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 R
over

•
M

ission and flight system

•
M

ission objectives

•
Spacecraft and R

over D
escription

•
Environm

ental Verification Program

•
Focus on Therm

al Testing

•
Tem

perature m
easurem

ents on the Surface of M
ars

•
Therm

al Perform
ance

•
Sum

m
ary and C

onclusions A
genda
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over

•
Place tw

o m
obile science laboratories (R

over) on the surface of M
ars.

•
R

em
otely conduct geologic investigations, including characterization

of a diversity of rocks and soils.

M
ission O

bjectives

M
eridiani

-2.06º Lat.
354.01º Long.

Jan 25, 2004

C
ruise tim

e:
6 m

onths &
 18 days

D
elta II 7925H

July 7, 2003
M

ER
-B

 “O
pportunity”

(M
ER

-1, R
over-1)

G
usev C

rater

-14.64º Lat.
175.30 º Long.

Jan 4, 2004

C
ruise tim

e:
6 m

onths &
 24 days

D
elta II 7925

June 10, 2003
M

ER
-A

 “Spirit”
(M

ER
-2, R

over-2)

Landing Site
Landing D

ate
Launch
Vehicle

Launch D
ate
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 R
over

R
over-1, -2.06

o L
at

R
over-2, -14.64

o L
at
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over

The R
overs
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over

Spacecraft System

B
ackshell

C
ruise S

tage

Lander

2.65 m

1.7 m

H
eat S

hield

R
over

S
pacecraft

(Launch C
on�guration)
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over

R
over - D

eployed

H
igh-G

ain
A

ntenna
(H

G
A

)

P
ancam

C
alibration
T

arget

L
ow

-G
ain

A
ntenna

(L
G

A
)

N
avcam

 (pair)

P
ancam

 (pair)

P
ancam

 M
ast

A
ssem

bly (P
M

A
)

Instrum
ent

D
eploym

ent
D

evice (ID
D

)

F
ront

H
azcam

(pair)

R
ocker-B

ogie
M

obility System

In-situ Instrum
ents (A

P
X

S, M
B

, M
I, R

A
T

)

W
arm

E
lectronics

B
ox (W

E
B

)

Solar
A

rrays

R
over

E
quipm

ent
D

eck (R
E

D
)

U
H

F
A

ntenna

C
apture/F

ilter
M

agnets
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 R
over

X-B
and

SSPA

M
ini-TES

location
(attached to

R
ED

)

R
ear C

able
Tunnel and
B

ulkheadD
ifferential Shaft

C
onnection to the

Starboard R
ocker

B
ogie

Forw
ard C

able
Tunnel and
B

ulkhead

X-B
and W

aveguide
to H

G
A

B
attery Location
on B

ottom
 of

W
EB

U
H

F R
adio

IM
U

R
EM

Structure and
Electronic

Slices

X-B
and SD

ST

W
arm

 Electronics B
ox (W

EB
)

W
E

B
 - F

o
r tem

p
eratu

re-sen
sitive h

ard
w

are
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 R
over

Environm
ental Verification Program

A
ssem

bly/Subsystem
• D

ynam
ics tests

•
R

andom
 vibration (include frequency survey)

•
Q

uasi-static loads (entry, landing)
•

Pyroshock
•

A
coustic noise (selected - large area/m

ass)
•

Sine sw
eep (grinding/drilling)

•Therm
al tests

•
Therm

al vacuum
 (all hardw

are)
•

Therm
al M

ars A
tm

osphere (landed hardw
are)

•
Therm

al cycling life qual (selected h/w
)

•
EM

C
 tests

•
C

onducted susceptibility/em
ission

•
R

adiated susceptibility/em
ission

•
G

rounding &
 isolation

•
M

ultipacting/ionization breakdow
n (corona)

• Environm
ental analyses

•
R

adiation (TID
, D

D
, SEE)

•
Venting (pressurization &

 depressurization)
•

M
eteoroid (done at system

)

Spacecraft System
• D

ynam
ics tests

•
Low

-level random
 survey

•
R

andom
 vibration

•
Q

uasi-static loads (Launch/entry)
•

A
coustic noise

•
Pyro firing

•
Therm

al tests
•

Therm
al vacuum

 (w
/ therm

al balance - critical
h/w

 at FA
 lim

its during functional)

•
EM

C
 tests

•
R

adiated em
ission

•
R

adiated susceptibility
•

Self com
patibility

•
M

agnetic cleanliness
• Environm

ental analyses
•

O
rbital debris

•
M

eteoroid (prob. of survival &
 shielding )

•
ESD

 (touch dow
n)
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 R
over

Therm
al Test Program

•
A

ssem
bly-Level Therm

al Testing
•

Therm
al Vacuum

 (all hardw
are - C

ruise, ED
L, Landed A

ssem
blies)

•
Therm

al M
ars A

tm
osphere, 5-10 torr G

N
2  or C

O
2  (Landed hardw

are)

•
System

-Level Therm
al Testing

•
System

 Therm
al Vacuum

•
R

over Therm
al M

ars A
tm

osphere, 5-10 torr G
N

2  or C
O

2

•
Therm

al B
alance Test

•
Therm

al C
ycling Life Q

ualification Testing
•

To survive the M
ars diurnal tem

perature cycles
•

R
equired for tem

perature un-controlled hardw
are outside the W

EB
•

Perform
ed on flight-like test coupons or non-flight engineering units
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 R
over

M
ars Surface Environm

ent

M
ars G

C
M

 (G
lobal C

irculation M
odel) predicts the ground (M

ars surface),
atm

osphere, &
 sky tem

peratures

 
 

O
ptical 

D
epth,
tau

 

Surface 
A

lbedo
 

Therm
al Inertia 

(J m
-2 K

-1 s- 1/2)
 

Pressure 
(m

bar)
 

L
atitude,

(degrees 
N

orth)
 

L
s (degrees)

. 
 

C
ase 1

 
H

ighest M
ax 

D
aily Tem

p
 

0.2
 

0.125
 

220
 

6.5
 

-2.5
 

328
 

C
ase 2

 
Low

est M
in 

D
aily Tem

p
 

0.2
 

0.18
 

230
 

7.8
 

-9.0 

29.5
 

C
ase 3a

 Low
est M

ax 
D

aily Tem
p:  

(D
usty: tau = 2)

 

2
 

0.136
 

710
 

6.5
 

-13.1
 

16
 

C
ase 3b

 Low
est M

ax 
D

aily Tem
p:  

(D
usty: tau = 1)

 

1
 

0.136
 

710
 

6.5
 

-13.1
 

16
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over

-150

-140

-130

-120

-110

-100

-90

-80

-70

-60

-50

-40

-30

-20

-10 0 10 20 300:00
2:00

4:00
6:00

8:00
10:00

12:00
14:00

16:00
18:00

20:00
22:00

24:00
Local M

ars Solar Tim
e (hour)

Temperature (C)

T_ground (C
)

T_atm
 (C

)

Tsky (C
)

Tground, m
ax = 22C

 

Tatm
,m

ax = -3C

Tsky, m
ax = -106C

 

Tatm
, m

in = -88C
 

Tground,m
in = -91C

Tsky, m
in = -137C

 

M
ars Tem

peratures for C
ase 1

 
 

O
ptical 

D
epth,
tau

 

Surface 
A

lbedo
 

Therm
al Inertia 

(J m
-2 K

-1 s- 1/2)
 

Pressure 
(m

bar)
 

L
atitude,

(degrees 
N

orth)
 

L
s (degrees)

. 
 

C
ase 1

 
H

ighest M
ax 

D
aily Tem

p
 

0.2
 

0.125
 

220
 

6.5
 

-2.5
 

328
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over

A
llow

able Flight Tem
peratures (A

FT)

•
W

EB
 A

FT’s (for tem
perature-sensitive hardw

are inside the W
EB

)

•
Flight System

 Electronics (-40
oC

/+50
oC

)
•

M
ini-TES Science instrum

ent (-40
oC

/+45
oC

)
•

Li Ion secondary battery (-20
oC

/+30
oC

), charging at >0
oC

•
External-H

ardw
are A

FT’s (for hardw
are that is not tem

perature-
controlled)

•
9 cam

eras &
 34 actuators (-105

oC
/+50

oC
)

•
D

eployable Solar A
rrays

•
Telecom

m
unications antennas (H

igh G
ain, Low

 G
ain, U

H
F)

•
R

obotic arm
 w

ith science sensors
•

M
obility system

•
Pancam

 M
ast A

ssem
bly

•
C

am
eras (O

ptics and Electronics)
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over

Vacuum
(plus 5-10
Torr C

O
2  or

G
N

2  gas for
landed h/w

)

3 to 10
C

old: 24 h

H
ot: 50 h

C
old: AFT-5ºC

H
ot: AFT+5ºC

Vacuum
(plus 5-10
Torr C

O
2  or

G
N

2  gas for
landed h/w

)

3 to 10
C

old: 24 h

H
ot: 50 h

C
old: AFT-15ºC

H
ot: AFT+20ºC

N
on-

Electronics

Vacuum
(plus 5-10
Torr C

O
2  or

G
N

2 gas for
landed h/w

)

3 to 10
C

old: 24 h

H
ot: 50 h

C
old:

AFT-5
°C

H
ot:

AFT+5
°C

 or +55
°C

(w
hichever is higher)

Vacuum
(plus 5-10
Torr C

O
2  or

G
N

2 gas for
landed h/w

)

3 to 10
C

old: 24 h

H
ot: 144 h

C
old:

AFT-15
°C

H
ot:

AFT+20
°C

 or +70
°C

(w
hichever is higher)

Electronics

Test M
edia

N
um

ber
of

Therm
al

C
ycles

Test
D

uration
O

perational
(h)

Tem
perature Levels
(m

argins)
Test M

edia
N

um
ber

of
Therm

al
C

ycles

Test
D

uration
O

perational
(h)

Tem
perature Levels
(m

argins)

Flight A
cceptance (FA

) Test
Q

ualification (Q
ual) or Protoflight (PF) Test

Type of
A

ssem
bly

A
dditional test param

eters w
ere also required as follow

s:
1)

R
am

p rate, <  5°C
 /m

in.
2)

N
um

ber of off/on cycles for the cold and hot operating m
ode (3 m

inim
um

 each).
3)

N
um

ber of non-operating cold startups (3 m
inim

um
 each).

4)
Functional verifications at hot and cold conditions.

Therm
al Test R

equirem
ents for A

ssem
blies

Therm
al test program

: Q
ual/FA

 or PF
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 R
over

System
 Therm

al Tests

•
Therm

al tests - cruise configuration
•

Therm
al tests - for R

overs
•

Therm
al balance tests - to verify therm

al m
odel
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over

Therm
al C

ycling Life Q
ualification Testing

•
Verify survival for M

ars surface diurnal tem
perature cycling

•
D

em
onstrate three tim

es (3X) prim
ary m

ission diurnal cycles
•

M
ission design life 90 days baseline

•
R

equires 270 cycles for externally-m
ounted hardw

are

•
Perform

ed by therm
al cycling either:

•
Flight-like packaging sam

ple, or
•

N
on-flight engineering m

odel

•
A

 total of 39 tests perform
ed
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 R
over

Therm
al C

ycling Life Testing Profile

R
am

p rate:
5

oC
/m

in-120
oC

10 m
inutes 

of D
w

ell tim
e

+85
oC

45 m
inutes 

of D
w

ell tim
e

45C

C
ycle 1

C
ycle 2

C
ycle 3

R
oom

 
Tem

perature

(270 cycles, -120C
 to 85C

)

M
otors
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-40

-30

-20

-10 0 10 20 30 40 50 60

0
100

200
300

400
500

600
700

800
900

1000

M
ER-A Sol Num

ber

Temp (C)

M
ax R

E
M

 Tem
p

M
in R

E
M

 Tem
p

W
inter 

Ls = 90
S

ol 254A

Late S
um

m
er, Ls = 328

S
ol 1A

A
utum

n 
Ls = 0
S

ol 60A

S
pring

Ls = 180
S

ol 433A

S
um

m
er

Ls = 270
S

ol 576A

Late S
um

m
er, Ls = 328

S
ol 670AA

utum
n 

Ls = 0
S

ol 729A

R
over Electronic M

odules
In-flight Tem

perature M
easurem

ents

A
FT for R

over Electronic M
odule (inside W

EB
) = (-40

oC
/+50

oC
)
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over

-50

-40

-30

-20

-10 0

10 20 30

0
100

200
300

400
500

600
700

800
900

1000

M
E

R
-A

 S
ol N

um
ber

Temp (C)

M
ax M

ini-TES Tem
p

M
in M

ini-TES Tem
p

W
inter

Ls = 90
Sol 254A

Late Sum
m

er, Ls = 328
Sol 1A

A
utum

n
Ls = 0
Sol 60A

Spring
Ls = 180
Sol 433A

Sum
m

er
Ls = 270
Sol 576A

Late Sum
m

er, Ls = 328
Sol 670A

A
utum

n
Ls = 0
Sol 729A

M
ini-TES Instrum

ent
 In-flight Tem

perature M
easurem

ents

A
FT for M

ini-TES Instrum
ent = (-40

oC
/+45

oC
)
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over

PA
N

C
A

M
 Instrum

ent Electronics
 In-flight Tem

perature M
easurem

ents

A
FT for PA

M
C

A
M

 Instrum
ent Electronics = (-105

oC
/+50

oC
)
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over

110

100

  90

  80

  70

  60

  50

  40

  30

  20

  10

    0

 -10

 -20
 -30

 -40

 -50

 -60

 -70

 -80

 -90
-100

-110

 110

 20

   37

120
130

-120
   -120

   -92
   -98

T
em

perature ºC

      M
obility D

rive A
ctuators

H
azard C

am
eras C

am
era head

   -120

   -98

   70

   29

   -83

   26

   -105

    7

   -91

    50

   -105

10

   -84

     85

A
llow

able Flight T
em

perature
(A

FT
) R

ange

Flight A
cceptance (FA

) R
ange

(A
ctual)

Q
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Sum
m

ary and C
onclusions

•
B

oth R
overs have celebrated 3-year anniversaries on surface of M

ars
•

M
ore than ten tim

es design life
•

Planned and im
plem

ented rigorous assem
bly and system

 level test
program

s
•

D
em

onstrated robust therm
al m

argins
•

Tested both in vacuum
 and M

ars atm
osphere

•
Planned and im

plem
ented therm

al cycling life qualification program
•

D
em

onstrated survival in deep therm
al diurnal cycling and seasonal

tem
perature variations

•
B

oth R
overs continue to explore and return valuable science data

'B
onneville C

rater' Panoram
a


