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Team and Review Charter .

Mars Science Laboratory

« Tiger Team Charter: Role is to carry the concepts developed at the
MSL Rover Workshop (Oct 28-30 2002) to the next level of maturity.

* Review objectives:

— Review the validation (or not) of the use of the recommendations of the rover
workshop. Among the key concepts which require validation are

s the "one pass”" design philosophy, where each subsystem is given sufficient mass,
power, volume and other resources that their design can proceed with minimal analysis
and zero risk of affecting other subsystems,

s the "isothermal” rover, where waste heat from the (presumed) radioisotope power
source is piped throughout the vehicle as required to prevent thermal issues from driving
the development budget.

— Review the system and subsystem designs for completeness and compliance
with requirements.

— Review the credibility of the cost estimate for the proposed rover.

— Review recommended changes to the technology plan that support the proposed
rover for credibility and efficacy.
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Tiger Team Background o

 Workshop held off-lab Oct 28-30 with
charter to brainstorm ways to reduce

cost of rover from ~$240M (Team X
estimate) to ~$120M

« Workshop proposed an approach with
associated cost estimate of $144M

* Result considered "good enough” to
carry to next level of maturity

» Tiger team started late November to
report out late Janua
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ons Workshop Problem Statement .
o s Science Laboratory |

' Ddeﬁ“e 13 | FY 02 $M
moderately long- e
range, long-life rover FY'OZ COSt Cap o 630.0
which can carry the Reserves | 165.0
science package — ~
(MER-like remote PM/SE/I\/IA/ SCI 600
and contact sensing MO S/GDS 45 .0
PLUS an analytical - e :
laboratory) within Pro ject ATLO | - 20.0
the cost constraints, EDL 140.0
significantly Payload O 106 | 80.0
increasing the cost of | N
EDL. MOS, cfc. Available 1 for Rover - 120.0
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Oct 28-30 Workshop
Strategic Decision Summary .

Mars Science Laboratory

« Spend mass and volume to save money.
 Use largest launch vehicle we can afford (Atlas V/Delta 1V).

« Use 5 m launch vehicle fairing and biconic backshell to
maximize volume and entry mass.

 Use two RTGs at 110W each and fluid loop to rover
extremities for benign component environment
everywhere.

 Make minimal use of composite or advanced materials

» Use "catalog" space electronics boards to configure
avionics

« Use MER-like telecom system (UHF and X-band, but not
fully redundant in both)
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Workshop Cost Estimate .

Mars Science Laboratory

ity Euime commem —
5' - telecom 300 18 ~ MER copy $11 3M ~$7M engmeermg (use MER slpares)

thermal 100 5 HRS kills problems, big margins everywhere
“Power | 100 | 10 R R R
f-Str/Mob 500 25 é"one pass" des1gn phllosophy
E-CDS 300 10 "catalog" computer/[Ocards, REU desngn fmm MTP

-GNC 200 15  fewer/COTS cameras, algorithms from MTP
s-FSW 100 20 _MER FSW w/o CEDL ~$18M, MTP mvestmg $16M
-Testbed 300 = 14  $10M EM SSTB + $4M for simulations |
%V-Mgt 100 @ 7 fapproxunately proportional to total Surface System -
-ATLO 4Q 0O 20 MER was 23M$+$4M counted elsewhere for2 systems e
2400 144 MS$ | |
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As Tiger Team .
o wiars science Lavoratony |
« Rover/team lead - Wilcox °*RPS - Dodge

 Thermal - Birur «System Engineering - Emily

. Mechanical - Lindeman/ Eelkema/ Michelle McCullar
Bickler/Johnson *Consultant - Bill Layman

. Designer - Kennedy Science - Leslie Tamppari

. FSW - Bob Rasmussen °Mission Assurance - Newell

« Comm - Valas *Costing - Jorganson

« CDH/GNC - Bolotin *Interface to EDL - Allen Chen
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Initial Guidelines to Tiger Team .
(based on a day with Bill Layman)

Mars Science Laboratory

* Entry mass ~2400 kg based on 4.6 m aeroshell
(ballistic coefficient of 95 kg/m?)

* Rover mass allocation of 960 kg (scaled up from
"Design Cycle 2" 600 kg rover by area of entry body).

* 75 kg Science allocation to allow "one-pass”
approach to science instrument development.

* Power 220 W continuous, 1.5 kW peak power, 50 kg
battery. |

* Low packing density, large volume rover (large
wheels, large wheelbase, large ground clearance,
low C.G.) - MER costs driven more by volume than
by mass

une 21, 2002

PRE-DECISIONAL DRAFT:; For planning and discussion purposes only



s, Tiger Team Rover Point Design .

Mass: 960 kg TG
Configuration: 6-wheeled LGA Assembly yd
. (Stowed)

rocker-bogie; square 3.05m

; HGA Assembly
footprint (Stowed) __ Mast Assembly
Ground pressure: same as y  (Stowed)
MER (0.8psi)
Power: 220 W continuous
from 2 RTGs, small battery

Science Payload: 100 kg,
including arm/mast,
interfaced via standard serial
data buses

Lifetime: Special life testing
not afforded but long life
expected due to 24/7
"shirtsleeves" thermal
environment based on
thermal fluid loop.
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Tiger Team Cost Estimate .

Mars Science Laboratory

Workshop Tlger Team B |
| Estlmate 'Estimate comment | ’ ,, i
- telecom 18 ‘“21 1 ;Can't just buy another copy of MER telecom
~thermal 5 11 0 Significant differences from MER/MPF HRS systems B
-Power 10 127  Consistent with Workshop Estimate
;- Str/Mol 25 250 %Consnstent with Workshop Estlmate - l |
- CDS .10 113 _;Consnstent with Workshop Estimate '~
-GNC 15 156 _Consistent with Workshop Estimate |
-FSW 20 225 Quick-look estimate (Al Sacks tiger team)
:-Testbed 14 ~ 30.0 Plus "mule" at $4. 7M Can MTP pay some of thls also"j
r-:-Mgt T 7.0 No workmthls area |
V-ATLO 20 27 6 éNeeda dlfferent approach"
| 144 1837 MS |

June 21, 2002 BWiicox-11
PRE-DECISIONAL DRAFT;: For planning and discussion purposes only



Guidelines to Presenters

Mars Science Laboratory

e Only points key to the tiger team charter are
to be presented: i.e. no generic design
discussions except as they relate to "how
does relaxing mass/power/thermal
constraints reduce cost?” Discussions not
relevant to this topic will be cut off by Tiger
Team Lead.

o Strict time will be kept by Tiger Team Lead
unless overruled by reviewers.

* There are too many charts and not enough
time so skip charts whereever possible.

June 21, 2002 BWilcox-12
PRE-DECISIONAL DRAFT; For planning and discussion purposes only



Team and Review Charter .

Mars Science Laboratory

« Tiger Team Charter: Role is to carry the concepts developed at the
MSL Rover Workshop (Oct 28-30 2002) to the next level of maturity.

* Review objectives:

— Review the validation (or not) of the use of the recommendations of the rover
workshop. Among the key concepts which require validation are

« the "one pass" design philosophy, where each subsystem is given sufficient mass,
power, volume and other resources that their design can proceed with minimal analysis
and zero risk of affecting other subsystems,

s the "isothermal" rover, where waste heat from the (presumed) radioisotbpe power
source is piped throughout the vehicle as required to prevent thermal issues from driving
the development budget.

— Review the system and subsystem designs for completeness and compliance
with requirements.

— Review the credibility of the cost estimate for the proposed rover.

— Review recommended changes to the technology plan that support the proposed
rover for credibility and efficacy.
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Tiger Team Background

* Workshop held off-lab Oct 28-30 with
charter to brainstorm ways to reduce

cost of rover from ~$240M (Team X
estimate) to ~$120M

* Workshop proposed an approach with
associated cost estimate of $144M

* Result considered "good enough" to
carry to next level of maturity

* Tiger team started late November to
report out late January.
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Workshop Problem Statement .
e o sconca Lovorion,

+ Definea "FY02 | $M
moderately long- pe— -
range, long-life rover FY'02 COSt Cap e 630.0
which can carry the Reserves 165.0
science package f g
(MER-like remote PM/SE/MA/ SCI | o 60.0
and contact sensing MO S /GDS | 45 0
PLUS an analytical + e A
laboratory) within PI’OJGCt ATLO 20.0
the cost constraints, AEDL 1 40 O
and without - o SESRE S—
significantly Payload O 1C€ 80 0
increasing the cost of : :
EDL, MOS, etc. Avallable for Rover&;F:_N_“__:_ml 20 0
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Oct 28-30 Workshop
Strategic Decision Summary .

Mars Science Laboratory

Spend mass and volume to save money.
Use largest launch vehicle we can afford (Atlas V/Delta IV).

Use 5 m launch vehicle fairing and biconic backshell to maximize
volume and entry mass.

Use two RTGs at 110W each and fluid loop to rover extremities for
benign component environment everywhere.

Make minimal use of composite or advanced materials
Use "catalog" space electronics boards to configure avionics

Use MER-like telecom system (UHF and X-band, but not fully
redundant in both)
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Workshop Cost Estimate .

Mars Science Laboratory

__Team X Workshop IO U SUUNUY BU SR
; Surf Sys [Estimate z;comment ? ? |
- telecom _30 0 18 MER copy $11 3M ~$7M engmeermg (use MER spares)
-thermal 100 5 HRSkill problems, big margins everywhere
-Power | 100 10 o
L-Str/Mob 500 25 ﬁ"one pass" des1gn phllosophy o
-CDS 300 10  “catalog" computer/IOcards, REU design: from MTP o
- GN C i 20 0 15 wéfewer/COTS cameras, algonthms from MTP AAAAA o
-FSW 7_@‘10 07 20 MER FSW wo CEDL ~§18M, MTvaestmg $16M
-Testbed 300 14  $10M EM SSTB + $4M for simulations | |
-Mgt - 100 7 Wjappmxnmately proportlonal to total Surface System N
-ATLO 400 20  MER was 23M$+34M counted elsewhere for2 systems
| 2400 14 MS | | |
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5 Tiger Team .
[ s Science Laboratory |
* Rover/team lead - Wilcox °*RPS - Dodge

e Thermal - Birur «System Engineering - Emily

« Mechanical - Lindeman/ Eelkema/ Michelle McCullar
Bickler/Johnson *Consultant - Bill Layman

- Designer - Kennedy Science - Leslie Tamppari

. FSW - Bob Rasmussen *Mission Assurance - Newell

e« Comm - Valas «Costing - Jorganson

« CDH/GNC - Bolotin *Interface to EDL - Allen Chen

« Power - Steve Dawson  *ATLO/Testbed - Greg LaBorde
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Initial Guidelines to Tiger Team .
(based on a day with Bill Layman)

Mars Science Laboratory

 Entry mass ~2400 kg based on 4.6 m aeroshell (ballistic
coefficient of 95 kg/m?)

* Rover mass allocation of 960 kg (scaled up from "Design Cycle
2" 600 kg rover by area of entry body).

» 75 kg Science allocation to allow "one-pass" approach to
science instrument development.

 Power 220 W continuous, 1.5 kW peak power, 50 kg battery.

* Low packing density, large volume rover (large wheels, large
wheelbase, large ground clearance, low C.G.) - MER costs
driven more by volume than by mass
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Tiger Team Rover Point Design .

Mars Science Laboratory

Mass: 960 kg I
Configuration: 6-wheeled LGA Assembly yd
. (Stowed)

rocker-bogie; square 3.05m

. HGA Assembly
fOOth'll’lt (Stowed) Mast Assembly
Ground pressure: same as (Stowed)
MER (0.8psi)
Power: 220 W continuous
from 2 RTGs, small battery

Science Payload: 100 kg,
including arm/mast,
interfaced via standard serial
data buses
Lifetime: Special life testing -
not afforded but long life
expected due to 24/7
"shirtsleeves" thermal
environment based on
thermal fluid loop.
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Tiger Team Cost Estimate .

Mars Science Laboratory

'Workshop Tiger Team T
| . Estimate Estimate comment : L
-telecomm 18 = 211 Can't jllSt buy another copy of MER telecom -
-thermal 5 | 110 Significant differences from MER/MPF HRS sysftelmr

-Power 10 ~ 12.7  Consistent with Workshop Estimate |
-St/Mol 25 | 250 Consistent with Workshop Estimate
-CDS 10 ~11.3 | Consistent with Workshop Estimate
-GNC = 15 | 156 Consistent with Workshop Estimate
-FSW 20 = 225 Quick-look estimate (Al Sacks tiger team) |
--Testbedgﬂ 14 ~30.0 Plus "mule" at $4.7M. Can MTP pay some of this also"‘
=-Mgt T - 7.0 No work in this area
g-ATLO 20 276 Needadlﬁ'erent appmach"
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Guidelines to Presenters .

Mars Science Laboratory

* Only points key to the tiger team charter are
to be presented: i.e. no generic design
discussions except as they relate to "how
does relaxing mass/power/thermal
constraints reduce cost?” Discussions not
relevant to this topic will be cut off by Tiger
Team Lead.

 Strict time will be kept by Tiger Team Lead
unless overruled by reviewers.

* There are too many charts and not enough
time so skip charts whereever possible.
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