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MlSSlOIl Overv1ew

- Mars Explorati

MER-A

Launch on a Delta 11 7925 Launch Window: May 30 to June 16, 2003
Arrive January 4, 2004
Latitude band 15°S to 5°N

MER-B

Launch on a Delta II1 7925H Launch Window: June 25 to July 12, 2003
Arrive January 25, 2004
Latitude band 10°S to 10°N

Mass (each)

Launch 1063 kg, Rover 185 kg, Payload 15 kg (not including arm, mobility)

Capability per mission

90 sols of science operations (after landing sol)

600 meter odometer traverse (system qualified to 1000 meters)
~ 4 distinct locations (including landing location)

~ 6 targets: one soil, five rock—one of which is abraded

~ 3 Gbits total data return (more for MER-A)

Your mileage may vary




Search for and characterize a diversity of rocks and soils that hold clues to
past water activity

Investigate landing sites which have a high probability of containing
physical and/or chemical evidence of the action of liquid water

Determine the distribution and composition of minerals, rocks, and soils
Determine the nature of local surface geologic processes

Calibrate and validate orbital remote sensing data and assess the
heterogeneity

Identify and quantify iron-bearing minerals indicating aqueous processes
Characterize mineral assemblages and textures in the geologic context

Extract clues related to past environmental conditions and assess whether
past environments were conducive for life



MER Spacecraft Architecture



MER Spacecraft Assembly jpoL \[ y
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Mars Exploration Rovers

Cruise Stage

Flight System

Heat Shield
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Antennas b . Cruise Stage Separation: E - 0:30:00 @ Lau_nCh = 6/3/03
¢ e Entry: E-0s, 129 km, 5.4 km/s wrt atmos., y = -11.5°% inertial, -12° relative Arrlva_l = 1/4/04
¢ _ _ ’ Landing at 5N
* Peak Heating / Deceleration: 34 W/cm<, 6.5 earth g Nominal Times
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P Project PDR
« baseli
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Evolution of an Antenna System



Comparison: MER Rover and 74
Pathfinder Sojourner Rover JPL ¢

. Ilkg 32cmtall

cameras »» | cameras 25 cm above the ground
neras . e o3 any

O cameras (1024x1024) — ° e

3 spectrometers |

JPL-25888AC



Antenna Evolution

Pathfinder Architecture — Starting point
October 2000

CMGA

P4
test port

4
HGA Rotary Joints

May 2001 October 2001



Current Antenna Baseline

Cruise Stage Antennas
CMGA - Cruise Stage MGA

Used during Cruise

CLGA - Cruise Stage LGA
Used during early & late cruise
P2-P4- Polarizer with dual E-Bend

Adapter

H

Antenna Stack

BLGA - Back Shell LGA

Used during Mars entry after cruise stage eject
RLGA - Rover LGA

Used during parachute descent & ground ops
P1 - Polarizer with WG-SMA Adapter

HGA Rotary Joints
'RAS A

RAAT-A \ \
— PLGA /_/
RAS Antennas Descent & Landing Antennas Ground Ops Prime Data Link Antennas
[ panemt PLGA - Petal LGA RUHF — Rover UHF LGA
RAA7 - Receive . . i ink wi i
ece Used iust after landin Used during ground ops for link with orbiter
Used during final descent DUHFJ — UHF Descen% Antenna HGA - High Gain Antenna

Used during parachute descent Used during ground ops as prime data link



Overview

W MER Telecom Block Diagram == ]

Cruise Cruise
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MER Cruise Stage Antennas



Top View of MER Cruise Stage JPL \(%5(1

Mars Exploration Rovers

LGA

Cruise Shunt
Radiator

Solar Array



Medium

MGA Bracket

FASTENERS THRU

CRUISE STAGE BEAM
=\ Polarizer
4PL4mm
FASTENERS TG
INSERTS IN MGA
ARSIDE /
Irises '
4PL4mm
FASTENERS TO
] INSERTS IN MGA
<
m .
T Polarizer Coax Adapter

°34.06 J




Swept 90 SMA

Coax Connector
S,

Cruise LGA
Interface Plate

#10 Fastener
Thru Holes, 4 Places

Test Port

0.190” Dia. Gore Coax to

Cruise LGA Stack
M4 Fasteners

8 Places

Irises




Mock-up of Cruise Stage for
Antenna Measurements

Mars Exploration Rovers
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The Antenna Stack



LGA Stack

Polarizer-to-SMA adaptor

/Lébé ANTEINA
- | ~ S Ryl e Polarizer (P2) & adaptor WG
% Back Shell Low gain Antenna (BLGA)
/ .
HCRINE } »
E’% 19°% B3
i e |
. dn_,—f _ "_ﬂ'“i Q
: ”; ‘, 35;32 - IO BRACECRAFT
!Trﬁi-—f~ LE; s
H ‘ H ?Tj Lzem -'u@f.‘wm Eés:an

BAERSHELL INTERFALE FLATE

Rover Low Gain Antenna (RLLGA)

ssems B

Polarizer (P1)
olarizer-to-WG/SMA adaptor

v |




Heat-shield / Back Shell Antenna



Antenna on

" Mars Exploratio

HTP-6 Annular Ring
Thermal Plug
Backshell LGA

Circa Ceramic

89—

A

)

HTP-6 (“Shuttle Tile

Irises



Mock-up of Backshell Interface
Platefor Antenna Measurements

Mars Exploration Rovers
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I_ander Antennas
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SN

X

Lander Assembly - Stowed  JPL ¢~

+y Petal (panel 1)
; = Shroud (3 places)

Monopole UHF
Antenna (stowed)

Airbag Envelope (4 places) -x Petal (panel 3)

\.
DEA coax
\, Cable Tray
W W Backside of Rover
e W Solar Array
! N
Radar Antenna - . \)\/ Latch Covers
Bracket U ey
AN . ——
> 3 >

l Sep Nut Subass’y

Gas Generator
(3 places)

Lander Petal Actuator

Airbag Retraction (3 places)
Actuator (4 places)

Rover Wheel

Not shown: Egress Aids



RILGA Measurements
on Lander Mock-up
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UHF Deployable

Decent Entry Antenna

- Based on MPF Deployable X-Band DEA Design
- Converted antenna from X-Band to UHF

S icaan

Mars Pathfinder X-band Monopole MER UHF Monopole design

FIG1. MPF X-Band DEA



UHF Deployable Decent Entry

JPL ¢
Antenna

| & End Cap:

1 -0.750 inch diameter Silver Plated Aluminum sphere

\ -Airbag Friendly Design and Dissipates Point Load Voliages

< Radiating Element

* RG174/U Flex Coax. 0.100 inch Diameter

- Bulkhcad Mounted Jack Connector with conductor ted through instead of
fully terminated




Descent Antenna Radiation Patterns IPL ;)
on Lander Mock-up vy

Mars Exploration Rovers

CP - RCP - 401 MHz -2

Gain (dBIC)

elevation angle(deg)

CP - LCP - 401 MHz -2

Gain (dBiC)

elevation angle{deg)



Base Petal Petal Low Gain
Antennas, (PLGAS) JPL s
Mars Exploration Rovers

1.50"/3.81cm
>
A
0.414”/1.05cm
1.50°/3.81cm 0.50"/ A= |
1.32¢m

|

- 0.3117/0.79cm
0.4177/1.059cm
0.031” thick
Roger Duroid

Center shorting pin

/ (from patch to ground plane)

18 micron thick
copper ground
plane

dielectric substrate

18 micron thick
copper patch&
0.06” thick
l¢——Aluminum plate
——— 9MA coax feed connector




PLGA Radome
/ FR 6730 Foam
@
PLGA

Punch Ring

/ (Optional)

-,

PLGA Base

/ Al 7075-T73




Test Data - Antenna Gain &
Pattern

e Antenna gain is measured on boresight.
— Without Airbag
— Airbag stowed
— Inflated
— Deflated

e Antenna radiation patterns are measured over +/- 90 degrees Az
— Without Airbag
— Airbag stowed
— Inflated
— Deflated

Antenna Wood/GP Fixture

RHCP Horn

Test Setup

Airbag

Azimuthal Axis






Measured Pattern/Gain Data

Inflated Airbag

Covérage R:equirem'ent

1
] 1 1 1 L}
] 1 1 1 ]
! 1 1 ] 1 ]
. : . . : e .
.............. >
1 1 1 1 1} 1 1
1 1 ] t 1

__________

----------

— No Alrbag
—— Inflated Airbag 0 deg roll cut with 3/4 inch spacer

— Inﬂated Awbag 0 deg mII cut wnh MLI cover

Inflated airbag +20 deq rall cut with 3/4 inch spacer
Inflated Airbag 40 deg roll cut with 3/4 inch spacer
Inflated airbag -20 deq roll cut with 3/4 inch spacer

-60

-40) -20 0 20 40 b0
Azimuth — degrees from boresight

«|Gain Requirement



. Deflated Airbag Over Antenna _JpPL &/%L

AN
N

€T
7|
50,/

v

2 Folds 4 Folds

y N

5+ Fold Packed w/ MLI Cover
+ Folds




Measured Pattern/Gain Data JPL £
Deflated Airbag | ik

(5ain Requirement

Mo Airbag .
~—— Airbag with 1 fold & 3/4 inch spacer | __i[_ |
—— Airbag with 2 folds & 3/4 inch spacer
; . Airbag with 3 folds & 3/4 inch spacer
I - Alirbag with 4 folds & 3/4 inch spacer "
—— Ailrbag with >5 folds & 3/4 inch spacer

\

.35 \ I | | | | |
-80 -60 -4( -20 0 20 40 60 80
Azimuth — degrees from boresight



Mars Exploration Rovers

Descent PLGA Return Loss

8.437 +.027 GHz

LA
o O O, O
i

Return Loss (dB)

8.40
Freq (GHz)

8.20 8.30 8.50

8.60

8.70

—e— Series1
= Series2
Series3
Series4

—w-— Series5

—e— Series6
|

-Seres7
Series8

—~ Series9 |
Seﬁes10:
Series11]

Series12

Series13||

Series14

Sedes15|

Series16

—~— Series17||

— - Series18
Series19
Series20
Series21
Sernies22

*— Series23

< Senes24

—+— Series25

Data

Neriey

~

- SRV S S}

19
20
21

22
23

24

25

Bag

Nome

Inflated

Deflated

Configuration

w/ M7 Spacer & Cover

w/ ¥ Spacer

I Furkd

I Fokt w/ 3" Spacer &
Cover

| Fold w/ %" Spacer
& Cover
2 Folds

2 Folds w/ Cover

2 Folds w/ 37 Spawer

3 Folds

3 Folds wf 37 Spacer

3 Folds w/ Cover

3 Folds w/ %™ Spacer
& Cover

Packed

Packed w/ Cover

Packed w/ 3" Spacer

& Cover

Packed w/ 37 Spacer




Rover Antennas



Deployed Rover on the Lander JPPL

Mars Exploration Rovers

Low Gain Antenna Deployed PMA with
Stack New Mast
Deployment Drive

High Gain Antenna

Gimbal \

Solar Arrays with
5 deployed Panels

UHF Monopole
Antenna

" -

Pancam Calibration
Target

Low Profile Wheel
Restraints



LGA Sprung Section

e

Spring Retainer Housing

5'

LGA Spring

LGA Base Section

LGA Bracket
Polarizer

Polarizer Adapter

Rover Equipment Deck Waveguide

Flex Waveguide




e The RLGA consists of a base and a sprung section
— The sprung section slides over the base section, and has two different
positions during operation
e A choke was added to reduce the amount of RF energy that could
couple through the gap between the base and sprung sections

¢ Irises were added to improve the match at the step between the .
base and sprung sections from —22.5 dB to —40 dB in the low -
frequency band

Base section (red) ~ -065mm nominal Sprung section Irises for -
gap between base aperture mismatch
| and sprung sections /
A — BRI X { éﬁ

U ! i L
Irises for mismatch at \ %D
step between base and

: The green lines show 76.2mm linear
sprung sections the two positions of the tap;er from 28.07mm

e|_1d of the base section_ dia. to 26.8mm dia.
relative to the sprung section

Choke ring
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Antenna Patterns for RLGA JPL X
on Rover Mock-up |

0 7181 MHz - Measured Boresight Gain: 5.73 dBic
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Rover UHF Monopole JPL

Mars Exploration Rovers

BeCu
UFH Radiating Element

BeCu
Monopole Mount G-10 Fiberglass

: Insulator
1]
SMA Panel

& BeCu
Jack Connector /Monopole Base

a‘— Jack to Plug Adapter




Engineering Model £
of Rover Monopole A

Mars Exploration Rovers

Brass Monopole mount




Radiation Patterns of Rover £
@ UHF Antenna on Rover Mock-up 2P &/

CP- RCP - 401 MHz - tnal 2

Gain (0BIC)

elevation angla(deg)

CP - RCP - 437 MHz 2
T T

wlovation angle(deg)



High Gain Antenna Assembly
HGAA) Overview

Potentiometer  Twist Capsule Housing

Potentiometer

| \ . .
Elevation Axis | Azimuth Axis

Pin Puller
Launch Lock  Twist Capsule Housing



HGAA Overview JPL -

Mars Exploration Rovers

Potentiometer Twist Capsule Housing

Pin Puller
Launch Lock

Potentiometer

Ty . N . f
n I.‘ A . "‘, )

o . m,. : ‘.‘, .".
| -: »,
- A
4 _ )

L

Elevation Axis

Twist Capsule Housing '/



HGAA Overview Cross-Section
(HGA Removed)

Mars Exploration Rovers

Potentiometer

Twist Capsule
Housing

Pin Puller
Launch Lock

Azimuth Axis — 2 I "




High Gain Antenna Gimbal £
RF System % s

e (4) flex coax lines - .190 inch diameter, SMA and TNC connections
¢ (2) RF Rotary Joints
e Bulkhead SMA connector



High Gain Antenna & ﬁ%ﬂ

Coaxial Rotary Joint JPL &




Co Pol gain (dBic)+- 0.25 dB

Mars Pathfinder HGA in Free Spaca 8.425 GHz

T T T T T
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_______ UL ST PRSP 51 WSRO pri = 45 deg
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Mars Pathfinder HGA in Free Space 7.175 GHz

Co Pol gain (dBic)+- 0.25 d8
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Cross Pol gain (dBicy+- 0.25 dB

High Gain Antenna

Radiation Patterns

Transmit

!

JPL

Mars Pathfinder HGA in Free Space 8.425 GHz
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Mars Pathfinder HGA in Free Space 7.175 GHz
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