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1.0 INTRODUCTION 

This report contains the propulsion performance and reconstructed 

mass properties data from Morton Thiokolfs RSRH-4 motors which were 

assigned to the STS-3OR launch. The Morton Thiokol manufacturing 

designation for the motors were 360Q004A/360H004B, which are referred to 

in this report as RSM-4A and RSM-4B, respectively. The launch occurred 

on 4 Hay 1989 at the Eastern Test Range (ETR). The data contained herein 

was input to the STS-30R Flight Evaluation Report. 

The SRH 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 RSRH-4 are included irL 

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 OF1 data on the left motor was adjusted up by 0.4 percent to closer 

match the other OPI gauges. No high sample rate pressure gauges, 

Development Plight Instrumentaion (DFI), were used on this flight and 

therefore no ignition data will be presented. 

2.0 SUMMARY 

The delivered propellant burn rates were close to predicted. The 

delivered burn rates were 0.3684 and 0.3685 in/sec at 625 psia and 60°F 

for the left and right motors respectively, The predicted burn rates 

were 0.368 in/sec and 0.370 in/sec respectively. The average of the two 

motors was 0.0005 in/sec above the target rate of 0.368 in/sec at 625 

R M S I O N  - 
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psia and 60°P. The performance of the two motors were very close to the 

same as can be seen in Figure 2.1. 

Tht performance of the pair of motors were compared to the following 

CEI Specification CPW1-3600 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 requirements. The nominal thrust 

time curve and impulse gate information has been included. The 

historical average was well within the variation limits developed fro3 

the HPH Block prediction population at a burn rate of 0.368 in/sec at 625 

psia and 60°F. The historical population values are the average 

performance data from QM-4, SRM-8, SRM-9A, SEW-10, SRH-llA, SRM-12 

through SRM-19, SRM-24, ETM-lA, DM-8, DM-9, OM-6, OH-7, PVM-1, RSRH-1, 

RSRM-2, RSRM-3 and RSRM-4A. The motors used in the HPH Block prediction 

population were QM-4, SRM-8A, 8B, 9A, 10A, 10B, llBy 13A, and 138. 

Post flight reconstructed RSRM mass properties are within expected 

values for the RSRM quarterweight (RSRMO) and halfweight (RSRMH) 

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-4 PROPELLANT MATERIALS 

Both of the fourth flight motors were cast with primarily one 

evaluation 'of propellant, E64. 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. However, 

the aft segment on the right motor was a segment originally cast as QH-8 

and contains several evaluations. The evaluations contained in this aft 

segment are E62 and residual materials from evaluations E60, E61, and 

E63. There were also 2 mixes of verification evaluation E65 in the left 
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motor aft segment. 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 P70. See document TWR-19061 Rev. A for more 

information on propellant materials for this flight set. 

3.2 RSRn PROPULSION P E R F O W C E  ANALYSIS 

All times shown in this section, unless noted otherwise are 

referenced to the RSRM ignition command time at 1989:124:18:46:59:011 

(GHT) . 
As previously mentioned the OF1 (12.5 s/s) data vas used for the 

steady state and tail off performance assessment. It compared well with 

the real time data although the left motor OF1 data needed to be adjusted 

up 0.4 percent after review of all the data. 

The ballistic performance was reconstructed using SCB04 steady state 

1-D mass addition computer program, and SCAO8 SRH modeling program. Both 

computer codes have been consistently used for predictions as well as 

reconstructions throughout the SRH program. Since thrust was not 

measured on the flight motors, average values of hrts and Cmfs, 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. 

3.3 RSRH DELIVERED PERFORMANCE 

3.3.1 RSRM-4A/RSRM-4B Thrust and Pressure Comparison 

The flight motor reconstructed thrust-time traces at the delivered 

temperature of 71°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, 3.2. 

The comparison of predicted and measured head end chamber pressure 

is shown in Figures 3.3, 3.4. 

Pigur& 3.5 and 3.6 show how RSRM-4A and RSRM-4B compared with a 

nominal performance average for the RSRH at standard conditions of 0.368 

burn rate and 60 O F  PMBT. From the figures, it is evident that the RSRH 

design will continue to influence the shape of the average thrust time 

trace near 50 seconds. 
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3.3.2 RSRH Predicted Impulse, ISP, Burn Rate, Event Times, Separation, 

and PUBT Comparison 

The reconstructed RSRH-4 propulsion performance is compared to the 

predicted performance in Table 3.2. The actual values are very close to 

the predicted data for both motors and well within specification limits. 

A comparison of actual and predicted propellant burn rates to the 

target burn rate for the flight RSRns at a PHBT of 60°P and 625 psia is 

shown in Figure 3.7. 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 HPH-RSRn population. The 

actual scale factors for left and right motors respectively were 1.0177 

and 1.0152. 

The predicted propellant mean bulk temperature (PHBT) used in the 

Ballistics prediction for both motors was 71°P. This was based ol, 

predicted 2-D temperature gradients expected in the RSRMs. Table 3.3 

shows the predicted gradient (data provided by Aero-Thermal Group). 

3.4 CEI SPECIFICATION PERFORMANCE REQUIREMENTS 

3.4.1 Performance Tolerances 

The parameter variations of the total population of RSRHs about a 

nominal value are constrained by the requirements defined in the CEI 

Specification paragraph 3.2.1.1.2.2, Table 11. A comparison of the 

RSW-4A and RSRM-4B calculated and reconstructed parameters at PHBT 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. 

3.4.2 RSRH Nominal Thrust-Time Performance 

The nominal RSRH-HPU performance is defined as the average 

performance of the HPH and RSRH 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 RSRn-HPH population nominal thrust-time trace. 

This nominal RSRH-HPH performance 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 

SEC 
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gate requirements is based on the performance of OM-4, SRH-8, SRM-9A, 

SRH-10, SRU-11A, SRM-12 through SRM-19, SRM-24, ETH-lA, DM-8, DM-9, OM-6, 

QM-7, PVH-I, RSRH-1, RSRM-2, RSRH-3, and RSRM-4A. The delivered RSRH-HPH 

population nominal performance is compared to the CEI Specification 

paragraph 3.2.1.1.2.1, Table I requirements on Figure 3.8. 

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 3.9). 

3.4.4 Matched Pair Thrust Differential 

The maximum thrust imbalance assessment is shown in Table 3.7. 

Figure 3.9 through Figure 3.11 shows the thrust differential during 

steady state and tail off. All the thrust differential values were near 

the nominal values experienced by previous flight SRHs and were well 

within the CEI Specification paragraph 3.2.1.1.2.3, Table I11 limits. 

The thrust values used for the assessment were reconstructed at the 

delivered conditions of each motor. 

It should be noted that because of the swap out of the aft segment 

on RSRH-ZB, a waiver was written for this flight set to remove the thrust 

imbalance requirement. The possibility of thrust imbalance greater than 

the current limits existed due to the non-matched cast aft segments. 

Preliminary calculations showed a possible exceedence of 10,700 lbf at 88 

seconds of the NSTS-07700 Volume X Specification. See waiver PCIN 41800, 

dated 01/19/89, for further information. 

3.4.5 Matched Pair Performance Requirements 

The CEI Specification requires that the performance of a matched 

pair of motors on a flight set have similar performance according to 

Table 3.8. The RSRHs for STS-30R were well within the matched pair 

specification requirements. 

3.5 RECONSTRUCTED MASS PROPERTIES 

The Morton Thiokol manufacturing designation, 3600004A and 360H004B, 

along with STS-30 have been used, by Mass Properties, to identify the 
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RSRHs 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 STS-30A and STS-30B reconstructed 

sequential mass properties, respectively. 

Table 3.11 compares the quarterweight redesigned shuttle rocket 

motor (RSRMQ) predicted sequential weight and center of gravity (cg) data 

with the postflight reconstructed data. Table 3.12 compares the 

halfweight redesigned shuttle rocket motor (RSRHH) predicted sequential 

weight and center of gravity (cg) data with postflight reconstructed 

data, also. Actual STS-30 mass properties may be obtained from Mass 

Properties History Log Space Shuttle 360Q004-LB (TWR-17340), dated 9 

January 1989, and 360H004-RE (TWR-17341), dated 9 January 1989. Some of 

the mass properties data used has been taken from average actual data 

presented in the 5 December 1988 Mass Properties Quarterly Status ReporF 

(TWR-10211-89). Postflight reconstructed data reflects Ballistics mass 

flow data from the 12.5 sample per second measured pressure traces and a 

predicted slag weight of 1518 lbs. 

Tables 3.13 and 3.14 presents CEI requirements, predicted, and 

actual weight comparisons. Mass properties data for both RSRH 

configurations complies with the CEI specification requirements 

(CPU1-3600A, G, Part I). 
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TABLE 3.1 
RAW HATERIAL EVALUATION S-Y 

DOC 
REVISION - NO 'f'w-17543-10 I w~ 

TP-H1148 
PROPELLANT 
EVALUATION 

E6O 

E6 1 

E62 

E6 3 

E64 

E65V 

FORM TC 79-310 IREV 2-88] 

INGREDIENT 

HB Polymer 
ECA 
Aluminum 
Fe203 
AP unground 
AP ground 

HB Polymer 
ECA 
Aluminum 
Fe203 
AP unground 
AP ground 

HB Polymer 
ECA 
Aluminum 
Pe203 
AP unground 
AP ground 

HB Polymer 
ECA 
Aluminum 
Fe203 
AP unground 
AP ground 

HB Polymer 
ECA 
Aluminum 
Fe203 
AP unground 
AP ground 

HB Polymer 
ECA 
Aluminum 
Fe203 
AP unground 
AP ground 

STOCK-LOT VENDOR 

7227-0061 
7225-0067 
7228-0060 
7226-0015 
7229-0061 
7229-0061 

ASRC 
Dow Chemical 
Reynolds 
Charles Pfizer 
Kerr HcGee 
Kerr HcGee 

7227-0065 
7225-0073 
7228-0062 
7226-0021 
7229-0073 
7229-0073 

7227-0066 
7225-0074 
7228-0063 
7226-0021 
7229-0070 
7229-0070 

7227-0067 
7225-0075 
7228-0064 
7226-0021 
7229-0071 
7229-0071 

7227-0068 
7225-0076 
7228-0065 
7226-0021 
7229-0074 
7229-0074 

7227-0069 
7225-0077 
7228-0066 
7226-0021 
7229-0076 
7229-0076 

I 

ASRC 
Dow Chemical 
ALCAN 
Charles Pfizer 
Kerr HcGee 
Kerr McGee 

ASRC 
Dow Chemical 
ALCOA 
Charles Pfizer 
PEPCON 
PEPCON 

ASRC 
Dow Chemical 
ALCAN 
Charles Pfizer 
PEPCON 
PEPCON 

ASRC 
Dow Chemical 
ALCAN 
Charles Pfizer 
Kerr McGee 
Kerr McGee 

ASRC 
Dow Chemical 
ALCAN 
Charles Pfizer 
Kerr McGee 

[ Kerr McGee 
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TABLE 3.2 RSRn-4 PROPULSION PERPOMANCB ASSESSHENT 

Impulse Imbalance = Left Motor - Right Motor 

IMPULSE GATES 
1-20 (10'6 lbf sec) 
1-60 (10'6 lbf sec) 
I-AT (10'6 lbf sec) 

VACUUU ISP (lbf*sec/lbm) 

BURN RATE (in/sec) 

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

(LEFT MOTOR 71 DEG) (RIGHT MOTOR 71 DEG) 
PREDICTED 

65.73 
174.63 
296.88 

268.3 

0.3710 

PREDICTED 

66.15 
175.21 
296.82 

268.3 

0.3725 

0.232 
109.1 
118.6 
120.7 
123.6 

71.0 

91.9 

2.9 

ACTUAL 
- 77 

ACTUAL 

65.42 
174.71 
296.20 

267.6 

0.3713 

N/A 
109.8 
119.7 
122.2 
125.0 

71.0 

N/ A 

3.2 

(at 625 psia reference 

EVENT TIMES (sec) * 
IGNITION INTERVAL 
WEB TIHE * 
TIME OF 50 PSIA CUE 
ACTION TIME * 
SEPARATION 
COMHAND (sec) 

PMBT (deg F) 

MAXIMUM IGNITION 
RISE RATE 
(psia/lO ms) 

DECAY TIME (sec) 
(59.4 psia to 85 K) 

TAILOFF IMBALANCE 
IMPULSE DIFFERENTIAL 
(KLBF-SEC) 

ACTUAL 

65.42 
174.73 
296.10 

267.6 

0.3714 

N/A 
110.2 
120.1 + 
122.6 5 
125.0 ' 

71 .O 

N/A 

3.6 

pressure) 

0.232 
109.7 
118.7 
120.8 
123.6 

71.0 

91.9 

2.9 

PREDICTED 
+ 284 
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TABLE 3 .3  

PREDICTED PROPBLLANT 
TEnPKRATURB GRADIENTS IN RSRn-4 

* MEASURED FROM CASE WALL TOWARD CENTER OF SEGMENT (INCHES) 

TEMPERATURE GRADIENTS 

REVISION 

FORM TC 7981310 (REV 2-88) 

WBB DISTANCE* 

0.0  

2.63 

7.88 

14.19 

21.56 

28.94 

36.31 

DEGREE LOCATIONS 

270 

80.8 

81.9 

74.9 

73.8 

73.0 

72.4 

72.0 

225 

76.1 

70.2 

67.9 

67.9 

67.9 

67.9 

67.9 

0 

82.6 

82.0 

75.1 

74.1 

73.3 

72.6 

72.2 

315 

85.7 

90.3 

79.5 

77.8 

76.3 

75.2 

74.5 

45 

76.4 

71.5 

68.6 

69.5 

68.4 

68.3 

68.2 

90 

75.1 

69.1 

66.9 

66.7 

66.4 

66.3 

66.3 

135 

75.7 

69.4 

67.0 

66.6 

66.3 

66.1 

65.9 

180 

75.7 

69.5 

67.0 

66.7 

66.5 

66.3 

66.2 
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TABLE 3.4 

COMPARISON OF RSRH-4A VARIATIONS 
AT PHBT = 60°F ABOUl' TEB NOMINAL TO THE 

CBI SPECIFICATION REOUIRBOWTS 

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

(1) CEI PARAGRAPH 3.2.1.1.2.2, TABLE I1 

RSRH-4A 
VARIATION X 

(4) 

-0454 
+O .08 
+O. 26 
-1.00 
+O. 65 
+O . 00 
+O. 15 
-0.17 ;: 
-0.10 

.A 

(2) OH-4 STATIC TEST AND SRM-8A AND B, SRH-9A, SRH-lOA, SRH-lOB, SRH-11A, 
SRM-13A AND SRM-13B FLIGHT AVERAGE AT STANDARD CONDITIONS. 

RSRM-4A 
VALUE 
(3) 

111.1 
123.5 
662.5 
909.2 
3.08 
2.59 
267.5 
288.4 
296.0 

PARAMETER 

WEB TIME 
ACTION TIME 
WEB TIME AVG PRESSURE 
MAX PRESSURE 
MAX SEA LEVEL THRUST 
WEB TIHE AVG VAC THRUST 
VAC DEL SPECIFIC IMPULSE 
WEB TIME VAC TOTAL IMPULSE 
ACTION TIME TOTAL IMPULSE 

( 3 )  RSRM-4A AT PMBT = 60°F 

(4) VARIATION = ((RSRM-4A - NOMINAL)/NOMINAL)*lOO 

CEI 
MAX 3 SIGMA 
VARIATION% 

(1) 

k5.0 
k6.5 
25.3 
k6.5 
k6.2 
k5.3 
k0.7 
k1.0 
kl. 0 

REvlSlON - 
FORM TC 7994-310 (REV 2-68] 

NOHINAL 
VALUE 
(2) 

111.7 
123.4 
660.8 
918.4 
3.06 
2.59 
267.1 
288.9 
296.3 
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TABLE 3.5 

COHPARISOH OF RSRn-4B VARIATIONS 
AT PMBT = 60°F ABOUT TEE NOHINAL TO THE 

CEI SPECIFICATION REQUIREWBNTS 

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

(1) CEI PARAGRAPH 3.2.1.1.1, TABLE I1 

RSRM-4A 
VARIATION X 

(4) 

-0.18 
+O. 49 
+O .06 
-1.27 
+O. 33 
+O. 00 
+O. 11 
-0.10 : 
-0.13 

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

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 TIHE TOTAL IMPULSE 

(3) RSRM-4B AT PMBT = 60 F 

NOMINAL 
VALUE 
(2 

111.7 
123.4 
660.8 
918.4 
3.06 
2.59 
267.1 
288.9 
296.3 

CEI 
MAX 3 SIGMA 
VARI ATIONX 

(1) 

k5.0 
k6.5 
k5.3 
k6.5 
k6.2 
k5.3 
k0.7 
k1.0 
k1.0 

(4) VARIATION = ((RSRM-4B - NOMINAL)/NOHINAL)*lOO 

RSRM-4A 
VALUE 
(3) 

111.5 
124.0 
661.2 
906.7 
3.07 
2.59 
267.4 
288.6 
295.9 

REVISION - 
FORM TC 7994-310 I R N  2-88) 
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TABLE 3.6 

RSRH-EPH POPULATION 
IHPULSB GATES 

(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 COMPARB NOMINAL THRUST TRACE, Figure 
3.17. 

STANDARD 
NOMINAL 

(2 

64.5 

172.7 

296.6 

IHPULSE 

Impulse at 20 sec 
(10**6 LBF-SEC) 

Impulse at 60 sec 
(10**6 LBF-SEC) 

Impulse at ACTION TIHE 
(10**6 LBF-SEC) 

REVISION 

FORM TC 7994-310 (REV 2-88) 

REQUIREHENT 
(1) 

63.1 (HIN) 

171.2 - 178.1 
172.9 (+3%, -1%) 

293.8 (HIN) 

DOC 
NO. TWR-17543-10 VOL 

SEC l 12 
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TABLB 3.7 RSRH-4 THRUST IHBALMX SUHHARY 

THRUST IMBALANCE = LEFT SRM - RIGHT SRH 

TIME OF 
MAXIMUH 

IMBALANCE 
(SEC) 

94.5 

109.5 

1 1 2  .O 

EVENT 

STEADY STATE (1.0 
SEC TO FIRST WEB 
TIME MINUS 4 . 5  
SEC, LBF, 
4 SEC AVERAGE) 

TRANSITION (FIRST 
WEB TIME MINUS 
4 . 5  SEC TO FIRST 
VEB TIME, LBF) 

TAILOFF (FIRST WEB 
TIME TO LAST 
ACTION TINE) 

IMBALANCE 
SPECIFICATION 

(KLBF 

85 

85 - 268 
LINEAR 

710 

MAXIMUM 
I MBALANCE 

(KLBF) 

+ 22.6 

+ 44.2 

+ 53 .5  
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TABLB 3.8 

XATCHBD PAIR PBRFORt4ANCE LIHITS 

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

(1) CEI SPECIFICATION PARAGRAPH 3.2.1.1.2.2, TABLE I1 

DELIVERED 
X DIFFERENCE 

(2 

+O .36 
+O. 40 
-0.20 
-0.28 
-0.33 
+O. 00 
-0.04 
+0.07 
-0.03 

PARAMETER 

WEB TIHE 
ACTION TIHE 
WEB TIHE AVG PRESSURE 
MAX PRESSURE 
HAX SEA LEVEL THRUST 
WEB TIHE AVG VAC THRUST 
VAC DEL SPECIFIC IMPULSE 
WEB TIME VAC TOTAL IMPULSE 
ACTION TIME TOTAL IMPULSE 

(2) VARIATION = ((RSRM-4B - RSRM-4A)/RSRM-4 AVERAGE)*lOO 
DATA AT PMBT OF 60 DEG F 

CEI SPECIFICATION 
MAX DIFFERENCE(%) 

(1) 

*2.0 
k3.0 
k2.0 
N/ A 
N/ A 
k2.0 
i1.O 
k1.4 
*I. 4 

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



Table 3.9 

STS-30 LH SEQUENT I AL MASS PROPERT l ES 

WE l GHT CENTER OF GRAVITY MOMENT OFINERTIA 
EVENTS/TIMES ( LBs) LONG. LAT. VERT. P l TCH ROLL YAW ........................................................................................................ 

PRE-LAUNCH 
TIME = Q,,OLl 

L I  FT-OFF 
T I M E  = 0.23 

INTERMEDIATE BURN 
TIME = 20.00 

INTERMEDIATE BURN 
TIME = 40.00 

MAX "Q" 
TIME = 54.00 

INTERMEDIATE BURN 
TIME = 60.00 

INTERMEDIATE BURN 410397.0 1215.277 0.172 0.018 11846.599 367.955 11847.382 
TIME = 80.00 

MAX "GI1 346521.7 1215.019 0.202 0.022 10477.867 317.422 10478.646 
T I M E  = 87.00 

INTERMEDIATE BURN 
TlME = 100.00 

WEB BURN 
TlME = 110.06 

END OF ACTION TlME 
TlME = 122.42 

SEPARATION 
TlME = 

MAX REENTRY 
TIME = 320.00 

NOSE CAP DEPLOYMENT 142751.9 1316.017 0.484 0.051 6558.840 139.672 6559.604 
T l M E  = 335.03 

DROGUE CHUTE DEPLOYMENT 142750.8 1316.016 0.484 0.051 6558.779 139.671 6559.543 
TlME = 335.63 

FRUSTUM RELEASE 142710.3 1316.002 0.484 0.051 6556.606 139.636 6557.370 
T l M E  = 356.73 

MAIN CHUTE LINE STRETCH 142707.8 1316.001 0.484 0.051 6556.472 139.633 6557.236 
TlME = 358.03 

MAIN CHUTE 1ST DlSREEFlNG 142688.4 1315.995 0.484 0.051 6555.427 139.616 6556.191 - . . .  

TlME = 368.13 
MAIN CHUTE 2ND DlSREEFlNG 142677.1 1315.991 0.484 0.051 6554.816 139.606 6555.580 

T l M E  = 374.03 
NOZZLE JETT l SONED 140465.5 1305.781 0.482 0.051 6354.589 134.182 6355.334 

T l M E  = 374.73 
SPLASHDOWN 140443.0 1305.772 0.482 0.051 6353.368 134.162 6354.113 

TlME = 386.45 



Table 3.10 

STS-30 RH SEQUENTIAL MASS PROPERTIES 

WE l GHT CENTER OF GRAVITY MOMENT OFINERTIA 
EVENTS/TIMES ( LBs ) LONG. LAT. VERT. P l TCH ROLL YAW ........................................................................................................ 

PRE-LAUNCH 
TlME = ,0,00 

L I  FT-OFF 
TlME = 

INTERMEDIATE 
TlME = 

INTERMEDIATE 
TlME = 

MAX "Q" 
TlME = 

INTERMEDIATE 
T l M E  = 

INTERMEDIATE 
TlME = 

MAX "G" 
TlME = 

INTERMEDIATE 

0.23 
BURN 
20.00 
BURN 
40.00 

54.00 
BURN 
60.00 
BURN 
80.00 

87.00 
BURN 

TlME = 100.00 
WEB BURN 

T l M E  = 110.40 
END OF ACTION T l M E  

TlME = 122.86 
SEPARATION 

TlME = 125.00 
MAX REENTRY "Q" 143503.0 1317.601 0.481 0.053 6521.886 146.660 6522.679 

T l M E  = 320.00 
NOSE CAP DEPLOYMENT 143449.3 1317.582 0.481 0.053 6519.035 146.612 6519.827 

TlME = 350.00 
DROGUE CHUTE DEPLOYMENT 143448.2 1317.582 0.481 0.053 6518.977 146.611 6519.770 

T l M E  = 350.60 
FRUSTUM RELEASE 143410.5 1317.570 0.482 0.053 6516.958 146.578 6517.751 

TlME = 371.70 
MAIN CHUTE LINE STRETCH 143408.1 1317.569 0.482 0.053 6516.834 146.576 6517.627 

T l M E  = 373.00 
MAIN CHUTE 1ST DlSREEFlNG 143390.1 1317.563 0.482 0.053 6515.864 146.560 6516.657 

TlME = 383.10 
MAIN CHUTE 2ND DlSREEFlNG 143379.5 1317.560 0.482 0.053 6515.296 146.550 6516.089 

TlME = 389.00 
NOZZLE JETT l SONED 

T l M E  = 389.70 
SPLASHDOWN 

TlME = 406.89 



Table 3.11 

Liftoff 

Action Time 

sqmxtirn2 

lfain Clute Line Stretch 

wt (a) I a r g i m  OG (in) 

predicted1 Actual Delta X Ermr Predicted1 Actual Delta X Erroe - - - - 
1,256,224 1,256,224 0 0.00 l,l7l.l86 l,l7l.168 0.000 0.00 

Notes: 

1. Based cn &ss Properties History kg Space Sutt3.e 34BXWM, 9 Janrary 1989 CML17340). 

2. Ihe slparatian larrgituiid mter of gravity of 1,316.169 is 66% of dre && Islgth. 



Liftoff 

lkogue h t e  Deplayloent 

bin a t e  Line Stretch 

bin h t e  Ist Disreefirg 

bin h t e  2mDisdhg  

=ummALw---m 
s 3 0  Right w 

~edicted' ktual Delta X Emx Predicted1 rbnl Oclfa X l h ~  

Notes: 

1. Based cm Has *ties History Icg S p a  Suttle 3608DObREI, 9 Jmmry 1909 (I'M-17341). 

2. Ihe sqaatian wtdinal oenter of &ty of 1,317.410 is 66X: of the W& m. 



M O ~ N  THIOKOL. INC 
Aerospace Group 

Space Operations Table 3.13 

P F m r C l F W m  WKIm (lb) a3HPms6 

Iten kiinim" l4mdmm predicted3 A c t d  Delta - 
Inerts 

Propellant 

u9ablf! 

To Liftoff 534 555 +21 

Liftoff to Actim 1,105,310 1,105,466 +W 

Action to Sepmtim 669 605 4 4  

After Separation 

Slag 

X Error Not- -- 

Notes: 

1. Requirement per CZVl-WXM, M & u n  G, Part I, (RSP( (ZI Specification). 

2. slag includpd in usable propillant, liftoff to actim. 

3. B a d  m 9 Jarrary 1989, Mas Properties History Log Sptlce Suttle 36OQOO&UI (M-17340). 
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I tern HMnrmHaxlmm 

Inerts 

Prefire, htr0U.d 151,975 

Pmpellaplt 1,103,560 

usable 

To Liftoff 

Liftoff to Action 

IhSabIn 

Action to Separation 

After Separation 

slas 

X Error Notes 
-- 

Notes: 

1. Requirement per CRn-36CQl, Addavfun G, Part I, (RSM (XI Specification). 

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

3. Besed on 9 J- 1989, Mass Properties History Log Spmce Quttle 36aOX4i ('NR-17341). 

REVISION - 
FORM TC 7994-310 (REV 2-881 

DOC 
NO. 'IliR-17543-10 rnL 
SEC WOE 



Forward Segment - I 
Transition 
Region 

Two Center Segments 

Af! Segment ---- 

Figure 1.1 RSRM Propellant ~ r a i n " ~ e s i ~ n  Configuration 



Figure 2.1 

RSRM-4 RECONSTRUCTED VACUUM THRUST 
VS. TIME AT 71 DEG. F 

0 10 20 30 40 50 60 7 0 .  @O 90 100 110 120 130 
Time (sec.) 



Figure 3.1 

RSRM-4A PREDICTED AND RECONSTRUCTED 
VACUUM THRUST 

- RECONSTRUCTED 

- - - PREDICTED 

0 10 20 30 40 50 60 70 80 90 100 110 120 130 
Time (sft,6i$, 



Figure 3.2 

RSRM-48 PREDICTED AND RECONSTRUCTED 
VACUUM THRUST 

- RECONSTRUCTED 

- - - PREDICTED 

Time 



Figure 3 .3  

RSRM-4A Predicted and Measured Head End 
Pressure a t  71 Deg. F 
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Figure 3 . 4  

RSRM-4B Predicted and Measured Head End 
Pressure at 71 Deg. F 

- MEASURED 

- - - PREDICTED 
1 

Time (sec.) 
. 4.. 



Figure 3.5 

RSRM-4A P e r f o r m a n c e  Compared  to 
HPM-RSRM Populat ion Nominal  
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Figure 3.6 

RSRM-4B Performance Compared to 
HPM-RSRM Population Nominal 
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Figure 3.7 

Burn Rate History 
Predicted Vs. Delivered 
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Figure 3 . 8  

RSRM/HPM Nominal Vacuum Thrust Compared 
to CEl  CPW 1-3600 Specification Limits 

. . . .  i . . .~u;n Rate = '0.368 in&=. .!. .j 
: at 60 Degrees F and 625 psia : 
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Figure 3.9 

RSRM-4 Steady State 
Thrust lm balance (ln'stantaneous) 

j] - - - CEI Specification Limit I I 
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Figure 3.10 

RSRM-4 Steady State 
Thrust Imbalance (4 Second ~ v e r a g i n g )  
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Figure 3.11 

RSRM-4 Tail O f f  Thrust Imbalance (instantaneous) 
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