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Background



Overview

« First flight in 1981

« Arguably the most complex flying machine ever
| > Launch rocket for 8%2 minutes
> Orbital spacecraft for approximately 2 weeks
> Hypersonic plane for an hour
> Subsonic glider for about 5 minutes




Original Shuttle Cockpit (1981)

Multifunction CRT Display System (MCDS)




Original Shuttle Cockpit (1981)

Multifunction CRT Display System (MCDS)
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Drawbacks:

« Some gauges are needed
only for a brief portion of the
mission.

* Only three CRTs are
available in the forward
section to show display
formats.



Original Shuttle Cockpit (1981)

Multifunction CRT Display System (MCDS)
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Original Shuttle Cockpit (1981)
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In 1981 ...

The five onboard computers had 128K of RAM.




In 1981 ...

The five onboard computers had 128K of RAM.

IBM PC had 64K RAM.
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An exception 06 has occured at 0028:C11B3ADC in WD DiskTSD{0O3) +
00001660, This was called from 0028:C11B40C8 in WD voltrack{04) +
00000000, It may be possible to continue normally.

* Press any key to attempt to continue.
* Press CTRLHALTHRESET to restart your computer. You will
lose any unsaved information in all applications.

Press any key to continue




Current Shuttle Cockpit (2000)

Multifunction Electronic Display System (MEDS)
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Current Shuttle Cockpit (2000)

Multifunction Electronic Display System (MEDS)
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Current Shuttle Cockpit (2000)

Multifunction Electronic Display System (MEDS)
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It Is far better to adapt the technology
to the user than to force the user
to adapt to the technology.

- Larry Marine



It Is far better to adapt the technology
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BACK OF 'EMERGENCY EGRESS’
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Example: Electrical Power System failure
(3 phase motor stall)

Alarm occurs.
Signature recognition: 30-45 seconds
Determine appropriate book/procedure location

Execute the procedure: 3-4 imbedded “do” loops + multiple
displays/switches

Confirm problem is mitigated: Delta P's come back
Determine impacts/recovery actions required: reference data

Determine next worst failure: Interpreted from ref data/cockpit cue
cards

Situation awareness: Lost
« 5 displays required, 1 display available (avionics architecture limitation)

* Pilot focused on failure exclusively for about 4 minutes

« Commander has no insight into navigation/trajectory monitoring 25



My Story



NASA Johnson Space Center
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Proposed Shuttle Cockpit (2006)

Command and Data Processor System (CDPS)

Goal: Develop new display formats with:

e Consolidated information
» A better use of graphics
e A better use color

The anticipated benefits are:
 An increase in the crew's situational awareness

« A reduction in the crew's workload
 An improvement in the crew's performance

28



Solution: Team Effort in Designing Display Formats

« Teams are assigned to each of the ~70 display formats.
 Each team typically has 5-10 people:

» 1-2 astronauts

» 1-2 engineers

» 1-2 astronaut trainers

» 1-2 Mission Control representatives

» 1-2 human factors scientists
« Teams generally met 1-2 times per month for several

months from 1999-2003.
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You can use an eraser at the drafting table
or a sledge hammer at the construction site.

- Frank Lloyd Wright



Comparison of Reaction Control System (RCS)
Display Formats
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Comparison of Fault Summary Display Formats

Current Fault Sum Display Proposed Fault Sum Display
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Comparison of Main Propulsion System (MPS) Display Formats

Current MPS Information

MPS

NAV

'

HE TK P 2840
REG P A 746
B 747

dP/dT 30

UL P LH2 12.6
LO2 ©.8

GH2 QUT P 4486
GO2 OUT T- 143

SYS SUMM

1MU
TAC
ADTA

MPS PNEU HE P
TK 2858

REG 751

ACUM 747

MANF P LH2 e
Loz 19

Proposed MPS Display

MPS Sum
(4200] (3300] dp/dt
10

Reg
750 ¢ 750 P2

Accum

BC2
PBlEF2 | FF3

Eng Lmt Inh

@A {2+ G7a ()
cmd [gTclA B[c[A

@ AC2 (AcD)
= BIA |B|A| -B A

Prop
75%

Hyd 1 04\ (Hyd 3}
rve— L—frvg— T—frvo-(hyd 2)
H2 out P 3400 3400
02 out T 420 420
H2 Ul 31.0 31.0 31.0




Comparison of Entry Trajectory Display Formats

Current Entry Tra] Display Proposed Entry Traj Display
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Key Constraint

Formal evaluation in the Shuttle Mission Simulator
cannot occur until the design is nearly finalized.
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Will the upgraded displays be implemented?

Arguments against:
 The funding is not available.

 Crews can be adequately trained on the original displays.

 The displays will only be flown a handful of times before
the shuttle is retired.

Arguments in favor:

« The new displays are a safety upgrade.
 The new displays give us a foundation for cockpit
development of the Crew Exploration Vehicle.
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