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Space Shuttle Operations and Infrastructure
A Systems Analysis of Design Root Causes and Effects
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Program
Integration, Space
Management Solid Solid Shuttle
Support, Rocket External  Orbiter Rocket Main Launch
Institution &  Launch Motor Tank Project Booster  Engine Crew Site Propel-
Generic FBS Network and {SEM) (ET) and Mission {SRB) {SSME) Operations Payload lants Total Total
Operations Function M. Support Landing  Project Project Logistices Operations  Project Project & Training Support  (Cryos) | $M FY94 {%e)
Element Receipt & .
Acceptance U (A) 0.4 ey 1.0 (A) (A) (a) (A) () (a) () 14 0.0%
Landing & Recovery 1.0 (A 19.6 {A) {A) {A) (A} {A) (&) (A) (A) (&) 19.6 0.6%
Aszzembly & Integration 3.004.0 &) 271 {A) {A) {A) (&) {A) (A) (A) (&) (&) s 0.8%
Launch 5.0 (A 515 {A) {A) {A) (A) {A) (&) (A) [A) (&) 515 1.5%
Offline Payload/Crew . .
Processing a0 (&) {A) {A) (Y] 402 (&) (A) (A) (A) 357 (&) 759 2.3%
Flight Element .
Tumaround -0 (&) 123 ey (a) (A) (4) (A) (A) (A) (A) (A) 1123 3.3%
Traffic/Flight Control 8.0 723 404 {A) {A) {A) . {A) (&) (A} (&) Y] 1994 5.0%
Yehicle Depot .
Maintenance 7.0 (4] 15 (A) (A) 108.3 0.0 837 740 (&) (&) (A) 2375 T1%
Spaceport Support
Services 10.0 02 1479 {A) TE& {A) 937 {A) (A) (A) (&) Y] 3186 0.5%
C"”“eplw'?'q.“e 11.0 09 07 337.0 2636 177.8 (A) 4622 (A) (A) (A) 16.5 8427 25.1%
ogistics
Transp. Sys.
Dlan o SE ”G'D"j 12.0 B48.7 209.1 G7.2 10 250 121.2 521 513 7. (&) (&) 1477 .4 43.59%
Total ($M Fy94) 9221 E195 4042 24 3513 2926 152.0 125.3 718 357 16.5 13634 100.0%
Percent 27 4% 186.4% 12.0% 11.1% 10.4% B.7% 45% 3T% 2.1% 1.1% 0.5% 100.0%

{A) Costs for these items were found to be either negligible or not separately identified in the budget breakdown. Some budgeted #ems may be accounted for in other items.
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Figure 2.

Space Shuttle Ground Processing Operations (ca. 1997)



s

JOCABDH

7914 ML OB ERERMT ENOEITS LIFEEDIE2ADHI56% & HHTLVS,

B BEEEZEDL. FENDNTINV1—T1THEBOHTIUT, #25129.56% % L8
BRXN. CONTTVDONERIE., U= TATH I3V IEENI%, YATLIVIR—RU K,
FREIMAVRBRATREIZY MLOU)D oI Da—T4 VT ERBRIEEN22%% H$HD , HEHE
RELUEBERR. FOMDIATLD N TIN 1 —TA T ERIEXTRERNDOFE HEHHDB,

GENERIC DESIGN DISCIPLINE

@ S
2 5 g 3
— o 0 = - =
£ 5 r T & g 2 @ 5
23 c £ 7] ] @ ] 5 s 8
. G e £ g E £ £ £ SRS = @ -
Concentration of Space Shuttle L9 B 8 g g s, 5 =g S - 5 b5 2 -
Direct Work Content for - @ a ] g 2 o0 8 5 - T L 8] g o
w o o = @ T c = < QR o e 9 > o S o
1997 Launches o= & 3 = = =% 3 g o ek = 3 3 2 £
(As measured by cumulative task-hours 22 o £ 5 28 c P 3 8’5 ER = - = — x @
for eight processing flows) 5 o o 5 2 £ _g § o > z o E G E g é £ & =
B & 5 E & @G 05 a s S = S o o) cE 4
ID 1 2 3 4 5 6 7 8 9 10 11 12
[ Flight Element Turnaround A 57,843 33,606 42,514 30,025 17,318 5,825 11,894 13,632 3,703 3,159 1,888 1,729 223,136 55.98%
= Launch (C) | B 8,870 12,965 44 4,638 9,429 19,388 2,841 627 5,289 (A) 289 410 64,790 16.26%
o
'G Flight Element Assembly (D) | C 39,718 9,085 2,691 427 317 613 173 221 3,343 292 301 (A) 57,181 14.35%
z
0>
4 : Vehicle Integration D 22,523 5,370 1,244 4,927 6,051 3,035 1,348 57 1,341 (A) (A) 40 45,936 11.53%
i
z2 : .
wo Flight Element Shipping, o
o E Receiving & Acceptance E 5,303 1,558 100 54 (A) 72 (A) (A) 32 (A) (A) (A) 7,119 1.79%
; Landing & Recovery | F (B) (B) (B) (B) (B) (B) (B) (B) (B) (B) (B) (B) 402 0.10%
(o]
Total | 134257 62584 46593 40,071 33415 28933 16256 14537 13708  3.451 2,478 2,179 | 398,564  100.00%
(Task-hours)
Percent [ 33.69% 15.70% 11.69% 10.05% 8.31% 7.26% 4.08% 3.65% 3.44% 0.87% 0.62% 0.55%
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Table 8.

Summary of Shuttle Orbiter Turnaround Work Content

Generic Design Discipline

= °
] = - o
F § 9 & £ g
5 = b 5 2 8 2 £
c (] = € o ° = k=
2 E ] @ z S o3 = g
Concentration of Space Shuttle g S E 5 o £ g T 2 = z
Orbiter Turnaround = % g =y £ g 2 £ '[-QE g g = ®
Direct Work Content for ? = 5 & 5 @ 2 & o5 k] = 9 2 o
0 o = k] = = £ ey = < @ = S
1997 Launches 5 z z = - 5 & 2 & g 4 3 - ]
(As measured by cumulative task-hours for eight sE 5 =3 2 3 _ s £ 3 g £ z 5 S e
processing flows) BT i i £ D i g & S S a 8 5] &
Cpo P 4 ~ 2 A I~ o o 4 o o 40 4.4 4
Turnaround Unplanned Tfoub'esm"t";g elzs 208 | A || 17,659 23448 4852 13,791 353 833 6 916 2,004 804 1,165 327 65,958 29.56% ﬂ
Vehicle Element Systems Servicing | 2.04 | B 11,284 12,579 8,429 8,880 283 2,656 424 4 829 112 155 931 46,566 20.87%
Processing Support Systems and F”"C""(g“) 207| c || 1075 24 7,252 304 13454 7137 (A) 2 25 48 10 48 20,379 13.47%
Turnaround Inspection and Checkout | 2.05 | D 8,762 2,659 6,687 3,907 2,580 1,450 125 (A) 663 1,276 494 292 28,895 12.95%
c
(=]
k5] Vehicle Payload Accomodations Turnaround | 2.06 | E 5,106 1,687 (A) 69 18 431 11,210 5 9 8 (A) 115 18,658 8.36%
u.g Turnaround Facility and Equipment Periodic
- ¥ quipmen 211| F | 3105 (A) 2,128 74 40 520 (A) 4,380 2 (A) ™ (A) 10,249 4.59%
g Maintenance
.‘5 Removal of Access, Umbilicals and Closeout | 2.10 | G 5,219 1,534 971 36 438 32 102 (A) (A) 141 (A) (A) 8,473 3.80%
Q
o
o Modifications and Special Tests | 209 | H 2,224 397 1,093 1,821 (A) 40 4 2 171 752 42 16 6,562 2.94%
o
g Vehicle Positioning, Connection to Services, | , o, | | | 5 769 186 1,065 116 17 189 23 120 (A) 18 22 (A) 4,525 2.03%
8 Gaining Access, and Protection
Vehicle Element Safing | 2.03 | J 346 (A) 1,245 462 119 98 (A) (A) (A) (A) (A) (A) 2,270 1.02%
Facility Preps for Vehicle Turnaround | 2.01 | K 294 (A) 84 565 16 246 (A) 396 (A) (A) (A) (A) 1,601 0.72%
Total
ota 57,843 42,514 33,606 30,025 17,318 13,632 11,894 5,825 3,703 3,159 1,888 1,729 223,136 100.00%
(Task-Hours)
Percent 25.92% 19.05% 15.06% 13.46% 7.76% 6.11% 5.33% 2.61% 1.66% 1.42% 0.85% 0.77% 100.00%

(A) System disciplines not showing dedicated concentrations of direct work. This should not be interpreted that no direct work occurs. Some of the tasks involving the design discipline may have been
identified, for the purposes of this analysis, as being dominated by another discipline. Proper interpretation is that these items have no identifiable direct work concentrations relative to the total annual

direct work content.

(B) A large contributor to the work accumulated in cell (C5) of the table is due to Orbiter/OPF purge circuit monitoring. While the task-hours accumulated are large, it should be noted that this work

involves verv little labor.
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Table 7.

= K2 B ]

37,347

4,512 Hr
2,498
4,463
2,158
1,978
2,339
671
905
735

8,916
5,321
6,550
9,633
3,715
4,553
3,628
3,706
73,151

i R B ]
12,532 Hr

Space Shuttle Eight-Flow Direct Work Concentration

Operations Functions Associated with Design Disciplines

(Table 6 Cells in Descending Order)

Eight (8) Flow Analysis Statistical Summary

(Values in Cumulative Task-Hours)

Eight

|
Eight (8) Eight (8)

Normal

Flow Normal Normal Flow
Table 6 Operational Functions for (1997) (OMDP) Flow Flow Flow Flow 90% Conf
Cell ID Generic Design Disciplines Total STS-81 S7S-82 STS-83 STS-84 STS-85 STS-86 STS-87 STS-94 Min Max Avg Std Dev  Interval
A1 Shruckires; Mechaniems and [iahding Systems 57843 || 5850 12532 6211 6340 8781 5057 8560 4512 | 4512 12532 | 6473 1633 1,015
A3 Thermal Management Systems Tumaround 42514 || 3674 8976 2498 4590 8138 5070 5544 3409 | 2498 8916 | 4703 1837 1,142
c1 Structures, Mechanisms System Assembly and Flight | 39745 || 4828 4857 5063 5195 5321 4893 5098 4463 | 4463 5321 | 4980 283 176
Element Handling |
A2 Liquid Propuision Systems Turmaround 33606 || 3408 4389 6350 3654 6550 2871 4446 2158 | 2158 6550 | 4205 1687 1,049
™ Power Management Systems Turnaround 30025 || 3721 9533 3173 2396 3083 1978 3992 2392 | 1978 9533 | 2962 743 462
D1 Stuctures, Mechanisms System Assembly and Vehicle | 2523 || 2791 2988 3015 3715 2751 2339 2502 2478 | 233 3715 | 2,799 464 288
ntegration Handiing
B6 Ground Interfacing Systems and Facilities for Launch | 49395 || 2792 4553 1218 671 2011 2010 4130 2015 | 671 4553 | 2121 1114 692
Operations
A5 Safety Management & Control Systems Tumaround | 17,318 || 1732 905 2930 2188 3628 1863 3037 1467 | 905 3628 | 2408 800 498
A8 Environmental Control and LT Suppont Systems 13632 || 808 3706 1681 735 1919 1546 1941 1206 | 735 3706 | 1,418 494 307
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