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1.0 SUMMARY
_A software module feasibility study has been completgd for the Mission
Control Center (MCC) Abort Region Determinator (ARD) processor.
This study addresses the feasibility of the basic ARD module function
in support of single=failure launch aborts. Tﬁe analysis here is _
generally restricted to the ARD Module independent of other MCC processors
and. interfaces. A coﬁpTete study would also encompass ARD module
function in an integrated MCC environment for both single-failure
and multiple~failure aborts. Such an integrated scheme feasibility

study will be conducted as a follow-on to this analysis.

This study provideé a detailed performance evaluation pf the present ARD
module design in support of OFT-1 ascent and OFT-1 intactilaunch aborts.
The evaluation method used is to compare ARD results against results ‘
obtained using the full-up Space Vehicle Dynamic Simulations {SVDS)
program under the same conditions. Results are-presented for each of
the three.major ARD math models (the Ascent Numerjca] Iﬁtegrator, the
Mass Model, and the-Second Stage Predicator) as well as the total ARD
module. These results demonstrate that the baselined ARD module

meets all design objectives for MCC OFT launch/abort support.

In addition, this study does explore one aspect of ARD module function
in an integrated MCC environment. The study includes an analysis

of the ARD/Special-MPS-processor MCC interface and Fhe adequacy of

this interface‘for offfnominal conditions. Nhi}e this is, strictly
speaking,'an'integrated scheme feasibility consjderation,'this question

is judged to be of fundamental importance and is included in this report.



As an additional featu}e, this study-also addresses the adequacy

of baselined ARD MCC displays. In MCC app]jcation‘the results of
ARD-processing will be used to update a digital CRT display on the
flight dynamiés consoles at six-second iqterva]s. To facilitate
evaluation of the ARD digital display design, ARD resulis are pre-
sented in this study exactly as they will appear in the MCC for nominal
ascent and four launch abort scenarios. These results provide a

good indication of the capabilities and 1im1tat{ons of ‘the digital

display.



2,0 INTRODUCTION

The Fiight Analysis Branchv(FAB) of the Mission Planning and Analysis -
Division (MPAD) at Johnson Space Center (JSC) is responsible for -
defining software formulation reguirements for the Mission Control
Center 1aunch/abo¥t processors that will be used to support Shuttle

- ascent operations. MPAD is also résponsib]e for developing mission
techniques and procedures required in the application of these processors

by mission controllers in the MQC.

The Abort Region Determinator is the Taunch/abort monitor that will
be u;ed in the Mission Control Center to support Shuttle ascent operations.
McDonnel1l Douglas Technical Services Company (MDTSCO) is charged

with the MPAD development responsib%lities for this MCC processor.

This task is part of the Space Shuttle Engiﬁee?ing Operations Support
Contract and is being conducted under the direction of Morris V. Jenkins,

MPAD FAB Branch Chief.

Based on the level A reéuirements of reference 1 and the Fl{ght
Operations Directorate (FOD) statement of requirements (reference

2), initial formulation requirements for the ARD were‘deve]oped_’.

and baselined in references 3 and 4. These réquirementg have

been revised to date by two formal requirements change‘décuments

as a result of bench program development and ARD feasibi1i¥y studies
(references 5 and 6). First generic techniques and procedures for ARD
application have been provided in referénce 7. Currently? ARD

task emphasis js shifting from th% software requirements definition

phase to review, testing and verification of the software for the

first MCC build. A detailed test plan (reference 8) has been



.pub1ished that defineé a procedure for verification of MCC software
using the ARD bench program developed by MDTSCO and Lockheed Software
Development Branch personnel. A trajectory test data base (references
9, 10, and I{) has also been established for use in this MCC software
verification effort. Detailed MCC software implementation plans

are presently under review by MDTSCO as part of the ARD Critical

Design Review.

This study utilizes an ARD bench program as developed to 1 October
1977 (October 1977 ARD Milestone). This milestone includes all ARD
bench-program-development change request (CR) items approved to 1_
October 1977 by the level B requirements reviéw board (BRR) (reference
12). The milestone also include a base]jned third-order analytic -

predictor improvement CR item abproved by the BRR on 17 October 1977.

The study also utilizes Milestone 3.7 of the SVDS program presently
under development by Software Development Branch. - The OFT-1 no-roll
trajectories generated with this program are generally consistent

with the reference flight profile (RFP) document of reference 13.



3.0 ARD MODULE FEASIBILITY-APPROACH AND ANALYSIS

ARD detailed formulation requirements have been_fmp]emeﬁted in a
bench program simulation of ARD MCC software. In order to verify
the feasibility of this formulation, the ARD bench program was run
in simulated support of the following launch and launch/abort trajec-
tories:
1) Nominal OFT-1 ascent from 1iftoff to MECO for mean April winds;
2} Nominal no-wind OFT-1 1iftoff to MECO ascent}
3) AOA abort of the mean-wind OFT-1 ascent with center SSME failure
at 213 seconds and abort enactment at 233 seconds after Tiftoff;
4) ATO abort of the no-wind OFT-1 ascent with center SSME out at
245 and abort enactment at 265-seconds’after 1iftoff;
5) RTLS abort of the mean-wind OFT-1 ascent with center SSME failure
at 1iftoff and abort enactment'at 126 seconds after liftoff;
6} Mission comp1etion‘of the mean-wind OFT;i ascent following partial

Toss of cente¥‘SSME thrust at 66 seconds after liftoff..

The approach in each of these simulations was‘to run the ARD bench
prog;am on a simulated telemetry (TLM) state vector file generated’

" with the SVYDS program. ARD/flight controller interfaces were simulated
to approximate ARD MED and PBf control action that will be experienced
in the MCC. For each trajectory, ARD results were then compared
with results from the SVDS. This comparison provides for each case

a detailed measure of ARD accuracy and ARD module support Teasibility.

This section presents the results of the feasibility analysis for
each of these trajectories. In each case ARD support is. presented

graphically as well as in terms of the flight controller's digitaﬁ



display. The ARD-support graphs demonstrate clearly the trends and
characteristics of the ARD for the variousfsupﬁort situations. Such
‘graphs have been proposed by MDTSCO for MPAD flight dynamics SRR support
and are currently being considered for MCC display. The digital
displays of the figures that follow provide ARD'Fesu1ts exactly as
bthey will appear on thé MCC consoles durihg ascent (see Reference
15). This display is presently the primary ARD flight controller
tool and gives the granularity and ARD control parameters required
for ARD support. A close scrutiny of.the Tigures of this sect%on,
however, confirms that the digital display does not readily identify
.5ome impoftant trends and characteristics of ARD support. {Note
that displays are pfovided at selected points only. In the MCC,
ARD displays will be updated at the end of each 6-second interval
throughout ascent. Additional displays a?e évaiTab]e on request.)
Detailed accuracy study results are also presented for each of the

three major ARD math models.

The developmental status of the computer simulations usea must be
considered in reviewing the results of this section. In the MCC,
margins for other abort modes will not be displayed once an abort
mode PBI has been selected. The ARD bench progrém does not simulate
this function and margins for the other modes are dispiayed in this
section even after mode selection. These margins shold be disregarded.
There is also an unresolved-problem with the bench program d%sp?ay

of the RCS DELV (see Reference 15). This display slot should also

be disregarded. These items are due to the immaturity of the bench

program and do not reflect on the ARD formulation.



Note also that the SVDS program used has no mo&e] of the MECO standard-
SSME shutdown pré)cedure. This means that MECO resuits obtained with
-this program are somewhat optimistic. Real MECO veTacity margins

will be up to 5 feet per second less than those presented here.

And actual MECO times will be 1 to 5 seconds later than those of

this section. This inaccuracy does not compromise the vatidity of

the ARD/SVDS comparison. In fact, the ideal MECO times of this program
allow a direct comparison of ARD-predicted and SVDS-actual times

that could not otherwise be made. . -



3.1 ARD Nominal Ascent Support

ARD nominal ascent support feasibility is assessed 1n‘this sectien

for both mean April winds and a no-wind OFT-1 ascent trajectory.

The mean-wind trajectory is representative of actual OFT-1 ARD support.
The no-wind trajectory is required for detai]ed-ARD math model accuracy
analysis and provides a measure of the effect of winds of the day

on ARD margin predictions.

Figures 1.1 and 1.2 provide a comp]eté graphical summary of ARD support
for mean-wind OFT-1 ascent. This information is also presented in
- digital &isp]ay format in figure 1.3. Since this trajectory is éonsist—
ent with reference 14, basic ARD feasibility for this gase is assessed
by comparing these results with the data of reference 14. Table
1 provides this comparison and illustrates éhe capability of the
ARD to define abort boundaries for OFT-1. Note in all cases the
good agreeﬁent of ARD bench program results and -the independently-
derived SVDS results of reference 14.- A]so‘note the comparison of

ARD predicted nominal margins versus the SVDS results.

There are several important aspects of the figures 1.1-1.3 that should
be pointed out: -
1) the effect of using a wind-biased first-stage body ax{s command
. table in the no-wind ARD first-stage integrator is indicated
by the difference in the AM margins for 1iftoff versus the
margins at SRB staging (126 seconds after liftoff. Also refer
to Table 5.1);

2) AM margins for nominal, ATO and AOA are identical since abort



and nominal targets are the same and since no pre-MECO OMS/RCS
burns are s;hedu1ed in 3-SSME aborts for OFT-1;

3) The effect of the OFT-1 throttle bucket is apparent in the
HM margins between 35 aﬁd 65 seconds after 1iffoff;

4) The mission completion design of the ATO pre-MECO OMS/RCS
burns is reflected in the ATO margiﬁs after 250 seconds.

These trends are evident in all of the figures of the appendix.

Figures 1.4-1.6 summarize ARD support for no-wind OFT-1. Since the
ARD 1is predicated on a no-win& ascent ﬁode1, this trajectory aftords
the best opportunity for detailed comparison of the ARD agajnst SVDS
from Tiftoff to MECO. Table 2 presents such a comparison for a wide .
range of points selected from figures 1.4-1.6. Tables 3-5 provide

a similar assessemeﬁt of the performance of thg major ARD component

math models vs. the corresponding models of SVDS.

A comparison of the ARD results for the mean-wind ascent versus the
no-wind ascept jdentifies one area of inaccuracy in the present ARD
implementation. Present plans are now to use the onboard wind-biased
first-stage guidance cémmands~1n the ARD -for OFTvsupport.‘ Figure

1.1 and Table 1 clearly demonstrate the inaccuracy associated with

use of wind biased commands in the no-wind ARD. Figure 1.4 illustrates

the improvement possible if no-wind commands were used instead.



3.2 ARD Mission Completion Support

In addition to its primary task of providing abort region predictions
in abort situations, the ARD is First required to identify the situations
in which an abort is required. This section addresses the capability

of the present baseline to berform_this task.

Figureg 2.1-2.3 summarize ARD support for an SSME-partial-loss-of-
thrust failure occurring during ﬁhe throttle-up portion of the OFT-

1 throttle bucket. 1In this simulation, SSME-1 locked at 76% throttle
66 seconds after -1iftoff and remained at that level throughout ascent
to MECO. A1l other aspects of this trajectory are identical to the
mean-wind nominal ascent of sectién 3.1. "Note that three applications
of the ET fuel adjustment MED were required here to match ARD mass
tréck results with those of the sé]ine interpolators of SVDS. Figure

2.1 illustrates the affect of these MED's.

-

Table 6 summarizes ARD ﬁerformance for this scéngria. Immediately
following the failure, the first question facing the flight feam

" is whether an abort situation exists. Fof this situation the ARD
margins of the figures indicate that it does not (i.e., no abort
action is required). SVDS results in tpble 6 confirm the validity

of the ARD prediction.

Figures 2.1-2.3 illustrate the capablity of the ARD to predict
significant shifts in the abort regions. By comparing the HM 2-SSME
boundaries of these figures with those of figures 1.1-1.3 (seé tabTe
6) the effect of the SSME-lock failure on 2-SSME abort posture is

apparent. Note that while the downrange abort boundaries have been



significantly perturbed, the région of RTLS capébi]ity_remains rela~
tively unaffected. ARD capability to predict fhis shift in the mode
.boundaries is very important here; since for hydrau]ié-]ock—induced
failures it is 1ikely that the sick engine will fail entirely 1-2

minutes after the partial-loss~of-thrust failure.

1



3.3 ARD Abort-to-Orbit (ATO) Abort Support

This section details ARD capability to predict valid ATO abort regions
and support a selected ATO abort. Figures 3.1;3.3 summarize ARD

support for a typjca] ATO OFT-1 Taunch abort sitdation. In this

case complete loss of center SSME thrust was experienced 245 seconds
into a no-wind OFT-1 ascent. Following a 20 second abort gecision
delay, an ATO abort was enacted and completed. .The ARD digital displays
in Figure 3.3 are provided from the time of the failure. Displays '

prior to this time are identical to those of Figure 1.6.

Table 7 sﬁmmar{zes ARD performance in support of this launch abort.
The agreement of ARD ATO abort predictions and SVDS results- here

confirms ARD feasibility for this case.

There are several features of figure 3.1 that should-pe observed:
1) Margins for this case are identical to the no-wind ascent margins
of section 3.1 up to the time of engine failure; -
2) ARD response to the center-SSME-out PBI is apparent in the
AM at 245 seconds;
. 3} ARD auto-safing is confirmed on figure 3.3 at 245 secﬁnds;
4) AM and HM reconfigurati;n following -engine-out PBI is confirm-
ed since AM & HM margins are identical fo]iow{ng the failure;
5) .The va]idi£y of HM appiication is confirmed by comparing HM
margins just prior to the failure to the final result.

These effects are also evidenced in the ADA and RTLS results that
fp1low.

12



3.4 ARD Abort Once Around (AOA) Abort Support

ARD module feasibility for AOA abort region definition and AOA abort
support is assessed in this section. The failure simulated here

is complete Toss of center SSME thrust at 213 seconds after 1iftoff.
Following a 20-second delay, an AOA abort is enacted and completed.
Figures 4.1-4.3 provide a summary of ARD support for this case.
Table 8 summarizes ARD performgnce in support of this'abort. Note
that digital display information-in Figure 4.3 starts at time of
engine failure. Displays prior to this time are identical to those

of Figure 1.3.

13



3.5 ARD Return to Launch Site RTLS Abort Support

.The ARD was run in simulated support of a WOrst-case—;ype RTLS abort.
The trajectory simulated was for complete loss of center SSME thrust
at 1iftoff with.RTLS selected at the beg{nning of second stage ascent.
Figures 5.1-5.3 detail ARD support for this casé. Note that this
simu1$tion begins at SRB staging. Table 9 summarizes. ARD performance

for this support.

There are several unique features of Tigure 5.1 that should be observed
for this case:
1) Start of RTLS pitcharound is clearly reflected in both the.
AM and HM at 411 seconds; ] ‘
2) The difference in AM and HM margins reflects the difference
in flyback capability'with present_throttles ( 96%) versus
ultimate capability with maximum performance (109%);
3) The conservative onboqrd and ground RTLS turnaround extrapolation
algorithm as evidenced in the HM between 411 and 423 seconds;
(4) The effect of the SSME-lock MED adjusting throttles from 100%
to 95% is apparent in AM betweeﬁ 417 and 423 seconds.

' These will be characteristic of ARD support of all RTLS aborts.

14



3 ARD/Special-Main Propuision System (MPS)-Processor Interface Feasibility

The ARD functions based on the mass prqperties—computations (i.e.,
total weight, MPS fuel remaining, OMS/RéS fuel remaiﬁing) of the

ARD nominal mass track. The mass track assumes nominal main-engine
performance basgd on input throttle settings. There are no provisions
in the mass track for off-nominal performénce or engine-to-engine
performance dispersions for a given throttle setting. Moreover,

with the present ARD control design, the flight team has no way of
adjusting the mass track for the small throttle fluctuations about

the nominal value that are considered likely to occur.

To accouqt for these off-nominal performance conditions, a comparison
iﬁierface has been establishéd between the ARD aﬁd a special MPS
processor. This processor computes mass properties based'on detailed
propulsion system status information (chamber p%essures, teﬁperatures,

. flow rates, etc.) downlinked via telemetry and.9is.intended.to provide
an accurate comparison base for other MCC processors. Detailed require-
ments fTor this processor'are given iﬁ reference 16. The established
interface presently provides for the flight controller to maintain
an accurate ARD:mass track by-periodic MED adjustments based on the

output of this MPS processor.

f

A study was undertaken to evaluate the validity of this MCC interface.
Based on the anticipated accuracy of the spedia] MPS processor comput-
.afions (reference 17)‘a set of worsf—case special MPS procéssor errors
were genérated for OFT-1. These errors a}e summérizéd in figure A
6.1, ARD support was then simulated for no-wind OFT-1 ascent using

these errofs as MPS-fuel-remaining-adjustment. MEDS fo simulate the

15
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APD/special-MPS-processor interface. Figure G.é and 6.3 summarize
ARD support for this case. By comparing the results of figures 6.2
and 6.3 to the nominal results of figures 1.4 and 1.5, worst-case
ARD errors resulting from the worst-case special MPS processor errors
were derived. (Note that this study was conducted for second stage
ascent only. The first stage‘was judged to be very insensitive to

weight errors. The results obtained confirm this assessment.)

Figure 6.4 presents these results for both positive and negative
worst-case errors. From this figure it is apparent that while the

ARD %s very inseﬁéitive to special MPS processor errors early in

ascent, it becomes progressively more sengjtive as aécent progresses.
In_view of the magnitude ‘of the OFT-1 FPR (roughly 260 fps), in fact,
'the errors near MECO must be regarded as totally unacceptable. (Note

in figure 6.4 the error-damping effect of thé.ARD constant acceleration
mass track after 460 seconds.) These errors are particularly serious

in view of current proposal; for ARD to support int&ct\contingency (i.e.,

multiple SSME-out) aborts near MECO.

There are a number of alternative solutions to this difficulty.

&n order to provide an indication of the improvement possible, com-
parable worst-case mass properties errors were assessed for one of
these. The alternative investigated is the siﬁp?e éensed-ihrust-

. velocity algorithm presented in reference 18, This algorithm is

only valid for exoatmospheric flight. Therefore, for this evaﬂuation
it was assumed that the present special MPS processof was used until
SRB staging. The sgnsed-thrust-ve1otity algorithm was then used

to provide comparison weights from staging to MECO . (Note that the

16



input weight error "to the algorithm is in fact, a conservative 1000
pounds worse that the observed MPS processor efror.). Figure 6.5 .
presents worst-case weight errors using this. algorithm versus those
of the present special MPS prdcessor. Now the sensed-acceleration
g]gorithm errors of this figure are somewhat.over-optimisticﬁ There
is a 3800 pound uncertainty in the dry weight of tﬁe vehicle that
defines a lower 1limit on achievable weight uncertainties. Also
there may be, depending on the implementation, errors associated
with the sénsed-ve]ocity input to the‘algorithm in the MCC, but
even with these considerations, the errors of Figure 6.5 offer a
significant improvement over the present scheme. Based on these
errors, it is judgea that there are alternative comparison bases
that could reduce attendant ARD margin uncertainties fo well within

" FPR level.

17



5.0 Conclusions and Recommendations

Tﬁis paper demonstrates the baéic feasibility of the baselined ARD
formulation-in MCC support of shuttie OFT ascents and intact launch
aborts. ARD OFT-1 design characteristics identified in this analysis
are summarized in Table 10. The only significant module discrepancy
identified by this aha1y515'is the useage of wind-biased first stage
guidance commands in the no-wind first stage AéD model. While the
present base{ine is in full compliance with Level A and B ARD design
requirements, these studies indicate that the wind-biased command

set may ﬁot be thé best one for ARD application. _It appears that

a no-wind profile might provide better ARD first stage predicfions..
There is presently, however, no source of such a profile, since MPAD
ascent design is only being conducted for ascents with winds. Moreover,
ARD inaccuracies due to this effect are only ;ignificant for the
first one to one-and-one-haff minutes of ascents- It is-recommended
that this issue be addressed by MPAD qnd an MPAD position determined

at the earliest possible date.

- The figures of this dbcument illustrate the 1imitations of the present
ARD digital display in readily identifying important ARD characteristics
and trends. The figures a]so.demonstraté the uti]%tj of ARD maréin
history plots in readily identifying such trends. While these plots
are qf interest to the flight team as a whole, they are judged to
be essential for MPAD flight dynam{cs SSR support of ARD applications.

_ Margin history plots have been proposed but not yet baselined for

18



" implementation in the ﬁCC common display system. It is recommended
that MPAD press for baselining of these MCC plots at the eariiest

opportunity.

This document also identifies significant problems with one of the
planned ARD external interfaces in the MCC. The special MPS processor
as presently formulated by FOD appeafs inédequate for use as an ARD
mass track comparison base. It is recommended that alternatives

be evaluated by FOD and either the special MPS processor be revised
or another comparison base of sufficient accuracy be provided in

the MCC.
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TABLE (1): ARD Module Performance for Mean Wind OFT-1

la) Abort Mode Boundary Prediction

Hypothetical ‘ Mode .Mode ’ Difference
Abort Boundary Boundary ARD-*RFP
Type ARD *RFP Sec
AQA ’ 211 213, -2.
ATO 245. 245, 0.
Me 295, 300. -5.
RTLS 291, *% 200, 1.

*RFP - Values.listed in the Ascent Reference Flight Profile for OFT-1;
March 7, 1977; JSC Internal HNote No. 77-FM-14

** - RFP consistent. results for 12 degree/second pitch rate from
- Reference 14 )

1b) Nominal Margin Prediction

Elapsed ARD Error

Time From . .Predicted . ) ARD-*RFP
Liftoff Nom AM
(Sec) Margin
0.0 343 -203
52 385 -161
100 - . 510 . -36
126 . 535 ) ) -17
176 -547 : 1
227 537 -9
277 543 P
- 327 551 5
- 377 551 | 5
427 552 6
477 545 -1.

512 s -9

* _ RFP margin from Reference 13 is 11205 1bs or 546 feet per second



TABLE (2): ARD MODULE PERFORMANCE FOR NO WIND OFT-1.
. 2a) ARD Nominal AM Prediction Versus SVDS Results

ARD ERROR ARD . ACTUAL ERROR

NOM : ARD- PREDICTED MECO MECO

PET M SVDS SYDS MECO © VDS . SVDS
SEC MARGIN FT/s  FT/S TIME SEC SEC

FT/S - SEC

0.0 607.7 647.2 -39.5 ) 523.4 522.9 5
49.0 . 634.9 647.2 -12.3 4 522.1 522.9 2

98.0 673.6 647.2 26.4 §22.7 522.9 0.2
126.7 684.5 647.2 37.3 522.6 522.9 -0.3
152.7 671.8 - 647.2 24.6 523.7 §22.9 0.2
200.7 662.4 - 647.2 15.2 §22.7 522.9 0.2
213.0 . 659.8 647.2 12.6 522.8 522.9 0.1
243.0 655.9 647.2 8.7 522.9 522.9 0.0
249.0 655.8 . 647.2 8.6 - 522.9 522.9 0.0
297.0 653.3 647.2 6.1 502.9 522.9 0.0
351.0.. 653.6 © 647.2° 6.4 522.9 522.9 0.0
369.0 654.5 647.2 7.3 §22.9 522.9 0.0
399.0 648.8 647.2 1.62 523.0 522.9 0.1
417.0 656.3 647.2 9.1 522.9 522.9 0.0
453.0 656.3 647 .2 9.1 522.9 522.9 0.0
519.0 640.4 647.2 -6.8 523.0 522.9 0.1



TABLE (2): ARD MODULE PERFORMANCE FOR NO WIND OFT-1 (CONTINUED) .

2b) ARD Abort Availability Predictions Versus SVDS Results

ABORT PET ARD " SYDS

ARD
MODE : . SEC HM RESULT ERROR
: MARGIN FPS FPS
FPS
AOA a 213 ,132.3 116.0 16.3
AOA , 369 | 882.1 859.6 22.5
ATO . 243 139.6 150.0 -10.4
ATO | v 581.4 568.4 13.0
MC 297 196.9 ©194.0 2.9
. \
MG - a7 581.6 568.6 13.0
RTLS : 71 : 9243. . . 9337 7
RTLS : 249 3481 3521 40
RTLS . 267 1861 1866 -5
RTLS : 300 ~1563 ~1551 12
S8
. =
S
= &
=k
E%
(%3]



TABLE (3): ARD Second Stage Predictor Accuracy

P.E.T ARD Predicted *Error  SEC
(seconds) MECO Time sec. {ARD -~ SVDS)
126.7 522.61 ~.33
152.7 522.74 -.20
200.7 522.70 -.24
249.0 522.88 -.06
297.0 522.93 - 01
351.0 522.92 -.02
398.0 h22.97 +.03
447.0 522.91 -.03
501.0 522.96 +.02

519 522.97 +.03

*  SVYDS results:

-

TMEC0=522.94


http:TMECO=522.94

TABLE (4): Ascent Mumerical Integrator Accuracy

ANY ANT ANI ' ANI ANI ANI
INTEGRATING INTEGRATING INTEGRATING INTEGRATING INTEGRATING INTEGRATING
PARA FROM ANI- FROM ANI- FROM ANI- FROM ANI- FROM ANI- FROM ANI -
METER SDVS 0 SDVS 24 SpYS 49 SDVS 75 SDYS 98 SOVS 122 SOVS
SECONDS SECONDS SECONDS SECONDS SECONDS SECONDS
¥ - 26.9515 27.163 -.211  27.108 .246 27.191 .239 27.009 .0575  26.958 -.0065 27.083 -.13
(degrees) -
VE fps 4243.9 4249.8 5.9 4243.6 -.3 4241.0 -2.9 4241.5 2.4 4240.3 -3.6 4244.4 5
vy fps 5244.5 5293.4 48.9 5282.9 38.4  5272.7 28.2 5263.7 19.2 5250.3 5.8 5246.4 1.9
_ 164.4 . 65.4 -99 70.4 -94 84.4 -80 115.4 -49 139.0 -25.4  140.9 -23.5
Vi-fps -4225.1 4409 .2 -184.1 -4386.6" -161.5  -4352.4 -127.3  -4311.0 -85.9  -4258.8 ~33.7  -4230.2 5.1
3102.6 2928.3 -174.3  29434.2 -159.4  2975.0 -127.6  3018.0 -84.6  3067.4 -35.2  3100.1 -2.5
Ry Ft  21052207.  21054256. 2048, 421054009  1801. 21053721 1513. 21052676 468. 21052292 84. 21052238 30.
_ -18236443, -18242971, 6528.  -18242024. 5581.  -18240500. 4057.  ~18238044. 1601,  -18236815. 372. -18236491 . 48.
Rt ft  -2861585.  -2872055.  -10470. -2869545.,  -7961. -2866703.  -5118  -2864330.  -2754  -2862170.  -58% 2861599, 6
10121212 10110739.  -10473 10112645.  -8567  10115599.  -5613 10118522,  -2690. 120120552. -660 10121191, .21
W 1bs 1499227 1499244 17.0 1499243 16.0 1499377.6  150.6  1499319.5 ' 92.5 1499318.1  91.1 1499316.7  89.7
ET .1bs ’ ) .
FUEL - 1204422.1 1204439. 169 1204437.8  15.7 1204572.6  150.5  1204514.5  092.4 1204513,1°  91.0 1204511.7  89.6
NOM
VAM fps 647.2 607.7 -40.0  614.8 -32.4  635.0 -12.2 655.0- 7.8 673.6 26.4 691.5 44.4
)
25
v G2
=37
= B
J:2)




TABLE {5): ARD Mass Track Accuracy

PET SVDS WT. ARD WT.  ARD-SVDS SVDS ﬁ% - ARD ﬁ% ARD-SVDS
0 4439479.9 4439486. 6.1 1558092.0 1558093, 0
49.0  3245948.0 3246040, 92. 1424375.2 1424453, 78,
98.0 2206437.4 2206328, -109. 1253280.3 1293358. 78.
152,7 1418682.3 1418759. 77. 1123877.3" 1123954. 77.
200 1269984.3  1270061. 76.  975179.31 975256. 76.
249 1120306.3 1120384. 77. l 825501.3 825579. 77.
303 953621.05 953099. 77. 658216.05  658294. 77.
351 ) 804323.03 804400. 77. 509518.05 509595, 76.
399 - 652527.15 655702. 31 - 357722.1 360897. 31.
447 506927.04 507004. 77 212122.05 212199, 76.
501 356192;58 356128 -64 - 61387.59 61323. -64.
519 316316.46 316206. =110 21511.476 - 21401.. -119



http:61387.59
http:212122.05
http:509518.05
http:658216.05
http:975179.31
http:316316.46
http:356192.58
http:506927.04
http:652527.15
http:804323.03
http:953021.03

TRBLE (6):

ARD Module Performance for MC
(76% Partial Trust)

6a) Nominal Margin Prediction
ARD
NOMINAL ERROR MECO  MECO ERROR
PET  MARGIN  SVDS  (ARD-SDVS) TIME ARD SVDS  ARD-SDVS
SEC FT/SEC  FT/SEC  FT/SEC SEC SEC SEC
78.0  136.3 143.4 7.1 562.5.  561.7 .08
152.7  '157.3 143.4 13.9 561.8 561.7 .1
200.7  172.1 143.4 28.7" 561.5 561.7  -.2
248.7  172.5 143.4 29.1 561.6 561.7  -.1
303.0  163.9  143.4 20.5 56176 561.7  -.1
399.0  155.8 143.4 12.4 561,6 561.7 - -.1
453.0  152.4 143.4 9.0 561.7 561.7 .0
501.0  123.61 143.4  -19.8 .  561.7  561.7 .0
5490 122.7 143.4  -20.7 561.7 " se1.7 .0
561.0  111.1 143,4  -32.3 561.9_ 561,7 .2
" §b) "ARD-Predicted Mode Boundary Shift
ABORY BOUNDARY *REP BOUNDARY
TYPE AFTER BOUNDARY SHIFT
FATLURE (SEC) (SEC)
(SEC) :
AOA 283 213 70
ATO' 426 245 181
MC 426 300 126
RTLS 309 290 <19
*  Reference 13
omemﬁ‘gl?ff&ssc



TABLE {7): ARD Module Performance for ATO Abort of Ho-Wind OFT-1

ARD ARD ACTUAL
ARD ATO  SUBS  ERROR  PREDICTED  MECO  ERROR

PET  MARGIN  RESULT  ARD-SDVS TIME  SVDS  ARD-SDVS

SEC  FT/SEC  FT/SEC  FT/SEC SEC SEC  SEC
249.6  167.5 152.1  15.3 - 617.8 -
255.0  164.5 152.1  12.4 - 617.8 -
261.0  163.3 152.1  11.2 - 618.8  617.8 1.0
267.0  158.3 152.1 6.2 618.8  617.8 1.0
273.0  128.4 152.1  -23.7 618.0  617.8 .2
303.0  126.6 152.1  -25.4 618.0  617.8 .2
327.0  124.6 152.1 -27.5  618.0  617.8 .2
351.0  125.5 152.1  -26.6 618.0 . 617.8 2
399.0  123.3 152,1  -28.8 617.4  617.8  -.4
453.0  128.5 152.1  -23.6 617.9  617.8 .
501, 134.5 152.1  -17.6 617.8  617.8 0.0
549,  145.4 152.1  -6.7 617.8  617.8 0.0
615.  150.2 152.1  -1.9 617.8. 617.8 0.0




TABLE (8): ARD Module Performance for AOA Abort of Mean-Wind OFT-1

- ARD
- : PREDICTED ACTUAL  ERROR
BRD AOA  SVDS ERROR MECO MECO MECO
PET  MARGIN  RESULT  ARD-SDVS TIME SYDS  ARD-SDVS
SEC  FT/SEC  FT/SEC  FT/SEC SEC SEC SEC
237.0 4.0 42.9  -38.9 632.1 631.4 .7
243.0 6.7 42.9  -36.2 632.1 - 631.4 i
273.0 3.8 42.9  -39.1 631.7 631.4 .3
303.0 9.5 - 42,9 -33.4 631.7 631.4 .3
.351.0 19.2 42,9 -23.0 631.6 . 631.4 .2
399.0 23.7 42.8  -19.2 631.5 631.4 .1
447.0 29.9 42.9  -13.0 631.6 631.4 .2
519. 340 §2.9 -89 631.5  631.4 .1




TABLE (9):

ARD Module Performance

For RTLS Abort of Mean-Wind OFT-1

ARD RTLS SVDS ERROR
PET MARGIN RESULT (ARD-SVDS)
SEC FT/SEC FT/SEC FT/SEC
459 370% 298 72%
507 317 298 19
555 301 298 3
603 303 298 5
651 303 298 5
705 298 298 0

*

Reflects vehicle performance if 96% throttle had been maintained from
end of turn to start of powered pitchdown.
were adjusted to 95% throttle at 505 seconds.

Ground and onboard throttle



TABLE (10): ARD Characteristics Table

PARAMETER PARAMETER DESCRIPTION VALUE

MNOMHM Nominal 2-SSME HM margin slope at mode ' 7.17 ft/s2
boundry
MATOHM ATO 2-SSME HM margin slope at mode 8.91 ft/s2-
boundry

MaoAHM ADA2-SSME HM margin 11.14 fi/s2

MSTLSHM RTLS margin slope at mode boundary 103.16 ft/s?
Nﬁ“ﬁ? Non-dispersed second stage nominal

MEA ND AM margin for mean first stage winds 546.0 ft/sec
Vo Non-dispersed nominal AM margin for no 684.5 ft‘sec
NONB¥QE winds Pers, J /
Vh/ﬂ Liftoff nominal. 2-SSME HM margin -2799.2 ft/s
NOW™ M ) ’

VLAH Liftoff ATO 2-SSME HM margin  — -2486.5 ft/s

ATO

Vo Lfitoff AOA 2-SSME HM margin -2204.1 ft/s

_ROA" 1M

) Vl:éo Liftoff RTLS 2-SSME HM margin 12203.0 ft/s
RTLS "HM .-
DEEE&OA Early AOA abort enactment delay penalty -.55 ft/sec

v ACA tar et switch velocit 7292 ft/sec
sfiffcn S i /

v ' ATO target switch velocit 9230. ft/sec
sfiffen i Y /

FPR . Mission FPR not considered in ARD margins 262.1 ft/sec

TOLERANCE ARD module worst case m&%gin uncertainty 40 ft/sec
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_ABORT REGION DETERMINATOR

PET 58,0 SELECTED SOURCETLM GMT L/045000.0
I
ACTUAL MODE 1 HYPOTHETICAL MODE
THROTTLES I .. THROTTLES N
COMMANDED 0 ABORT 1 i _
L c R SEL i. : o 54
T i § Gy B Gomomni O B N M — : L G R ¥
ARD  +63  «63 .63 - I HYPOTHEYICAL  +00 1.09 1.09 %E
VEL MARGINS I VEL MARGINS =0
e REGEON——HPROP——X O S UH——I-REGT0 NP R 0 P X 0 M S S U Py B
NOM 400.37- 00 . ..00 % NOM =2317.80% ° .7 J00 ;00 . %‘é‘
RTES 528381 — 8-3-;.3-}«—';1-— RTLE1-3-93 8¢ 3 Tmrmririmainn]: 193 B3 F e
AOA  400.55 .00 .00 1 AOA -1646.25 .0p .00 BE
ATl B0 55 <00 00— A T-Gm1-955 o 5 4 00 GO
EVENT TN ARD . . I e BTLS EVENT PREDICTION
1-60 v Gl o5 - BELO—DT S Somi gD TMEG Qe
ME CO .00 525,55 1 TIME 70 TURN .00 RMECO .0
TMEO o 0 . 0 I PET TURN .00 VYMECO .0
VMEO Oe 25668, I TIME END TURN .00 GMECO .0
PRPLT  OMS RCS CURRENT WT I DELTHT PITCH 0
LBS 17584, 3797, VEH3067720.1 MECO-1S ol
. DELV 56, EmESR LTP1406745.1 PITCHDOWN Z .0

FIGURE 143 CONTINUED
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ABORT REGION DETERMINATOR

PET 126.0 SELECTED SO%RCETLM GMT L/045C00 .0
ACTUAL MODE 1 HYPOTHETICAL MODE
THROTTLES I THROTTLES
COMMANDED O ABORT I :
L C R SEL i ‘ .
TL-M G 0——5D0 00 NOM—~I o S G R
ARD 1.00 1.00 1.00 1 HYPOTHETICAL GO 1.09 1.09
VEL MARGINS I VEL MARGINS
o REGION—MPRROR——XONS SUMﬂ—n%mREGLON——«NPROP' XOMS SUM
NOM  535.29 .00 . <00 ‘§ ROM -1625.73 .00 L00
RILSLAIEZo&&mmmm_-;—L&122+0&um%leLSLi119¢76 ' DU B o B - W0y 44
A0A  535.09 200 .00 % AOA =979.74 .00 .00
5I0 535,089 0.0 001 ATO0 =1277 .47 GO .00
EVENT  TLY ARD I RTLS EVENT PREDICTION )
__T.E0 o0 298.,..1 I LELD..DISS +LUTIMECO 3]
ME €O .00 524,12 I TIME 10 TURN .00 RMECO .0
TMEQ 0 1] I PET TURN «00 VMECO «Q
VMED O. 25668, I TIME END TURN  .D0 GMECO .0
PRPLT  OMS RCS CURRENT WT .1 “DELTHT PITCH )
LBS  17584. 3797. VEHLSD1343.1 MECO-1$ :
DELY ~ 119. " Emema EiPl206538.1 PITCHDOWN 2 W0 :

(o]

L55)
o

2

FIGURE 1.3 CONTINUED
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ABORT REGION DETERMINATOR

GMT L/04%5000.0

PET 212.0 SELECTED SO%RCETLH
ACTUAL MODE T HYPOTHETICAL MODE
THROTTLES 1 ..+  THROTTLES i
COMMANDED 0 ABGRT T :
L R L i \
T 00— 00 .00 NOMeT : — N c R
ARD 1.00 1.00 1.00 I HYPOTHETICAL  «0O0 1.09 1.09
VEL MARGINS 1 VEL MARGINS
e REGION——MPROP—XOMS SUM——T-REGCION———HP R OP——XONS SUM
N [N I . .
NOM 534,39 .00 534.39 " 1 NOM =571.86 w00 ~5T71.86
L RILS.-80.72-.8.3- —mn-8912183-%~RIL541065WB8‘ 7065 .88
. AOA 533,90 319.32 853.22 % AO A 5.07 .00 5.07
ATO . 553090 1645210 679000 L ATO -m25702 B o D0 225 Tu28
EVENT TLHM ARD 1 RTLS EVENT, PREDICTION |
160 031201 Tt DELO-DISS o e O TMECOn D
ME CO ,00 524.09 I TIME TO TURN .00 RMECO .0
M EO .0 I PET TURN .00 VHECGO 20
VM EO Go 25668, . T TIME END TURN .00 GMECD .0
FRPLT _ OMS  RCS CURRENT WT 1 . ~DELTHT PITCH o .
LBS  17564s 3797. VEHI234926.1 . MECO-1S o0 :
DELY ~ 145, E=mE ETP 940121.1° . PITCHDOWN Z D .0

FIGURE 1.3 CONTINUED




ABORT REGION DETERMINATOR

PET 247.0 SELECTED SOERCETLH GMT L/045000 40
ACTUAL MODE i HYPOTHETICAL MODE
o THROTTLES 1 THRGTTLES ST
. COMMANDED <0 ABORT 1
| L c R SEL 1.
TLM 50— U0 sunﬁvﬁmmomﬂbmwummmmum - v el ¢ e G R
ARD 1.00 1.00 1.0 I HYPOTHETICAL G0 1.09 1.09
VEL MARGINS i3 VEL MARGINS
e REGTON——MPROP — — X OHS SUM £~REGIONmmmMPROPwﬂmKOHS SUM
| NOM  538.76 .00 538.7& % NOM ~—290.12 vOG =290a1%
L———-—RILSHAQJDwﬁﬁ—uuaa—mmm4970.63—~§~RTLSw4230.TB“nwmmmm~m4230.78
i
AGA 538,94 319.32 658,26 1 AOA 265.11 .00 265.11
| ATO 528,94 145,00 688,08 - T.ATO 18087 o momen B0 18097
1 CEVENT  TLHM ARD I RTLS EVENT PREDICTION
| TGOe 02 7701 I DELO-.DISS. o0 TMECO .0
ME CO .00 524.07 I TIME 10 TURN .00 RMECO .0
TMED .0 .0 I PET TURN .00 VMECO 0
VMED G. 25668. I TIME END TURN .00 GMECO .0
| PRPLT __OMS _RCS CURRENT kT I DELTHT PITCH .0
. 1BS 17584. 3797+ VEHI12650U.1 MECO-IS .
[ DELVY ~ 159. Iooms  EIP 831695.1 PITCHDOWN 2 .0

FIGURE 1.3 CONTINUED
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"ABORT REGION DETERMINATOR

PET 292.0 SELECTED SOURCETLM  GMT L/045000.0

I
ACTUAL MODE I HYPOTHETICAL MODE
e TN ROTTLES T 'f"“f"“"rnth%LEE"h.
COMMANDED .0 ABORT I
L R SEL - T . _
TL-M .00 00 00 NOM-I - G Rt
ARD 1.00 1.00 1.80 I HYPGTHETICAL « GO 1.09 1.809
VEL MARGINS . I VEL MARGINS
e REGI ON—— MRROR *OMS SUﬁw—~%nREGIONmmmMPR0PA_ XOMS SUM
NOM  Su44.11 - .00 544,11 I NoM =~ -25.28 .00 -25.28 .
RTL-S— 347,59 un_.sg.—_%_mm usm-l. Zoe b B =].1.2.4.63
AOA S544.10 319.32 863.42 % AOK 615,53 .00 515.53
ATO 544,10 185.10_ 6£9.20__I_ATC 24,32 116.90 _151.22
EVENT TLM ARD I RTLS EVENT PREDICTION
1.GO 023242 1 DELO . .DISS .0 TMECO s}
ME £O 00 524,20 I TIWE TO TURN .00 RMECO .0
THEQ .0 .0 1 PET TURN .00 VMECO .0
VKEOD 0. 25668« I TIME END TURN .00 GMECO o0
PRPLT oMS RCS CURRENT WT 1 DELIHT PITCH N
LBS 17584, 3797. VEH 987096.1 MECO-IS |
DELV 18le -~ EEIER  ETP. 692291.1 PITCHDOWN Z . 0.

5

FIGURE 1.3 CONTINUED




ABORT REGION DETERMINATOR

PET 5DB2.0 SELECTED SOURCETLM GMT L/0450G00.0
i
ACTUAL HODE I HYPOTHETICAL MODE
THROTTLES 1 > - THROTTLES °© o
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