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1.0 INTRODUCTION
This report contains the propulsion performance and reconstructed

mass properties data from Thiokol’s RSRM-11 motors which were assigned to
the STS-35 launch. The Thiokol manufacturing designations for the motors
were 360W011A/360W011B, which are referred to in this report as RSRM-1lA
and RSRM-11B, respectively. All of the segments for the motor were cast
from the same propellant evaluation except for the RSRM-11B aft segment.
It was originally cast as the RSRM~12A aft segment, but a nozzle joint
leak check problem forced a switch out of the aft segments. The launch
of 8TS-35 occurred on 2 December 1990 at the Eastern Test Range (ETR).
The data contained herein was input to the STS-35 Flight Evaluation
Report.

The SRM propellant, TP-H1148, is a composite type solid propellant,
formulated of polybutadiene acrylic acid acryonitrile terpolymer binder
(PBAN), epoxy curing agent, ammonium perchlorate oxidizer and aluminum
powder fuel. A small amount of burning rate catalyst (iron oxide) was
added to achieve the desired propellant burn rate. The propellant
evaluation and raw material information for the RSRM-11 are included in
the discussion section of this report.

The propellant grain design consists of four segments. There is a
forward segment with an eleven point star with a transition into a
tapered circular perforated (CP) configuration. There are two center
segments that result in a double tapered CP configuration and an aft
segment with a triple taper CP configuration and a cutout for the
partially submerged nozzle (Figure 1.1).

The ballistic performance presented in this report was based on the
Operational Flight Instrumentation (OFI) 12.5 sample per second pressure
data for the steady state and tail off portion of the pressure trace.
The 12.5 s/sec OFI data on the left and right motor, gauges B47P1302C and
B47P2302C, respectively, were adiusted down by 0.2 peicent to closer
match the other motor OFI gauges on each motor. Recent studies have
shown that the transducers are affected by the measuring éystem at KSC
and temperature gradients created by the igniter heaters. These factors
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often shift the ambient offset up or down. Therefore, an adjustment to
the data from each transducer is made to make the initial reading match
the atmospheric pressure at the time of launch. The atmospheric pressure
at the time of launch at KSC was 14.84 psia. In addition, the data for
both motors were adjusted up by 1% from 0 to 1 seconds and ramped down
from 1.0% to 0.4% from 1-2 seconds and then adjusted up 0.4% thereafter.
These adjustments are a result of a bias between the OPT and Taber
pressure transducers which are used on flights and static tests
respectively. No high sample rate pressure gauges, Development Flight
Instrumentation (DFI), were used on this flight and therefore no ignition

data will be presented.

2.0 SUMMARY

The delivered propellant burn rates were lower than predicted. The
delivered burn rates were 0.367 in/sec and 0.366 in/sec at 625 psia and
60°F for the left and the right RSRM, respectively. The predicted burn
rates were 0.368 in/sec and 0.369 in/sec for the left and right motors,
respectively. The average of the two motors was 0.41% lower than the
target burn rate of 0.368 in/sec at 625 psia and 60°F. Although the
delivered burn rates were slightly lower than predicted, they were well
within the historical database. The performance of the two motors was
very close as can be seen in Figure 2.1.

The performance of the pair of motors were compared to the following
CEI Specification CPW1-3600A paragraphs for compliance: 3.2.1
Performance, 3.2.1.1 General Performance, 3.2.1.1.2 Motor
Characteristics, 3.2.1.1.2.1 Nominal Thrust Time Curve, 3.2.1.1.2.2
Performance Tolerance and Limits, 3.2.1.1.2.4 Impulse Gates and
3.2.1.1.2.3 Thrust Differential. The aspects of the CEI Specification
that could not be compared due to low sampling of the data were
3.2.1.1.1 Ignition Characteristics, 3.2.1.1.1.1 Ignition Interval and
3.2.1.1.1.2 Pressure Rise Rate. The performance from each motor as well

as matched pair performance values were well within the CEI Specification
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requirements. The nominal thrust time curve and impulse gate information
was updated to include RSRM-11. The updated historical average was well
within the variation 1limits developed from the RSRM Block prediction
population at a burn rate of 0.368 in/sec at 625 psia and 60°F. The
block nominal population consists of the following motors: DM-8, DM-9,
OM-6, QM-7, PVM-1, QM-8 and RSRM-1 through RSRM-4. The historical
population values are the average performance data from DM-8, DM-8, QM-6,
QM-7, QM-8, PVM-1, and RSRM-1 through RSRM-11. Several motors are
excluded from the population average due to segment swap outs. The
effects of the mismatched aft segment on RSRM-11B can be seen in Figure
2.1. It appears the aft segment, which had propellant from a different
set of raw materials, had a higher burn rate than the rest of the motor.
As a result of the higher burn rate, the segment burned out sooner and
caused a dip in the performance trace at about 103 seconds. This slight
change in performance did not cause any performance parameters to exceed
the historical database or specification limits.

Post flight reconstructed RSRM mass properties are within exbected
values for the RSRM welterweight (RSRMW) configurations and meet the
following CEI paragraphs:3.2.2.2, 3.2.2.2.1, 3.2.2.2.2, and 3.2.2.2.3.

3.0 DISCUSSION AND RESULTS
3.1 RSRM-11 PROPELLANT MATERIALS

Both of the RSRM-11 flight motors were cast with primarily one
evaluation of propellant, F67. The exceptions are the RSRM-11B aft

segment which is the as-cast RSRM-12A aft segment (evaluation F68), and 2
verification mixes in the RSRM-11A center forward and RSRM-11B forward
segments (evaluation F72). An evaluation is defined as a specific
combination of raw material lots and all of the standardization and
production batches of propellant produced with these materials. Table
3.1 shows the raw material lots and vendors for the evaluations used.

The igniters used in this flight set were cast from propellant evaluation
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F70, mix F700004. See document TWR-19068 for more information on

propellant materials for this flight set. For more information on this
lot of igniters see lot acceptance test (LAT) 41 test report (TWR-50058).
3.2 RSRM PROPULSION PERFORMANCE ANALYSIS

2ll times shown in this section, unless noted otherwise are
referenced to the RSRM ignition command time at 90:336:06:49:01:022 (GMT).
As previously mentioned the OFI (12.5 s/s) data was used for the steady
state and tailoff performance assessment.

The ballistic performance was reconstructed using SCB04 steady state
1-D mass addition computer program, and SCA08 SRM modeling program. Both
computer codes have been consistently used for predictions as well as
reconstructions throughout the SRM program. Since thrust was not
measured on the flight motors, average values of nr’s and Cm’s, which are
used for the pressure to thrust conversion, were taken from RSRM static
test motors and applied to the measured head end pressure to determine
the thrust values. The average thrust to pressure ratio currently used
is 391s6.

3.3 RSRM DELIVERED PERFORMANCE
3.3.1 RSRM-11A/RSRM-11B Thrust and Pressure Comparison
The flight motor reconstructed thrust-time traces at the delivered

temperature of 73°F are shown in Figure 2.1. A comparison between the
predicted thrust and reconstructed thrust for each motor can be seen in
Figures 3.1 and 3.2.

The comparison of predicted and measured head end chamber pressure
is shown in Figures 3.3 and 3.4.

Figures 3.5 and 3.6 show how RSRM-11A and RSRM-11B compared with a
nominal performance average for the RSRM at standard conditions of 0.368
burn rate and 60 °F PMBT. The thrust limits shown in the figures have
recently been updated and approved by Level II and incorporated into the
CEI specification. The population of motors used to determine the thrust
limits were the RSRM motors DM-8, DM-9, QM-6, QM-7, PVM-1, QM-8 and
RSRM-1 through RSRM-4.
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3.3.2 RSRM Predicted Impulse, ISP, Burn Rate, Event Times, Separation,

and PMBT Comparison
The reconstructed RSRM-11 propulsion performance at delivered

conditions is compared to the predicted performance in Table 3.2. Both
motors are in good agreement with the predicted parameters.

The predicted scale factor of 1.0175 for conversions from 5 inch CP
burn rates to actual motor burn rate were baséd on an average scale
factor from the HPM-RSRM population. The actual scale factors for left
and right motors were 1.0127 and 1.0094 respectively.

The propellant mean bulk temperature (PMBT) used in the Ballistics
reconstruction for both motors was 73°F. This was predicted using the
3-D Global Thermal Model. Table 3.3 shows the predicted propellant
temperature gradient (data provided by 2-D SINDA Model Aerothermal
Group) .

3.4 CEI SPECIFICATION PERFORMANCE REQUIREMENTS
3.4.1 Performance Tolerances

The parameter variations of the total population of RSRMs about a
nominal value are constrained by the requirements defined in the CEI
Specification paragraph 3.2.1.1.2.2, Table II. A comparison of the
RSRM~11A and RSRM-11B calculated and reconstructed parameters at PMBT of
60°F with respect to the nominal values and the CEI Specification maximum
3 sigma requirements is shown in Tables 3.4 and 3.5. The Specification
Limits have been updated to the new limits approved by Level II. All
values are within CEI specification requirements.

3.4.2 RSRM Nominal Thrust-Time Performance

The nominal RSRM performance is defined as the average performance
of the RSRM static test and flight motor series at standard conditions.
The standard conditions consist of the propellant burn rate of 0.368
in/sec at 625 psia and a PMBT of 60°F. The flight motor reconstructed
thrust-time traces are normalized to standard conditions and averaged
with past flight and static test data at standard conditions to form the
RSRM population nominal thrust-time trace. This nominal RSRM performance
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will be continually updated during the Shuttle program. It is the
current estimate of the total population nominal. The nominal

performance for the thrust time trace and impulse gate requirements is
based on the performance of DM-8, DM-9, QM-6, OM-7, PVM-1 and RSRM-1
through RSRM-4A, excluding RSRM-4B. The delivered RSRM population
nominal performance is compared to the CEI Specification paragraph
3.2.1.1.2.1, Table I requirements on Figure 3.7.

3.4.3 Impulse at Standard Conditions VS. Requirement Gates

The vacuum impulse at standard conditions at each of the gates is
compared to the CEI Specification paragraph 3.2.1.1.2.4 requirements in
Table 3.6. The population making up the standard nominal for the impulse
requirements are the same as those in the nominal thrust time trace
(Figure 3.7).

3.4.4 Matched Pair Thrust Differential
The maximum thrust imbalance assessment is shown in Table 3.7.

Figure 3.8 is the thrust differential during steady state and tail off.
The transition thrust imbalance was one of the higher values experienced
by the RSRM. The mismatched aft segment may have caused the higher
thrust imbalance. However, the maximum value of 65.6 Klbf was well
within the CEI specification limits. All other thrust differential
values were near the nominal values experienced by previous flight SRMs
and were well within the CEI Specification paragraph 3.2.1.1.2.3, Table
III limits. The thrust values used for the assessment were reconstructed
at the delivered conditions of each motor.

3.4.5 Matched Pair Performance Requirements

The CEI Specification requires that a matched pair of motors on a
flight set have similar performance at delivered conditions according to
Table 3.8. The RSRMs for STS-35 were well within the matched pair

specification requirements.
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3.5 RECONSTRUCTED MASS PROPERTIES

The Thiokol manufacturing designation, 360W01l, along with RSRM-11
have been used, by Mass Properties, to identify the RSRMs used on this
flight. The left and right hand RSRMs for the flight will be designated
as A and B. Tables 3.9 and 3.10 provide RSRM-11A and RSRM-11B
reconstructed sequential mass properties, respectively.

Table 3.11 and 3.12 compares RSRMW predicted sequential weight and
center of gravity (cg) data against post flight reconstructed data. A
2,000 1bm slag weight was used for both prefire and postfire sequential
predictions. Actual 360W011 mass properties may be obtained from Mass
Properties History Log Space Shuttle 360W011-LH (TWR-17354A), dated 16
February 1990, and 360W011-RH (TWR-173552), dated 16 February 1990. Some
of the mass properties data used has been taken from average actual data
presented in the 5 December 1990 Mass Properties Quarterly Status
Report (TWR-10211-97) . Postflight reconstructed data reflects Ballistics
mass flow data from the 12.5 sample per second measured pressure traces
and a predicted slag weight. of 2,000 lbm.

Table 3.13 and 3.14 presents CEI requirements, predicted, and actual
weight comparisons. The actual weights are in close agreement with
predicted values. Mass Properties data for both RSRMs comply with CEI

requirements.
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TABLE 3.1
RAW MATERIAL EVALUATION SUMMARY
TP-H1148
PROPELLANT
EVALUATION INGREDIENT STOCK-LOT VENDCR

F68 HB Polymer 7227-0076 ASRC
ECA 7225-0085 Dow Chemical
Aluminum 7228-0073 Alcan
Iron Oxide 7226-0026 Charles Pfizer
AP unground 7229-0088 Kerr McGee
AP ground 7229-0088 Kerr McGee
HB/ECA Ratio 86.6% HB
Iron Oxide 0.324%

F72v HB Polymer 7227-0077 ASRC
ECA 7225-0090 Dow Chemical
Aluminum 7228-0078 Reynolds
Iron Oxide 7226-0026 Charles Pfizer
AP unground 72258-0092 Kerr McGee
AP ground 7228-0092 Kerr McGee
HB/ECA Ratio 86.3% HB
Iron Oxide 0.260%

F67 HB Polymer 7227-0075 ASRC
ECA 7225-0083 Dow Chemical
Aluminum 7228-0072 Reynolds
Iron Oxide 7226-0026 Charles Pfizer
AP unground 7229-0087 Kerr McGee
AP ground 722%-0087 Kerr McGee
HB/ECA Ratio 86.9% HB
Iron Oxide 0.26%
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TABLE 3.2 RSRM-11 PROPULSION PERFORMANCE ASSESSMENT

(LEFT.MOTOR 73 DEG) (RIGHT MOTOR 73 DEG)
PREDICTED ACTUAL PREDICTED ACTUAL
IMPULSE GATES
I-20 (10”76 lbf sec) 65.83 65.36 66.04 65.67
I-60 (10”76 lbf sec) 175.38 173.76 175.93 174.48
I-AT (1076 lbf sec) 297.22 296.14 297.19 296.57
VACUUM ISP (lbf*sec/lbm) 268.6 267.6 268.6 268.0
BURN RATE (in/sec) 0.371 0.3700 0.372 0.3698
EVENT TIMES (sec) *
IGNITION INTERVAL 0.232 N/A 0.232 N/a
WEB TIME * 109.6 110.3 109.2 110.1
TIME OF 50 PSIA CUE 119.4 120.4 119.4 120.5
ACTION TIME * 121.5 122.6 121.0 122.6
SEPARATION 124.3 125.8 124.3 125.8
COMMAND (sec)
PMBT (deg F) 73.0 73.0 73.0 73.0
MAXIMUM IGNITION 90.4 N/A 90.4 N/2
RISE RATE
(psia/10 ms)
DECAY TIME (sec) 2.8 3.1 2.8 2.8
(59.4 psia to 85 K)
TAILOFF IMBALANCE PREDICTED ACTUAL
IMPULSE DIFFERENTIAL N/a 333.2
{KLBF-SEC)

Impulse Imbalance = Left Motor - Right Motor
* All times are referenced to ignition command time except where noted by
an *. These times are referenced to lift off time (ignition interval).

REVISION DOCNO. rwom 1 7550-10 | vou

SEC | PAGE

FORM TC 7994-310 (REV 2-88})



CORPORATION

T1° 2L

88 1L

£9°1L

TE€- 1L

I9° 0L

stoL

6%8°0L

Be 0L

1149

SPACE OPERATIONS

LA R4 A
T L
00°2L
88 1L
66°0L
1T 1L
YT 1L

YTTIL

STE

€8 L
£€9° L
£V L

1 TL

£PTTIL

¥9°1¢L
L9°1L

L9 1L

S8z

Y0 EL

re-TL
£9°2L
£EE-ZL
¥9°TL
Y8 IL
L8 TL

L8 TL

§6¢

$0° €L
S8 TL
¥9-TL
EE"TL
VY8 TIL
ve 1L
98" 1L

98" T¢L

sze

1T-NES¥ RI NOILINDI 1Y SINIIAVHED
INV1TEd08d QA1IDIQA"A

68°2L
$9° 7L
b zZL
8T CL
6% TL
97 1L
69° 1L

29°1L

S61

$9°Z¢L
9 TL
PTTTL
S6°TL
YT TIL
I%° 1L
8E°TL

LE"TL

691

LE"ZL
9T-2¢L
E67TL
£E9°TL
67 0L
LO"TL
¥0"TL

€0°TL

£°t 179V3

TT L
16 1L
69° 1L
6E°TL
897 0L
Ye oL
e oL

T8 0L

SOT

€6° 1L
IL° 1L
05" TL
IT° 1L
¥S oL
SL°O0L
LL oL

9L 0L

SL

9 TL TE-TL
PSTTIL 69°TL
IP"IL S¥ 1L
TT"IL €T°71L
SY°0L S¥P-OL
TL 0L TL 0L
YLTOL wvL OL
YL"0L ¥LOL
Sy ST
IWNLYEZEINEL

wa

DOCNO. R ~17550-10

. " 06E°8E

. 0LE" 6T

. 055 T2

. CET- €T
. Y11°9
INVTITI3d08d  p06°1
ISVD TIFLS §Z°0
IDYJIEAS ISYD 0°0

{("RI} 3sY> 30 ID>VIANS
3dISLN0 WOAd IDONVISIA

Ima

SEC

10-

FORM TC 7994-310 (REV 2-88)

OF POOR QUALITY

ORIGINAL PAGE I8



L
W CORPORATION

SPACE OPERATIONS
TABLE 3.4
COMPARISON OF RSRM-11A VARTATIONS
AT PMBT = 60°F ABOUT THE NOMINAL TO THE
CEI SPECIFICATION REQUIREMENTS
CEI
MAX 3 SIGMA | NOMINAL | RSRM-11A{ RSRM-11A
PARAMETER VARIATION% VALUE VALUE VARIATION %
(1) (2) (3) (4)

WEB TIME 5.0 111.1 111.8 +0.60
ACTION TIME 6.5 123.2 124.3 +0.89
WEB TIME AVG PRESSURE 5.3 664.8 658.5 -0.95
MAX PRESSURE 6.5 914.2 913.7 -0.05
MAX SEA LEVEL THRUST 6.2 3.07 3.05 -0.65
WEB TIME AVG VAC THRUST 5.3 2.60 2.58 -0.77
VAC DEL SPECIFIC IMPULSE 0.7 268.4 267.5 -0.34
WEB TIME VAC TOTAL IMPULSE 1.0 288.2 288.0 -0.07
ACTION TIME TOTAL IMPULSE 1.0 296.9 295.8 -0.37

PRESSURE VALUES IN PSIA, THRUST VALUES IN MLBF,
IMPULSE VALUES IN MLBF-SEC
TIME VALUES IN SECONDS

(1) CEI PARAGRAPH 3.2.1.1.2.2, TABLE II

(2) (M-4 STATIC TEST AND SRM-8A AND B, SRM-9A, SRM-10A, SRM-10B, SRM-11A,
SRM-13A AND SRM-13B FLIGHT AVERAGE AT STANDARD CONDITIONS.

(3) RSRM-11A AT PMBT = 60°F

(4) VARIATION = ((RSRM-11A - NOMINAL)/NOMINAL)*100
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TABLE 3.5
COMPARISON OF RSRM-11B VARIATIONS
AT PMBT = 60°F ABOUT THE NOMINAL TO THE
CEI SPECIFICATION REQUIREMENTS
CEI
MAX 3 SIGMA | NOMINAL | RSRM-11B| RSRM-11B
PARAMETER VARIATION% VALUE VALUE VARIATION %
(1) (2) (3) (4)
WEB TIME £5.0 111.1 111.5 +0.36
ACTION TIME 6.5 123.2 124.3 +0.89
WEB TIME AVG PRESSURE 5.3 664.8 660.1 -0.71
MAX PRESSURE 6.5 914.2 916.9 +0.30
MAX SEA LEVEL THRUST %6.2 3.07 3.06 -0.33
WEB TIME AVG VAC THRUST £5.3 2.60 2.58 -0.77
VAC DEL SPECIFIC IMPULSE 0.7 268.4 267.8 -0.22
WEB TIME VAC TOTAL IMPULSE 1.0 288.2 288.0 =0.07
ACTION TIME TOTAL IMPULSE 1.0 296.9 296.2 -0.24

PRESSURE VALUES IN PSIA, THRUST VALUES IN MLBF,

IMPULSE VALUES IN MLBF-SEC
TIME VALUES IN SECONDS

(1) CEI PARAGRAPH 3.2.1.l1.1,

TABLE II

(2) QM-4 STATIC TEST AND SRM-8A AND B, SRM-9A, SRM-10A, SRM-10B, SRM-11A,
SRM-13A AND SRM-13B FLIGHT AVERAGE AT STANDARD CONDITIONS.

(3) RSRM-11B AT PMBT = 60 F

(4) VARIATION = ((RSRM-11B - NOMINAL)/NOMINAL)*100
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TABLE 3.6
RSRM-HPM POPULATION
IMPULSE GATES
STANDARD
IMPULSE (3) REQUIREMENT NOMINAL
(1) (2)

Impulse at 20 sec 63.1 (MIN) 64.8
(10**6 LBF-SEC)
Impulse at 60 sec 171.2 - 178.1 : 173.0
(10**6 LBF-SEC) 172.9 (+3%,-1%)
Impulse at ACTION TIME 293.8 (MIN) 296.8
(10**6 LBF-SEC)

(1) CEI PARAGRAPH 3.2.1.1.2.4

(2) NORMALIZED TO STANDARD CONDITIONS-BURN RATE OF 0.368 IN/SEC.
POPULATION IS SAME AS USED TO COMPARE NOMINAL THRUST TRACE, Figure
3.7.

(3) IMPULSE VALUES ARE CALCULATED FROM IGNITION.
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SPACE OPERATIONS
TABLE 3.7 RSRM-11 THRUST IMBALANCE SUMMARY
IMBALANCE MAXIMOM TIME OF
EVENT SPECIFICATION IMBALANCE MAXIMUM
, IMBALANCE
(KLBF) (KLBF) (SEC)
STEADY STATE (1) 85 - 26.5 66.5
(1 TO 79 SEC.)
STEADY STATE (2) 120 + 41.6 101.5
(79 SEC TO FIRST
WEB TIME MINUS
8.5 SEC.)
TRANSITION (FIRST 120 - 268 +65.6 103.0
WEB TIME MINUS LINEAR
8.5 SEC TO FIRST
WEB TIME, LBF)
TAILOFF (FIRST WEB 710 + 37.0 110.5
TIME TO LAST
ACTION TIME)

THRUST IMBALANCE = LEFT SRM - RIGHT SRM
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TABLE 3.8
MATCHED PATR PERFORMANCE LIMITS
CEI SPECIFICATION DELIVERED
PARAMETER MAX DIFFERENCE (%) % DIFFERENCE
(1) (2)
WEB TIME 2.0 +0.27
ACTION TIME 3.0 +0.00
WEB TIME AVG PRESSURE 2.0 -0.24
MAX PRESSURE N/A -0.35
MAX SEA LEVEL THRUST N/A -0.33
WEB TIME AVG VAC THRUST 2.0 +0.00
VAC DEL SPECIFIC IMPULSE £1.0 -0.11
WEB TIME VAC TOTAL IMPULSE 1.4 -0.00
ACTION TIME TOTAL IMPULSE 1.4 -0.14

PRESSURE VALUES IN PSIA, THRUST VALUES IN MLBF,

IMPULSE VALUES IN MLBF-SEC
TIME VALUES IN SECCNDS

(1) CEI SPECIFICATION PARAGRAPH 3.2.1.1.2.2, TABLE II

(2) DIFFERENCE = ((RSRM-IIA - RSRM-11B) /RSRM-11 AVERAGE) *100

DATA AT PMBT OF 73 °F

REVISION

FORM TC 7994-310 (REV 2-88)

DOCNO.THR-17550=10 | ver

SEC

PAGE

15



CORPORATION

SPACE OPERATIONS

S9T1°91¢€9
8€S"8TEY9
B66°9159
L¥YS LTSY
98V 81S9
L09°81S59
65570259
ST9° 0299
PLE"E€ZSY
€BB EVSH
PEE"GBSY
60L°E€TEL
TZL°0€S8
ELT TESOT
SES ZT6TT
ZP9° 06591
BEL L66LT
ZBZ°6L912
LYTI V890€
pLST02ZV2ZY

TLV E9PZY

080" TPT
6TT TVT
ZTL ST
12L° 60T
9EL"SVT
BEL GV
TLL SHT
ZLL SPT
818GV
Z8T° 991
8257 9VT
960" €LT
0€T" 8€2
zez" 128
T€8"LLE
£P6°TTS
095 8vS
6207929
oLL*09L
LTV 8L8

orL 6.8

TI04

BSE"STEY
EELTLTES
TLI 9159
0ZL°9159
6G9°LTS9
6LL" LTS
EEL°6TS9
88L°6TS9
LS 2299
LSO EVSS
TTIS"¥8S9
188°21€L
98876248
0EE 0ES0T
889°TTI6T1
EBL 68691
9L8°966LT
€TV "8L9TZ
CLZ" £B90E
L69°6TVZY
v6s 29KV

HDOLId4

VIIYIANI IO ILNAWOW

¢s0'o0
26070
290°0
Z60°0
2s0°0
Z50°0
290°0
Zg0°0
€50°0
€50°0
£S0°0
vvo o
.Hmo.o
Z20°0
8T0°0
€10°0
Z10°0
0T0°0
800" 0
900°0

90070

“LddA

96V°0  Z00-60€T
9690 6T0"60ET
L6V°0  99T°6TET
L6V 0 OLTI"6TET
L6V 0  9LT"6TET
L6V 0 9LTI"6TET
L6V O 6BT 6TET
L6V 0 GBI 6IET
96%°0  LOZ 6TET
96%°0  PET6TIET
€6V°0  VZ6°9TIET
0I¥"0  T168-99Z1
€62°0 6bV-LZZI
90Z°0  6TT1V¥TZ1
SLTI°0  6L87V1ZI
12Z1°0 629°9221
TTT°0  ZLI"622T
€60°0 TI9°TEZT
€L0°0  ZZV BOZT
650°0  TVPILTL
650°0  ZIE"TLIT
A 4 “ONOT

XLIAVYED J0 HHINIAD

0" vI60VT
0°8S60VT
0°98TEVT
€°96TEVT
6 "ETZEYT
T 9T2ZEVT
8°ZSCZEVT
8 EGZEVT
0°90€€PT
E"ZYLEYT
9"€E9EPPT
GT9GZVLT
Z°LYISY
1°L0BOSE
L°0ZBYTV
6°Z2€0L09
B 6LLT99
T BELTISL
9°PPLZTOT
€°009G66ZT

V9629621

SATLYAJOYd SSYHW 'TVIINANDAS VIT-WISH

6'€E TIAVL

0y STV = FWIL
NMOQHSY'1dS
0T 06€ = FWIL
QINOSILLAC ATZZON
OV " 68€ = FAWIL

ONIJTTISIA ANZ JLNHD NIVH

05°€8€ = FAWIL

ONTATIISIA LST FLOHD NIVH

OV €LE = FANWIL

HOLIYLS FANIT JALNHD NIVH

0T1°2LE = FWIL
ASVIATAY HNLSNYA
00" TGE = JAWIL

LNIWXOTdId JALOHD 3INO0AA

OV 0GE = AWIL
LNIAWXOTJdAA d¥D ISON

0F"0Z€ = FTHIL
uOu XYILNTATY XVH

Ob°SZT = FAWIL
NOILVIVIES

98° 221 = IRIL
FHAIL NOILOV 40 aNA

B8P 0TI = IWIL
NaNg gEM

00" 00T = THIJX
NINg JLYIIWYALNY

00°L8 = UWIL
uDu XVH

00708 = HHIL
NINg FLVI IR ALNI

00°09 = JWHIL
N4O"E ALVIJAIRGIINI

00°PbS = FWIL
-a—- g

00°0F = FHIL
NaNg JFLVIQIWIALNI

00°0Z2 = FNIL
NINg ALVIAAIALNI

€2°0 = JWIL
JJ0~-LATT

00°0 = HWHIL
HONNV'T-THJ

SHWIL/SINIAHR

VoL

REVISION

DOCNO. piyp-17550=-10

l PAGE

SEC

FORM TC 7994-310 (REV 2-88)

16



CORPORATION

SPACE OPERATIONS

P96°0OPEY9
6EE"EVEI
026°2VS9
69¥°EVS9
80F " b¥SO
625° VYS9
€8¥°9PS9
6ES"9PG9
66276159
Z6P°0LS9
98976699
L2y 0ceL
TYE" 5068
ZZLTE6VOT
162729811
€TV 08591
LZT°S96LT
825°8€912
¥98°2Zv90¢€
BEZ TZVZV

8y voVZY

6LZ° TP
BIE"TPT
LO6°SVT
9T6°S¥VT
ZE6 SYT
VEG SYT
996°6¥1
LI96° GV
€T0°9¥1
[40] -1 A0
€L8° 9T
¥IL VLT
VLY LEZ
¥8T"9¢¢
S0G°9LE
SPT° 114
9€1°8bS
L0S°S29
B6E°09L
9Z9°8L8

9E6°6L8

TI09

651 0veE9
EES°ZVES
G960°2¥S9
L4 204 271
VBS EVSY
bOL"EVSS
859°69¥G9
PIL " SVS9
vLv-8VS9
89976959
S9B8°B6S9
T09"62€L
605" V0S8
088°26V01
SPP 19811
9667 6V591
89€°V96LT
T99°L€912Z
166°TV90€E
E9€° 02V 2V

ELGTEIVZY

HOLId

YILYANI IO LNANOW

26070
Zs0°0
ZS0°0
26070
ZS0°0
Zs0°0
25070
26070
Z50°0
€507 0
€507 0
€v0°0
1€0°0
22070
BT0° O
€T10°0
Z1o°0
0T0°0
80070
90070
90070

" L33AA

S6v° 0
S6V°0
L6V 0
LeY O
L6v 0
L6v 0
L6v’o
L6V" 0
96¥°0
96v°0
€6V°0
Lov-o
§62°0
L0Z"0
9L1°0
2170
1170
¥60°0
vLO"O
6G0°0

650°0

99b° LOET
€8V°LOET
LV~ LIET
0597 LTET
9697 LTET
LS9 LTET
OL9°LTEY
0L9"LTET
689" LTET
TLITLIET
G607 9TET
82979921
99978221
1v8 P12t
€9€°G121
8L6°92Z1
G€G°6221
8P0°2ECT
506°802T
CBLTTILIT
TG99 TLIT

9" VEOTPT
9"BLOTYVT
8°BOEEVT
0" 6TEEYT
9°9€EEdT
8 BEEEVT
GTGLEEYT
9°9LEEYT
LBZVEVT
0°L98EVT
ST60SYkYT
T G8VGLT
€°LZBEVT
€°L688YE
L 1:1 2 AN 4
€°V8ES09
9" LTPO99
9°89906L
L°8S0CT0T
6°2994421

8°6G€9621

“LYI

XLIAVED J0 HILINAD

SATLYAJ0dd SSYW 'TVILNANDAS HTIT-WdSd

OT"€ HFTaVL

OV STV = FAWIL
NMOJQHSY'1dS
01°06f = FAWIL
QINOSTLLIALC TTIZZON
OV " 68 = AWIL

ONIAIIIASIA ANZ FLNHD NIVA

0G°€8€ = FHIL

ONTATIISIA LST ILOHD NIVR

OV "€LE = FHIL

" HOLFYLS ENIT JLOHD NIVH

OT"2LE = FWIL
ASYIATIY WNLSNEdA
00°TGE = HWIL

INIRAOTdAQ dLOHD INHOEA

OF"0GE = THIL
LNARXOTddd d¥YD ASON
Ob°02€ = HEWIL
wOu XYILNIATd XVH
OF"GZT = HWIL
NOILVIVYATAS
P8°ZZ1 = FWIL
JWIL NOILOY Jd0 dN3
6Z°01T = FWIL
nindg 93aMm
00°00T = FRIL
Nand JLYIGINIALNI
00°LB8 = HRIL
uDu XYH
00°08 = FWIL
NINE JILVIQIWYILNI
00°09 = INWIL
Nnd JLVIAINGALNI
00° PGS = FWIL
00°0F = FWIL
RNE ILVITINIALNI
00°0Z = TWIL
NINE ALVITIWNTIALNI
€2°0 = JHIL

JJ0~LATT
00°0 = dAWIL
HONOV'I-JT4d
SARIL/SININE

| vou

DOCNO-TWR-17550-10

REVISION

I PAGE

SEC

17

FORM TC 7984-310 (REV 2-88)



CORPORATION

SPACE OPERATIONS

“(PABT SPTPA AP JO 299 ST HET°6IET 3O QT3 Jo 12U Teurpm Buo] worreTedss &y, °Z

*(VWWGELT-WML) 0661 ATenigeg 91 ‘HI-TIQN09E SRS aoeds 807 A103STH SoTiaedoag SSel o poseqd |

$SOI10N
00°0 000°0 200°60E‘T 200°60E‘T 0070 0 yI6‘OVT  YT6‘OYT wa0q yserds
00°0 00070 610°60E‘T 610°6E‘T 0070 0 gG6‘0vT  856°0vT UoSTII9f STZZON
00°0 L10°0- 99T°6IE‘T EBI°6IE‘T  00°0 - 98T‘eyT  (BT‘eVT BuTJeRasT] pug SIMY) UTEH
00°0 910°0- OLI°6IE‘T 98I°6IE‘T 000 - 96T‘eyT  L6TEvT SurFeaastqy IST I UTEH
00°0 910°0~ 9/1°61E‘T T6I'6IE‘T 0070 1- yIZ'eyT  SIC‘evl PN BT NP UTe
00°0 910°0~ 6BI°6IE‘T ST 6IE‘T  00°0 1- 3 ad %7 L (YAt 3 41 yewioTdag N sndox]
00°0 L10°0- 6BT°6IC‘T 90C°6IE‘T  00°0 1- YGT'eHT  GoTievt yuamiopdaq de) asoN
100 WO~ YE1°6IE'T 9T6IE‘T 0070 A LT vLenT Jooreredss
00 61L°0- %T6°91E‘T €Y9°[IE‘'T 9070 68+  YEWT ST L], VI
00°0 00070 ¥ UIT MUITT T 0070 'a 009°GGZ‘T %09°55C‘T 330IT1
00°0 000°0 ZIE'WI‘T TIEWI'T 0070 0 962'95C‘T 962°95C°T wRTuB-ag
gy B TEOY PRy oIy BTG RN RRred g
(u) 50 TEuTPM Buo] (qr) WBron
PUeH 1397 TIOM09%E

SNOSTEVAHO TMILVARIONES SHLDBIN SSVH TVIINAES

TI°¢ THVL

| vou

DoCNo. TWR-17550-10

REVISION

SEC

I PAGE

FORM TC 7994-310 (REV 2-88)

18



CORPORATION

SPACE OPERATIONS

“PAP] SPTEA AP JO 299 ST 1/9°/T6*T 30 ATaeas Jo JoIuS0 TeurpnytBuo] wrieredss ), °g

*(VGSELT-WAL) 0661 ATenaged 91 ‘BE-TIOMO9E dT2Inus 30eds 807 A101STH S9r1aadold SSey uo poseg °1

SNOSTHVAR00 "TYILLOV/QRIORIRId SHLDIAAN SSYH TVLINAIES

Pueg Y3ty TTON09C

AN {:: A

:SOION
00°0 000°0 99%"LOE‘T 997" LOE‘T 00°0 0 GEO‘TYT  SEO‘THT uwsog yserds
00°0 1000~ €8Y°L0E‘T 487" L0E‘T 00°0 0 80‘TYT  8L0°TYT WOSTIISC STZZON
00°0 610°0~ [Y9°LTE‘T 999°LIE‘T 00°0 T+ 60C‘eyT  80E‘evT BuryeAISTq PUT SINY) UTeH
00°0 610°0- 0S9°LTE‘T 699°LTE‘T 00°0 T+ 61c‘eyT  8IE‘eyl Burgeaasyy 1ST MY UTEH
00°0 610°0~ 959°LTE‘T G/9°LTE‘T 00°0 T+ [£EieyT gEEievl PIBNS BUT] ST UTER
00°0 810°0- 0/9°LTE‘T 889°LIE‘T 00°0 T+ 9/e‘eyT  SLE‘ET yusmbordag 21D anBoag

- 000 610°0- OL9°LTE‘T 689°LIE‘T 000 T+ LIE'EYT  9LEieT yuemiopdag dep asoN
10°0 €20°0- TL9°L1E‘T WWL°LIE‘T 00°0 rAg (9B‘EYT  G9B‘EYT Jonemds
10°0 9800~ GE0-9TE‘T TYI"9IE‘l 80°0 YT+ 60G'WT  G6E‘MT awry, Wiy
00°0 1000~ TBLUI‘T €BL°UIT wo S €99°G52°T 899°6eC‘T 7303371
00°0 00070 T LT‘T TSY LT 00°0 0 09e‘95C‘T 09E°95C T wITUBI-93d
Jourg ¥ W0 TRV PRIRN IIg Y B WV RRIRY g

(ur) 50 TEUEPOTARL] (q1) BN

REVISION

[voo

pocNo. TWR~17550-10

19

l PAGE

SEC

FORM TC 7994-310 (REV 2-88)



[ J
T7corleof corroranion

SPACE OPERATIONS
TANE 3.13
PREDICTEVACIUAL WEIGHT (1b) COMPARTSONS
360W011 LEFT HAND
Ttem Minimm Medmm  Predicted Actval  Delta ¥ Error Notes
Imrtsr
Prefire, Controlled 151,490 149,52 149,524 0 000 1
Propellant 1,103,600 1,106,773 1,106,773 0 000 1
Usable 1,105,857 1,106,120  +263  0.02 2
To Liftoff 502 596 & 0.67
Liftoff to Action 1,105,265  1,1055%  «259  0.02 2
Unusable 916 653  -263  40.28
Action to Separation 818 556 -262  47.12
After Separation 9% 97 -1 1.03
Slag 2,000 2,000 0 000 2
Notes:

1. Requirement per CPW1-3600A, Addendum G, Part I, (RSRM CEI Specification).

2. Slag included in usable propellant, liftoff to action.

3.Mmmwm,hm&mlu&nu§utthMHmL1M).
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SPACE OPERATIONS
TABIR 3.14
PREDICTED/ACTUAL VEIGHT (1b) OOMPARISONS
360W011 RIGHT BAND
Item Minimm Maximm Predicted3 Actual Delta X Error Notes
Inerts
Prefire, Controlled 151,490 149,648 149,648 0 0.00 1
Propellant 1,103,690 1,106,712 1,107,712 0 0.00 1
Usable 1,105,797 1,106,036 +239 0.02 2
To Liftoff 592 597 +5 0.84
Liftoff to Action 1,105,205 1,105,439 +234 0.02 2
Unusable 915 676 -239 35.36
Action to Separation 817 577 =240 41.59
After Separation 9% 99 +1 1.01
Slag 2,000 2,000 0 0.00 2
Notes:

1. Requirement per CPW1-3600A, Addendum G, Part I, (RSRM CEI Specification).
2. Slag included in usable propellant, liftoff to action.

3.n-dmmmmmo,ummsuqumnnhmmuummﬂ).
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