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1.0 INTRODUCTION

This report contains the propulsion performance and reconstructed

mass properties data from Thiokol's RSRM-II 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-IIA

and RSRM-IIB, respectively. All of the segments for the motor were cast

from the same propellant evaluation except for the RSRM-IIB 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 STS-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-HII48, 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-II 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 i.I).

The ballistic performance presented in this report was based on the

Operational Flight Instrumentation (OFf) 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 B47PI302C and

B47P2302C, respectively, were adjusted down by 0.2 percent to closer

match the other motor OFI gauges on each motor. Recent studies have

shown that the transducers are affected by the measuring System at KSC

and temperature gradients created by the igniter heaters. These factors

REVISION DOC NO. rr_,_ _ 1 I'7_ r.__l _ VOL
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__'(_ CORPORATION

SPACE OPERATIONS

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 CPWI-3600A paragraphs for compliance : 3.2.1

Performance, 3.2. I. 1 General Performance, 3.2. I. i. 2 Motor

Characteristics, 3.2.1.I.2.1 Nominal Thrust Time Curve, 3.2.1.i.2.2

Performance Tolerance and Limits, 3.2.1.i.2.4 Impulse Gates and

3.2.1.i.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.i.i.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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FORM TC 7994-310 (REV 2-88)

ooc NO.,r,%4__ 1 "7 r., K N_I

SEC ......... ] PAGE

/

I VOL

2



_*4_')_ CORPORATION

SPACE OPERATIONS

requirements. The nominal thrust time curve and impulse gate information

was updated to include RSRM-II. The updated historical average was well

within the variation limits 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,

QM-6, QM-7, PVM-I, QM-8 and RSRM-I through RSRM-4. The historical

population values are the average performance data from DM-8, DM-9, QM-6,

QM-7, QM-8, PVM-I, and RSRM-I through RSRM-II. Several motors are

excluded from the population average due to segment swap outs. The

effects of the mismatched aft segment on RSRM-IIB 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 RSRMm_ss properties are within expected

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-II PROPELLANT MATERIALS

Both of the RSRM-II flight

evaluation of propellant, F67.

motors were cast with primarily one

The exceptions are the RSRM-IIB aft

segment which is the as-cast RSRM-12A aft segment (evaluation F68), and 2

verification mixes in the RSRM-IIA center forward and RSRM-IIB 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

..v,=o,, "°c"°--'r'_----!_550-inPAs.caE I v°_
FORM TC 79_1-310 (REV 2-88|
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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

All times shown in this section, unless noted otherwise are

referenced to the RSRM ignition co_and 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

I-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 _r'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 3916.

3.3 RSRMDELIVERED PERFORMANCE

3.3.1 RSRM-IIA/RSRM-IIB 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-IIA and RSRM-IIB 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 RSRMmotors DM-8, DM-9, QM-6, QM-7, PVM-I, QM-8 and

RSRM-I through RSRM-4.

.Z_S,ON-- OOC"O TWR- 17550-10 Ivo,
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3.3.2 RSRM Predicted Impulse, ISP r Burn Rate r Event Times_ Separationt

and PMBT Comparison

The reconstructed RSRM-II 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 based 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-IIA and RSRM-IIB 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

m.sm. °°c"° TWR-17550-10 I voL
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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, QM-7, PVM-I and RSRM-I

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.

.S_Sm.-- DOC,OTw R_ 1 7__0-'IQ I VOL
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3.5 RECONSTRUCTED MASS PROPERTIES

The Thiokol manufacturing designation, 360W011, along with RSRM-II

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-IIA and RSRM-IIB

reconstructed sequential mess 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 Ibm 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-17355A), 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 Ibm.

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.

._=o. ooc.o, _ - 17 5 5 0-10 I vo,
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3.1

_3_L _03SI0_ SODII3AP_

TP-HII48

PROPELLANT

EVALUATION

F68

F72V

F67

INGREDIENT

HB Polymer

ECA

Aluminum

Iron Oxide

AP unground

AP ground

HB/ECA Ratio

Iron Oxide

HB Polymer

ECA

Aluminum

Iron Oxide

AP unground

AP ground

HB/ECA Ratio

Iron Oxide

HB Polymer

ECA

Aluminum

Iron Oxide

AP unground

AP ground

HB/ECA Ratio

Iron Oxide

STOCK-LOT

7227-0076

7225-0085

7228-0073

7226-0026

7229-0088

7229-0088

86.6% HB

0.324%

7227-0077

7225-0090

7228-0078

7226-0026

7229-0092

7229-0092

86.3% HB

0.260%

7227-0075

7225-0083

7228-0072

7226-0026

7229-0087

7229-0087

86.9% HB

0.26%

VENDOR

ASRC

Dow Chemical

Alcan

Charles Pfizer

Kerr McGee

Kerr McGee

ASRC

Dow Chemical

Reynolds

Charles Pfizer

Kerr McGee

Kerr McGee

ASRC

Dow Chemical

Reynolds

Charles Pfizer

Kerr McGee

Kerr McGee

REVISION

FORM TC 7994-310 (REV 2-8S|

°_"°TWR-17550-10 I _L

SEC J _GE



__'_ CORPORATION

SPACE OPERATIONS

TABLE 3.2 RSRM-II PROPULSION PERFORMANCE ESSESSMENT

IMPULSE GATES

1-20 (10^6 lbf sec)

1-60 (10^6 ibf sec)

I-AT (10^6 ibf sec)

VACUUM ISP (lbf*sec/lbm)

BURN RATE (in/sec)

EVENT TIMES (sec) *
IGNITION INTERVAL

WEB TIME *

TIME OF 50 PSIA CUE

ACTION TIME *

SEPARATION

COMMAND (sec)

PMBT (deg F)

MAXIMUM IGNITION

RISE RATE

(psia/10 ms)

DECAY TIME (sec)

(59.4 psia to 85 K)

TAILOFF IMBALANCE

IMPULSE DIFFERENTIAL

(KLBF-SEC)

(LEFT MOTOR 73 DEG)
PREDICTED ACTUAL

65.83

175.38

297.22

268.6

0.371

0.232

109.6

119.4

121.5

124.3

73.0

90.4

2.8

PREDICTED

N/A

65.36
173.76

296.14

(RIGHT MOTOR 73 DEG)
PREDICTED ACTUAL

66.04

175.93

297.19

65.67

174.48

296.57

267.6

0.3700

N/A
110.3

120.4

122.6

125.8

73.0

N/A

3.1

268.6

0.372

Impulse Imbalance = Left Motor - Right Motor

0.232

109.2

119.4

121.0

124.3

73.0

90.4

2.8

268.0

0.3698

N/A
110.1
120.5

122.6

125.8

73.0

N/A

2.8

ACTUAL

333.2

All times are referenced to ignition command time except where noted by
an *. These times are referenced to lift off time (ignition interval).
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TABLE 3.4

COMPARISON OF RSRM-IIA VARIATIONS

_T PMBT = 60°F KBOUT THE NOMIIqAL TO THE

CEI SPECIFICATION REQUIREMENTS

PARAMETER

WEB TIME

ACTION TIME

WEB TIME AVG PRESSURE

MAX PRESSURE

MAX SEA LEVEL THRUST

WEB TIME AVG VAC THRUST

VAC DEL SPECIFIC IMPULSE

WEB TIME VAC TOTAL IMPULSE

ACTION TIME TOTAL IMPULSE

CEI

MAX 3 SIGMA

VARIATION%

(I)

+5.0

±6.5

+5.3

+6.5

+6.2

+5.3

+0.7

±i.0

±I.0

NOMINAL
VALUE

(2)

iii.i

123.2

664.8

914.2

3.07

2.60

268.4

288.2

296.9

RSRM-IIA

VALUE

(3)

111.8

124.3

658.5

913.7

3.05

2.58

267.5

288.0

295.8

RSRM-IIA

VARIATION %

(4)

+0.60

+0.89

-0.95

-0.05

-0.65

-0.77

-0.34

-0.07

-0.37

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

TIME VALUES IN SECONDS

(i) CEI PARAGRAPH 3.2.1.1.2.2, TABLE II

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

(3) RSRM-IIA AT PMBT = 60°F

(4) VARIATION = ((RSRM-IIA - NOMINAL)/NOMINAL) "100

SRM-IIA,

REVISION

FORM TC 7994-310 (REV 2-88l

oocNOTWR-17550-10

SEC I PAGE
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_.BI_ 3.5

COMPARISON OF RSRM-11B V_RI3_IONS

ET PMBT = 60"F ABOUT THE _R3MI_%L TO THE

CEI SPECIFICATION REQUIREMENTS

PARAMETER

WEB TIME

ACTION TIME
WEB TIME AVG PRESSURE

MAX PRESSURE

MAX SEA LEVEL THRUST
WEB TIME AVG VAC THRUST

VAC DEL SPECIFIC IMPULSE
WEB TIME VAC TOTAL IMPULSE

ACTION TIME TOTAL IMPULSE

CEI

MAX 3 SIGMA

VARIATION%

(I)

+5.0

±6.5

+5.3

±6.5

+6.2

-+5.3

+0.7

+i. 0

_+i.0

NOMINAL

VALUE

(2)

Iii. I

123.2
664.8

914.2

3.07
2.60

268.4

288.2

296.9

RSRM-IIB

VALUE

(3)

111.5

124.3

660.1

916.9

3.06

2.58

267.8

288.0

296.2

RSRM-IIB

VARIATION %

(4)

+0.36

+0.89

-0.71

+0.30

-0.33

-0.77

-0.22

-0.07

-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.i.I, TABLE II

(2) QM-4 STATIC TEST AND SRM-8A AND B, SRM-9A,

(3)

(4)

SRM-10A, SRM-10B, SRM-IIA,

SRM-13A AND SRM-13B FLIGHT AVERAGE AT STANDARD CONDITIONS.

RSRM-IIB AT PMBT = 60 F

VARIATION = ((RSRM-IIB - NOMINAL)/NOMINAL) *I00

REVISION

FORM TC 7994-310 (REV 2-88)

oocNO.TWR-17550-10

s,c i PAGE
i VOL
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_T.e. 3.6

RSRM-HPM POPULETION

IMPULSE GATES

IMPULSE (3)

Impulse at 20 sec

(10"'6 LBF-SEC)

Impulse at 60 sec

(10"'6 LBF-SEC)

Impulse at ACTION TIME

(10"'6 LBF-SEC)

REQUIREMENT

(i)

63.1 (MIN)

171.2 - 178.1

172.9 (+3%,-1%)

293.8 (MIN)

STANDARD

NOMINAL

(2)

64.8

173.0

296.8

(i) 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.

RE_SION DOC No.TwR_ 17550-10 ] VOL

SEC I PAGEFORM TC 7994-310 (RIEV2-88)
13
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SPACE OPERATIONS

TABLE 3.7 RSRM-I1 THRUST IMBALANCE SUMMARY

EVENT

STEADY STATE (i)

(i TO 79 SEC.)

STEADY STATE (2)

(79 SEC TO FIRST
WEB TIME MINUS

8.5 SEC.)

TRANSITION (FIRST
WEB TIME MINUS

8.5 SEC TO FIRST

WEB TIME, LBF)

TAILOFF (FIRST WEB
TIME TO LAST

ACTION TIME)

IMBALANCE

SPECIFICATION

(KLBF)

85

120

120 - 268

LINEAR

710

MAXIMUM

IMBALANCE

(KLBF)

- 26.5

+ 41.6

+65.6

+ 37.0

TIME OF

MAXIMUM

IMBALANCE

(SEC)

66.5

101.5

103.0

110.5

THRUST IMBALANCE = LEFT SRM - RIGHT SRM

REVISION

FORM TC 7994-310 (REV 2-88)

DOCNo.TWR_I7550_i0

SEC i PAGE
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SPACE OPERATIONS

TABLE 3.8
M_.TCHED PAIR PERFORMANCE LIMITS

PARAMETER

WEB TIME

ACTION TIME

WEB TIME AVG PRESSURE

MAX PRESSURE

MAX SEA LEVEL THRUST

WEB TIME AVG VAC THRUST

VAC DEL SPECIFIC IMPULSE
WEB TIME VAC TOTAL IMPULSE

ACTION TIME TOTAL IMPULSE

CEI SPECIFICATION

MAX DIFFERENCE (%)

(i)

-+2.0

-+3.0

-+2.0

N/A

N/A

-+2.0

-+I.0

-+1.4

+-I.4

DELIVERED

% DIFFERENCE

(2)

+0.27

+0.00

-0.24

-0.35

-0.33

+0.00

-0.II

-0.00

-0.14

PRESSURE VALUES IN PSIA, THRUST VALUES IN MLBF,

IMPULSE VALUES IN MLBF-SEC

TIME VALUES IN SECONDS

(I) CEI SPECIFICATION PARAGRAPH 3.2.1.1.2.2, TABLE II

(2) DIFFERENCE = ((RSRM-IIA - RSRM-IIB)/RSRM-II AVEKAGE)*I00

DATA AT PMBT OF 73 OF

REVISION

FORM TC 7994-310 (REV 2418)

DOC"OTWR-17550-10
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SPACE OPERATIONS

TAIEE3.13

m_I_Ctl/_ _IGE (lb)

_ LEIT B/_D

IWm Mt,dm_ Mmdmu= I_Kttcted 3 Actual Delta I Error Not=

Zr_ts

Preflre,Conrxol.led 151,490 149,524 149,524 0 0.00 1

_t 1,103,690 1,106,7"/3 1,106,773 0 0.00 1

Usable 1,105,857 1,106,120 +263 0.(_ 2

To Liftoff 592 596 +4 0.67

Ltftoff to Action 1,105,265 1,105,524 +259 0.02 2

_Bsble 916 653 -263 /40.28

Action to Sep_mtJ_n 818 556 -262 47.12

After Secretion 98 97 -1 1.03

Slal 2,000 2,000 0 0.00 2

Norm:

1. l__re_mt per (1_/1-3600A, _ G, Part I, _ CEI Specification).

2. SL_g includ_ in umble p_x_l/ant, liftoff to action.

3. _ on 16 FI_Ky 1990,Nmmm _ H1stozyI_I _ Shuttle 3_R)11-_ (T_Ib-1735_).

.E_.S,O.-- oocNo.TWR- 17_50-10 Jvo.

5EC [ PAGEFORM TC 7994-310 (REV 2-88|
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TAE.E3.1_

_Cm_,_CtmL VEIOE (lb) O0m'ARZS_

360_11 eZ(;;E Ba_D

Item Minimum l_x[mtm Predicted3 Actual Delta X Error Notes

I.erts

Preflre,Cantrolled 151,490 149,648 149,648 0 0.00 I

Pzvpell_t 1,103,690 1,106,712 1,107,712 0 0.00 1

Iimble 1,105,797 1,106,036 +239 0.02 2

To Liftoff 592 597 +5 0.84

IAftoff to Action 1,105,205 1,105,439 +234 0.02 2

915 676 -239 35.36

Action to Separation 817 577 -2_0 41.59

After Separation 98 99 +1 1.01

2,000 2,000 0 0.00 2

Nbt_:

1. Requirement per (_T1-3600A, kkiem_km G, Part I, (RS_ C_I Specification).

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

3._mmd cmi6_ iggo, _u= empe-t_ _ [,_ sp=,e=s=ttle 3ei_ii4ECra-ins54).

REx/ISION
OOCNO. TNR-17550-10 [ voL

SEC [ PAGE
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