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New Millennium Program

NMP Charter

DS2 project: tasked to demonstrate technologies
for network science studies

2 probes carried on Mars Polar Lander in 1999
Inexpensive vehicle for network science

Designs and materials developed for high G
Impact landing, in addition to other technologies
not addressed here
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Mars Polar Lander

DS2 MISSION PROFILE

Probe 2

Cruised

11 months[d
Arrive December 3, 199900
No Microprobe Operations

Entry, Descent & Impactl]
Separation to Impact - 10 minute
Entry System Validation

L

MGS Orbiter(] ‘ﬁ'

Landed Operations]
Primary Mission: 1-10 Sols[]
Objectives:.[
Technology Validation[d
Science Data Collection

LaunchO
January 3, 19990J
Delta 7425 1l Launch Vehicle
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DS2 Probe

DS-2 Aftbody

DS-2 Forebody

@,
Forebody Separated From Aftbody
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Aftbody Exploded View
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aTIEHEILIE

Flex Cable Connection
|Data Ptk

Impact
Acceleromator

In=trumeant Elgctronics — Sample Colleclos
Waler Expesiment

“FPewer Elecironics ——

Microcomtraller - L TampEraLng

SEmsars

Extreme Environments Workshop - 6 BRB 5/14/03




N EW MILLENNIUM PROGRAM
DS2 Follow-On Experiment

JPL &

DS2 Limitations / Follow-On Rationale

* Testing program omitted powered impact tests due
to time and budget constraints

* No datarecelved from probes at Mars (1999)
« DS2 technologies not demonstrated in space

o Additional successful impact tests will further
validate these technol ogies, and make them more
viable for proposing on new missions
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DS2 Follow-on Experiment

Pur pose

» Validate the design principles and core technologies used in the DS2
project when subjected to an expected Mars mission impact environment.
* Provide an independent characterization of the impact environment.

ODbjectives

Measure the performance of the selected technologies and validate design
principles employed in the probe system after environmental tests that
simulate the expected nominal impact and subsequent thermal conditions for
the DS2 mission at Mars.

Characterize the dynamic impact environment and test sensor technologies .
Determine effects of impact on the parameters of the probe system,
subsystems, and components.

Provide atest vehicle for anticipated sensor systems for new proposals.
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Testing
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11 DS2 Design Principles Targeted for

COMPONENT OR

VALIDATION IMPACT
TEST
INSTRUMENTATION

DESIGN PRINCIPLE UNIT
OR CONFIRMATION
APPROACH
Materials selection and geometry | Integrated Strain gauges on electronic

base upon stiffness requirement
to limit deflection

electronics/structure

substrates of both forebody and
aftbody

Multiple transitions of
compliance between components
and supporting structure actsto

Integrated
el ectronics/structure,
shock sensitive

Pair of accelerometers with and
without multiple interfaces,
reference crystal survival and

reflect shock pulse and dampen components functionality post test

high frequency components of

pulse

Compressive preloading utilized | Integrated electronics& | Strain gauges on electronic

to prevent tensile loading and to
minimize deflections

structures, forebody
prism

substrates and structures
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DESIGN PRINCIPLE

COMPONENT OR
UNIT

VALIDATION IMPACT
TEST
INSTRUMENTATION
OR CONFIRMATION
APPROACH

Design loads based upon
calculated average acceleration
times1.5t02.0

All structure and
component mounting

Accelerometers and strain
gauge suite being defined for
forebody and aftbody

Uniformly support all components

Electronic components
and interconnect

Functionality and post test
observations and analysis

Clearances between moving part

M echanisms

Post test functionality and

6 minimized; thisis an extension of Inspection
fully supporting all components
Electronic assemblies and Electronics and sensors | Add strain guage die to

fabrication basained as “Direct
Die Attach”

confirm stresses experienced
by active components; |oads
confirmed by accelerometers
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VALIDATION IMPACT
TEST
COMPONENT OR
DESIGN PRINCIPLE UNIT INSTRUMENTATION
OR CONFIRMATION
APPROACH
Treat fluid filled batteries as Batteries Strain gauges on battery case
8 pressure vessels and assemble to particularly in area of glassto
control deflection of case metal feed-throughsinlid
Internal wiring of battery strain Batteries Pre and post test X-raysto
9 relieved and supported as fully as observe motion of battery
possible internal wiring
Stacked planar electrodes with Batteries Pre and post test X-raysto
1 O extended insulating separators to observe motion of battery
minimize likelihood of shorting internal wiring
to case
Fan fold deployment of umbilical | Forebody to aftbody flex | Functionality after test,
1.1 | fromforebody to have notension | circuit umbilical inspection
deployment
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Design Principles JPL @

- Multilayer
. Si die li
Ceramic mount al a2 a3 compliant
a7 Mount

Substrate |

PWB a& s3 s4 S5 <— | ® | | T| ITI J
Y EE SR s

e Aftbody Sensors
— 6 accelerometers
— 7 strain gauges

e Forebody Sensors Backbone
— 1 accelerometer
— 4 strain gauges
— 1 temperature monitor FR4 PWB
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Impact Testing at EMRTC
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Sandia Airgun and Probe In Sabot JPL @
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Probe 2 Impact Test

Streak image of probein flight Excavated side view of probe
wher e sabot begins breaking up after impact
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Z-axis Accelerometer Data and
Double-integrated Results from
Probe 2 Impact Test

AC5 below AC6 &
oriented asAC1

Aftbody Accelerometer
locations and Orientations
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ACH, ACA, ACT at Impact

Agcaleration (G|

1 3
y

I ¢

Time imeec)

Valocity-Distance Profila
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Acceleration (&)
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Aftbody X-, Y- and Z-Accelerations at Impact
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Impact Test Probe
Development

Brent Blaes
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Technical Approach
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Use same basic mechanical design as DS2 probe
Use DS2 spare parts (batteries, flex cable, face

plate, forebody parts)
Attempt to use commercia datalogger

— As backup, develop low-cost data logger using

commercial off-the-shelf (COTYS) parts

Incorporate fault tolerance (use multipl
Independent data loggers)
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Scope and Schedule of Task JPL @

e Low cost, short duration effort

— Three impact tests

* Probe 1. Aftbody only — Survival test for custom data logger with one
accelerometer channel

 Probe 2: Full-up Aftbody (7 accelerometers + 7 strain gage channels)

* Probe 3: Full-up probe - aftbody (7 accelerometers + 7 strain gages)
and forebody (1 acceleromerer, 4 strain gages, 1 thermometer)

ater 2nd Quarter Jrd Quarter th Quarter 14t Quarter 2nd Quarter Jrd Quarter th Quarter
Task Mame Feh |h-1ar A |h-1a\,= | dun |l |Aug |SE:p Ot |N|:|v | Dec | Jan |Feh |h-1ar A |h-1a\,= | dun |l |Aug | sep | Ot |N|:|v | Dec

Project Start $ 325

Probe 1 Impact Test Fo 119

Probe 2 Impact Test # 218

Probe 3 Impact Test +* 529

Prepare Final Repart

Technical Workshop 4813

Past-vworkshop follawe-on swork & update final report

oo ~d| || = La]l ra| = |33

Project End $ 323
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Aftbody
Accel Triad Displaced Accd Triad Vbatt2 o) Com
al a2 a3 a4 ab ar sl 3 4 S5 s7 Monitor £
c <+
o)
A A S A D S AN A et
Data Logger 1 Data Logger 2 Data Logger 3 Data Logger 4 Data Logger 5 V5 Ext
% g Pwr
v v v + ] +7 i £ 8
al a2 a3 a4 a5  ab ar, sl s7 Vbatt2 + +
N ~ Y ' \_Y_} \ \_Y_} Batt1™ | | Batt2
o Responseof PWB Substrate SiDie  Battery ¥ t
Rigid-Body 6 DOF multilayer ~ Strain g Strain | casestrain -
Acceleration compliant mount 4

Flex Cable

Forebody

s8 <9 sl0 sl1 a8 T
v v v v v v
Data Logger 6 Data Logger 7 Data Logger 8

v v v

PWB Strains BackboneStrains  Z-axisAccsdl,
Temperature
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Data Logge I ArCh iteCtu re DS2 Follow-On Experiment
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Accelerometer (a7)

T
m\ InSt Amp  LP Filter Data Logger 3
ot >~
TEMP
~ SENSOR € UART [¢——>
~
D e ITAG [&—>
g > 128 KB
10 >
N SRAM
. s | — 5
Srain _!/ S ® 64 KB
Gauge Ll | S L o €% 1sP FLASH
(s1) 0 |
: idy et
1
Strain _|_—|(__+ A |
N
Gauge ’_,_'—|(—-
(s2)
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AftbOdy PWB : NEW MILLENNIUM PROGRAM

DS2 Follow-On Experiment

Five Custom Data Loggers JPL &

Data Logger 3

Data Logger 2

Commercial Data Logger

1.25in Dia X 2.35in Length

Advantages of Custom data Logger

e Less mass and volume

= Lower power

e In-circuit programmable via
JTAG

e Sensor signal chain validation
and calibration via RS232

1/0 Connector Conditioning
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JTAG

' ' | RS-232

RS-232

Control/Programming
/Data Interface Box / J

— —
;.nl- L e [ Drigy [ Cphes e ey
O TR & [ERs |0 RFniceFH S |0 EE
=, — =, = ..,...:.I ST . j
I S— | gl B = v ol g e P RPPT PP GO
b ks bans | sdc
o
i imial +r sdo wsivenl sdc, sderwew] 2
PR N Ty e 1 C o FEE R T, =4 Rarae ] 1 7 & fi
R b et M m 25107 19 R 200792 3e6 BT 141571 16 TR
e e s 0. 66 2.1 097 1§ .83
el L b0 mde_sddrsssed
e et Baun Hanu: Probe @ Cognal @
mrintll® ENin". sds_rolusslsir sl | e a e L TR P A e ey s B
j R ) Ilp.-h:t State: Mot Defactad
i = Erasn 3%k Flash k., Tt dsta; Full
AT ﬂJ ; Elhh;r:jnl SYRE B LEN ;:: E.-:l rl.'nllu
sl dala) Sommary . Bam pmpac | senusncs
1] [P | | . Clear HA1
Chayice: erI
rr—— — T R T e T et TR .; i el E i T s |
Cygnal IDE: Programming/Debug HyperTerminal: Control/Calibration/Data Dump
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Data Logger Software: User Interface

//1;;;; Menu: Probe 2 Cygnal O
Impact 3tate: DETECTED

1. Erase 32k flash

2. Internal sS¥SCLE to LED 5.

3. Test data:
7. Clear MST
Choice: 3
ATMNO
Qoo : 1993
0o0a: 1892
0014 : 1592
00le: 1554
0028 : 1692
0052 : 1592
003 1892
0odea: 15593
M 1 15990
Ml 1994

Range 5
ayvg 19892, 33
RIS 0. 69

SUMmary

ATMNL
1979
1979
1979
157G
1979
1979
1979
1979

1977
1931

5

1979, 04
0.65

4. Test data: Full

ATNZ
1975
1976
1975
1975
1976
19746
1975
1974

1973
1977

3

1974, 93
0. 64

oump flash
ATMNE TEMF
3427 1431
3428 1432
3427 1432
3428 1432
3428 1432
3428 1431
3428 1432
3428 1432
3425 1420
3429 1434
5 3]
3427.30 1431, 51
0.61 0.88

N

zzy
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Softwar e loaded into 8051 microcontroller -
FLASH viaJTAG

User interfacevia standard serial RS-232

Main menu identifies probe # and device #

— Stored in separate nonvolitle FL ASH
EEPROM

Option 2 allows output of internal clock
— Each 8051 hasunique clock speed
— Measured speed hard coded into software
— Used for precise samplerate generation

Option 3 allowsfor user testing of sensors
— 5sensorssamples, including inter nal temp.
— 3,276 samples/sensor processed

— Min/Max/Range/Avg/RM S provided to user

» Allowsfor validating and calibrating analog
circuitry

Option 6 runsimpact sequence software
— Removed from menu when impact triggered

Option 5 allows user to re-dump saved data
— Dumpsall data from impact capture
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* Impact sequence started by user, verified by flashing L ED on interface box
« 300 samplerolling buffer overwritten repeatedly until G-Switch detected

— Initial acceleration down gun barre triggers G-Switch (> 100 G)

— Remaining 14,700 samples then captured

— G-Switch transition noted within 300 sample buffer for post-impact data synchronization
« Different sampling frequencies between devices

— 30kspsx 3 sensors, 45ksps x 2 sensor' s, 90ksps x 1 sensor
 Total data captureinterval of 166 milliseconds based on 90ksps and 15,000 samples
 |Impact datainitially stored in on-board exter nal 64k byte SRAM

 |Impact datain SRAM burned into EEPROM immediately post impact

— Approximately 2 secondsrequired to burn all datainto EEPROM

— User prevented from running another impact sequence once impact detected

— Oncedata safely in EEPROM, even depleting battery does not erase data
« After impact data burned into EEPROM, 64 temper ature samples taken

— Allowsfor post-impact analysis of temperatureinduced clock speed variance
 Dump of impact data set consists of the following:

— Sensor data during impact, 64 temper atur e samples, G-Switch location when trigger ed
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Probe 3 Aftbody Shake Test

Shaketable setup
. Ly P

Shake table Z-axis accelerometer output
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d assical Shock control channel
101299 Run 1, Zaxi
DS 2 FCE F:Dbe 3 &:ilesTest JFL
SN 3
[d]
T Chan. no: 1
200 Chan. t ype:
Level 0.0 dB
Resol ution: 3.05e-005 s
Unit: g
RVB (act.): 198.1
150 RVB (req.): 200
-- Pul ses on act. level --
done: 1
renai ni ng: 0
100
-- Pul ses total --
done: 8
remai ni ng: 0
50 Dat e: 04-11-03
Time: 10:29: 19
964#2/ Anp #2/ MP #1
0
-50
0. 00 0.‘01 0.‘02 0.‘03 0.‘04 0.‘05 0.06
[s]
Probe 3 AC7 Z-axis Shake test response
250
& 200
~ 150
5
= 100
o 50
8 0 < 5
<
-50 1 o o6 ¢
-100
0 4 6 8 10
Time after G-switch trigger (msec)
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Assembly of Forebody Prism for Probe 3

Epoxy applied to backbone edges
and bottom end plate

Completed prism held in alignment by
assembly fixture while epoxy cures.
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