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1.0 SUMMARY

This design note contains a description of the modifications necessary to
give the Houston Operations Predictof/Estimator (HOPE) pfogram the capability
to solve for or consider vent forces. The HOPE program, with the above
modifications, will be referred to in this paper as HOPE/VENT. A new

HOPE version which will include HOPE/VENT as well as other recent program

modifications is currently being prepared and will be released as HOPE/MDC 3.0.

The formulation of HOPE/VENT relies heavily on the venting capability which
already exists -in version MDC 2.0 of HOPE. The user must input an attitude
timeline as well as vent on-off times. The program will solve for or consider
the components of a vent in body coordinates. This épproach conforms to the
current HOPE formulation as well as the approach taken in the Real Time

Computer Complex (RTCC) logic.

The verification of HOPE/VENT was naturally divided into two phases: solve
for and consider capability. The solve for capability was tested using the
existing venting logic in the dummy data mode. The consider capability was
verified by comparing results with the HOPE/B8.02 IGS Burn Model. In the
process of verifying the consider capability, nﬁmerous difficulties were
encountered with the HOPE trajectory integrator. For the proper functioning
of the consider vent force model, the present study suggests a modification
of the integrator to invoke a restart when encountering vent force

discontinuities.

Section 3.0 describes in detail the model implemented in solving for vent
forces, while Sections 3.1 and 4.2 detail the integrator problems
encountered. Appendix A provides a summary derivation of the mathematical

principles applicable to solve/consider methodology.

.
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2.0 INTRODUCTION

One of the many unique problems encountered in performing orbit determination
processing for the Shuttle is the existence of unknown perturbative forces on
the vehicle caused by venting various gases during orbital flight. Compli-
" cating the relatively simple effect of venting is the phenomenon of plﬁme
impingement. As gases are released, they interact with the various body
surfaces of the vehicle, causing unknown accelerations. While the primary
venting effect may be known beforehand, the secondary interacti&n with tail,
wing and door surfaces is ﬁnknown. An additional effect is the existence of

RCS uncoupled thrusting which is triggered by vent forces.

The method described in this design note, called the method of correction
vents, presumes the existence of a nominal vent timeline which must be
corrected by solviﬁg for unknown vent perturbations. Thus, the nominal
timeline may represent the primary effect of venting while the correction

vents correspond to plume impingement effects.

An active vent timeline may have forty (40) distinct entries in the HOPE vent
table. Computer time limitations and questionable mathematical validity,
however, suggest that solving explicitly for such a large number of vents
would be impractical. Using the method of correction vents, instead, enables
one to solve for a long term average vent error which may, in a least square

error sense, realistically account for the effect of many error vents.

In implementing the method of correction vents, an attempt has been made to
keep program changes small. Rathér than writing entirely new subroutines,
use has been made of existing code whenever possible. Also, the unusual step
has been taken to adapt little-used Luhar MASCON internal storage logic in

the‘current HOPE for implementation of the new vent force capability.

k5 21 WA, o NI i e K e g e T



.  Tﬂé_ré§ultjng'losS»in MASCON computational capability was>considered a

e ffjﬁftifiable‘tradeoff for having an up-to-date Shuttle era progran deyetoped

_'; pen"thE‘éstabijshed venting modifications,schédule; Moreover, plans have

‘:?peen made for reincorporation of the MASCON gapability (albeit without.

o . . ’ fo - \ .
.fsimultaneouS»execution of the venting calculations), pending completion

: of‘the present venﬁ modification performance studies.
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3.0 DISCUSSION »

thle approach being implemented can be best described as the method of cor-
rection or error vents. It is presuhed that the user will input an attitude
.. timeline and a table of nominal vents. The nominal vénts are input in the
‘fbody axis frame of the vehicle and should represent the_user‘s best estimate
6f venting actiVity. The nominal vent timetine is input through the logic

“which -already exists in HOPE version MDC 2.0 (RefefenceS‘l and 2).

The vents to be solved for or considered, .i.e., the correction vents, are viewed
as updates or refinements to the nominal vent timeline. The correction vents
are also input in the body axis frame and the steps necessary to do so are
described in the user's section of this paper. Ihstéad of solving for each
nominal vent individually, the HOPE/VENT program solves for or considers an
average vent error vector which can stretch over.a fairly extended period of
time. The number of such average error vents is jimited; also, the user is
required to input on-off times corresponding to each correction vent. The
on-off times of the correction vents might represent special events in the
vehicle attitude timeline, intervals of known extended vent activity, or

other a priori vent information which the user might care to incorporate.

The follcwing exampie illustrates the HOPE/VENT program nomenclature just

discussed. Vo

Vs

el s e e G GEEe e e e

s ot o ey e oeme e | eeee s wwee o . e’
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'L,xn the figure, the solid lines represent magnitudes of nominal vents, v1, Vo,

»i'i V3 and'vq. The dashed lines represent correction vents, e1, ez. A point

which. shou]d be stressed is that because of the computer 1mp1ementation,

i*,-start-stop times of correction vents must correspond to start and stop times

of vents within the nominal table. This point is reiterated in the user's -
section. In this exampie, the correction vents are put at the boundaries
of vehicle attitude changes, but this procedure is strictly up to the -

discretion of the user.

A note of mathematical caution about the use of correction vents: no single
vent can account for the effect of two distinct vents on a vehicle

trajectory. For example, consider the following simplified timeline.

Vi

— — — T Ty,

Time

Suppose the vehicle experiences two distinct vents, vi and vy, indicated
above by the solid lines. Mathematically, there is no single average vent,
i.e., dotted line, which will produce the same vehicle trajectory after
time, T, as two distinct vents, vi and vj. See Reference 3 for a further
discussion of this idea. The attempt to attribute many unknown error

vent sources to one correction vent is, at best, an approximation.
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3.1 THE VARIATIONAL EQUATIONS - INTEGRATION AND BOUNDS

Consider the following simplified vent tiineline with one correction vent.

Y,
Vi
el — ————— -— — SmS— m—— — o—— —— .
‘ {- rzﬂg
¢ , , i .
tp t) o 4}3 ty t
Attitude 1 _ ~ Attitude 2

Note that the above timeline contains a vent stradd]ing an attitude change.
This is done for illustrative purposes only and is not the form one would

implement on the computer.
The equations of motion can be written as follows:

k > k > >
» B) + - Roso(t) €1 + oo Agsa(t) (v + e1)

x¥ 3
x4

=7 (x,
k > > k ->
+ -ﬂ- A(t) sp(t) (ep + vp) + -ﬁ- Ap(t) s3(t) e;. (1).

Tﬁe function, § (;, %, t), represents the accelerations due to all sources
other than venting. The matrices, Ay and Aj(t), are transformation matrices
from the body axis frame to the Mean of 1950 Coordinate System (MOF50).

The step functions {sj(t), i =0,...,3} are defined by

si(t) =1 t € (ti, tis1)

sy(t) =0 elsewhere.

M is the vehicle mass (slugs) and k is a scale factor which converts ft/sec2

6



to Erad/minz (earth radii per minute squared). Equation (1) is in a
Cartesian Mean of 1950 coordinate system with vents appearing in the body

axis frame ir units of pounds force (1b¢).

T 21 .
- Let the components of 31 = (zz) » and take the partial of Equation (1)
o Z3

with respect to parameter, 23. Then

X of oax of X kK " (1) K " (1
wm= B e2e wme + ooyo —ec + -== Apsg(t 0]+ --- Apsy(t 0
92 9x 327 9 9z M 0 o/ w ot 0

k/’\() ()(fl)) kl’\() ()((1). (2)
+ == Ap(t) so(t + =am Ay(t) sa3(t . |
- hlt) s 0)* = Ml s 0)

Note the presence of step discontinuities in Equation (2), vhe variational
equation. Care must be taken to integrate the variational equations accurately.
The integration of the state equations also involves integrating‘through

vent force discontinuities, but the vents are a small contribution to

the total acceleration experienced by the vehicle. In Equation (2),

however, the discontinuities are the sole driving functions. Section

4.0 contains a discussion of the effect of integration accuracy on the
propagation of covariance matrices. A smoothing'scheme, similaf to the

one used for the vent model in HOPE, is required to properly integrate

the variational equations.

Figure 3-1 contains a flowchart and variable description of the smoothing

logic implemented in integrating the variational equations.

An additional comment concerning the figure on page 6 is that the correction

7
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FIGURE 3-1

SMOOTHING LOGIC VARIATIONAL EQUATIONS

FLOWCHART

TInitialize
PART(1)=0.0
PART(2)=0.0

 PART(3)=0.0

r—- —
. TTEST=1TBLACK(4) |
T1=TBLACK(1)-TTEST
f _2__—
T2=TBLPCY(1)+TTEST
2

TS=T1

TS=

IMASCON( IDUM4 )

T I
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Flsuke.s-l (cont )

SMOOTHING LOGIC VARIATIONAL EQUATIONS
FLONCHART

S= T2 TS

MASCPN(IDUMS5)S TIEST

MASC@N(IDUMS5)-TS
T TTEST

PART(1)= S*RBECI(IDUMG)*KO/W
PARTiZ) S*RBECI(IDUM6+])*K M
PART(3)= S*RBECI(IDUM6+2)*K /W

RETURN



FIGURE 3-1 (Concluded)
SMOOTHING LOGIC VARIATIONAL EQUATIONS
FLOWCHART VARIJABLES

PART(1)-PART(3) - forcing function in the right hand side of the
variational equations. |

" TBLACK(1) - current integration time points

TBLACK(4) - integration.step size

TTEST - integration averaging inter#a]

MASCON(IDUM4) - start time of correction vent

MASCON(IDUM5) - stop time of correction vent

RBECI - transformation matrix from body to MPF50

K, - scaling constant which takes 1b force to Erad/minZ

W - vehicle weight
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vént; 31, i%%s&ggq straddling an attitude change. raqgause of the implementation
of the attitude fbutine, BdDATT, in HOPE, attitude maﬁ;ﬁvefs are assumed

to be instantaneous. This introduces additional discontinuities at p&ints

- of attitude transition. The user would be advised to crgate two distinct .

correction vents out of the single vent, 31.
Now consider the fo]lbwing simplified vent time]ine:’

The equations of motion are:

- | K _
x=F (X v, t)+ - A (X, V) so(t) Ry €1 (3)
> -.» > > .
where v = x, A (x, v) is the transformation matrix which goes from the
Local Vertical/Local Horizontal (LVLH) attitude to the Mean of 1950 systenm,
and Ry is the constant transformation matrix which goes from the body axis

frame to LVLH. The matrix, A (?, V), can be written as:

+> + > +» +
> @ (x xv) xx * =xxv * -x |
MG | ¢ e )




> > +>
(x x v) x x

> L
+ -X XV
- az S eccaese s i
[x x v|
|
and -; ;
N '

Rewrite Equation (3) as:

->
X=f 3Vt (e 3 (K V) +cp 3y (B v) + 333 (% W),
M .

2
If'El = zé , then
Z3

+> + > > >
ax 3f ax af av k dc dc ac
N T, 4 omn (--:.I'. ’51 + 22 '52 + 23 '53)
923 3x 3z3 v 3z M 3z 24} 3z]
k da; X dap av 393, 3X 94y oV |
e G e RN (e g )
Ix 927 Iy I dx 921 v 3z 3
Ja3 9 933 av
t €3 (o5= ~-- + 3= -=-)) . , (5) j
x 9z1 dy 921 .
{
: 1) 33y 333) ax () '
The terms, --- (€] -=- + €p =z= + €3 ===) === 6
otk T TR 3z)
and
k ( 3.51 8'52 3'53) v )
=== (€] =3~ + €2 -z= + €3 ==2=) --- 7
Moo fa S ey

12



* > T >
of x of av
can be grouped, respectively, with -z- --- and -3~ --- .
: 9 927 dv 973
We shall now show that Terms (6) and (7) can be neglected in the variational

> >
equations. It can be seen by examining the partials of A (x, v)

(Reference 4) that the following bounds exist:

TRETR 13 i
—we =S am= -——— < k3 ca-
X |x] v TV
adp 1 34y 1
1 3 I <k 5 I 3 I} <ka m (8)
> >
da3 1 da3
——- < ko == l ——- =0
1= ”‘2|§| o=l
NOTE: || + || indicates matrix norm.

Tﬁe constants, K1, k2, k3, kg4, depend on the eccentricity of the orbit.

For small eccentricities the constants are very close to unity.

Consider the following table which compares the relative magnitude of

accelerations affecting the Shuttle with a weight of 200,000 1bs.

13




120 NM Circular Orbit

Acceleration Source Acceleration
Earth central body - 18 Erad/hr?
Earth perturbations (Jp) - .02 Erad/hr2
Venting (40 1bs) - 4.0 x 10~3 Erad/hr?
Drag - 3.0 x 10~% Erad/nr2

Sun-Moon perturbations

1.0 x 10-6 Erad/nr?
Erad = Earth radii

of ax of av
Let us now examine the term, --- --- + --- ---, which appears in the right
3x 92 9oy 921

hand side of Equation (5). We shall only consider the contribution

<>
of the central force term to the total acceleration, f.

The partial of the central gravity term is as follows:

+ »>T
S SR WL S W @)
3 (3m3m) = oseg T = BUosen
x  x3 0 |x3 |5

where u = 19.909 Erad3/hr2, If |§| = 1,03 Erad, then the partial of the
central gravity term = 36.4/hr2,

Expression (6) can be bounded by

331 332 333 el 1
€] =z~ + C) === + C3 -2~ < c max (1, ki, ko) -3~ , 10

14



where use has been made of bounds in Equation (8). Expression (7) can

be bounded by

A Al oy 1
€l 3= *+cz -3-+c3 =3~ < || c || max (k3, kg) -3~ , (11)
av v v | iv|

using the bounds in Equation (8).

For a 40 1bg vent and a 120 nm orbit, Equation (10) can be further

bounded by 3.8 x 10~3/hr2. Thus, the gravity term (Expression (9)) is
roughly 104 times more significant than Term (6) in the variational
équations. To further bound Expression (11), we must make use of Kepler's

TN
Third Law for the period of a circular orbit. For a circu}ék*bfﬁi;,

N

T2 4x2 1)
X3 |
2r |X|
But we also know that T = it
vl
172
>
1 ()
so that --- = 2-.-C
vl M
Hence, Expression (7) can be bounded by
9 % g 1 1l max (ke Ka) 1 le |l Ix]2/2
€] =3- + €2 =3~ + €3 -3~ < c max (K3, Kg) =3= € ==wcccccomae..
v v av t1 ul/2
or
< 1.4 x 10"2/hr3 | (13)
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Gravity (Expression (9)) fis roughly 103 times more significant than
this term. '

Thus it appears that for orbits of small ellipticity, terms of the form

;;— X, V) and -7-;;----, represent a relatively insignificant contribu-
} 3 v

tion to the variational equations. These terms have not been included in the

HOPE/VENT program, either in solving for venting parameters or solving for any

other dynamic parameter.

16
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3.2 PROGRAM MODIFICATION GUIDELINES

The guiding philosophy in implementing solve/consider venting forces in the
HOPE/VENT program has been to use as much of the original code as possible.
A little used capability to solve or consider Lunar MASCON parameters has
been modified to accept venting parameters. Thus, instgad of creating
separate routines in the input processor, trajectory, and DC 1links of the
program, the MASCON capabflity was used to set appropriate flags, dimensipn
variables, and créate the necessary memory locations.- At the appropriate
stage, however, MASCON variational equations were replaced with venting

parameter variational equations.

The reasons for selecting MASCON parameters are threefold. First, the
venting parameters are dynamic variables which must be integrated along a
trajectory; The MASCON parameters are dynamic ana thus no changes in the
trajectory iink would have to be made to accmnnoqate new dynamic solve for
or consider variables. Second, the venting parameters are an expandable

set of variables depending, in number, on the program user. The MASCONs

are also an expandable set of solve for or consider variables with a maximum

of 100 MASCONS available to be solved for or considered. Thus, the requirements

for the venting force parameters are matched perfectly by the MASCON parameter é
capability. A final, compelling reason for selecting existing code is %
to limit the size of the HOPE program. The trajectory link is the critical ?
program link in this respect, with future trajectory modifications of é

HOPE being severely restricted in size. There are currently only 4,000
words of unused core remaining in the TRAJ link with which to add subroutines

or improve present capability.

17



3.3 CODE MODIF {CATIONS

The following pages describe which subroutines have been modified in HOPE/MDC
2.0 to create the HOPE/VENT program. Also described are the extent 6f

the changes and the reasons for the modifications. For partial listihgs of the

modified routines, see Tables B-1 through B-9 in Appendix B.

Lines of ‘

Subroutine Code Comments

ASSIGN 2 Alter pointers in VSTR array for trajectory link to
allow MASCON and Earth gravity parameters in core
simultaneously.

DAUX 17 Stores off initial input value of VTAB array and
calls MASACC when correction vent capability
requested.

MASACC 72 - Computes acceleration of correction vents in the
state and variational equations.

MCNPRC 2 Writes MASCON information which has been processed by
the input processor on drum.

TRAJ 14 Resets the value of the VTAB array to its initial
value upon exiting TRAJ routine.

TRIGER 4 Removes code which would branch around MASCON
capability if the central body is not the Moon.

TRAJRD 2 Reads trajectory information from drum into VSTR
array. Changes allow TRAJRD to read Earth gravity

) parameters and MASCON parameters simultaneously.

TRJISUP 2 Supervisory routine which initializes VSTR array for
routines in TRAJ link. Changed TRJSUP to initialize
MASCON variables when Moon is not the central
body. .

HOPE 4 Change the map to reduce program run time.

18



4.0 RESULTS |

Program verification was éécomplished in two distinct phases. First the
solve fof capability was tgsted using the HOPE dummx data capability. The
current venting logic in HOPE[MDC 2.0 was used to generate a trajectory data
tape which contained known vents. HOPE/VENT was then used to solve for the
known-&ents. ‘Secondly, the consider capability was tested by comparing
answers with the IGS Burn model in HOPE. The consider test phase was a more
involved oﬁe because the IGS Burn model and the venting logic use different
methods to achieve the same Qoal. The differences in the way the | -

trajectories are integrated is a prime example.

In addition to the above verification efforts, other runs were made to test
program flags and pointers. The HOPE program was run with a checkmode print

of the input processor, and program flow and flags were examined.

—

The pointers for the VSTR array were examined to ensure that using MASCON
subroutines to solve for vent forces does not bresent hidden ﬁitfalls.

Special attention was given to routines which either read or write MASCON
information on a drum. The MCNPRC and TRAJRD programs were examined to eﬁsure
proper input-output of MASCON parameters. Using COMGEN CCREF, all variables
which relate to the proper functioning of the MASCON routines were traced lo
their occurrence in the HOPE code and studied to see if their occurrence

‘would cause any problems in solving for or considering vent forces. The input,
trajectory, differential correction (DC), and covariance propagation links of
the program were dumped using checkmode print. In addition, snapshot core

dumps of HOPE were made during various links to determine whether key flags

had the correct values.

19




4

Two stand-alone checkcases were also employed for verification ("stand-alone*
in the sense that noréxternal comparisons were required). The two cases
studied were:

1. Doing a DC run starting with the exact values of the solve for variables.

-. 2. Closure tests on the integration of the vent force variational equations.

Test #1 produced excellent trajectory agreement between the dummy data and DC
runs (to fifteen digits). Exact agreement was not obtained becguse
observation computations are supervised by different routines in the DUMDAT
and DC processors. OBCOMP is the supervisor in the DC mode while DUMCAL
supervises in the DUMDAT mode, and differences in the order of the

arithmetical computations give slightly different answers.

The second test was designed to examine how discontinuities in the varia-
tional equations a;fected integration performance. At first, discontinuous
forcing functions in the variational equations were evaluated at their exact
values. This was found to be inadequate for éhé'propagation of covariance
matrices and a smoothing scheme had to be adopted in the variational
equations, similar to the scheme for smoothing vent discontinuities in the
state equations. Performance of the integrator improved considerably. For
further discussion of this point, see the re§u1ts of the consider test case
(Section 4.2). See also Figure 3-1 for a flowch&rt of the variational

equations smoothing logic.

4.1 SOLVE FOR VARIABLES

Dummy data with known vents were generated using HOPE/MDC 2.0. Two distinct
tapes were created, one with noisy data and one with perfect data. The
perfect data were used as a checkcase for one of the stand-alone tests of the

HOPE/VENT program. The on-off times of the vents were input to n..'/VENT
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-and the program was executed to solve for the unknown vents as well as other

selected parameters.

In Cise I; the program was executed to solve for both the state and vents.

The state was perturbed by 500 meters and the program was required to

solve for a 20 Tog vent. Perfect data were used in Case I. Due to the
formulation of the HOPE iteration stopping rule, however, perfect data

will cause more iterations than are normal. This explains why seven iterations

were required in-Case I. Case I results are given in Table 4-1.

In Case II, only vents were solved for and again, perfect data were used,
The final iteration produced deltas in the solved for variables of 10-4 1bg,

clearly an insignificant cofrection. Case II results are given in Table 4-2.

In Case III (Table 4-3), vents and drag were solved for and the state was
fixed at the exact, true value. The program was abla to determine drag to

within 98% of the true value.

In Case IV (Table 4-4), two contiguous vents on the timeline were solved for

and the program did an excellent Jjob in the solution for each.

Finally, in Case V (Table 4-5), SWCO data were used to test the program in a
non-HOPE generated environment. The vent being solved for was a small vent,
extending for 4-1/2 ﬁrs. The prograﬁ was not very successful at solving for
this small vent, making an error of 50% in magnitude. Detaiied studies will

have to be performed to determine the feasibility of solving for small vents,

In all the cases in this section, the vehicle attitude was Inertial Hold. .

Additional studies will have to be performed using-djfferentfattitydé modéé.
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TABLE 4-1.- CONVERGENCE RESULTS - SOLVE FOR CAPABILITY

Case I - Solve for State and Vent

Tteration " ' Trie
------- r—m——n -—- S menes—a Value
(inggia-l) " B B (fi}ﬁl)

X -2806400.  -2806399.8 -2805968.7 . -2806073.3 -2806083.4 -2806084.5

Y 2878400.  2676877.5 28781?7.4 2878115.3  2878110.3  2878109.7

z 5259600.  5259190.3 - 5259148.9  5259323.7  5259340.4 5259342.2

X -7.04 -7.7035 -7.188 -7.054 -7.0413 -7.04

Y -6810. -6810.19 -6809.98 -6809.99 -6810.00 -6810.

z 3720, 3720.13 3720.32 3720.03 3720. 3720.
VENT1-X 0.0 -1.7369 -.095 -.0065 -.00059 0.0
VENT2-Y 0.0 -8.9178 -19.125 -~19.915 -19.99 -20.0
VENT3-Z 0.0 .0267 -.469 -.0437 -.00416 0.0

" State Coordinate System: MOF50 Cartesian Vehicle Attitude - Inertial Hold

Vent Coordinate System: Body
Units: State - meters, seconds; Vents-1b force _
State RSS Position Error (Final - True): 1.99 meters

TABLE_4-2.- CONVERGENCE RESULTS - SOLVE FOR CAPABILITY

Case II - Solve for Vent, State Fixed at True Value

1teration irue
-------------------- ——— meemrmecsmcmccnan—ee Yalye
#0 _ #1 #3 - _#5 #7
(initial) {final)
VENT1-X 0.0 -1.717 -.01758 .804 D-5 .113 D-8 0.0
VENT2-Y 0.0 -6.874 ~20.193 -20.00 ~20.0 -20.
VENT3-Z 0.0 7.709 -.0168 -.1196'0-4 .2628 D-8 0.0

Units: Vents - 1b force - Vehicle Attitude - Inertial Hold

22




TABLE 4-3.- CONVERGENCE RESULTS - SOLVE FOR CAPABILITY
Case III - Solve for Vent and Drag, State Fixed at True Value

Iteraiion True .
Value
10 f #2 #3 #$ - mee
(initial) . (final) o
VENTI-X 0.0 = -2.384 .01588 .02249 .23 0.0
VENT1-Y 0.0 -18.8 -19,989 -19.99 -13.99 -20.0
VENT1-Z- 0.0 , .02976 .611 D-3 .012 0127 0.0
DRAG 500 3889 1385 995 983 1000.
Units: Vents - 1b forcs Vehicle Attitude - Inertial Hold =~
Drag - Area (ft<) T

. TABLE 4-4.- CONVERGENCE RESULTS - SOLVE FOR CAPABILITY

Case IV - Solve for 2 Vents, State Fixed at True Value

Iteration True
- Value
#0 #1 #2 #3 #4
{initial) (final) ‘
-VENT1-X 0.0 -3.23 .065 .0285 .0285 0.0
VENTI-Y 0.0 - -46.54 -50.035 -49.99 -49.99 -50.0
VENT1-Z 0.0 1.66 .0607 - .011 .011 0.0
VENT2-X 0.0 -39.89 -30.01 -29.97 -26.975 -30.
VENT2-Y 0.0 -18.75 -20.164 -19.99 -19.996 -20.
VENT2-Z 0.0 ‘ ~6.705 -.0417 .0269 .0269 0.0
Units: Vents - 1b force Vehicle Attitude - Inertial Hold
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TABLE 4-5.- CONVERGENCE RESULTS - SOLVE FdR CAPABILITY :
7 Case V - Solve for Vent, SWCO Data Tape, State Fixed at True Value

U Tteration R . —True

= : .- - “Value
0 #1 # -
(initial) (final)
VENT1-X 0.0 -.1335  -.13586 A 0.0
VENT1-Y 0.0 -.4936 -.4939 . -.5
VENT1-Z 0.0 .1805 .1305 ) 0.0

Units: ‘Vents - 1b force ~ Vehicle Attitude - Inertial Hold

4.2 CONSIDER VARIABLES

The consider capability was tested by matching answers obtained with the
HOPE/88.02 program running in the IGS Burn mode. HOPE/VENT was first modified
so that thé DOPPLER, JACHIZ and TRAJ subroutines égreed with the subroutines
in B8.02. Initially, discontinuous functions in ;he variational equations
were evaluated at their true values. However, because the HOPE integration
accuracy criterion applies only to the state equations, the integrator

in the auto mode could not respond adequately to jumps in the variational
functions. The propagated covariance matrices were not in agreement between
this initial form of the HOPE/VENT program and B8.02. To substantiate the
{dea that integrator inaccuracy was the cause of the lack of agreement, the
epoch was moved to the center of the integration time period and closure
results were observed. Closure of the variational equations was poor and
errors in propagated covariance matrices could be attributed to the errors in-
the variational equations. The integration model was changed in order to
»smooth the variational discontinuities and immédiate improvement was observed

in the results.
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The follewing is a description of the consider test case: "
1. 5 anin APU vent ‘
2. Inertial Hold Attitude

‘3. Observations precede beginning of vent, i.e.,

Covariance propagation times

ITPTRTTRITTRTRTINTITE. > S W
. » 5 min APU 'J

To =
(epoch) Observations Vent

300 Observation Frames

4. Consider the uncertainties in APU vent components upon the state
covariance matrix.

5. Start with the exact state and do a one-iteration DC run.

APU VENT DEFINITION

Force, Body Coordinates Value Uncertainties
Fx 2.85 1bg oFy = 1.43 1b¢
Fy 2.28 s oFy = .52 Ib;
F, 17,17 1bg oFy = 7.25 Tbg

Tables 4-6 and 4-7 give the IGS Burn values of the state and covarfancgr

matrix at two comparison time points. Tables 4-8 and 4-9 give the HOFE/VENT‘“
values of the state and covariance matrix, with variational equatioﬁ‘émoothing,
at the same time points. At 2 hrs and 42 min after vent cutoff (Abril 1‘f

20 hr, 0 min), one observes a 1.3 meter RSS difference between the 16$ 

Burn and HOPE/VENT values of the state, and a maximum deviation in the

position sigmas of .2 meter. At 6 hrs and 42 min after vent cutoffv

Wil 2, 0 hr, 0 min), one observes a 3.6 meter RSS difference in state

values and a maximum deviation in position sigmas of .5 meter. OFf course,
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since ;he variance is the square of the sigmas, the observed differences

;@;ih the!£0varian6e matrix along the diagonals is much greater.

‘?;-To account for the dev1at1on in the propagated covariance matrices between
. 16S Burn and dﬁPE/VENT the 1ntegrator was modified to function like the

» 1htegrator'1n the 16S Burnzmodel. The integrator will integrate to vent

:discontihﬁities;'stop, and restart in the Runge-Kutta mode. This ensures
that ‘no difference-table entry will ever straddle a vent boundary. The

;modifieqfintegrator wae,ehecked out on a rigorous vent timeline and the

V;gtVa]he5of the-vent force assigned at each time point was carefully examined.

Tahies 4-10 and 4411 give the values:of the state and covariance matrix

- for the modifiediintegrator. The agreement with the IS Burn model is

ifexcelTent. The state position differences are on the order of 10-4 meters

}ahd the covariance matrices agree to a]deigits.

Though the modified 1ntegrator is an unver1f1ed program change, it shows

«such marked super10r1ty over the smoothing logic that the auther feels

it should eventual.y ‘be ad0pted as the. standard for vent1ng For the
present, however -even though the amooth1ng logic d1d exh1b1t errors in
propagat1ng Covar1ance~matr1ces, the s1ze of the errors doe, not preclude
one from us1ng th1s model The author beiieves tne errors in the smoothing
scheme are acceptable and the f.rst versaon of HOPE/VENT shou]d be coded

with smooth1ng log1c for the vent force variatlona1 equation,.
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IGS BURN NUDEL, COVARIANCE MATRIX PRINTOUT AT TIME = 79, 4.v2, 0, 0, 0
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5.0 USER'S GUIDE

~ The following instructions refer to HOPE version MDC 3.0 which should

be the first released version incorporating the capability to solve or
consider vent forces. An update to the following instructions will be
pub]ishéd in a working paper to accommodate cosmetic changes which are

.1kely.to occur in the variable names.

As currently envisioned, the execution of the HOPE vent capability will
require a separate map, distinct from the current HOPE map. This has
 been necessitated because of the desire to preserve the MASCON capability
in its original form. The recently modified subroutines will be copied
onto the PCF tape with changed element names. The original MASCON subroutines.
and the modified MASCON.subroutines will exist on the PCF tape simultaneously
and the HOPE map will determine which copy of the MASCON subroutines will

be brought into core.

The capability to solve for or consider vents must be used in conjunction
with the current HOPE vent capability. The rule which must be strictly
observed is that any end point of a correction vent must correspond to

an end point of a nominal vent in the VTAB table. The simplest way to
ensure that this will occur is to input, in the $VITVIL section, a nominal
vent with zeroes in all components which have the same start and stop
times as the correction vent. If tﬁé user omits to enter any nominal

vents while attempting to solve or consider correction vents, the progran

~ will terminate.

The following is a list of additional strict guidelines that must be followed:
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1;;:The‘program is written for a maximum of 50 nominal entries 1n the
VIAB table. If the VTAB array must exceed th1s size, the temporary
storage array VOTAB W111 have tn be re-d:men51oned in DAUX and TRAJ.
2. f, If uops/vsm is used; the scale card for the MASCONS must be input
©as: - SCLMC = ERADI1 RADIAN muun-:*

§. The correct1on vent information is- 1nput in the $MASCON section using

The varaable,\i,‘xs:the ;umu ar of the: correction vent; Xxi, X2, X3

N =

'\:’1Lare,\;espEC¥3¥EJ¥$ the bﬁﬂy cunrd1nate XYz components of the correction

“-‘ffggv ~vent in Tbg;: x4‘ gg‘afe ieroeS' x5, xy are the start and stop times

of the correctxgn'ventrln 1nterna] tlme, i.e., minutes past midnight
day of epoch; xs, igzare zeroes. “The fields, xg and xg, may be omitted
if desired. Flelds X3, and x5 must be input as zeroes. The correction
“vents: should- be }1sted <in numer1ca1 order beginning with i = 1 and
proceed1ng to 1 =N, where N is the maximum number of vents to be
solved for or cons1dered‘ .
-4, To solve for Qr coqsider a correction vent, the user must specify
m\;th39variables, MAS1i, MLTi, MLGi, on the SOLVE or CONSID cards. The
~ variable, MASi, indicates the x component of ihe ith correction vent,
lﬁLTi’indicates the y component of the 1tp vent, and MLGi indicates
the z component of the ith vent. If more than one correction vent
is being solved for or considered, the ifindices should be arranged
in ascending numerical order on the SOLVE or CONSID cards. If correction
vents are to be considered, the HOPE nominal ordering is used, with
MAS1, MLTi, MLGi representing the XYZ componerts of the ith correction

vent in the consider covariance matrix.

.
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The labels, $MASCON, MC, MAS MLT, and MLG, are temporary and are likely .
to be changed in HOPE version MDC 3.0. As mentiorad, a working paper

detailing the changes will be forthcoming.

Since the current nominal venting subrodtines are designed for use
with only one vehiclg,*t’he correction vent logic has the same limitation.

The correction _A\"léntsrmust apply to the noninal vent timeline of vehicle

number one.




6.0 CONCLUSIONS AND RECOMMENDATIONS

HOPE/VENT is a working modification to HOPE/MDC 2.0 which can solve or
consider.vent forces. The mathematical logic of HOPE/VENT has been Verifiedi_
and determined to vunction correctly. There exists only one re§grvatibh, '
- concerning the validity of the program and that is therintegfation of -

the vent force variational equations. It is the recuﬁnendation of this

author that the cumbersome smoothing‘schemes in both the state and variational
equations be replaced by an integrator which stops at discontinuities— 7

and restarts. Such an integrator already exists and has been partially N

tested by the author, but further verification would be necessary Before

it could become a part of a baseline HOPE version.

Additional studies are planned, however, to fully test the performance
of the HOPE/VENT program in its present configuration. The limitations

and full capabilities of solving or considering vent forces will be explored

in depth.
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APPENDIX A

MATHEMATICAL BACKGROUND




A description of the mathematical principles underlying solve/consider

parameters is presented.
X1

First, tﬁé notation that will be used is defined. Let x=]. represent a

n
7]

vector of solve for parameters and let 7z = . | be a vector of consider

Zp

parameters. The solve for parameters, i, may include the initial conditions

X1

"for the state variables, but should not be confused with the six vector,| .

X

which usually depicts the state variables. Observations will be denoted as
yi = Fj (X 2) + a5,

where the solve for parameters are indicated explicitly. In reality,

however, the observations depend on the position and velocity of the vehicle

at some time and the position and velocity may, themselves, be functions

of the solve/consider variables. The term, n;, is a noise term. The

observation vector will be denoted as

Y1 Fi (x, 2) n
y=|.] - . + . = F(x,2)+n ,
Yn Fa (x, 2) ™

where arrows used to denote vectors have been dropped for convenience and it
is understood that components of a vector have indices. Continuing with
this representation, an actual observation will be denoted as

Y = F(x, 2) + 0. ‘
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Let %, zg denote initial guesses for the solve/consider parameters.

Define £=E ((xg - x) (xg - x)7) .

. 'y
It can easily be shown that if y* is an actual observation and xg is an
estimate for x, then the sequence of iterative values which minimizes

the weighted squares of residuals is
Cxgep = x5+ (B AT WAy (AT W (yx - F (x5, 2p)
+ 51 (%9 - x{)), .
where ' | (A.1)

aFl [ ] L ] [ ] wl
F ™ ¥n
Aj = --- (xi, Zo) = . .
ax L ] *
aFn aFn
- X X A
! " (xis 2g)

Let x* denote the solution to the minimization problem. Then x* satisfies
the equation
AT Wy - F (xx, 29)) + Z1 (%9 - x*) = 0. (A.2)

Suppose that zy is perturbed slightly to the new value, z, + Az. How
will the optimal solution, x*, change? If Az is sufficiently small, it
can be shown that

Ay = (-} 4 AT WAL (A Tway+zl (6g-x*), (A.3)

where

oy, = y* - F (x*, zg + A2)

and Ax* is the perturbation to the optimal solution, x*. Now



, oF :
F (x*, zg + &z) = F (x*, zg) + o (x*, zq) (A.4)
2

so that o
A = (2 AT WA )Y (AT W (y* - F (xt, 2g)- AT W - (x*, zg) &
r 4 .

+Tl(xg-x*))=-9ATus, &2 , (A.5)
where
T
and
oF
B, = -—- (x*, 20) .
Y

Equation (A.2) was used to simplify equation (A.5) in the next to last
equality. In terms of partial derivatives, Equation {A.5) can be rewritten

as

. ax*
;;' % - % A*T W B* . (A's)'

Equation (A.6) is a sensitivity equation, telling which perturbation of

a consider parameter would change the optimal solution the most.

A more meaningful estimate of uncertainties in the solve for parameters

due to uncertainties in the consider parameters is provided by the covariance

matrix.

Writing, once again, the iterative scheme for the optimal solution:
A-4
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" -~ . ~ R ’_ _)T//
Xj+] = X + (z-1 + AiT W Ai)'l U\iT W (y* - F (xi, 2g)) (A 7') LA ’
- ~N - . ’

c+oh(xg - xp)) . - B

- A

Let x and z be thé true values of the variables being estimated. Define .

€i+l = Xjsl = X .

Now |
Ay; = y* - F (x4, zg) =n +F (x, 2) - F (x4, 2p) =
n-Aj €j+Bj Az, where Az =z -25.

Subtracting x from both sides of Equation (A.7) gives
| -1 a
e = €5 + ¥ (AT WA 5+ AT WBj A2+ AT Un+E (X - x4),

where . {r.8)
v = (AT way +z71) 1,
Then
eis1 = Vi (-AjT WAj ¢ + AT WBj &z + AT W
(A.g)

+ -1 (;b - ;i) + AiT WAj g + -1 €j
= ¥ (AiTH81A2+A17Hn+Z'1 (fo-x))

E (eqer) = ¥ (AT WB{ E (82) + AT WE (n) + L E (g - x))

Assuming that
a) E(az) =0,
b) E(n)=0 ,
c) E(X-x) = 0,

then
E( €q47) = 0, and we have an unbiased estimator of x.

A-5
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T (el+1 e, +1} wi [A,T W Bj Zaz B,T WAy

g -7 .
o T T

'/"»Jv'.*

‘,vﬂForming the outer product* of Equation (A 9) wath itself and taking the ,
’ expectatlon of both s1des gives - .

V%+AJwA,+r1+mTwszmM;1 _ |
* zj; zAxp,A;fBi WAj) *1 .o - (A.10)

EAXOQAIT = ZAZ;A*O E [{Z - Zo) (XO - X)T)

I =€z - 20) (2-2007) -

ZRecognizing that

= (AiT WA;+ 2‘1)'1,
we can rewrite Equation (A.10) evaluated at the converged solution, x*, as

Co = W + ¥, (A*T W8, Iz B*T WA, + A*T W B, zAz,Axo z-1

(A.11)
+ E1op00, a7 ByT WAL,

Here we have made use of the definition, Cg = € (e441 si+17).

We can also obtain the cross covariance matrfx, E (°i+1 (z - zQ)T).
If we multiply equation (A.9) by z - Zp and take the expectation of

both sides, we obtain

* The outer product of a column vector, X, is xxT.
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Suppose we are solving for the state at time, t,. Then Equations (A.1ll)
and (A.12) contain submatrices which contain the covariance of the state

and the cross covariance of the state with all other sblve/consider parameters.

’ :Iﬁ order to derive the equations for the propagation of the state covariance,
" we mustfdepért from previous notation. Let x(t) =v(x1(t), x2(t),...,xg(t))
. denote.the_éfate and let p = (p1,...,Py) denote the set of all solve and

consider parameters minus the state variables. Let the state propagation
equation be written in simplified form as

x(t) = (x (), p, t) - | (A1)

If x (tp), p are our best estimates of the true values, x(t,), p, then:

X (t) = f (x (t)y ps t) , , (A.14)
and
- ~ ax(t) ~
f (x (tg), Py t) = F (x(ty), p, t) + ===-- (x.(to) -~ x (tg))
x(ty)
ax(t) A
+ =-=== (p - p)
op
We can rewrite equation (A.15) as
- ax(t) - x(t) "
x(t) - x(t) = =--mn- (x(tg) = x(tg) + ===== (p = P) . (A.16)
ax(ty) op
Denote Any(t) = E ((x(t) - x(t)) (x(t) - x(t)T) , (A.17)
. - AT
Apx,ap (t) = E ((x(t) - x(t)) (p-p) ), (A.18)
and R N |
Max,pp = E ((p-p) (p-p)T) . B (A.19)

Taking the outer product of Equation (A.16) with itself we obtain

A-7




e x(t M (£ ix(t)T  ax(t) X t)
------------ + mecaae .
A ax(ty) X O ax(ty) ax(t,) et 'to
N : \ (A.20)
x(t)T  ax(t) \ | ( )ax(t)T., ax(t) \ ()T
...... LA to) ~mmm<m # cmmen ——
ap ap Sl tho ax{ty) ap Pf T
The cross covariance becomes - N
) ax(t) o ax(t) S A2}
A t) = aeoeee A + cmen i B N /. W) §

This completes the mathematical background for solVéd?jébh§fdéf\b§ﬁémé§grs.

A-8
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APPENDILX 8

PARTIAL SUBROUTIN: LISTINGS

8-1
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The following listings of modified subroutines 1ist only the general
area of code affected and are not complete representations of the altered
subroutines. For a complete listing of the modified code as well

as the original code (unmodified HOPE/MDC 2.0), please contact the

author.
Table | Title .. Page ?

B-1- Partial Listing Subroutine ASSIGN..eveurenenrenensonanrass Bl
B-2  Partial Listing Subroutine DAUK....eesesesensnsensnsnnsnns B-2.]
B-3  Partial Listing Subroutine MASACC......eeesneeensecnnnness B-3,1
B-4 Partial Listing Subroutine MCNPRC....v.vevvessssessensss Body]
B-5  Partial Listin§:5u5§66£in¢ TRAT caeeeeeeeesaennnnaseeses Bo5.1

R N

B-6  Partial Listing Subroutine TRIGER....eseeeeeesensensensnss Br6.1
B-7  Partial Listing Subroutine TRAJRD......eemnnnnnoemmnnnnn Bo7.1
B-8  Partial Listing SUbroutine TRISUP....vveveevesessenseneens B-8.1
B-9  Partial Listing Subroutine HOPE........eeeesesessseessnses B-9.1

8-2
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~Table B-1 - Partial Listing Subroutine -ASSIGN (Continued)
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Table B-2 - Partial Listing Subroutine DAUX (Continued)

HASHMAT19J) @ £,00 . -
PYMATC] 20V a PYRATOL,0) & ROMAT(I )
ISA & SN o |
CONT INUE
TE BACK T0 MEAN OF §9S¢9 T oo ’
IF (NCENTR(KVEH eNEe 1) GO YO 278
DO 273 =3 ,a
TEMP (1) = YpOT(g)
GO TO 288
EFMAT(142) =« EFuAT(9,1)
EFMAT(2:1) u =EFMAT(2,1) e v aan
CALL MuPYL3 3,1, EFMAT  33T00T o1 ,YEMP.L
CALL anxls,a.:,770n.3,rrn?.l.t‘0?.l)
IF (HGPOT +FNRe & enRe IFLAG +LTs O) GO To 290
82 286 |=. MGPOY : . -
LL MHPY DS 3,1 EFMAT 3, YPPINJCS) o1, TEMP 4 1)
CALL MMPY(3 3,],TTOM, 3 ,TEMP,1,YPP(NJCS),1)
NJCS = nucs'+3
GO TN 299 _ . -
CALL ROTAT(=OPY{IROTFLY,,TINE,TEMP, TPor.crru
IF { NGPOT J4EQe © L0Re IFLAG .LT.~0 GO0 TO 7090
DO 2R9 1=t mGPOY -
CALL RoYATl.OPTtIROrrL).T!Hto YPP(NJCS)y YPPUINYCS)oCETYTY) i
NJCS & NJCs ¢ ) .
CONTNUE
CONTINUE
CONYINUE . ) . o
CALCULATE ACCELERATIONS DUE TO LOW LEVEL THXUSTING
AMP/OR DRAr {F REQ IESTED
IFIKVEHCERL ) G 1o 29
TESY FOR EQUALYTY AETWEEN NONSINTEGERS MAY NOT BE HEAN!NGFULo
IFUIVENTOoEQeBeANDSCNAD2MI 1) eEQeD! GO TO 3s9Q
v RECOMPUTE ATVIYUDE COMPUTATIONS FOR IH OR 88Q MODES
ONLY IF TIME HAS CHANGEDs ALWAYS RECOMPUTE ron St oR LVLa
LOAK UP VEMICLE MASS AND COMFIGURATION
CALL VMASS(WTAB)
CONT INUE
o . COMPUTE BODY ATTITUNE 7O F£Cl IF MATRIX REQUIRED e e e e
FUIRATTCEN,.") Go To
ALL BonATT(B7Aa.rrAs.v vp)
: COMPUTE LOW LEVEL THRUST ACCe [F THRUST REQUEIRED
IFLIVENTSEQ.") 40 TO 29}
CALL SHVENY(VTAR) R e e mrme Nt el e et e e
IF(NMCONCER,C) GO TH 297
|Fl|nATT-En.*-AND.NucoN.GT.O’ 60 70 2'9
CALL RONATYT(RTARLETAR,Y,YP)
JCALL VHASS(wYaRy ..
IFINMCONSGT,CoANDeKVEHaER) CALL MASkCC(YPP!lHASCN)tHAS”lT)
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L 11T :beo o colro 79; o e :z§= |
2958§ 640 "7 " 390 WRITEl4,29p) i
gggg; ::zo ;90 gonnar«son cORRgchoN VENTS REQUESTED AND NO ATTITUDE maTRIX INPUt . ::5:
4 ®
teosse “69e¢ _ 297 CONTINUE . . .. ... ®NEW
L2560 47ne C
59220 z;vo ¢ : CENTRAL BONDY » FARTH? DORAG REQUESTED?
£2561 :ol NOSTICS Yur TEST FNR goUALYTY RETWgFN NON<{NTEGERS MAY NOT BE NCAu!"GrUk
ersel 790 IF (CDADZM(KVEH) «¢EQ, PoDD oOR, NCENTRIKVEH) o¢NEe 3} GO 10 3
(LI urq. CALL DRAG( vy Yp, SUNARV. 152 )
en54) 4Jlce c .
rege3 u7so . € SUM UP ALL PERTURBATIONS . . : .. e
engel 477 ¢ .
20564 4700 3g® CONTINUE
Tn565 4794 - KBURN] ®» KgiiRN o
£2544 48ne GO YO (390,367 .37 s KBURN1® S ..
Co5A8 4810 [ . . . ;
rrS6s 482 - € GEY LOP BURN INFORMATION , . : ;
- T 4813 ¢
LYY 484e 360 IF(IFLAG.FQe¢?) GO TO 3190 . . L . . Ce e e
ce57y 4450 CALL LOPBRulYPP(LonGS)) .
28072 YBeeo GO Yn 390 .
rRG72 q4i7e ¢ )
Te522 4gpre € GET 1GS AURN [nFORMATION s : - ..l
=572 4Roe [
£-573 “Yne 3 COVYINUF .
eocyy 491¢ ALIL IGSBRN(YPPILOPTIGS)) . :
-3 L] 492e¢ 39» CONYINUF e e e e .
$0578 plicuostice THE TESY FOR FoUALSTY BETWFEN NONINTEGERS MAY NOY BE ntansNOPULo
T08286 T 49e IF (PADMIKVFH) ,EQe De0DD spANDe (IPADMONSOLKPONCNDKP) of o)

- raG 74 4946 . GO TN 19} .

7 ~Aana “9ce CALL SOLRAD ¢ ICENTR, KFUST,NFUST,Y,TRAD,YPP ) o L

N coLn) 4949 391 CONTVINUF

. Chan2 49%e DO 470 Iw=}], 9 .

» rrgnc 49ne TCCFF(T) @ (aY{1)/TR3YeCMUSCGMR(ICENTR?
Crang %%ce. . 4o YPPUI) ® (ay(])/TRIVeCHMUCCGMRIICENTR) ¢ (TBPERT(]) ¢ TYPOT(1) * TOR -
crLGh S0ne 1AGET) « TBURMIL) + TRANC(I) o rLLtutlb » :
enang S0te c
bkt 311 507e [4
trena Stye . C
co6n SCqe IFLINFLAGeENel) GO TO 4SO
£est2 s0se 60 10 479
Il B SCae 45 CONTINUE oﬂtn
LI £07e 00 455 1 = 3,3 . . . LA

: It B4 Sfre CEMVEH(I) = VABauT(I,10) = Y() ’
'3 engy7 $Cae c » .

Chaty Stne € IF AYTITUNDF MONE IS SI, TLLTH (L.OW LEVEL funu%r' ‘s
rRLE? . Slie - € ROYATED [NTO 4 UVW FRAME RASEn UPON SUN POSITION WRT g -
cca1? S)2e € VFUICLF AND VFHICLF VELOCITY VECTOR AND PRINTED AS
C2617 5]3e € " TLLUVW, IF MAnF LS NOY Si, TLLUVW IS STANDARD
£o61Y Slae € uvw CDORDIMNATES FOp TYLLTH
C2420 Sise . . 481 IF( MDEONE.H ) C¢ENVEHIT) & v(]) - - . - -
CTA2) Slae CALL UVEL CrUuvEH o YP o UVHMAT ) .
cro29 S17e CALL MMPY (3 o) JUVIAMAT .49 TLLYH, 13 TLLUVW, )
042 siae . WRITE (¥OUT,10%nA) .
c2627 5l . _ teQ® FORMAT (23HSCKMODE PRINT FROM DAUX)
ceele $20e WRITE (KOUY,998) THLOCK(1),TRLOCK(4)oTOLOSY,TICALLIMOE,, IBATY IVENT
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