offset in the frequency domain which was affected by how
the impulse function was approximated. The phase could not be determined
properly using this technique. Random noise was also tested much like a
signal analyzer applies the input. This form of input did produce accurate
results but required a considerable amount of simulation time and data »
points to average to a smooth spectrum of frequencies (White Noise). The
sum of sine waves was selected because it was a much more controlled input
signal and gave accurate results. There were only slight inaccuracies at
the low frequencies (first few points) which should not affect control
analysis. One drawback with this technique is the limitation of data
points generated in the frequency domain. This technique was used
previously to validate a non-linear math model describing the M1 gun/turret
tracking system. The results gave responses much closer to the measured
test data than the linearized model at various operating points.

Figure 5-3 shows the input signal used for this analysis which consist of a
sum of sine waves at the frequencies specified. For this particular
example the sine waves have a magnitude (or amplitude) of unity. When the
Fourier series is evaluated at the frequencies generated the results are a
magnitude of unity and angle of 90° as would be expected for this case.

The input in the time domain aproaches a function similar to an impulse
train as more frequencies are added. One consideration when using this
technique is determining what magnitude to use on the sine wave generation.
This consideration is similar to determining what operating point to choose
when linearizing a model. With some insight and experimentation one can
select reasonable magnitudes to use for a particular part of the system.
Avoiding saturation levels is the primary concern, however the results are
magnitude dependent as would be expected for a non-linear system. o

The frequency response analysis will be conducted at selected parts of the
system model to determine various plant responses and closed loop responses
for each loop configuration. The sine wave generated input will be applied
to the model at the input of desired functions while the output is recorded
for future use. Once the data file is created from the model, a frequency
response analysis can be conducted using a FORTRAN program called Bode.
This program is listed in Appendix B and has many applications. When the
frequency response represents a plant response the program has the feature
of designing compensation to the results. Since compensation is considered
a cascade function with the plant response, the total open loop can be
determined by simply adding the gain and phase of the functions. The
program has the feature of doing this and observing stability margins.

The program is menu driven and only takes seconds to vary the compensation
to obtain a new open loop response. The following section will describe
how this technique was applied to the hydraulic actuator model.

16




DETERMININ FREQUENCY RESPONSE

i . INPUT OUTPUT
Fi(t)= X Sin(2nft)
Fi(t) Fo(t)
SWEEP TRANSFER
GENERATOR FUNCTION
- MODEL

FOURIER SERIES
ANi(f)= SoFi(t)Cos(21tft)dt ANo(f)= § Fo(t)Cos(2rft

1
BNi(f)= SFi(t)Sin(ant)dt BNo(f)= S Fo(t)Sin(2xft)
. 0 ) : o]

MAGNITUDE AND ANGLE

_ J 2 2 J 2 2
MAGI(f) = N ANi(f) + BNi(f) MAGo(f) = _] ANo(f) + BNo(f)

6i(f) = TAN' ( BNi(f) / ANi(f) ) ©o(f) = TAN ' BNo(f) / ANo(f) )

\ GAIN AND PHASE /

MAGi(f) MAGo(f)

0i(f) Bo(f)
TRANSFER FUNCTION

GAIN(f) & PHASE(f)

PHASE(f) = ©o(f) - 6i(f)
GAIN(f) = 20Log ( MAGo(f) / MAGiI(f) )

f discrete frequency

This method is evalauted at the frequencies used in the Sweep Generator.
: t discrete time

FIGURE 5-2
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INPUT SIGNAL USED FOR FREQUENCY RESPONSE

INPUT:
INPUT() = X A Sin (2 & Fn t)
Where: A desired magnitude .

Fn desired frequencies
t simulated time

For our case Fn consist of 42 selected frequencies as follows:
Fn= .2, .4 .6, .8,
1. 141620243034404450546064

70 7.4, 8.0, 84, 9.0, 10.0,
14.0, 20.0, 24.0, 30.0, 34.0, 40.0, 44.0, 50.0, 54.0, 60.0
64.0, 70.0, 75.0, 80.0 ,85.0, 90.0, 95.0, 99.0 Hz

Which gives the following time history:

3UM OF SIN WAUES INPUT MAGS OF 1
 25.00 U ! ,

20.00

15.00

1000 by |
5.00 llh A

0.00 1]

-5.00 i ! M | I 1 l ‘I. -
~10.00 T

-15.00

-c0o.0e

-25.09 e 5 IS
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4. 00 4 50 5.00

Q) vs. TINE (SECONDS )

FIGURE 5-3
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2.3 CONTROL DESIGN ANALYSIS

Shown in Figure 5-4 is a block diagram of the actuator system. The system
comprises three feedback loops for control. The states containing feedback
are position, rate and pressure. Some notes received show the inner loop
to be force rather than pressure. This should only result in a difference
in gain in the inner loop. When designing control compensation with
classical control theory most fundamental text books describe the following
simplified system:

ndar ingle F k L
CONTROL Feedback State
COMPENSATION PLANT
Command
Input -
Feedback Loop

Where the compensation is the only portion of the system which is subject
to change. The plant is considered that portion of the system which is
left unchanged. The design consist of deriving compensation which produces
the end result or performance. For this analysis, the multi-loop system
will be reduced to three systems with a single feedback, such as the system
shown above. This procedure will be conducted one step at a time until the
entire system is established. Figure 5-5 shows the procedure in more
detail for each step. The frequency response mentioned earlier will be
used as the tool to evaluate a plant response, closed loop response and
design compensation by observing the open loop response.

5.3.1 PRESSURE LOQOP RESPONSE

Shown in Figure 5-6 is the inner loop block diagram which illustrates in
more detail the inner loop configuration including the valve dynamics. The
blocks after the compensation are considered the plant for this case. The
plant response is shown in Figure 5-7 for gain and phase. The valley at .4
Hz may be a numerical problem and will not have any influence on stability.
The peak at 10 Hz represents the hydraulic resonance due to compression of
the fluid. Figure 5~8 shows the pressure compensation frequency response
which was derived by experimentation by observing the open loop response
which resulted in Fiqure 9 for the compensation described. The goal was to
establish the highest gain cross frequency with still maintaining adequate
stability margins (See Figure 5-9). The end result is the pressure loop
response shown in Figure 5-10. The closed lcop response indicates a
bandwidth greater than 62 Hz and a very quick step response. This gives an
indication to how quick the system will build up pressure to the actuator
for a desired 1500 PSI command. The step response was obtained by running
the computer model in closed loop form and compensation design intact with
a step command as pressure command. This verifies the design which was
derived in the frequency domain.
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CONTROL DESIGN PROCEDURE

INNER LOOP

SECONDARY LOOP

OUTER LOOP

FIGURE 5-5

Obtain plant response of Inner Loop

Design Compensation with Open
Loop Response

Close Loop and verify design
with step response

Obtain plant response of secondary loop
with new compensated inner loop included

Design Compensation with Open
Loop Response

Close Loop and verify design
with step response

Obtain plant response of
outer loop with new secondary
and inner loops included

Design Compensation with Open
Loop Response

Close Final Loop and verify
design with step response
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Plant Frequency Response of Pressure Loop
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FIGURE 5-7
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Compensation Frequency Response of Pressure Loop
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Open Loop Frequency Response of Pressure Loop .. Margin = 10.2 48

Gain Cross 35.3 Hz
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Closed Loop Response of Pressure Loop Gain Cross 62. Hz

CLOSED LOOP RESPONSE OF INNEP LOOP (PRESSURE LOOP)

Gain 2

S S B!

-10

-ae t 1 11T r 1 T 1T T T1TT1T0T T T T 7T TTT’
Y | 10 L
—— GAIN_PRIME_FREQUENCY_RESPONSE (DB) vs. FREQUENCY  (HERTZ)

Step Response
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The compensation for the inner loop was determined to be a second order
transfer function. A first order transfer function resulted in a steady
state error. It was decided to increase the type number of the system
(Number of pure integrators). The result is using two PI (Proportional +
Integral) controls in cascade instead of a single one.

5.3.2 RATE IOOP RESPONSE

The same procedure is now used for the rate stage of the system model which
" is illustrated in Fiqure 5-11. - The plant is now considered to be the
entire new inner (pressure) loop which includes the compensation which was
just created. Figure 5-12 shows the frequency plant response for the rate
loop The compensation was a single PI control shown in Figure 5-13. The
resulting open loop response is shown in Figure 5-14. The results are
shown in Figure 5-15 with the closed loop response and the step response.
-The gain cross is over 38 Hz for the closed loop response. The step
response indicates some ringing but settles within .12 seconds. Perhaps
the stablility margins could have been improved for this stage. However,
at this time the primary concern was to establish an adequate response for
the overall system which is in terms of a position command response.

5.3.3 POSITION LOOP RESPONSE

With the new pressure and rate loops having compensation design, the final
stage can be evaluated, completing the system. Figure 5-16 shows the
position loop configuration. The plant now includes the new pressure and
rate loops, which has a response shown in Figure 5-17. The compensation is
not shown because it simply has a gain of 31.6 to establish good stability
margins. The total open loop response is shown in Figure 5-18. The step
‘response is well damped and has a settling time of about .2 seconds as
shown in figure 5-18. The bandwidth is 10.1 Hz as shown in closed loop
frequency response shown in Figure 5-19. There is always a compromise
between stability margins and bandwidth performance. The bandwidth can be
easily raised for this system if desired. A simple increase in ,
compensation gain will result in a quicker response but produce more
overshoot and ringing. The general consideration for this application is
to have a quick response with minimal overshoot.

5.4 RESULTS

Shown in Table 5-3 are the results of the compensation design. These
results are considered adequate at this time. It is illustrated that there
is a correlation between the stability margins and step response char-
acteristics. Control compensation can be designed with this technique and
may prove to be of value if the model is accurate or is modified for
improving its accuracy. Some of the frequency responses derived here for
control design are not always possible to measure on the actual system.
This stresses the importance of establishing a design analytically before
doing the fine tuning or "tweeking" of the controls in the laboratory.
Analytical design gives insight into which direction to go with various
gains of the controller.
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Plant Frequency Response of Rate Loop
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Compensation Frequency Response of Rate Ldob
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Open Loop Frequency Response of Rate Loop

Gain Margin = 5. dB
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Closed Loop Response of Rate Loop
Gain Cross 38.Hz
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Plant Frequency Response of Position Loop
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Open Loop Frequency Response of Position Loop
Gain Margin = 11.7 dB
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Closed Loop Response of Position Loop
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Shown in Appendix C are the results of a simulated step response. This
Appendix includes various simulated states of the system such as pressures,
flows, entrained volumes, spool displacement etc. A step response is
obtained by applying a position step command to the system. A step
response is used in the analysis to verify control design and give an
indication to the performance of the system. This type of command signal
may not always be practical to directly apply to real actuator systems due
to harshness. This is especially true for a position command signal. As
can be seen by the plots that the states are driven to large values the
first few milli-seconds of the simulation. These values point to
additional limits which should be incorporated in the model. The servo
current has a spike value of 2000 milliamps (2 amps) which is an excessive

value.

Investigations are being made on filtering techniques which will filter-
command signals before they are applied to the system. Previous laboratory
testing consisted of detrend and filtering processes which modify command
signals as described in some detail in Reference 5. 1In addition low pass
filters are used in the laboratory which essentially smooth command
signals. This would round off command signals representing step functions
(Filter high frequency content). A command signal which has been filtered
would reduce some of the enormous overshoots revealed by these simulations.

Appendix D includes the simulated actuator response to various levels of
step command. The response changes as the level of command 1is varied,
illustrating the non-linear characteristics of the system. The control
design procedure introduced in this report could be conducted at various
signal levels to produce a compensation design for a given signal level.
This form of adaptive control could be incorporated in software to
interactively select the appropriate control compensation for a given
signal level, With this design a control design could be made which gives
good results for all operating regions of the system,

Appendix E shows the actuator responses to a variation of mass. These
results show that as the actuator is loaded with mass the transient
response is drastically changed. 1In fact the system becomes unstable as
the mass is increased beyond 60 slugs. This is due to the influence mass
has on the plant response characteristics of the system which in turn has a
direct impact on the stability margins. To some extent, a change in gain
of the rate loop should compensate (adjust) to variation in mass. However,
this does not completely improve the system response as bandwidth
performance is expected to decrease. These characteristics stess the
importance of adaptive control for the TMBS where variations in inertia are
expected to reflect on each of the actuator's stability and performance.
Additional concern is the coupling effects that each actuator will induce
on each other, An analytical investigation will cover these problems in
the near future.
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, PROGRAM SA_CLOSED_LOOP
_SINGLE UNCOUPLED ACTUATOR SYSTEM MODEL for TMBS

cinterval cint=0.001
FREQ(50

REAL DOUT(9 00£
INTEGER INDEX,NTABLE  $"USED FOR SAMPLING INDEX®

The fo110w1ng arrays "
d to describe the transfer function coefficient®
ARRAY SERVN SE

SERVO_TRANSFER FUNéTiON4COEFFICIENTS'

CONSTANT SERVN
CONSTANT SERVD = 2.533E-6 , .002228 §S

INITIAL ENTRAINED VOLUME and R
CONSTANT V10=1697. V20=1336. o RMASS=194.26

HECHANICAL PARAHETER§ FOR VALVE"
- OIL BULK HODULA S”

BUL
CONSTANT co-1oo. BULK = 100000.
VALVE SPoOL c:acunréaznce*

CONSTANT H1=3 787 W2=3.787
U LOW CVLINDER AREA”

P -
CONSTANT AREA1=38 5 , AREA2=38.5
SUPPLY & RETURN PRESSURE'

. .CONSTANT P5=23000. , PR=100.
INITIAL
INDEX=0
CALL READ;?%R(GFREO,GLEVEL »NTABLE=)

END $" O
AAARRARNAARENNARREERNEREANAARAARARAARARANRARAR AR AN ARRR AR RAANNRARN NN

DERIVATIVE
" LEG CONHAND SIGNAL dededeiededk ik ddedkdk ik k0

Reddekk ko kk
o LEl= LEG ERROR
ol LCl= LEG C OMHAND
. Li= LEG DISPLACEMENT"

EENERATE SIGNAL FOR FREQUENCV ANALYSIS "
POSITION COMMAND "

PROCEDURAL(LC1=GFRE GLEVEL TABLE.Tl ~
GENERAT LCl Q,GLEVE +NTABLE,T)
ENQS' OF PRCEDURAL ENERA

LE} = LC1 - L1
" wakwawwxs POSITION LOOP COMPENSATION *#swshwnws

RC1= COMPENSATED LEG ERROR SIGNAL"
RCl = KP*(LE1+OMEGP*INTEG(LE1,0.))

. ********* VELOCITY LOOP COMPENSATION whwhiikiiww
LDEl= LEG VELOCITY CONHAND"
. LDl= LEG VELOCITY SIGNAL"
PRC1= PRESSURE COMMAND ?77?7?2?7?7"

LDEl = RC1 - LD1

KT = 60
OMEGT
PRC1 = T*(LDE1+OMEGT*INTEG(LDE1 0.))

*hkkkkakh PRESSURE LOOP COMPENSATION ®dhdiikhikuew




. PEl= PRESSURE ERROR .
" IV1 SERVO VALVE CURRENT®

OMEGDP = 62.8
PE1 = PRC1 - DELTP1
IVAL = KOP*(PE1+OMEGDP*INTEG PE1 O.i)
- IVl = 1. *{IVA1l + OMEGDP*IN ea(Ival.0.))

L]

#  akkkkakik SERVO VALVE DYNAMICS B L et iy

" XVi= SERVO VALVE POSITION .
XVl = TRAN&O&Z.SERVN,SERVD.IVI)

TP S-ri-a il 32 o o iadalabdniaiel B L Lt I

wakakdikkhikiakkatt HYDRAULIC SECTION Seahdenihkk ki ®
'****ﬁﬁ*ti***t**ﬁ********t******t***t***tttﬁ*i*t**i*Q

33389 3335388883853 33338383

n: Index for Actuator

PRn  Return Pressure

PRESSURES: PSn  Supply Pressure
(PSI)

FLOWS :
(In3/5)

INPUT:
(In)

PUn
PLn

Actuator Pressure Up
Actuator Pressure Down

Flow IN from supply

Fiow IN from supply
Flow OUT to return

U
Flow OUT to return iDUp
0
Do

$POOL POSITION from neutral

p
wn
wn

L]
. SPOOL ACTUATOR
. XVn Ln,LDn
. - -
»n
" . .
. .
] l . * %
» ik ik * n
* * * }* *}
. cemve=] ® * ™" &
Wi Rdckhkk
. M 23
" - *k * *
L QC WARARARNK _— * *
® eeeemes * * * R
" PS * * * %
L QA * * ARRRIRRRRNRE
» ARRhRARAK * *
" l *ie ARRRARKRRNRS
» *k
L] - ‘ L
L ! *k
: PR QB :t*tﬁr**: _____ PU
» l * *
» Fededdriiohii
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" |
"
" !
L
L]
"
-
»
LJ
LJ
L
LJ
L]
"
L]
»
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ACTUATOR:

" RakakkrkrRx CONDITI
% dRkdenikirs FOR PP
L L A

[]
"
" XvD1
" Xvul
" n
XVD1= RSW(XV1

. Xvul= RsW(xv1 .
" FLOW COEFICIENT
" = Ck
L]
LN ]
LY
QA1 =

Bl = CD* 1+XVD1xSQRT

1 = CD*SQRO*W1*XVDi*

,0D1 = D o*w:*xvux*soar

= V20 -

¥8LUI = V10 +
% dirkknchwr DERIVATI

where 8‘Cd*W1*SQRT 2/DENS)) W1=PI*D

*kkkakk FLOW FROM PRESSURE DROPS H**wdhdihkmiiiniki
D*SQRO*HI*XVUI*SQRT ABS PS PUl *SIGN 1 0 PS-PU1
SQRO*W *SIGN(1.0,PUL-PR

ST ANl 8 T W el Te e e et s

Ln POSITION f!N;
LDn RATE IN

ON THE SPOOL POSITION XV ##wwawnie

ER AND LOWER CONSIDERATION whitiikiw
Rddeh kAR AR A R AT AR R R A b kA A Ak ek e dede

LA 3% 3

for spool down
for spool up

.LT. 0.,-XV1,0 zsﬁ SPOOL DOWN®
GT. 0.,XV1,0.)$" SPOOL up =

Cd
X*SQRT(DELTA

ABS
ABS

PS PD1

ASIGN(1
l .0,PD1-PR

-PDl
*SIGN

PDI-PR

» dwwwnnnan Cy| INDER ¥°L2gEA¥OLU" & VOLDn #asrahiikininn

VE OF PRESSURE PDOTUn & PDOTDn*##win

PDOTUL = iBULK/VOLUI; igﬂl - 88 AREA1*LD1
BULK/VOLD1)*(QCI - QD1 + AREAZ*LD1

POOTD1 =
"

PUL = INTEG(PDOTU

R ibodadeled INTEGRATE FOR PRESSURE PU1 & PD1 *iwadichnnkw

‘ PDI INTEG PDOTDI 0.

. ********* DELTA PR
DELTP1 = PU1 -

"
" dikdkknk ACTUATOR
. F1=AREA1*PUl - A

MAss=RMAss

0 il

END $~or DERIVATIVE"

Rekhkhhkkhhkhhhkkhihh

”*** DISCRETIZE THE
PRk kA RA KRR A AR AAARR

DISCRETE SAMPLE
INTERVAL DTSMP=.
2207

DOUT( INDEX2)= L1

EBSURE ACROSS PISTON wiwhimsissisicn

FORCE Fn Roddiadsidikhhihihhiokiikn
REAZ*PDI - FRICT $" MUST LOGIC THE FRICTION'

axax SIMPLIFY FOR NOW ACTUATOR VELOCITY AND POSITION ###wikxn
R ACTUATOR FORCE Qn®

$" Assume a single unconstained mass for row"
INTEG(F1,0.) $"actuator velocity inches”

Fedhhkhdkdeiiiihiihii kiRt ki ikt n

OUTPUT INTO ARRAY FOR WRITING QUTPUT #iawskwn

REARRRRRRERARXNRRRARRAREARARRN AR KRN Ahkidfrkinn

0012207

an



END $°OF DISCRETE SAMP 2% whRaRRD

DERIVATIVE
éINDEXZ .GE. 4098)
END S'OF DERIVATIVE"

TERHIN
CALL WRITEERD(=STEP, INDEX2,00UT)
g'OF TERHINAL'

END *QF PROGRAM

SUBROUTINE READFREQ(GFREQ GLEVEL,NTABLE)

REAL s
CHARACTER* 0 FILEN

»
WRITE
100 FORHA (///////“////{/////‘//‘//////// y table?',/,

frequenc
! Exa- led freqs.d
140zF LEN

*ReAD(S

140 FORH T&A

FI(E=FILEN Foan-'roanutreo' SHARED,
*EAD 93 496 éL552£ 0

400 Foani 3

“TABLE 1
800 READ 10 600 GFREQ(NTABLE)

600

X NTA LE) .LT. 0.)60T0 300

BLE— ABLE+1

- 210 HRITE‘S'I &
170 i ERROR OPENING FILE')
300 CLOSE&
END

. SUBROUTINE GENERATE(SINPUT, GFREQ,GLEVEL, NTABLE,T)
* This subroutine creates the sweep weve (Sum of sine waves)
* for creating the input signal to a frequency response
: analysis to deternine transfer function characteristics.

REAL GFREQ(S50)
SINPUT=0.
PI=3. 141592654

DO 100 I11=1,NTABLE

SINPUT=SINPUT + GLEVEL*SIN(Z*PI*T*GFREQ(II))

100 CONTINUE

RETURN

END

SUBROUTINE WRITEERD(STEP,NSAMP, OUTPUT)

CHARACTER*80 ERD_ TITLE LONG TITLE DUMMY80
CHARACTER~64 ERDFILE HOR_F b FILE_O,HDR_FILE O

CHARACTER*32 LONG NAM%(167.nuMm

CHARACTER*12_DUMMY
CHARACTER*8 SHORT NAME(16) ,UNIT_| NAME(16) , XURIT,DUMMY8

CHARACTER*4 ERD,HDR
CHARACTER*1 COMMA, REPLY




CHARACTER*2 QPERATE(20

DIMENSTON SMAX(18) SMIN(1

REAL4 SCALE(18) #rssr 15 DATASIG ,30000)
A ,OUTPUT(70

INTEGERa e START-SANP LLIM! END -SAMP EL TN

iNTEGER*Z ERD UNIT HOR_ UNiT IDATA(T6)
LOGICAL*4 TIME

LOGICAL*1 NEWCHAN,RECHAN

gagA ERDEgNIT ,HDR_UNIT/10,11/

HDR = '.HDR'
B T L L PPN
*

HRITE*S 1881)

1881 FORMAT(///
" READ(5,* NéuA

DQ 1998 J=1,NCHAN
1888)

ENTER how many channels are output')

HRITE{S
1888 MAT(// NTER the LONG NAME for channel *',12)
READ 1886)Lous NAME (J)
1889 roan 3,
uuxrs{ 19 22
1992 NTER the SHORT NAME for channel *,12)
aeao 5 1950)s»onr NAME(J)
1920 g
HRITE
1993 (// NTER the UNIT NAME for channel *,12)
. neno(s 19&o)unxT NAME(J)
orrssvsa)=o
. SCALE(J)
1998 CONTINUE
00 1766 ISMP=1

DATA(1, ISMPSsOUTPUT(ISHP)
1766 CONTINU

WRITE(S, 201
201 FORMA //. Indicate how new dute file is to be stored.',/,
+! 2 byte integer (binary)'
4! = 4 byte floating point bfnary ./.
+' 2 = 8 byte floating go1nt binery
+! 3 = 8 byte complex (binary)’ ,
+! 4 = yte complex (binary ./ :
+' = formatted floating point. the format is &?c?:nne1s)£l3.

+6' /,'$Enter se]ect1on (0-5):(1 CHOSEN MOST COMMON
READ' (5,%) KEYNU

* do not let the user choose complex numbers
IF §KEVNUH .EQ. 3 .OR. KEYNUM .EQ. 4) THEN

TYPE*, 'Choose another format besides com) 1ex numbers, '
ELSE EF(KEYNUM .LT. 0 .,OR. KEYNUM .GT. 5) THEN

TYPE*, 'Selection out of range.’
DIF

* open and create files



* % % %

begin writing header information

HRITE 5, 255&
265 FORHA ég/ Enter name of the data file to write to: ',
‘ FORMAT ASSUMED')
Eap slzs7 ERD_FILE_O

267  FORMAT
% Create the two file names

HRITE‘ 444sz :
4446 FORMA er ERD title?')
READ(5 4437)ERD TITLE

4447 4pEO

R_FILE O = ERD FILE O
CALE STRSTRIH HDR_FILE O*ERD FILE 0 LENGTH)

HDR_FILE_O TH¥1:L
ERD_FILE_O LENGTH+1 LENGTH+4 = E D

OPEN(HDR UNIT, FILE=HOR_FILE_0,STATUS="UNKNOWN',
, * FORM= "FORMATTED' , RECL=256)"
* WRITE OUT HEADER DATA '
®
*  UNKNOWN KNOWNS

DUMMY = *ERDFILEV1.00'

KEYOPT=0

NLINES=0

NBIN=-1

NBIN=-1

NBYTE=-1

COMMA=" '

wn:rs*nbn UNIT,270) DUMMY
270

HRITE%&DRUUNIT 280) ERD_TITLE

280 FORMA
WRITE (HDR_ NIT zso& NCHAN, COMMA , NSAMP , COMMA, NLINES , COMMA, NBIN,
cbnnA KEYNUM, COMMA, STEP, COMMA, KEYOPT

290 FORHAT&G&I I
WRITE UNI 3001 §C‘LE 1), ((COMMA,SCALE(J)),J=2,NCHAN)

300 FORMA
WRITE DR UNIT 30 OFFSET(ll éiCOHHA OFFSETSJ)).J=2.NCHAN)
310 FS&TE HgR UNIT,310 (SHORT_NAME(J), J=1,NCHAN

ITE HDR UN +320) (LONG_NAME(J),J=1,NCHAN)

320 FORMA f%
. HRITE(HD UN »310) (UNIT_NAME(J),J=1,NCHAN)
: write 9+ lines to file
c TYPE*,*

IF&NLINES .EQ. 0) GOTO 330
* TYPE*, 'Enter additiona1 descriptor lines'

00 330 J=1 ALIN
* READ& }

HRITE* Dﬁ UNIT, 6560 J, SHORT NAME&J),RHSéJ; SMEAN(JA

6560 FORMA & CHAN *,12, X A8,3X,' RM 4X,' MEAN=
230 CONTI

',E15.3)




CLOSE (HDR_UNIT)
: write data to file
IF (KEYNUN .EQ. 1
OPEN(ERD_UNIT,F LE=ERD FILE_O, FORM="FORMATTED",
+ STA US=TUNKNOWN', RECC=256T

ELSE
PEN(ERD_UNIT,FILE=ERD_FILE_O,FORM='UNFORMATTED',
* ETA'{ S='UNKNOWN', RECL=256)

_: 2 bytée integer
iF sgsvnun .EQ. o& THEN
wnxrs(sao uﬁlr ERR=40 l
s (1IFIX(DATA(L,J)),L=1,NCHAN)
350 CONTINUE
: 4 byté floation - binary
ELSE IF (xevuun .EQ. 1) THEN
20 370 S
wnxrs(sﬁu unxr ERR=406
N TAlL,J),L=1, NCHAN)
;70 CONTINUE
: 8 byté floating - binary
ELSE trsxzvuun .eg 2) THEN
NRITE(ERD UNIT ERR=4
o+ ) E(DATA(L, a ), L=1,NCHAN)
gso CONTI uz
: formatted output

ELSE .
DO 410 J=1,NSAMP
watTE(Ekb UNIT, 405, ERR=406)
(DATA(L,J),L=1,NCHAN)

410 NTINUE

405 FORHAT 19(E13. 6))

406 HRITE{S ib?% o

407 here were ',110,' records writteén out before %hh fi
+le f111ed up.',/;' Change NSAMP in the header File accordingly.'

NDI
. 35 CLOSE(ERD_UNIT)

RETURN

END




APPENDIX B
LIST OF FORTRAN PROGRAM FOR FREQUENCY RESPONSE ANALYSIS




y __PROGRAM BODE | L
HRRRRIARARARRERIRRRERANRRKERRARAIRRRERRRRRAAANAARRERAARARARRRANR AR SR TN A R
whewrwsx  Written by A, L. HELINSKI, US ARMY TACOM AMSTA-RY wawawiws
ARRARRKK o » L, kRRkRARR
WAt e el S ik R A A A e e e e g A e e e e e e ek A e de e e e e e ke e
WRRARRRTRNNRAN RARARNIARARNRARRARAARR

IEEE "Programs bbb daindel

wiwxsk  FOURIER ROUTINES were developed bx bl 7
whkkx®  for Digital signal processin?.’ 1though any Fast  Addaaskane
*kkkkR  Fayr{er program which determines the Real and dadoiaddabaindeid
bbb Inuginary Fourier coefficients from a time RAAARAAALR

could be used, bbb

*RRARE  hyg or¥ S o
RARRRERAARAEANARRARFARARANEENRRRAAREARAAARNRARRRARARRAARARAARER AN AN TAN R
PURPOSE

This program 1s used to plot the frequency response of ejther
the results of a simulated mode) or by directly gutt1ng in
the ?olynpmfal transfer function coeffictents. The simulated
wadel option must have the ERD file of the results. Simulatfon
must involve using the sum of sine waves as input. Thé resulting -
file of the output of the transfer function time history must be
in ERD format. In addition the sum of sine waves (Ingu of transfer
?unctionz will be re-generated by giving the same table of

e

frequencies used in the simulation.

In addition the option is aveileble to design cascade compensation
if the prime Trequency response s describing the gllnt,response

as shown in the configuration balow. The compensa
can also be plotted separately or combined with the Prgluryt‘Plagt) to
on is

generate a total open loop response for this option. An o?
available to determine crossover points representing stability margins

- - - -

. ", open I ;
COMMAND- - . =X X ----g COMPENSATION |----
| c(S)

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

Cand

]

/X

Ai

3

-<

. - b

- ! TOTAL OPEN LOOP =  C(S) X P(s)

OBJECTIVE

The main objective to developing this bro?rbm,is to have a simple
means of observing 8 freauency response with easy accéss.gn changes 1in
the transfer function. (Compensation) It {is also beneficial in
designing compensation for a non-linear plant model by Suppiementing
this ngram with a time domain simulation software package

Tike or MIMIC.

L S 2 S R ARy LR S S S RN Y e LA R R E =)

Ridede Ak A AR R AR A AR A e R Aot de de et e dedede e de e e e dee Ao e e dede e de e ek e s e de e ek
i L L L L i f o ot
kA ddei Ak ke dede dedede R de dedededeo dedededrkedde e dede s de e drde de s ded ek de de e A de sk dedede e dede e de de e e e ik

* INPUT SIGNAL VARIABLES v o v
DIMENSION SINP(10000) ! TIME HISTORY TO BE GENERATED
DIMENSION AMPI(50) ! AMPLITUDE :
DIMENSION DBI(50 ! DB VALUE
DIMENSION PHASEI 50& ! PHASE
DIMENSION REALI(5000) 1 REAL PART

B-2

{fon freguency response



IMAGINARY PART
TABLE OF FREQUENCIES USED

TIHE géSTORY RECORDED FROM ACSL

DIMENSION AIMAGI;SOOO) 1
DIMENSION 8 0 1
* OUTPUT SIGNAL VARI
. DIMENSION SOUT 10000) !
DIMENSION AMPO(50) ! AMPL
DIMENSION oaog 0 1
DIMENSION PHASEO(50 !
DIMENSION REALO 1 REAL PART
DIH NSIO } 1 IMAGINARY PART
* TIME & FREQUENCY

DIMENSION FRE TF igaégREQ(SOOO) »SIGTIM(10000)

* TRANSFER FUNCTIO
DIM

*% DATA H *Eilii ligttisilzitﬁl****t**t**

REAL*4 DATA(IOO 0,6
CHARACTER*8 UNIT N Eéﬁ& SHORT_NAME (6)
CHARACTER*32 LONG_NAME (6}

POLYNOMIAL INPUTS
REAL N HATS
R

INTEGER NO
REAL POLY_N(

0
REAL y "SOAR‘ %))DPLVS D_DEG
REAL POLY_D{40

=
"
=%
<>
ﬂ)
(5
[~
(=4

LR B

550) NPLYS,N_DEG

L]
| ]

:* COMPENSATION POLYS

REAL C_N_MAT 20
INTEGER T_NO! Rs 0) C _NPLYS,C_N_DEG
REAL C_POLY_N

REAL C D MAT(20 20)
INTEGER T _DO Riéﬂ) C_DPLYS,C_D_DEG
« REAL C_POLY_|

‘-***t*******************t****t****i***t**********t******i****ﬁ*********

INTEGER*4 NPOINT,NSAMP
CHARACTER*1 REPLY,NORD
CHARACTER*8 UNITS
CHARACTER*32 CHANNEL
CHARACTER*80 NOTE

CHARACTER*20 FILETIT
L T L L T

*
PI=3.141592654
SCAL=180. /P]
EPSILON=10.E-30 ! Used for detection of 20L0G(small)

*
AERRRARRERRRRRRARRIRARRRRARRAARRAARRARRRRERARRARRERRARRRRERRRARRARRR

* INITIALIZE Set all channels of data to zero
ARARARERRRARARRRARARRRRANARNERRRARARRAAARRRRARARRNREARERAARA R RN AR N ARk
DO 789 J=1,10000
DO 790 K=1,6
DATALJ, K)=0.
790 CONTINUE
789 CONTINUE



*
: bétermine thé users terminal type for later use.
5 WRITE(S,6
6 ORMA (///,’ Enter the terminal identifieér code:',/,
[ > VT2 , , -
& ' 2 -->
: '3 - rskrkoﬁlx 40XX',/,
' 4 --> TEKTRONIX 41XX',/,
& '$Enter 1d: ') .
N READ(S5,*) ITERM

566 WRITE
305 FORHA4$///////////// 111117111171111111,
, S program eva uates transfer fucntion',
+ ! frequency response.’,/,' It {s used to plot fréquency',

+!' fesponse and des1gn compensation.’, /‘é
+' Choose the desire analysis for the ,fNARY freﬂuencg v
+' vresponse (Plant):',///, ACSL similation-TIME HI T6RY'./,

44 Interpolation will be 1nc1uded
+' {Must know ERD file generated from ACSL and'./,
+' frequency table file used in

$* (2) Enter requency/ﬂagnitude/?hase POIN}S y hand'./.

' Interpolation will be included’,
#' (3) Enter transfer funtion in terms of P?LYNOHIAL'./,

+! COEFFICIENTS',///,' Enter 1, 2 or 3

#*
. READ(5,*) IMENU1
Lod Label chennels to this program's channel
: configuration for later use.
NCHAN=6
LONG_NAME(1 'GA!N PRIHE FRE UENCY RESPONSE'
LONG_NAME (2 )="PHAS UENCY_RESPONSE'’
LONG_NAME(3 -'GAIN CDHPENSATI N_FREQUENCY RESPONSE'
LONG_NAME (4)="'PHASE _COMPENSATION FREQUENCY RESPONSE'
ONG_NAME(5}="GAIN_TOTAL_CASCADE _FREQUENCY RESPON
* ONG_NAME (6} ="PHASE_TOTAL CASCADE FREQUENCY_ RESPONSE'
SHORT_NAME(1)=' °*
SHOR NAME 2)=* "'
SHORT_NAME(3)="
SHORT_NAME(4)=" '
SHORT_NAME(5)=" °*
. SHORT_NAME(6)=" '
UNIT NAHE 1)='DB’
UNIT_NAME(2)="DEG"'
UNIT NAME(3)='DB"
UNIT_NAME(4)='DEG"’
UNI T' E 5)='DB*
« UNIT‘NAHE 6)='DEG’

* Enter a note (title)

HRITE* 5290)
}"Enter a NOTE For this run ') .

5290
READ s 5294 )NOTE
5204  FORM 1{A80)




LE R R E R N R B ¥

% %%

BRANBREAARARRRRRARRAARAARERARREREARAERAARARRARARARARARARRARARRRRNREANRARRA RS

OPTION 1  FREQUENCY RESPONSE FROM TIME HISTORY
This optfon used generally for a non-
1inear model where a time historg can
be generated. Simulation must be from
sum of sine wave response

Need:
1. ERD file of outgut time history.
SL)

(Created from A

2. Table file which contains the
frequencies used to generate

the input
*******tt**t**********iﬁ**********t**gt*;*iﬁ**t**tt*******t**tt**t***

IF(IMENU1 .EQ. 1)THEN

*
*
*
*
*
®
*
*
*
*
*
%*
*
*

*
LA P READ INPUT FILE ‘ i
* Read the data file containing the time history of the output
* signal of the transfer function. The transfer function (wodel)
* must be executed by a input containing a sum of sine waves for this
: option. .
. CALL READERD(SIGTIM,SOUT,NPOINT,CHANNEL,UNITS)
* aeees Deterine Fourter Coefficients
* Fourier subroutine computes the fourier coefficients of the output
* signal in terms of Real end Imaminary terms (Cos & Sin) for eac
: frequency.
. CALL FOURIER(SIGTIM,SOUT,NPOINT,REALO,AIMAGO, FREQ,MM)
**  READ FREQUENCIES AND GENERATE THE INPUT SIGNAL (The same
: as it was done in ACSL.)
*  eeaa- Read the same freguency table as ACSL
* Re-generate the same input signal which was used to excite the model.
* (Due to memory limitation it was easier to re-generate the signal then
»: . to create 1t in the data file.) ;
. CALL READFREQ({GFREQ,GLEVEL,NTABLE)
: ————- Generate Sum of Sin Waves of corresponding frequencies.
00 771 II=1,NPOINT ‘
T=SIGTIH£II )
CALL GENERA EéSINPQ.GFREQ.GLEVEL,NTABLE.T)
SINPéII)=SINP
171 CONTINU
* eeeae Call Fourier for input signal
* Fourier subroutine determines the fourter coefficients of the input
* signal, Theoret1ca11x;
* eal Cos Yerm; = Q0.
: Imaginary Sin Term = GVEVEL

. CALL FOURIER(SIGTIM,SINP,NPOINT,REALI,AIMAGI,FREQ,MM)
bokad DETERMINE AMPLITUDE AND PHASE FOR ONLY THE FREQUENCIES USED

INDEX=1




DO 8945 II=1,MM . s
RRRARARERRRRARAERARRRARRRARRAARERRREARRARARAARERRAERR AR AR RN RRARAR TR R AR,
iR dddr i

whit First round off frequency to the nearest mi111-Hz
whkk Note- For example it avoids the problem of 4.999 Hz :::::::::

*hkk% not being recognized as 5 Hz. Rk i d
RARARRRRRAAAARNARNERRAAARERRAAEANAREEREAARERRRARRERAAARRRAARAR ARk h iR

* FREQ(IT)=INT(FREQ(II)*1000.+.5)/1000.

RARRRRRNRAARRARAREARERAA AR AR R AR AR RN AR R AR AR IR AR AR AR AR KRR Fedr e fofr R A e dr e el

* Now determine if the frequenc¥ is one included 1? the original :
u

* g:nerated input sfgnal to include in new arra¥ of data. .
iR RRARRRARRAARRAAAARARRRRRARAAARRARRAARARRAEAARN RN RNARRRR RN RAARR AR AN

»*

®*  <eo- Determine if the frequency is included member of roster

* If the frequency is the same as one generated in the input signal

*  (Included 1n roster- Freq-Table member used in input generation) then
: create in the record (Freq-Mag-Phase) otherwise go to next frequency.
. : IF(FREQ(II) .EQ. GFREQ(INDEX))THEN

: Create new frequency array

" FREQ_TF{ INDEX)=FREQ(II)

‘: Create amplitude srray of input *

« AMPI(INDEX)=SQRT(REALI(II)**2+AIMAGI(11)**2)

* Creéate dB array.

: Avoid LOG10 of very small numbers

IF(AHP1§INDEX) LLT. EPSILON)THEN _ o »
DBI(INDEX)=-580. ! -580 Db fs small, make as limit

ELSE .
N ?gl(INDEX):ZO.*ALOGIO(AHPI(INDEX))

Create amplitude and dB array of output signal *

AMPO( INDEX =SQRT(REALO§II&**2+AIHAGO(II)**Z)
IF(AMPO{INUEX) .LT. EPSILON)THEN : .
DBO( INDEX)=-580. -580 Db 1s small, make as limit

ELSE
_DBO(INDEX)=20.*ALOG10(AMPO(INDEX))
ENDIF

> ¥

Create Phase array of input and output signal
IF(REALI Ilz .EQ. 0.)THEN
FﬂAIM GI II} .LT. 0.)THEN
PHASEI(INDEX)=-90.

ELSE
PHASEI ( INDEX)=90.
ENDIF

L& X ]

* .
:* DETERMINE WHICH QUADRANT THE INPUT PHASE 1S IN

*
ELSEIF(REALI(II) .GT. 0. .AND. AIMAGI(II) .GT. O.)THEN
‘ RATIOI=ABS AIHAGI(II)/REALI*II?&

PHASEI( INDEX)= SCAL*ATAN(RATIOI)



ELSEIF(REALI(II) .LT. 0. .AND., AIMAGI(II) .GT. 0.)THEN
RATIOI=ABS{AIMAGI(II)/REAL I*II
PHASEI(IND xgzxao. - SCAL*ATAN(RATIO I}
ELSEIF(REALI(I A .LT. 0. .AND. AIMAGI(II) .LT. 0.)THEN
RATIOI=ABS (Al AGI(II)/REALI‘II
PHASEI( IND x1-1ao. + SCAL*A AN ATIOI
ELSE%: ? ﬁkgéingé?{ir?} JAND. AIMAGI(I!) .LT. O.)THEN .
. PHASEI(INDEX)=360. - SCA L*A%AN!&ATIOI)
. ENDIF
: OUTPUT PHASE
*
IF(REALO(II )THEN
FAAIH GO II LT. . )THEN
EESESEO‘I DE )—-9 .
PHASEO( INDEX )=90.
. ENDIF
: "DETERMINE WHICH PHASE THE OUTPUT IS IN
*
ELSEI REALO(Il) .67. O. .AND. AIHAGO 1I) .6T. O.)THEN
06= g‘IHIGO(II)/RE (1 )
&IND X} SCA * N(RATI00)
ELSEISA EALOX 1) .LT. 0. .AND. AIH GO(II) +6T. 0.)THEN
RATI00=ABS(AIMAG {II)/REALO(I
PHASE &!ND X;a 80. - SCAL*A x
ELSEIFS EALO(II) .LT. O, .AND. AIN GO(II) .LT. 0.)THEN
RATIO0=ABS (AIMAG iII)/REALO( .
PHASEO&IND X)= 80. + SCAL*A x
ELSEIF EALO‘ 1) .GT. O, .AND. AIM GO(II) .LT. 0.)THEN
RATIO -ABSé IMAG 511)/REALO( %l
N PHASEO(INDEX)= 60. - SCAL*ATAN(RATIOO)
N ENDIF
: Create dB and phase array of transfer function
D8 TF(INDEX& DBO INDEX DBIiINDEXg
* PHASE_TF({INDEX)=PHASEO( INDEX)-PHASEI ( INDEX)
N INDEX=INDEX+1
*
* ENDIF
2945 CONTINUE
*
: WHICH DELTA F INTERPLOATE
WRITE(5,4659)FREQ_TF(1
4659 FORMA{ ) (1)

Eé A DELTA- F(In Hz) FOR INTERPOLATION?',
hoose smaller or equal to ',F10.4)
READ(5 *)STEP




4 ugaia

[V LTI

R R R e T T ST P

~==« Interpolate data
Interpolate the frequen$¥ response data, more points will be generated
a

for a constant step (De This is done for plotting purposes used

later.
SSEND=FRE8 TF(INDEX-1)
‘CALL INTEP(1, NSAMP STEP,FREQ_TF,DB_TF,PHASE_TF,DATA)

NSAMP=NSAMP-1 ! TRYING TO ELIMINATE ONE MYSTERIOUS BULLSHIT POINT

*E**EN

»

*
ik FORM TOTAL OPEN LOOP
: Add primary and Compensation

DO 44333 J=1, NSAMP
DATA(J,5)=DATA(J, 1 +DATA(J,3;
DATA J,6)=DATA(J,2)+DOATA(J, 4

24333 CONTINU

»
ENDIF 1 OPTION IMENU1=1
FRAARIRA AT RRARRARAIRRRARRRANTRAARKRRRAARRAAER AR RAR R AR AR AR

* OPTION 2 ENTER DATA POINTS *
o e T e Lt

This option 1s available when only a few frc’uency date { i¥§: .*.ti
s option

*
* known. {Usually from test data or extracted from a plot.
* will interpolate points in between the given ones. Be sure to include
* enough points to desribe the response. The more drastic the changes the
: more points required
IF(IMENU] EQ ZATHEN
WRITE ‘
3000 FORMA ( Enter how many points to enter by hand',
{This contains each Freguency, Gain and "Phase as',
+' one point& %
READ(5 *3 PTS
3002 J=1,NPT

wnrrc§s,3603za
3003 FORMAT(® POINT ',12,' Enter rnscénz% MAG(dB) PHASE (Deg)*)
asao&s ,*)FREQ_TF{J),DB_TF(J),PHASE_TF(J

3002 CONTI
*

NRITE‘S 4669)FREQ TF(1)

4669 FORMA
‘46‘ A DELTA-F(In Hz) FOR INTERPOLATION?'
hoose smaller or equal to ',F10.4)
READ(S *)STEP

F_END=FREQ_TF( INDEX)
CALL INTEP{1,J,STEP,FREQ_TF,DB_TF,PHASE_TF,DATA)

*
:** FORM TOTAL OPEN LOOP

DO 99333 J=1,NSAMP
DATA(J,5 -DATA{J 1;+DATA(J,3;
DATA(J,6)=DATA(J,2)+DATA{J, 4

29333 CONTINU
ENDIF ! OPTION 2 (POINTS BY HAND)



ARARRARARRARRAAARAARRRAARERRRARRARARRRRRRRARARRRANRARNANRRRRR AR R AR RR

*avx OPTIION 3 ENTER PRIME FREQ BY POLYNOMIALS ®#RAXRAARARKRAXAK

* - This option gives the frequency response for a transfer functiion
* model described b pol;nonials in the § iLa Iacel domain.
dedededededede deded deddededededede ok de drde e de e dr o RARRREARRARRERREARAARERRRRRAR R RN dd

IF‘IHENUI eg e
CALL ENTER_NPOL s N MAT noon NPLYS,N_DEG) ! ASK NUMERATOR

CALL ENTERDPOLYS DPLYS,D_DEG) ! ASK DENOMINATOR

CALL MULTIPLY_POLYS u oés nobn NPLYSTN_MAT,POLY N) | MULTIPLY NUM
~ CALL MULTIPLY"POLYS{D_DEG,DODR,DPLYS,D_MAT,POLY D) ! MULTIPLY DEN

ssa0  FORMAT(/)77)/
‘ ‘4 é A DELTA- F&In Hz} FOR INTERPOLATION?',/,

. ; 1 Generall
READ(5,* STEP

s RS A oy o v

100. Generally Used)®
READ(S,‘)F END y )

+ 4

e+

*
*  eaaao Poly Response
* Determine the fre?uenc¥ reszonse for the MNumerator and Denominator
* Product Polynomia 5 y Poly_D respectively). Find response for
* frequency range STEP to F_END by STEP. The channels for the Primary
: response are 1 & 2 for GaTh and Phase respectively.
CALL POLY RESPONSEXN DEG,POLY_N,D_DEG,POLY_D,STEP,
.t F_END,1,2,DATA,NSAMP)
Rk ---- FORM TOTAL OPEN LOOP
: By adding the Primary and Compensation response. (Cascade)

DO 7333 1, NSAMP
{J 6 =DATA(J, 1 +DATA$J,3;
DATA J.6)=DATA{J.2)+DATALJ 4

1333 CONTINUE

*
ENDIF 1 OF OPTION 3
L e T s B 3 T s are ey
* 2ND MENU *
FRRAAATRARR AR IR AR RAR AR AN AR AR KA AR SRR R S de e de e de s de e de ok de ke de e e e e i ke e

*®
908 ?5555 5/395}// LT 00111001
ik WAL ARG ///. ’

PLOT fre uenc respo
Enter COMPENSATION by poi¥nomia1s'./,

CHECK OR EDIT pol nom1a1s .

Determine CROSSOV total response o/
Enter NEW PRIME FREOUENCY RESPONSE',/,

STOP / QUIT s

Sel ect 2, 4,5 or 6')

READ(5,*) IME
******t******************************************

RERRRRKKKRRKRRRK
* OPTION 1 LZND HENUl PLOT FREQUENCY RESPONSE i
ARRRARRRRRARRRIRREERXTRRKIRAERRXRRRRARERRRARIATRRARRRRKARA R AR AR

IF(IMENUZ .EQ. 1)THEN

tt+t++rrrd
ONM&O"OH




CALL TF_PLOT(ITERM,NOTE,NSAMP,STEP,NCHAN,DATA, LONG_NAME,
+ ggIT_NATE)
IF | IMENU2 1ST OPTION

END
RARARAAAENARIANRAARARLRREARRERAALRRRERREARERRATEERARRARARAN T ERA i hhd

*  OPTION 2 LZND MENUl ENTER COMPENSATION POLYS *
RARRARAARARARRNAARREAERARRARARRARRRNRERRNTRRA RN A AR NRRAR AR AN
Enter compensation by means of transfer function polynomials
in S (Laplace) domain, same technique used above for option 3

*
*
: of enter1ng prinary response.

*

L ENTER"DPOLYS(C_D_MAT 261 DODR6€ DPLYS, C'D-DE

IFéIHENUZ EQ
:LL ENTER PO VSéC N_MAT,C_NODR,C_NPLYS,C_N DEGi
CALL MULTIPLY_POLYSTCN_| DEG C_NODR,C_| NPLVS C —N_MAT,C POLY N
C POLY_D

et %‘8&3‘3&588%!? DR e CpoR DR S CophAT S
. ¢ STE F'EWD 3, 4‘DATA‘N§AHP
badadel ----- FORM TOTAL OPEN LOOP
: by adding prinnry and compensation reponse (Cascade)

DO 9333 J
DATA J 5 =DATA J,1)+DATA(J,3

| DATA J3,6)=DATA(J,2)+DATA(J, 4
2333 CONTINU
60T0 901
NDIF . 1 IMENU2 2ND OPTION

e e A T L 1 L 2 b L L b L T s Tranparere e

*  OPTION 3 12ND HENU2 EDIT/LIST POLYNOMIALS *®
RARRRIARRRAAERRRARA IR RARRARAARAARRRARAAARAERARARAARERAR IR IR RARRARAN L

IF(IMENU2 .EQ. 3)THEN
IF(IMENUI EQ 3)THEN

3335 FORHA{‘ /// I

+ CHeek) 6/4 Ut /x1 bRIUARY TRANSFER FUNCTION®, /7,

+ @ {2 2§ tolbensATIon TRANSFER FUNCTION //y,

+ ! EN E or 2')

LREAD(S ,*) [COMP
“1COMP=2

*i****‘*&i********************i*************************i********
* *
* LIST PRIMARY POLYS .

*
RARERRENERARRAARERRERAREARRERARENRRRAERARAERARRRAAREAARRAERRRR IR L

“ IF(ICOMP .EQ. 1)THEN

: --e List 1nd1vidua1 polynomtals

ssso - Foulat) ’”"é"’44’464’4’46(’6’(4”’444444&"**' n

Yededr ek

N CALL LIST_POLY{1,N_MAT,POLY_N,NODR,NPLYS,N_DEG)



$551 . FOsgéii/////6/‘/46/6/404/‘/4/4/46{ 4/444 { Dn
. CALL LIST_POLY(1,D_MAT,POLY_D,DODR,DPLYS,D_DEG
: LIST PRODUCT POLYS, unless the same as above

IF(NPLYS GT. 1)THEN
o T A e o
+

R
£Q) »//)

Thhkhhkihii

“8ALL LIST Péﬁézz N_MAT,POLY_N,NODR, 1,N_DEG)
lF(DPLYS GT. 1)THEN '

we S U o
+ 1 RRRRRARRR
eSaLL LIST_P6L412.D_HA T,POLY_D,DODR, 1,D_DEG)

ELSEIi‘lCOHP .EQ. leHEN

ARRARRAAN AR RAARRARR AR IR AR R RARAA RARRARRAA IR AR AAA R R A RN AR
: LIST COMPENSATION POLYS :
ARARTR AR AR R A AR ARRARE

%0, ‘°“"‘$$"”oéééﬂ”4”6’66£éé’4o£’56{ leswawens 1)
CALL LIST_POLY(1,C_N_MAT .OUR C NPLVS C_N_DEG)

WRITE
5831 - ’°“¥éii””oéééﬁéA7464’6’4on/4’4’£’£6{4”4&*****- I
CALL LIST_POLY(1,C_D_MAT
+ 6oDR c uv[vs C_D_DEG)

*
: LIST PRODUCT POLYS, unless the same as above

IF NPLYS .GT. 1)THEN
,5534

ITE{
ORM
5534 F **5*1”/””"”4’6(’5’66654”””’464’*-*-***- ”

ECA%% LIST_POLY(2,C_N_MAT,C_POLY_N,C_NODR,1,C_N_DEG)
IF(DPLYS GT 1)THEN

w1, U O i o

+
CALL LIST _POLY(2 C_PoLY_D,C_DODR,1,C_|
1 DPLYS .

ENDIF
***********************************************************************
RRRRRRRRRAARKRRARRKRRARRRRARRNRRRRRRRERRARARRARARRRRRRRRRRNRRRRAR RN KA RS
RARRARXKRRARRAEAATRARANRRARARARRARAARRERARRARARNRNRARARRRRRAAAR RN RRRRAN A

*
. ENDIF t ICOMP 1 or 2
B Y e e ey

bl EDIT POLYNOMIAL *
L Lt T Lt L e e L S e o




*
‘ WRITE(5,5555)
5555 -FORHA (//////////////////////////////////{/////.

+ ¥ want to make a change? (Y ')
_READ‘S 7777 )REPLY
17777 FORMAT

IF(REPLY .EQ. 'Y' .OR. REPLY .EQ. 'y')THEN

E* NUMERATQR OR DENOMINATOR #**a#xsknihuti
*0..t.u....u‘.....‘oll...o.l.o‘.........o‘.tc...l'...'.t..a.t..
66666 Fgé;ﬁ{(//////////// yoiananuuie

T e ‘ EAS an es n the N 6‘£RA40£ or 6 ‘0‘1NA4 ‘ ‘ or D)*)
18 FoaniTlA

IF(ICOMP EO 1) THEN

'N' _OR. NORD .EQ.

**t*t********t*t ***************************t*t*t *********i
*

* CNANGE PRI"E POLV & RESPO"SE
R AR IR AR AR A A A b

rL-;;;;;;‘ annaE PRIHE NUHERATOR -------------
" CALL EDIT POLY‘ N_MAT,NODR, NPLYS, N ssz
ELSEIF(NORD TEQ. TOR.'NORD'.EQ. 'dT)THEN

$oooeeaee CHANGE PRIME DENOMINATOR ----oc=ev--
S CALL EDIT_POLY(2,D_MAT,DODR,DPLYS,D_DEG)

g RECREATE FREQUENCY RESPONSE FOR PRIME AND TOTAL

CALL MULTIPLY_POLYS(N_DEG, NODR NPLYS,N_MAT,POLY_N
CALL MULTIPLY POLYS o oss DPLYS,D MAT,POLY"D
CALL POLY_RESPONSE ﬁo v ﬁ &,
F_ERD,1,2,DA A.NS
D0 3333 J=1,N$AMP
DATA(J, 5)=DATA(J, 1)+DATA(J,3
OD#}A g »6)=DATA(J,2)+DATA(J, 4

3333
*** **********************************************************
*’

! ICOMP MUST EQ

***********E************************ﬁ******************t****

D_DE FOLV D,STEP,

~4

* CHANGE COMPENSATION POLY & RESPONSE *
?’fiﬁ*?******t*************#*******t*t**********************
SR cnnnef COMPEgSATION uggsnnron 'Eﬁ -----

. CALL EDIT_POLY(1,C_N_MAT,C NODR NPLVS N u_oee)
| SO CHANGE COMPENSATION DENOHINATOR ------

~ ELSEIF(NORD .EQ. 'D' .OR. 'd!
ALL EDIT POLY(Z €0 HAT C DODR c_pp VS C D_DEG)
RECREATE FBEQUENCY RESPONSE FOR COMPENSATION AND TOTAL

CALL MULTIPLY POLYS(C N DEGchNODR ,C NPLYS

e

+




CALL MULTIPLY_POLYS(C_D_DEG,C DODR6C DPLVS

+ D
*
' CALL POLY_ RESPONSE CN DEG POLY_N,C D_DEG,
.t ,STEP,F_ERD,3,%, 6ATA,Nsm9)
* --~- CREATE TOTAL OPEN LOOP
: by adding primary and compensation response (Cascade)

45333 J=1 NSAMP

DATA(J i OATA(J,1)+DATA(2,3
5333 OATA(J,6)=DATA(J,2)+DATA(J, 4
:ttg**t**********************tt************************t*********

*co.o.co.‘-0o.-o--llc.Qo.oo.co'.o.o.-oo-.-o'oooc‘-oocooooc.cc.u

%
ENDIF ! MAKE CHANGES

6070 901
ENDIF ! END OF LIST & EDIT POLYNOMIAL

ARRRRRRRARRRRARRAREARARAARRERRRAARARARARAARARRRRRARARRARARRRAANARARKRARARRARL

* OPTION 4 ‘ZND HENUZ DETERMINE CROSS OVERS FOR SQSCADE RESPONSE *

RARARNARAN WRERRRNARRRRR

IFSIHENUZ .EQ.
ALS gggss OVE (5 NSAHP STEP,DATA)

ENDIF
*********t*****************t********************i******************

% " OPTION § 12ND HENUl "RETURN TO MAIN MENU
B e A ey S )

IFéIHENUZ .EQ. 5)THEN
0 _TO 5566

ENDIF
ARRAARANARRRRANRRRRANRARRRAANRAAARRARERRAARARANANNREARRANRRA R AR NN N

*

sToP
END ! END OF MAIN PROGRAM 'BODE*

" RARRRRRA AR AR A AA WA AR AR AR AR AR AR AN TR AR AR R AR A KRR A A AR AR RARRR AR RN
HRAARARRAARAREXAXARRNARRERARRERRANRRIRRERRREARRRARRR A RTRhAAA N R Rkt

RRRRRRRARINRRRAARS  SUBROUTINE SECTION AAARRARAARAARARARAIAANS
RANERRRRRAARRRARERRRARRIRRRAAANIRARFRRRRRAARRAN KRR AR A KR H R Ak

***********i******ﬁ********************t***i**t*************************
AARRARRRRRARAARARRARRAANRRERRKARKRARRRRRAARRRRRA KA T RAKRRRRRRR Rk RkK
REARRRAARRARRRRAERRARRRAXARELRARRARNRRERRRRERNARRRNENN AR RN Ahdh Akl

SUBROUTINE READFREQ{GFREQ,GLEVEL,NTABLE)
Written by A. L. Helinski US TACOM AMSTA-RY

This subroutine reads the frequency table used by the time domain
simulation (ACSL) to create the input signal to excite the transfer

function.

INPUT; None (File Table Name)
OUTPUf GFREQ(Index) Table frequencies (Hz) (Frequency of each sin wave)

LE R B N X B N XN




GLEVEL Amplitude of each sine wave (1 value for all)
NTABLE Number of Sin Waves (Frequencies)

REAL GFREQ§50}
CHARACTER*30 FILEN

HRITE{
Sl arer,

' Example: fregs.dat')
READ SSI4OZF LEN -

MAT {A30
FILE=FILEN ronn--ronnnrrsu' SHARED,
+ STATUS='OLD',ERR=210
nenoi10.4oo&sizvsL
400  FORM r(/ 61

800 aEADXIO GOORGFREO(NTABLE)

600 FOR é
F(GFREQ NTA LE) .LT. 0.)GOTO 300
BLE=N ABLE+}

ITE§
CLOS &
RETUR

* % %

10

[~ ]
oy
Q
2

14

210 &O
170 i ERROR OPENING FILE’)
300

SUBROUTINE GENERATE{SINPUT,GFREQ,GLEVEL,NTABLE,T)
M¥ritten by A. L. Helinski US TACOM AMSTA-RY

This subroutine creates the sweep wave (Sum of sine waves)
for creating the input signal to a frequency response
analysis to determine transfer function characteristics.

INPUT: GFRE? Table of Frequencies
GLEVEL Amplitude for all
NTABLE Number of Sine waves (Fre uenc1es)
QUTPUT; SINPUT Sum of sine wave signal nal Generated)
T Corresonding Time Seconds?

LR R R B R TR R

4189
po 100 I1=1, n BLE
SINPU 2NINRGT + GLEVEL*SIN(2*PI*T*GFREQ(II))
100  CONTINUE
RETURN
RERARRRERKRARAARERARARENARRAREARARARAARERRRARRERRERAA RN IRERFERATENE
************ﬁ****************i*****i****t************************

N Lt L L L o
L T T P T s o e s -

. SUBROUTINE INTEP(ICHAN,NSAMP,DELTA_F,FREQ,DB,PHASE,DATA)
: Written by A. L. Helinski US TACOM AMSTA-RY

RRRERARAARNARNARRRRAKR INTERPOLOLATION ARRARNRRRRARRRRIARKRNRNK
* This subroutine interpolates points from the frequency response results



Gain and Phase) to re-establish data with a constant step
Delta Freq. Hz) so that the further processes will be adaptible.
n other words this program basically converts a set of raw data
of varied steps $Var13d Sampling Rates) to a set of data with constant
step. If you think that sounds hairy, wait until you see the data!
~ Warning must be a sufficient number of points to begin with, enter
at your own risk. The more drastic the changes in the data the

more points will be required.
RARREERRERAAANRERAEARRERRRE R d Rk ik R RRdrddkikiididdkikiikiiiiiirdkirdiiidikik

INPUT; ICHAN Index for channel ICHAN will be gain
and ICHAN+1 wiil be phase

LR RN B N

NSAMP Number of samples

DELTA_F Desired Step frequency (Hz)

FREQ Actual freguency of points for Phase & DB
before interpolation. (Un-interpolated points)

0B dB values of un-interpolated points ,

PHASE Phase (Deg) values of un-interpolated points

OUTPUT; NSAMP New number of samples for 1nterpolated
results (Changed from {input)
DATA(ISAMP,ICH) New interpolated data with constant step

Ge?e:ate slopes and intercepts from the frequency selected
points.

DIMENSION PHASEiggl,DB(SOK FREQ(50)

LA R R R R N R I I Y

DIMENSION DB_SL DB_IT{50)
DIMENSION PHASE_SL({50);PHASE_IT(50)
REAL*4 DATA(10000,6)

INTEGER*4 NSAMP

D0 1999 J=1,NSAMP-1
PHASE SL(J) =
P&:2e§§$ +1)-PHASE(3))/ (FREQ(3+1) -FREQ(J))
S”QEESJ ~PHASE_SL()*FREQ(J)

0?4 +1)-DB(J))/(FREQ(J+1)-FREQ(J) )

0B(Jj-0B_SL(J)*FREQ(J ’

1999 * coNToNGE. B-S(J)*FREQLY)

i FREQF IN=FREQ(NSAMP)

*  DETERMINE NEW INTERPLOATED DATA

NSANP=INT(FREQF IN/DELTA_F-1)
STEP=DELTA_F

+ + o+ 4+

J=1

DO 7510 K=1,NSAMP
FREQN=DELTA_F*(K-1)
FRE =FREQ§U)
IF(FREQN .GT. FREQO)THEN
J=J+1

ENDIF
, DATA(K, ICHAN)=DB SL;J)*FREQN+DB ITSJA
DATA(K, ICHAN+1)=PHASE_SL(J)*FREQN+PHASE_1IT(J)
7510  CONTINU
RETURN

END
RERARARRAERAXRAAEAAERAARRAARRRAAKRRARAARREERRAERARAARAANARRRACIRARRRRAARAARRR




AkhdkhkhihiidkihikiihidhihdlidlithdRhRRkd iR iionkiidk ki ki diii it
RERRARNRRRRAAARRIACNARERAARERRRARAARRARARRRRRRRRRRARARRARRRAANENRRRAN AR A ARk

SUBROUTINE TEK_DELAY
Written by AL Reid US TACOM AMSTA-RY for plotting routine

This subroutine will delay 2 seconds to allow the tektronix screen ample
time to clear {itself.

INPUT; NONE
OuTPUT; NONE

TNOW = SECNDS§0.0&
DELTA = SECNOS(TNOW)
If (DELTA .LT. 2.0) GOTO 10

RETURN
END

RN AR RN

[
o

»

*
*

SUBROUTINE CROSS_OVER(ICH,NSAMP,DELTA F,DATAI
FUFPIRIR-4-4 A R R ac raduthl HNAT M-S -aa-d 30, 2 aA-As SUReRRers e,

wrhkkihikihkirt DETERMINE ALL CROSSOVER POINTS #Afhdirkhhhdddikid
“RRARNRREANRERNRRNAANRNARNANRNARAARTARRARNNRANERANARERRRRNRERNARARRRNR

Written by A. L. Helinski US TACOM AMSTA-RY

This subroutine determines the crossovers of a frequency

response data for stability checks for the case when the response

is a total open loop. The process simply scans the DATA array

for magnitudelégag and Phase and detects any crossover points of
e

0 dB or +/- g respectively.
INPUT; ICH Index channel as
ICH would be Gain
then ICH]1 would be Phase
NSAMP Number of samples
DELTA_F Step freguency in Hz
DATA(SAMP,Channel Number) Data as Gain or Phase

OUTPUT; NONE (Results are printed on screen)

INTERNAL; SIGN_DB,SIGN_PH Change of sign indicators
JCRP,JCﬁG Index for crossovers

ﬂ'lﬂ-*I‘l!"Iftihiﬂ'il'ﬁi}ﬁl‘tﬂ'i

INTEGER*4 NSAMP
DIMENSION SIGN_DB 100008 IGN_PH(10000)
DIMENSION JCRPT10000),JCRG(10000
REAL*4 DATA(10000,6)

*

: DETERMINE ALL POINTS AROUND 0 dB
. DO 8199 J=1,NSAMP

*

: DETERMINE ALL POINTS AROUND O dB

IF(DATA(J,ICH) .EQ. 0.)THEN
sfsn_oé(b) o) Q. 0.)
ELSE




SIGN_DB(J)=DATA(J, ICH)/ABS(DATA(J,ICH
EnaaN. (J) ( )/ABS( ( ))

DETERMINE ALL POINTS AROUND -180 DEG
IF(DATA(J,ICH+1) .EQ. -180.)THEN
s{sn_95(J)=o. ) )

* %% NR

IF§DATA$J ICH+1{
‘ (- 8 —DATA J ICH+1&)/ABS( -180.-DATA(J,ICH+1))
ELSEIFTDA 1) . z

N_PH(J)= ‘ 180 +DATA(J 1CH+1))/ABS(-180.+DATA(J, ICH+1))

N END!F

2199 CONTINUE

: DETERMINE SIGN CHANGES
1C6=1

1CP=
DO 81
F(

1
9
s oéég+=3* .NE. SIGN_DB(J))THEN
- cs= CG+

IF(SIGN puéa+13 .NE. SIGN_PH(J))THEN

JCRP z
I1CP=1CP+
DIF

N
2198 CONTINUE
x.

Lo

HRITE%S 20051
2005 FORMA §é3x FREAEAE GAIN CROSSOVERS *#akikkk 1

+ GAIN(dB)',13X," PHASE(Deg) ', 13, " FREQ(Hz
IF(ICG EQ 1 4 A (Deg)’, 13X, 6( ")
wnrre; 73)
9373 : FORMA ('** ONE **')

LSE
no 1666 J=1,1CG-1
zn—gacn g ;)*DELTA

FHZL
WRITE(S,4502 DA%A(JCRGTU) 1,ICH),DATA(JICRG({J)-1, ICH;I

WRITE(5, 4502)DATA(JCRG(J ICH) ATA JCRG(J), ICH+1) ,FHZH
4502 FORHA{ééX F1& §x F18 2 13X, f (9, )
4903 FORMA
1666 CONTINU
. ENDIF
HRITE§5.447)
READ(S, *

*

WRITE(5,1667
1667 FORMA //523%, 1 #kxxannr  DHASE +é)'1800EG CROSSOVERS #*¥adwwaw o,

PAASE{DEG) ", 13X, " GAIN(DB)',13K,' FRE
* ir(xép -EQ. i N (08)*»1 Q(Hz)")




were§5 93551
FORMAT(/, " NONE *x )

9385
DO 1234 J=1,ICP-1

Ehi ol JCRB( g )*DELTA F

FHZL=(JCRP J 1 *DELTA -

WRITE(5,4502)DA A(JCRPTJ) 1,1CH+1), DATA(JCRP(J) 1, Ign

+*

=§§¥Eé 4502;DATA(JCRP(J) + ICH+1) ,DATA{JCRP(J); ICH),FHZH
1234 CONTI -
‘ ENDIF

. RITE(5,4 2
447 ORHA (///. HIT RETURN TO CONTINUE')
N EAD(5,*)
RETURN
**ii&i&*i%**E*t************************tt****ﬁ**&ri***i*i**iii**i*****
St dodede WA A e iAo S A A e A A A ek A de e e ek de e e de e e e ek e N
. SUBROUTINE ENTER_NPOLVS(N_HAT,NODR,NPLYS;N_ORDER) o
i Written by A. L. Helinski US TACOM AMSTA-RY
- This subroutine will let you enter the golynoui 1%, représenting
* the numerator of e transfer function. 's no 1ffef¢nt then
: Subroutine ENTER_DPOLYS.
* INPUT; NONE SE nter all output paraméters b¥ hand
* OUPUT: HAT; OLV# ORDER#) Polynokial Coéfficients
* Order of each pcl¥nomial
* N Number of Polyrnomia
* N Order Total Ordér | reé of product)
: Sum of all ?POL
REAL N_MAT 2 20) 1 NUM. MATRIX COEFI?IENTS(POLV# ORDER
. INTEGER NODR 0) NPLYS ! NUM. ORDER (POLY# NUM £ PO
: WRIT
1 FORMA{é/////////////////{//////////////////////////
+ ter number of polynomials in the numerator? )

cEADéS %NPLYS

20 FORMA*&//)
U 90 I=1, NPLYS

» HRITE 5,3
30 ( Enter order of poly #',12)
EADBS *& é

wa ?RD R+NODR(I) { ADD TOTAL ORDERS (DEGREE)
40 FORM, 3 &

00 50 J= onn x)+1 1,-1 .
N warre; y
60 EORHA (' Shrr TERM IS &

‘ EA065 *) N HAT(I J) l NUMERATOR HAT IX (POLY#,0RDER+1)

50 CONTINUE

HRITE{S.?O) »
70 FORMAT(/) :
90 CONTINUE



RETURN

ND ‘
HRRRRERARRERRAAXRAARARRELRARRARAAARARAAARRREARRRERARRRRRARRRNRNRANN
ARRRRRARNRRAERRRARRARARRRRRERNRREERARARRRRRRRRR AR ARk dehddk ik il dd

SUBROUTINE ENTER_DPOLYS(D_MAT,DODR,DPLYS,D_ORDER)

*
: Written by A. L. Helinski US TACOM AMSTA-RY
* This subroutine will let you enter the polinonieIs representing
* the denominator of a transfer function. s no different then
: Subroutine ENTER_NPOLYS.
* INPUT; NONE ﬁinter all output parameters b¥ handz
* OUPUT: HATS OLYI ORDER#) Polynomial Coefficients
* Order of each polynomial
* Number of Polynomial
* D_Order Total Order ree of product)
: Sum of all ?POLV
REAL D MAT(20,20)
. INTEGER DO R(iO) DPLYS,D_ORDER
10 FORHA{(//////-"///////{////// 111117117111/,
+ v of polynomials in the denominator?’)
READ{S *)DPLYS
WRIT *6. 0)
20 FORMAT(//)
D_ORDER=0
DU 90 I=1,DPLYS
WRITE 5,30)1
30 FORMAT { Enter order of poly # ',12)
READ 5 & é
0.0 ORDER+DODR(1)
HKITE$5.
40 FORMA 3 &
D0 5 ODR I)+1 1,-1
HRITE

60 FORMA {( S**' 12, TERM IS ?°' ‘%
READ(S *) D_MAT(I, H" NUHERATOR MATRIX (POLY#,0RDER+1)

50 CONTIN

HRITE45.70)

70 FORMAT(/)

go CONTINUE
RETURN

WRARKRRAARARRARARAARARRARAAARARRANRAARARANNRARARRERRNARRRARARANRRRN AR AN AR
REARRRRARRRRRARARRARRRARARRNRRRRARRARARRARARARAARAARRRAARARARRARAARNRAAR

' SUBROUTINE MULTIPLY_ POLYS
+ (TOTAL_ORDER,POLY_ORDER, NPOLYS ,MATRIX, PRODUCT)

Written by A. L. Helinski US TACOM AMSTA-RY

This subroutine multiplies polynomials for resulting product of:
a single resulting polynomial. The procedure is much the same way

as one would do by and. (Term by term)

INPUT; TOTAL_ORDER Total degree of product was done before hand
) by adding the degree of each polynomial

L E R B RS R BN




* POLY_ORDER Degree of each individual polynomial
* NPOLYS Number polynomials
* MATRIX{POLY#,0rder#) Matrix of Polynomial coefficients
: (Simply a 2-D array)
: OUTPUT: PRODUCT (Order $) Final product polynomial
INTEGER TOTAL_ORDER ! ORDER OF PRODUCT $0R TOTAL SUM degrees)
ORDER OF EACH POL

INTEGER POLY ORDER(20)
INTEGER_NPOLYS NUMBER OF POLYS

!

!
REAL MATRIX(20,20) ! COEFFICIENTS OF (POLY# ORDER}
REAL SM : S SUMMER DURING OPERATION

850& USED A
REAL PRODUCT(40) PRODUCT RESULTS

PRODUCT must have a intitfal value. In this program the
initial product will be 1,

L 2 B B )

PRODUCT(1)=1. I INITIAL PRODUCT WILL BE 1.

LEVL=0
DO 10 M=1,TOTAL_ORDER+1
M H£= . ! SUMMER USED IN MULIPLICATION

10 CONTINU

DO 20 I=1,NPOLYS
00 30 K=1,LEVL+1
; DO 40 L=1,POLY ORDER(1)+1
SM K+L-i =SMTK+L-1) + MATRIX(I,L) * PRODUCT(K)
40 CONTINUE
30 CONTINUE
50t H ST oEe

SM(M)=0.
50 CONTINUE

LEVL=LEVL+POLY_ORDER(I)
20 CONTINUE

RETURN
END
B e o L T e e

RANRRERRARRARERRREAARAENRRRRRARRRARARAAREARAERRR Tk khhkhhhhhkriihik
AARANRAARARRAARARAARAARAAARAARAAAAAARNRARAAARAREREAARARAARAAR AR A AR RN

SUBROUTINE POLY_RESPONSE(N DEG,POLY N,D DEG,POLY_D,
+ F_STEP,F_END, NCHAN_MAG, NCHAN_PHASE;DATE, NPTS)

Written by A. L. Helinski US TACOM AMSTA-RY
Determine frequency response for a single polynomial describing the

*

a given frequency range.

INPUT; Degree of numerator

Degree of Denominator
Desired delta frequency of range

LR R R E BRI I R

numerator and one describing the denominator of a transfer function for

N_OEG

SULY N(Order#) Coefficients describing numerator poly
FU%;Eg(Orderf) Coefficients describing denominator poly
= Also first frequency point to evaluate

END End frequency of range ‘Spen)
NCHAN_MAG Desired channel number for Magnitude
NCHAN_PHASE Desired channel number for Phase (Deg

-y




LR N B B N N

» 2% * %%

* % %%

OUTPUT; NPTS Number of frequency pts mad

DATA(NSAMP, NCHAN)
where Gain (dB) 1s DATA&NSAMP s NCHAN_MAG

Phase (Degz is DATA({NSAMP, NCHAN_PHA
@ frequencies = NSAMP*F_STEP Hz~
REAL DREL,DIMG,NREL,NIMG

REAL PHASEN A e

REAL*4 DATA(1 e

REAL POLY_D 40& P6L _N(40)

INTEGER D_DEG

PI=3.141592654
SCAL=180./PI
EPSILON=10.E-30

NPTS=INT(F_END/F_STEP)
DETERMINE GAIN AND PHASE FOR NUMERATOR AND DENOMINATOR

DO 90 JJ=1,NPTS
FR=F_STEP*JJ
WR=FR*2.*p1
Deterﬂne Reﬂ and Imaginar. c nents for NUM and DEN
L POLY_REAL_IMAG(NREL,NIMG,WR,N _DEG,POLY N
CALL POLY_REAL_IMAG(OREL,DIMG,WR, D’DEG POLY_D

Determine dB Gain
GAIN=SQRT( (NREL**2+NIMG**2) / (DREL**2+DIMG**2) )

IF{GAIN .LE. EPSILON)THEN
ATA (33, NCHAN _MAG) = -580.

ELSE
DATA(JJ,NCHAN_MAG) = 20.* ALOG10(GAIN)
ENDIF

Determine PHASE for NUM and DEN

Numerator
IF NRE% EQ 0. .AND. NIMG .LT. O0.)THEN

HA -90,
ELSE}F NRELgoEQ 0. .AND. NIMG .GT. 0.)THEN
ELSEXFéNIMGo -EQ. 0. .AND. NREL .GT. 0.)THEN

SEN
ELSEIF NIHG EQ 0. .AND. NREL .LT. 0.)THEN
PHASEN =

ELSEIF(NREL .€T. 0. .AND. NIMG .GT. 0.)THEN
RATION=ABS ( NIMG/NREL
HA EN‘ SCAL*A AN(RATION&
ELSEIF .LT. 0. .AND. N T. 0.)THEN
RATI N—ABS(NIMG/ REL
ASEN=180. - SCAL*A SN(RATIONzT

RATION=ABS( (NIMG %
PHASE N—IBO + SCAL*A AN
ELSEIF(NREL .GT. 0. .AND. N

0.)THEN

RATION
( lT. 0. )THEN

b



RATION=ABS(NIHG/NREL%
PHASEN=360. - SCAL*ATAN(RATION)

ENDIF
DENOMINATOR PHASE

*+

* % %%

IF 325%0.50. 0. .AND. DIM6 .LT. 0.)THEN
2 - .
ELSEIF(DREL .EQ. O. .AND. DIMG .GT. O0.)THEN
PHASED = 90.
ELSEIF(DIMG .EQ. O. .AND. DREL .GT. 0.)THEN

PHASED = 0.
ELSEIFéDlMG +EQ. 0. .AND. DREL .LT. 0.)THEN
PHASED = 180.

ELSEIF(DREL .GT. O, .AND. DIMG .GT. 0.)THEN

RATI D=ABS(DIHG/DREL%
PHASED= SCAL*A AN(RATIOD&
ELSEIF(DREL .LT. 0. .AND. DIMG .GT.

HG/DREL%
PHASED=180. - SCAL*ATAN(RATIOD
ELSEIF(DREL .LT. O. .AND. DIMG .LT. 0.)THEN

RATI ABS(DIHG/DREL}
PHASED=180. + SCAL*ATAN(RATIOD
ELSEIF{DREL .GT. 0. .AND. DIMG .LT. 0.)THEN

RATI D=ABS(DIﬁG/DREL*
PHASED=360. - SCAL*ATAN(RATIOD)
ENDIF

Determine Total Phase
DATA(JJ,NCHAN_PHASE )=PHASEN-PHASED

20 CONTINUE
RETURN
END

0. )THEN

* %%
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SUBROUTINE POLY_REAL_IMAG(XREAL,XIMAG,OMEG,NORDER,POLY)
Written by A. L. Helinski US TACOM AMSTA-RY

DETERMINE REAL AND IMAGINARY COMPONENTS FOR A
GIVEN FREQUENCY(OMEG) AND POLYNOMIAL

This subroutine called upon by sub-poly-response to determine the
Real and Imaginary components for a given pol¥nom1a1 and freauency(w).
It simply plugs in S=jW and resolves the compliex algebra. ( W omega in

rad/sec and J 1s complex where J=SQRT [ -1 }]. )

INPUT: POLY 6Array of POLY coefficients)
NORDER Order of polynomial
OME Frequency 1n Rad/Sec

L

OUPUT; XREAL Real Component .
XIMAG Imaginary Component




”
10
*

REAL POLY(40)

XREAL=0.
XIMAG=0.

DO 10 II=1,NORDER+1

IORD=11-1

INDEX=10RD

IF(INDEX .GE. 41 THEN
INDEX=INDEX-
G0 T0 20

LSE

IF(INDEX .EQ. O)THEN

REA
ELSEIFé
MAG=XIMAG + POL ;IORD+1)*OHEG**IORD
2) THEN

L=XREAL + POLV{&E§D+1)*OHEG**IORD

INDEX .EQ. 1

X1
ELSEIF(INDEX .EQ.

REAL=XREA

L - POL 4ég§0+1)*OMEG**IORD

X R
EL;%IF INDEX .EQ. 3

END

ENDIF

CONTINUE
RETURN

=XIMAG - POLY(IORD+1)*OMEG**IORD

END
HRARRRRARRERRRARARARREERRAAARAAAEARAARRARRRARARANARNARRERAARRRANARN RN
RERARKEARRARNREARAERARAXAARAARARRARARRAARACRRARNAARAAARARAR AR Ak klhkdhi
RARRRRARRRARRRARRRRRARRRRRARRRNRRRAKRRARRRRRARRRARRARARRRARRARARRR AR A RRRAR

SUBROUTINE LIST POLY(ID,POLY_MATRIX,PRODUCT_POLY,
ORDER_MATRIX,N H_POLYS,DEGREES

Written by A. L. Helinski US TACOM AMSTA-RY
This subroutine 11ist the polynomial coefficients.

LR AR E R ERER R R E NN NI UG

+

INPUT;

QUTPUT;

ID 1Identify individual polnomials or single product
If ID =1 Number of individual Polynomials
ID =2 Single Product Polynomia
POLY_MATRIX{POLY#,0rder #)
Actually describes the coefficints in this
2-D array fashion. (When ID=1 otherwise a dummy)

PORDUCT_POLY(Order #)
Decribes a single polynomial in coefficient terms.
{When ID=2 otherwise a dummy variable.)

ORDER_MATRIX(POLY #)
Describes the degree for each polynomial

NUM_POLYS Number of polynomials (=1 for 1D=2)
DEGREE Total degree of polynomial (or sum of orders)
None (Just simply lists the polynomials on the screen)




8868
*

20

70
80

40
10
*

RRhhhhR
RhkhkhRk

LR R B XN

REAL POLY MATRIX(20 zo& PRODUCT_POLY Aog
INTEGER ID,ORDER_MATRIX{20),NUM_POLYS,DEGREE , PONER
INTEGER NUM_POLS

IFAID EQ Z)THEN

LS
NUM_POLS=NUM_POLYS
NDIF™

HRITE45=8888)
FORMA COEFFICIENT TERMS ',/)

DO 10 IPOLY=1 NUM POLS
WRITE 5:203 OLY_ORDER MATRIX&IPO ;
FORMAT ( OLY *,12,5X;' ORDE W/

IF(1 1
$OHER-ORDE& HATRIX&IPOLY)

et o

DO 40 IORD=POWER+1,1,-1

IF(ID .E ,
(“RITEg(ﬁx&zPOLY HATRIX‘IPOLY.IORD),!ORD-I

ELSEORHA 15.8;"
WRITE(S aozpkooucr POLY(IORD) IORD-1
OR AT ( 15.8,' 12)

DIF
CONTINUE
CONTINUE
WRITE(5,6 2
FORMA (//, HIT RETURN TO CONTINUE')
READ(5,*)

RETURN

e 9 e e e e i A e 3k vl e 9 e e e e e o v ok e e e A e 2 e o sl o e e e e e 7 e e e e e e de e e e e e ok e ok e de ek
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SUBROUTINE EDIT_POLY(ID,MATRIX,ORDER,NUM_POLYS,DEG)
Written by A. L. Helinski US TACOM AMSTA-RY

This subroutine edits the polynomials by changing the
coefficfent terms indfvidually.

INPUT; 1D; IF ID = 1 NUMERATOR TERMS
ID = 2 DENOMINATOR TERMS

MATRIX(POLY# ORDER 2-D ARRAY OF POLYNOMIAL COEFFICIENTS

ORDER(POL #; DEGREE OF EACH POLY#

NUM_P tys' NUMBER OF EgLvuonlALs

DEGT
OuTPUT; Same as input with mod1f1cations




REAL MATRIX(20,20
INTEGER ID,NUM PO ¥S,DEG,ORDER(20)

CHARACTER*i REPL
IF(ID Eg 1)THEN ‘
10 FORNA{(///////////////////////////////‘6‘ 4 111/ /lY or N)')

+ ' Do you desire to re-enter the entire
2 READ stzo)asp

IF(REPLY Eg 'y 8 ﬁ
CALL ENT R NPOLVS(HATRIX ORDER, N M_ POLYS DEG)

ENDIF
LSE

30 . Foggk{(//////////////////////////////4/6 o‘/‘ 4 /5 (¥ or N)')

desire to re-enter the entir
READ& ZO)RE LY .E

R.
§ELLRENT8R DPOLYS(MATRIX.ORD?R Nﬂﬁ POLVS.DEG)

ENDIF
ENDIF

Edit Polynomfal by terms
IF(NU? gogv;o)er 1)THEN
70 . FORHA{(/5////////{/////////////////////////////.

olynomia ou desire to change ? {
ive the number representing the polynomial sequence ) )

REXD(S *)MPOLY
SE

LR R

+

MPOLY=1
. ENDIF
lF(Og?;E‘HPOL}&p GT 1) THEN
80 FORHA ‘////é////////////////////////////////////.
_ coef ) do you desire to ',/,

e in POLY # ',12,°
EEAD(S . MCOEFF

L
MCOEFF=1
ENDIF

HRITE{S »90)MATRIX (MPOLY ,MCOEFF+1)
90  FORMA (////////// /////////////{/////////////////////.

F10
READ(S *)HA?RIXIMPOLY MCOEFF+1)
EEEURN
T T I o 2 s U s Srana sy
RRRRRKARRERRRRARIRRRIRRIRARKARRKRKERRKRRRRRRARKRRKARRRRAREARRRRRRARAARAK

SUBROUTINE READERDéTIME SIGNAL NSAMP,
. + HANNEL ,UNITS,NCH
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20

30
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*

Written bg AL Reid US TACOM  AMSTA-RY
Modified by A. L. Helinski US TACOM AMSTA-RY

This subroutine origna11y written b¥1Al Reid and modified by A. L.

Helinski. It simply reads a data f
format. For this application ACSL creates the time data file

simulating the output of a transfer function this routine reads the

time history into the desired variables by calling {t.

INPUT None (Data File Nanez
ouTput;  SIGNAL  Amplitude of history
TIME Corresponding Time 1s Seconds

OIMENSION TIHE&IOOOOEESIGNAL 10000

CHARACTER*80 ERD_TITLE,LONG,TITLE &unn
CHARACTER*64 ERDFILE,HOR_FILE,ERD FILE o HDR_FILE_O

CHARACTER*32 LONG_NAME (6)DUMMY32, THANNEL

CHARACTER*12 DU
CHARACTER*8 SHORT_NAME(6),UNIT_NAME(6),XUNIT,DUMMYS,

+ UNITS
CHARACTER*4 ERD, HDR

CHARACTER*1 COMMA,R
REAL*4 SCALgxna ﬁFSET(G) RDATA(6,10000)

INTEGER*4
INTEGER*4 START SANP ELIH END_SAMP_ELIM

INTEGER*
DIHENSION IARRAY 4 g TDATA{4)
gagk ERD UN!T HOR_UN /10,1

HOR = '.HDR'

: Determine the name of the input data file

WRITE 5 20)
FORM /lé' EnteE name of ERD data file to analyze?')

T{A
CALL s%asr&xn HOR_FILE,ERD_FILE,LENGTH)
HDR_FILE(LENGTH+1TLENGTH+4T = HOR
ERD_FILE(LENGTH+1:LENGTH+4) = ERD

Open the data file, print the header characteristics, and determine if
this 1s the correct data file

OPEN(HDR UNIT,FILE=HDR_FILE,FORM='FORMATTED',
SHARED, STATUS=TOLD' , ERR=210)

: Read the header data

60
70

80

READ(HODR gNlT ,60) DUMMY

FORMAT (A
READ‘H&R UNIT,70) ERD_TITLE

READ(HBR UNIT aol NCHAN, COMMA , NSAMP , COMMA , NLINES , COMMA, NBIN
NBVTE COMMA KEYNUM, COMMA, STEP , COMMA , KEYOPT
FORMATB {4 ?)60 €13.6

READ( HDR scALé4 ; SCALEéL L=2, NCHANK
READ(HDR OFFSET( z §connﬂ E ,L=2, NCHAN)
READ HDR U snoa E(L) t=1,
READ(HDR G_NAME(L),L=1,R

READ(HDR_U uurr NAWE(C (=1, ncunn

C

i
UNIT,
NIT,10
NIT,11 0
NIT, 100

e of a time history in ERD file



90 FORMAT 18 E13 6,A))
100 FORMAT(3 ;;
210 FORMAT 7( 32

: Write out the header information

wRITE§5 120) ERD TITLE,NCHAN, NSAMP,STEP
! '.A80 //.' There are

120 FORHA (//,' The Title for this file 13:'./
212, channe1s of data. There are 3i samp es for each da
+ta channel.',/,' The step size is ',F8.5, seconds. ' o//)

: See if there are more than 16 channels to plot

IF (NCHAN .GT. 16) THEN
YPE*,' There are more than 16Tchannels to read.'

TYPE*,' Please FORGET ABOUT I
C%OSE (HDR_UNIT)

STO
. ENDIF
: Write out the additional descriptor lines
IF (NLINES .GT. 0) THEN

YPE*, 'The fol ow1ng are the optional descriptor lines:'

136 L=1,N
gunﬁ UNIT 70) LONG
HRIT 45 Izsl {on
125

130 CON IN
ENDIF

: Is this the correct data file

HRITE 5, 140}
140 fORHA (//,'$1s this the correct data file to analyze (y or n)?

+
§0A0£S$150) REPLY

150
IF (REPLY .EQ. 'N*' .OR. REPLY .EQ. 'n') THEN
LOSE(HDR_UNIT)
WRITE 5 150
160 FORMA ou wish to look at another file (y or n)? ')
saoas 150)
GOT .EO 'N' .OR. REPLY .EQ. 'n*) STOP

. ENDIF
: Open the data part of the file

IF (KEYNUM .EQ. 5
6PEN(ERD UaIT zILE—ERD FILE, ?TATUS—'OLD'

HARED, FORM= ' FORMATTED*

ELS
OPEN(ERD UNI; FILE=ERD FILEéSTATUS"OLD'

+ GRM=* UNFORMATT

ENDIF’
. CLOSE(HDR_UNIT)
: Read the data
J=20




170 J=J+]
IF (KEYNUM .EQ. 5) THEN

READ(ERD_UNIT, 180 ERR=220, END=230) (RDATA(I,J),I=1,NCHAN)
180 FORMAT (15(E13.6))

ELSE

IF &KEVNUM Ea 03
EAD(ERD_U IT RR=220 END=230) (IDATA(I),I=1,NCHAN)

DO 1 0 K=1,NCHAN
ﬁK J) = FLOATJI(IDATA(K))
190 CON

ELSE
ENS%#D(ERD_UNIT.ERR=220.END=230) (RDATA(I,J),I=1,NCHAN)

ENDIF
GOTO 170

10 ;¥P§*,'Error opening data file’

220 TYPE*,'Error reading data in file’
230 CLOSE{ERD_UNIT)

*®
wwwwwinnrs DATA IS READ IN, NOW START EVALUATION *awwwsx

*

okk CosgegSOUNscoled and UNbiased date to proper values
DO 6003 J=1,NSAMP

RDAT g(l J) RDATA(I,J) / SCALE(I) + OFFSET(I)

6003 CONTINU

I
OFFSE% }) =0.
2002 CONTINUE

567 WRITE(,1018)
1018 roaTass// " CHANNELS *#aswins //)
IF(J1 .EQ. 6 .on. JI .EQ. 12 ,OR, JI ,EQ. 18 .OR.
+  J1 .Eg. 24 ,OR. JI .EQ. 30 .OR. JI .EQ. 36) THEN
WRI E§5,1032)
EN S% (>,
waxre*s ,1060)J1, LONG NAME(JI UNIT NAnEéJI)
1060 (/. CHANREL 'T12,/,1X,A32, /71X, A
1050 CONTINU
WRITE 5 1032
1032 ngg?s(/ (R 232 ¢ 22 ¢ HIT RETURN Rhkkkkkhih? )

*hk
WRITE(S, 1081&
1081 FORMAT(' ENTER CHANNEL NUMBER TO ANALYZE')

READ(5,*)NCHANPSD
UNITS=UNIT_NAME(NCHANPSD)

L2 24



CHANNEL=LONG_NAME (NCHANPSD )

*
. DETERMINE TIME ARRAY FROM STEP
DO 1061 I=1,NSAMP
TIMEA [)=sTép* 4 &
SIGN L 1)=RDATA (NCHANPSD, 1)
1061 CONTI
RETURN

END
B S T o o S e e e e e
BT L T e )
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SUBROUTINE TF PLOT(ITERH ERD_TITLE,NSAMP,STEP,NCHAN, DATA.
+ LONG_NAME,UNIT_NAME)

Must insert a subroutine for p10tt1nf ERD data format.

This garticu1ar ugp]ication uses a PLOT10 Library routine
{Not Included) t is advised to use a subroutine which has
a graphics mode capable of plotting semi-log graphs.

The following format of input variables was used.

INPUT: ITERM ID for terminal

ERD TITLE Title for plot ('NOTE' from main)

NSAHP Number of samples

STEP Delta F (Hz

NCHAN Number of Channels (6 for this progran)

DATA(Nsam Channel Number) Data in amplitude
L G_NAME éhannel Number; Name for channel
NIT_NAME(Channel Number Unit for channel
OUTPUT; None (A plot on the screen! what else do you expecti!!)

TF_PLOT Subroutine...

RETURN
END

L T T e S e
L S e s s
L] FOURIER SECTION #AXARAnakaRiashihihhihhhhhhkhihhiihiii
L L b e e T Y
L T e

SUBROUTINE FOURIER(X,Y,NPT,REAL,AIMAG,FREQ,MM)

LERERERE R R RN N W I Sy

*

* Must insert a fourier analysis subroutine.

* The one used for this ana]¥s1s was developed by IEEE for

* digital processing. (Not included)

* It determines the fourier coefficients for a time

* history. The essential requirement is that the t1me history be

: described by a Power-0f-2-Number-Of-Points.

* INPUT; Y (Nsamp Signal in Amplitude

* X (Nsamp Corresponding Time (Seconds)

* NP Correspondin? Number Of goints of signal

: (Program w1} help you choose closest
ower

* QUPUT: REAL Rea Coefficient Cos Termg

* AIMAG Imaginary Coefficient Sin Term

* FREQ Correspondin? Frequency (Hz)

: MM Number of points in frequency domain.

: FOURIER Subroutine...

RETURN
END




APPENDIX C
VARTOUS STATES OF A STEP RESPONSE



STEP RESPONSE 1 IN

POSITION COMMAND
(o]
o

l\;

1.60

LC1

0.8D

0.40

0o

[~
0.00 .20 0. 40 T 0.60 0.80 1.00

POSITION RESPONSE

1.60

Ll

{\[\/.

0.80

0.40

0.00

0.00 0.20 0.40 0.60 g.40 1.00




STEP RESPONSE 1IN

RATE COMMAND

30.0
p——

RC1

10.0

0.00
>
)

;

-10.0

0.00 0.20 - 0.40 0.60 0.890 1.00

RATE RESPONSE

[on]
o

—

10.60

LD1 #1p2
N 0.20
?b
!

-0.20

-0.60

-1.00

0.00 0.20 0. 40 0.60 0.480 1.00




STEP RESPONSE 1 IN
SERVO INPUT CURRENT

Q
(=]

b g

3.00

2.00

[V +1p3
1.00

0.00
—
=

-1.00

0.00 0.20 0.40 0.60 0.80 1.00

SPOOL POSITION

JAVN

0,00

XV1

-0 20

-0.40

-0.80

0.00 a.20 0.40 6.60 0.680 1.00




STEP RESPONSE 1 IN

3 (PRESSURE) / at (for up)

Q
o

q.- .

00

2.

0.00

o,

1PN
AV

-2.00

PDOTU1L "#105

-4.00

-6.00

0.00 0.20 0.40 0.60 0.80 1.00

o (PRESSURE) / at (for down)

Q
o

<

2.00

0.00
T
—
»}

PDOTD1 #105
-2.00 )

-4.00

-6. D0

0.00 0.20 0.40 0.60 0.80 1.00




STEP RESPONSE 1 IN

ACTUATOR PRESSURE (for up)
g

«

3.00

00
t——
'y

<.

o

o

J1 #1103
Vo 110

0.00

-1.00

0.00 0.20 0.40 0.60 0.80 1.00

ACTUATOR PRESSURE (for down)

4.00

2.40
-

PD1 #1p3
1.60
-

0.80

0.D6

D.00 a.20 0.40 0.60 0.80 1.00




-

STEP RESPONSE 1IN

FLOW IN (for up)

om]
Q

WwT

4.00

0d

3.

#103
2?%%3 10

1.00

g ﬂﬂAA
0

.20 0.40 0.60 0.80 1.00

FLOW OUT (for up)

2.00

1.20

0.40
P
1
]

Bl =103
-0.4D

-1.20

-2.00

0.00 0.20 0.40 0.60 0.80 1.00



STEP RESPONSE 1 IN
FLOW IN (for down)
8

o

20

!

103
0w
v

-

QC1 w103
-0. 40 y

0.00 0.20 0.40 0.60 0.80 1.00

FLOW OUT (for down)

4.00

3.00

2.40

Q01«03

1.60

lo )

0.00

-1.00

0.00 0.20 0.40 0.60 0.80 1.00

ﬁ)
®




| STEP RESPONSE 1 IN
ENTRAINED VOLUME (for up)

1.749

1.730
\

\

1.720

1.690
-1

0.00 0.20 0.4D 0.60 0.80

ENTRAINED VOLUME (for down)

F\

@
N
—

1.330

1.320

1.310

VOLD1 #1038

1.300
=

1.280

0.00 0.20 0.40 0.60 0.80 1.00




STEP RESPONSE 1 IN

ACTUATOR A Pressure

fom]
(=

=)

4.0u

2.u0

DELTF! <193
0 00
"
P
=
D

v

.00

~72
“

-4.00

0.00 0.20 0.40 0.60 0.80 1.00

ACTUATOR FORCE

1.20

0. 40

F1 #pS

-0.40

~1.20

-2.00

0.00 0.20 0.40 0.60 0.80 1.00




APPENDIX D
VARIED STEP RESPONSE RESULTS



VARIED STEP RESPONSE

POSITION COMMAND .05 IN
SIMULATED ACTUATOR RESPONSE

0.10

0.08

0.06

%

0.02

8. Do

0.00 a.20 0.40 0.60 0.a0 1.00

POSITION COMMAND 0.1 IN | | |
SIMULATED ACTUATOR RESPONSE

0.16

6.t2

L1
0. 06
{

0.04

0. 00

0.00 0.20 0.40 0.60 0.80 1.00




L1

POSITION COMMAND 0.25 IN

Q
-
[

VARIED STEP RESPONSE

SIMULATED ACTUATOR RESPONSE

6.32

0.24

0.16

o

a.

0. 00

0.00

POSITION COMMAND 0.5 IN

1.0D

Lt

0.80 1.00

SIMULATED ACTUATOR RESPONSE

0.80

0.60

0.40

8.20

0.00

Q
o

0.60 0.80 1.00




VARIED STEP RESPONSE

POSITION COMMAND 0.75 IN
8 SIMULATED ACTUATOR RESPONSE

—

0.80

)

0. 4DL1

D.2D
[

0. 00
B

0.00 0.20 0.40 0.60 0.80 1.00

POSITION COMMAND 1.0 IN
SIMULATED ACTUATOR RESPONSE

fon]
o

o~

1.60

1,20

-—— -
[a=]
[ss]
o
o
IT
o
[om)
e
c0.00 0.20 0. 40 0.60 0.80 1.00




APPENDIX E
VARIED MASS RESULTS



[==]

1.80 2

20

1.

L1
0.80

0.40

(.00

L1

VARIED MASS 1 IN STEP RESPONSE

MASS = 10 SLUGS
L
1).00 0.20 0.40 0.60 0.80 1.00

MASS = 30 SLUGS

2.0

1.60

1.20

Y e B

- 0.80

0.40

D.00

.00 8.20 0.40 I 0.60 0.80 1.00




L

VARIED MASS 1 IN STEP RESPONSE
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