HB-3720311
VOLUME 1V

\liking75
Project

SPACECRAFT
OPERATIONS
HANDBOOK

MARTIN MARIETTA

HB-3720311
VOLUME 1V

\liking75
Project

SPACECRAFT OPERATIONS HANDBOOK

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

Langley Research Center
Viking Project Office




. BEB-3720311

DKL LINE ITEM KO. N3-P078

VIKING 75 PROJECT

SPACECRAPT OPERATIONS EANDBOOK
VOLUME IV
VIKING LANDER CAPSULE

g

APPROVED

Prepared Under Contract No. NAS1-9000 by
BARTIN MARIETTA CORPORATIOR
DERVER DIVISION




HB-3720311 PAGE ii

» CONCURRENCE

%wé«,/{x e 318170

B. G. Lee

Science Lnaly51s & Mission
Planning Directorate Director
Viking Flight Team

DATE 2- /‘ -7‘

P. T. Lyman
Spacecraft Pe rmance and

Flight Path Analysis Directorate Director
Viking Flight Team




HB=3720311

VIKING 75 PROJLCT SPACLECRPATT NOPLERATIONS HAITDBOOIT

TBD/OPEN ITLMS
STATUS AS OF 03-26-76

Section 4.0.2.4, Magnetic Properties
Investigation (entire section)

Section 4.8.2.10, Physical Properties
Investigation (entire section)

RESPONSIBILITY

C. Spitzer, LSS

C. Spitzer, LSS



4,8.1 Entry Science

4.8.1 Entry Science

4.8 Science Instruments Subsystems

7]
£
Q
%
>
»
F-1
3
wn
2
E
3
I
-
"
g
8
c
(3
‘S
\n
]
<




4.8.1 Entry Science

8
c
R
(1]
»
>
o
-
c
w
-
*
<




HB-37203%1 PAGE 4.8.7-1
8.8.1T ENTRY SCIENCES

The overall objective of the Entry Sciences investigations
is to defime the present physical and chemical state of the
Martian atmosphere and its interaction with the Solar Wind.

In the Upper Atmosphere the composition and abundance of
neutral species will be determined by the Upper Atmosphere Hass
Spectrometer (UANS). The ion concentration and ion and electron
energy distributions will be determined by the Retarding
Potential Analyzer (RPA).

In the Lower Atmosphere, pressure, temperature, density and
mean molecular weight, will be determined by pressure and
temperature measurements together with data from the VL Guidance
System.




4,8.1.1 Upper Atmosphere Mass
Spectrometer
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5.8.7.1 UPPER ATHOSPHERE HASS SPECTROHNETER
§.8.1.1.7 PURPOSE

The function of the Upper Atmosphere Hass Spectrometer
(OAMS) is to determine the netural components in the upper
atmosphere of Hars and the variations in their relative
abundances as a function of altitude.

§.8.1.1.2 PURCTION

The UAMS is mounted on the ¥v-5/C Aeroshell and is operated
during the descent phase of the mission. The instrument sealing
cap will be severed after the termination of deorbit burn. Data
gathering on a continuvous basis will be initiated at Entry (E)-80
minutes (approximately 5000 KM altitude) and terminated at
sensing .059 + 7 seconds (approximately 100 KN altitude).

The UAMS scans through the mass range m/e approximately 0.9
to m/e approximately 50 every 5 seconds.

The UAMS consists of three major functional assemblies;
Sensor asseably, Electronics assembly, and the Cutter assembly.

a. Sensor Assembly (Figures 8.8.1.1-2 and 8.8.1.1-8 Zone
198)

The instrument is a double focussing mass spectrometer
of the Mattauch-Berzog geometry with a semi-open ion
source and two Paraday Cup ion collectors. The basic
geometry is shown in Figure 28.8.1.1-2.

Once the sealing cap has been cut off, the ion source
vill be exposed at the front of the aeroshell and
neutral particles in the Mars atmosphere will enter the
ion source (ion box) . Electrons will be prevented from
entering the source by the potential on the electron
repeller grid and ions will be prevented from entering
the source by the potential on the ion box. 1 narrow
beamn of electrons passes through the ion source in
front of the ion exit slit and this electron beam will
ionize a small fraction of the neutral particles in the
ion source. The potential gradients in the ion source
are such that the ions formed in the electron beam are
drawn through the ion exit slit and then accelerated
into the analyzer section of the sensor by the
potential difference between the ion box and the
grounded object slit plate. Ion tramsmission through
the object slit is optimized by the voltage trimming on
the J-plates which are used to focus the ions and
obtain optimum ion transmission through the analyzer.

The ions which enter the analyzer region are dispersed
and focussed on the instrument focal plane as a result
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of the interaction between the moving ions and the
electrostatic and magnetic fields. The position at
wvhich a given m/e value is focussed depends upon the
potential difference between the ion box and the object
slit plate. The scamning of the mass spectrum is
accomplished by varying the potential differences
betwveen the ion box and the object slit plate, thus
swveeping the m/e values across the image slit of each
of the two Paraday cup ion collectors. Ions which are
focussed on an image slit pass through it, are
collected, and form the current source which is then
passed to the electronics assembly for amplification
and processing. The scanning potentials of the
instrument result in m/e values betveen approximately
0.9 and approximately 7 being swept across the "Low
Hass®™ collector slit and m/e values between
approximately 7 and approximately 50 being swept across
the "High Hass®™ collector slit. The number of ions of
a particular component which are formed im the ion
source will be a function of the component®s partial
pressure in the source and hence the intemsity of the
current from the collector will be proportional to the
partial pressure in the ion source.

An jion pump is mounted on the end of the sensor
assembly. The pump is designed for a mominal pumping
speed of 0.3 liters per second and pumps froam the
analyzer region. It performs the following basic
functions:

1)) Baintains the instrument vacuum prior to
separation of the sealing cap;

2) Extends the useful measurement range during entry
by keeping the analyzer pressure lower, thus
reducing internal ion scattering.

Electronics Assembly

‘fThe Electronics Assembly comsists of three major

functional elements; data acquisition, data processing
and powver conversion. The basic functions of each
element are as follows:

)] Data Acquisition

a) Preamplifiers (Figures 8.8.1.1-1 and 8.8.7.1-
8 Zone 17D)

The current from each ion collector is passed
to a separate preamplifier which provides a
voltage output proportional to the current
input.
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The high mass ion collector preamplifier
consists of an amplifier feedback which
provides a voltage output given by: V sub
(out) = R sub f X I sub (in). A gain
changing relay foras a part of the
preamplifier and the relay allows a value of
B x 102° ohms or 6.28 x 10® ohms for the
feedback resistance R sub f.

The low mass ion collector preamplifier is
similar to the high mass preamplifier except
that the gain changing relay is not present
and only a & x 10:® ohm feedback resistor is
used.

Electrometer (Figures 85.8.1.1-1 and k.8.1.1-8
Zone 15.16D) ~The Flectrometer has the
following characteristics:

() An automatic gain ranging amplifier;

(2) 18 separate gains, where each gain is a
X2 factor different;

(3) A rezero circuit that nulls out any
offset voltage present at the beginning
of each 5 second scan.

(8) Preamplifier — Electrometer cosmbination
can detect the following input currents:

" (a) High mass: 1.5 x 1024 amps to 8§ x
70—* amps

(b) Low mass: .75 x 10-24 amps to 3 x
10—3t amps

Processing and Timing

Analog Hultiplexer (Figures %.8.1.1-7 and
4.8.1.1-8 Zone 18D)

The Analog Nultiplexer multiplexes 13
channels of data, 11 of which are
housekeeping, 2 of which are science data.
Analog to Digital (A/D) Converter

The A/D Converter is am 8 bit dual slope
design. Housekeeping is converted to 8 bits,
science data to 5 bits.

Digital Multiplexer
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A1l digital data is multiplexed together in
proper order for storage in memory.

Buffer Memory (Figures 8.8.1.7-1 and 4.8.1.1~
8 Zone 13D)

The Buffer Memory consists of five separate
9-bit storage resisters and sends digital
data to Data Acgquisition and Processor Unit
(DAPU) .

Sequencer and Control Unit (Figures &4.8.1.71-1
and 4.8.1.7-8 Zomne 12, & 13F)

The Sequencer and Control Unit generates
synchronous instrument timing, control
signals, etc. and receives Enable and Clock
pulses from DAPU.

Power Conversion

a)

b)

c)

a)

Low Voltage Power Supply (Pigures B8.8.1.1-1
and 8.8.1.1-8 Zone 33, 38 E & F)

The low Voltage Power Supply provides & 5 Vdc
and &+ 15 vdc for operation of the unit and
provides 30 VAC, 20 KBz for operation of
Emission Regulator and Ion Accelerator

Supply.

Emission Regulator (Figures 4.8.7.7-1 and
§.8.1.1-8 Zone 28B)

The Emission Regulator provides powver to
filaments which produce the electron beam
that ionizes the neutral gas molecules.

Ion Accelerator Power Supply (Figures
8.8.1.7-1 and 8.8.1.1-8 Zone 28E)

The Ion Accelerator provides an expomential
swveep (150 volts to 1200 volts) that provides
all of the voltages required by the sensor.
The swveep consists of 360 discrete voltage
steps, each lasting 13.5 milliseconds.

Ion Pump Power Supply (Figures 54.8.1.7-1 and
8.8.1.7-8 Zone 286)

The Ion Pump Power Supply provides -3500
volts to the Ion pump.

Cutter Assembly (Figure 4.8.1.1-8 21D)
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The Cutter Assembly has the task of cutting the sealing
cap wvhich vacuum seals the sensor. In order to prevent
contamination of the semnsor and also allow the
filaments to be powered-up for testing in the Earth
environment, the sensor internal pressure must be kept
in the 10—® to 10—S torr pressure range. This pressure
is maintained by periodic use of the Ton Pump. In
order to operate during Hars entry, the sealing cap
must be cut off so that the sensor is exposed to the
atmosphere. (See Pigures 8.8.1.1-3 and 8). Once the
cutter has severed the sealing cap, it is ejected from
the Aeroshell by two springs. The mechanical power
required to cut the cap is supplied by two Standard
Viking Initiators (VSI®s). The electrical pover
required to fire the VSI®s is supplied by the Lander
Pyrotechnic Control Assembly (LPCA), on command froa
the Guidance Control and Sequencing Computer (6CSC).
(See Section 8.3.2).

5.8.1.1.3 OPERATING MODES

When power is applied to the UAHS it powers up to an
inactive state which is used primarily for permitting instrument
warmup. When the DAPU is commanded into Format 2A by the GCSC
and starts sending shift and enable pulses to the UANS, the
instrument resets (on the first enable pulse) and then starts
continuous scanning. With the normal 8 KHz clock, each scan of
the mass range takes 5 seconds. However, since the scanning is
clocked from the shift and enable pulses the scan takes 10
seconds during preseparation (also prelaunch and cruise) checkout
since the clock is only 2 KHz.

The instrument ion pump has separate input powver from tﬁe
rest of the instrument so that the ion pump can be powered
without having to turn on the coamplete instrument.

The UAMS makes a complete operational cycle in 8 scans of
the mass range. BRach scan consists of a 5 second time period,
and is called a frame. PFPrames # 1, 3, 8, 5, 6, and 7 are for an
electron accelerating potential of 75 Vdc, while Frames # 2 and 8
are for a value of 25 Vvdc. During each scan of the mass ramnge,
jon beam current measurements are made at a high mass and a low
mass collector. Samples from the high mass channel are separated
by equal mass steps, as are the low mass samples. To accomplish
this for the low mass scan, the low mass current is sampled every
fifth time that the high mass current is sampled. For each scan
of the mass range, the set of sample point locations is indexed
one guarter sample step along both the high and low mass scales.
After four scans of the mass range, the mass offset is returned
to the starting point. Hass offset sampling is used to provide
improved definition of mass peak shape and amplitude.

Each 5 second frame consists of a housekeeping minor frame
and a science data minor frame. Before each scan of the mass
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range, the Sequencer and Control Unit provides a zero command to
the Ion Accelerator Supply and to both Electrometers. 1In
response to this signal, the Ion Accelerator Supply unbalances
the electrostatic analyzer plate potentials cutting off the ion
bean from both the high and the lov mass collectors. This signal
also puts the Rlectrometers in an automatic zeroing mode which
lasts 180 msec. Heanvhile the Sequencer and Control Unit
processes the instrument identifier word and the housekeeping
data through the Rnalog Hultiplexer, Analog to Digital Coamverter,
Digital Multiplexer and Buffer Memory. After this 140 msec of
housekeeping data, the instrument begins a scan of the mass range
which lasts 4,860 msec. 1Rt this time the Electrometers are taken
out of the automatic zeroing mode, and the electron energy and
mass offset are selected according to the major frame within the
current operationmal cycle. The Sequencer and Comntrol Unit
provides coammands to the JTon Accelerator Supply to swveep the
instrusent in discrete steps over the mass range. During the
13.5 msec period of each step, the Electrometer®s automatic
ranging adjusts for proper gain and the Electrometer outputs
settle to their final value before the sigmal is converted by the
A/D Coaverter. The science and housekeeping data is held in a
Data Buffer until Tramsmission to the VL DAPU. An example of the
type of science data received after decommutation is shown in
ﬂglll'e . .8 o‘ .1.'5.

§.8.1.71.8 OPERATIOFAL SEQUENCE

The UAMS operation is coantrolled by the GCSC. Immediately
after the completion of deorbit burn the G6CSC comemands the LPCA
to sequentially fire the VSIs which energize cutting off the UANS
cap. Two seconds later the ion pump is powered on.

At nominal ®"Entry®™ minus 60 minutes the GCSC commands the
PCDA to apply power to the UANS. At noainal "Entry®™ minus &0
minutes the 6CSC commands the DAPU to send shift and enable
pulses to the UANMS and data is taken continuwously until
termination of the sequence at the sensing of 0.05g + 7 seconds.
At this time power is removed from the UANS and the ion pump.

§.8.1.1.5 IRTERFACES

The UANS interfaces with the DAPU, the PCDA, the LPCA, and
the VIC Reroshell.

a. Electrical Interfaces
The electrical/signal interfaces are shown in Pigure
8.8.1.1-6. The types of signals corresponding to these
interfaces are listed in Table 8.8.1.7-1.
)] Discretes

This signal is used to perform the enable
functional, and is generated by the DAPU.
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2) Shift Pulses
This signal is used to clock formatted data from
UANS to DAPU. It also provides the basic timing
for the UAMS. The format is Return to Zero Level
(RZ1L) at a bit rate of 4 Kbps 10.1 percent.
Mechanical Interface

The UANS mechanical interface location on the Aeroshell
is shown in Figure 48.8.1.7-7.

4.8.1.1.6 POWER REQUIRENENTS

The power requirements are as follows:

UAHS Pover

The application of power is controlled by commands from
the G6CSC to the PCDA. The PCDR bus supplies the UAHS
wvith a nominal steady state input voltage of +30 Vdc
(+28 vdc minimum to +37 Vdc maximum) at a maximum
current of 5.0 amps. This voltage is then converted to
the voltages required by the UANS electronics as shown
in Pigure 8.8.1.1-8. The average power consumption
level is 11.75 watts maximum.

Ion Pump Powver

The application of power is controlled by commands from
the G6CSC to the PCDA. The PCDR bus supplies the Ion
Pump Pover Supply with a nominal steady state input
voltage of +30 Vdac (+28 VYdc minimum to +37 Vdc maximunm)
at a maximum current of 5.0 amps. This voltage is
converted to -3500 vdc in order to power the Ion Pump.
The average power consumption level is 1.5 vatts
maximum.

Release Cover Pover

The application of power is comtrolled by commands from
the GCSC to the LPCA. The LPCA bus supplies the energy
necessary from its capacitor bank to fire the VSIs on
the UANMS sealing cap cutter asseambly. The sequencing
is such that power is applied to the VSIs one at a
time. If the first VSI fires the cap will be severed
and the fire charge will not be received by the second
VSI.
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TlBLB . .8 - 1 .'-1
UANS INTERFACE SIGRALS

FUBCTION FROB Io TYPE OF SIGNAL
UANS Data Enable DAPU UARBS Discrete Control
UABNS Data Shift Pulse DAPU UANS Digital Control
UANS Digital Data UABS DAPU Digital Monitor
UANS Power PCDA UANS Power
UANS Powver Return UANS PCDA Power Return
UANS Case & Sigmal UABS Aeroshell Signal Return
6round Structure
UANS Ion Pump Pover PCDA UBRHS Power
UANS Yon Pump Current UAHNS DAPU Analog Homitor
UANS Ion Pump Current UANS DAPU Analog Momitor
Return
Release UABS Cover LPCA UAANS Power
VSI A
BRelease UANS Cover UANS LPCA Power Return
VSYI A Return
Release UANS Cover LPCA UANS Power
¥SI B
Release UANS Cover LPCA Power Return

VSI B Return




—-— . ENABLES DAPU
< CLOCK
ATA
D
-
ION PUMP CURRENT
P>
ION PUMP CURRENT RTN
B
GCSC
UAMS POWER
i
il
POWER RETURN PCDA
U
ION PUMP POWER
o
CASE & SIGNAL GROUND
o / 757 AEROSHELL STRUCTURE
Prusean  GESmeS SR SESmK, WSS
LEAS COVE <
CUTTER < RELE E R VST A
ASSEMBLY RO .
OF UAMS P>
RELEASE COVER VSI B < ‘
o
RETURN
-

FIGURE 4.8.1.1-6 UAMS ELECTRICAL INTERFACES

11€02.€-9H

71-1°1°8°% HIVd



NOIIVINOIANOD ATIWASSY TIAHSO¥AV ([-T1°1°8°% HENIIAL

138"

DEORBIT
PROPELLANT
TANK

(2 PLCS)

LANDER
"~ ADAPTER
STRUCTURE

BIOSHIELD
STAGING

GUIDE ROD
(3 PLCS)

LEG #3

% DEORBIT

ENGINE
MODULE

CONNECTOR

\ W TA
STAGING — \\} N
WAL

ALTIMETER ANTENNA

LEG # PRESSURE PORT
-1 (4 PLCS)

RPA UAMS

BASE COVER
SEAL

" B
\ PROPELLANT

PYRO VALVE

MODULE
LANDER \

INTERFACE
SHEAR PINS

STAG TEMP

PROBE RING FRAME #'s
+1

LANDER
STAGING
CONNECTORS
(3 PLCS)

TT€0CLE-49H

d
>
Q
=1
g
o]
L]
sk
=

[}
=
Ui



HB-3720311

PAGE 4.8.1.1-16

. - +
33 32 3 [ 30 | 29 | 28 | 27 26 | 25 24 | 23 22 21 i 2{o | 19 i 18 | 17 | 16 | 15 | 14 | 13 | 12 n 10 9} 8 7 | 5 ] | 2 | 1
36 35 34 ; L
VO CMD 768 (Ei801) 10) Vo cmb 75P UAMS UAMS EV. UAMS EN.  UAMS SCAN FRAM svu | 200 bescason oan | aseove
LA INITIATE CRASE [ T —, 83700018501, SH 1 ES%ERO FIL STATUS oRD T.C e MON BIT 2! TC INTIAL RELEASE - DE03Z4-0Z4 J
J ENTAY BUG PLOATIS Mooe Py Lonos l \ ARM - DGON a1 e - REVISE JAMS  TC2370 -003 b 22710 Bt dued
| P - FIRE - DGOI2 83700015501 -
+ |> SAFE-DSOI3 TC SHE B8 ADDED COMMAND WORDS, IPDS 2-26%| F.L.PosTIg]
s UAMS P UAMS EXT NUMBERS ¢ DIGITAL DATA WORDS
i D DISABLE AL FIL SWTC SA UAMS EXT . o TA3443-008
|: = B> ; EP CNTL T ! £s1A2 l
UAMS UAMS Dll s SNEEP a2 = - - l ! c JPDATED UAMS TO _ATEST B4 E. racn
CASE GNP TC 816 AEF TC SvRP p25P3 g - H CCNFIGURATION.
I 7 oKty 21-40- ——-58 o . 33 d | oA DEQ324 - 16| i
I3 - mm mm—m—— — — = Ll 93 e T 0---19 20 45 (F31) =
1 ST - T S S AN D ADDED UANS CORONA ARC SUPPR  3/4/5 H
Fil AwkiNB LR ot ESIAIPZ E5IA2P2 s CIRCUITRY. REVISED NOTES.
55 ——= - |
H - w exr PART OF A4 DIGITAL CONTROL —_ _ ~ A U3 TC TC4095- 003 i
FROM AY! K (2030856) NN UAM MasS UAMS Mass
; 67 7 9 & L] SwEEP STEP| OWEEP INHB
N F31 IVLI"I I CNTL TC. ¢ RESET T.C.
H2P7 I‘vA INT ==y -y -
R A-BSHL I IVlE’II - I
- ' \ s S G
A-SHL 2 5 o R A SR o SR == vese), D25P4
> omp1, [ sest 2 DZSIZAAN" ~ A T T T A - I 25,___%7\___.%__-_)'2
AT i
- - FLIGHT (ONFIGURATION | Reease o = A reLeast uane 4si ENABLE CMDS uns L =1 DL
UAMS CORONA ° M X
see FOR TEST coven vs1 B | CORONA ARC I> > = [
ARC SUPPR D COVER VSi A
c co~r|une~ (15 sec. pELaY APren | SUPPR - T T .
Zx oy 5 >
o ; SEE 83700017201 FOR VSIA Pl | NI T4
STE MONITOR CHANNELS. s P R = S - -
UAMS 10N P20AJ3I P2DA)I33 S e DATA HOLD CMD UAMS E.V. CMD AND
ruMp sTER AL PYRO DEVKES N3 ¢ FIL ©W ENABLE m,f STaTUS
PWR — - = = RELEASES UAMS COVER 4 ASS ORI o SR > SRPRE o
— ety Weemmmea A ot 7 Poss a3 R0, Fie3 C UAMS SEALING 4 e el G N gans
2~ 52580 S2628 J3 CAP OVRD TC )3 o OaTA. =
) \ J Y sarus UAMS DATA ENABLE >
— ALRA 1ON PUMP P 1ON_ PUMP HIGH VOLTAGE UAMS COVER RELEASE VS) A UAMS COVER RELEASE VS) B “w - s et e S AT
30 VAC PWR SUPPLY >—A 'OAKA IO Purp Pum mow PYRO DEVICES RELEAGES COVER WHICH “'1’:‘““ SWEEP REF TO PWR FRAM MON BIT To A2Al
- (2030 887) - UAMS 10N PUMP FLT VOLT MON 737 T° A CAUSES DISCONTINUITY IN BREAK WIRE, % voLT SupPLY 2° Tec. EMISSION
1 WHICHE ENABLES FILAMENT SWITCHOVER D ReG
CuRr | UAMS (ON PUMP STER VOLT MON - _
UAMS 10N PuMP CUR RTN OoN OFF ON OFF F
+13 VBC +15V0¢
bl
F ¢ Pt e UAMS 10N PUMP CUR D s s
q N ¢0-—- 37 --- 6l ——- 38
cnrreg < . —13voC - 18 voC SE€ ZONE 18]B FOR FUNCTION —
M q L} DESCRIPTION |
REGULATOR ¢ [ 405 6 12 16 1T 2633 34 46 56 ST | PART OF
1 > — 93 T — A4 DGTL
> #'l [ BREAK ACCELERATOR TC CNTL D 36 36 316 316
= 4 ke CLECTROSTATIC HIGH MASS
4 i | _ S REZERD o i DEPLECTOR  LOW MASS 10N COLL 1 (2030856) e _[Tees:  |Te |7
q g cMp g I o, COL s PaoaTis
| S SAMPLE INUET — : L ec b, &
¢ 20 KHZ seoll seoll .
S | 3 NOTES:
¢ INST PWR COMMQN ! f |
- S A2A3 ION ACCELERATOR i e [ 83700017601, SH 2A 1 [T=> remowsce TesT vamness E
P 10K 20 KHE POWER SUPPLY UAMS COVER (SEALING CAP) -— -
g | 2 FUNCTION NOT WIRED IN STE <ARNESS.
_ : (2030982) | __uAms 10N accEl POT A - 115 : D
UAMS DIGITAL DATA WORDS (K1) 1 o
— UAMS EXT SWEEP CNTL To A/D :t::‘s:: : = o | 3. 3> BENCH TEST ONLY
ELECTRON K451 UAMS +ISYDC SPLY VOLTS 4. [£=> REMOVABLE PYRO CHECKSUT HARNESS.
JON RERELLER FILAMENT 2 SOURCE pump Pk gy K4512  UAMS -I5VDC SPLY VOLTS D25J2A M/W D25P2
= - s P -—
| ¢ svoc Svoc - JI PLATE VOLT. __FILAMENT 2 RTN FRoM @ QeTessTnen Rema uams 1on e 5 [E=> RRVLCIZUP,PC: SHUNT DIODES ARE
J2 PLATE VOLT. - y AZAl gars TeecTAoN s " K4515 UAMS ELECTRONIC PREAMP TEMP INSTALLED 'N THE CONFIGURATION SHOWN BELOW.
| A
V gl K451G  UAMS +5VDC SPLY VOLTS (REF OWG 837D2500100)
sIVOC SIvor L ANALYREE ) REGISTER AND BUFFER
»t ON PUMP HIGH VOLTAG s MAes " | UAMS 0N PUMP HUL D K4517 UAMS A/D VOLT REF N
L - ANALYZER 100 PUMP MIGH VOLTALS . i FoTvoT Pow | AID CONERTEN VI, U4, Uiog , 27, (i2e K4520 UAMS TOTAL EMISSION CURRENT (25eV)
10N 80X VQLT A3 | | ELECTROMETER (2030885) K4521 UAMS ELEC COLLECTOR CURRENT (25eY)
b TN Seaon s pvnot s | | = Lo mase L el K A/D CONVERTER DATA K328 UMM 1oW ACE VOLTS (sEav) D
L‘ T 3 10 REPELLER Lg msf‘ L serrilerl ELECEE%‘T:HC (mwna) 2 SIGNAL : ANLG DATA 1430, 3 I K4524 UAMS LOW MASS |ON CURRENT (25eV) - < | ;v::::;s
i i Moy S i ALL INPUTS ARE ! omven | K4525 UAMS HIGH MASS ION CURRENT (25eV) SHP 4
Pt JI PLATE VOLT 1N ACCELERATOR, REDUNDANT FiLAMENTS, MULTIPLEXED AND K4530 UAMS TOTAL EMISSION CURRENT (75eV) v
ETC. ION MASS I8 MEASURED BY ION CURRENT
J2 PLATE voLT ON THE COLLECTORS WHEN DEFLECTION FIELDS LO MASS | NT ENCODED INTO K453| UAMS ELECTRON COLLECTOR CURRENT (75ev) .
PRE AMP TEMP. o. FOR VLC | QUP, PC: SHUNT DIODES ARE
AZAz LOW WOLTAGE PWR SUPPLY (370896) e — BT KeS28 Uaus 1on scovieaToR verrs b s e o Lo i
- - ~ ANALYZER Al UAMS 10N : ' K4534 UAMS LO MASS ION CURRENT (75eV) (REF DWG 837D2500100)
| STt 1N Box vouT MASS SENSOR ON_ SOURCE TEMP - Kasip (Mg BiWAGE ion CURRENT: (15 eVY A - —
ADJUST TC P —l———- 3 KB8512 UAMS CAP ON
Ev.cm0 55 Y KB8513 UAMS FILAMENT NUMBER
¥ K8514 UAMS IONIZING POTENTIAL CASE | TYPICAL
As UAMS EXT K8515 UAMS INTERLACING FRAME NO. GND | & PLACES
BWEEP CNTL 3; Kesie UAMS ELECTROMETER GAIN ¢
Tc. T
C l> UAMS L 1 REF: 83703021227 - VLC MEASUREMENT LIST THIS CONNECTOR (D25P1) 'S TERMINATED AT C
- \ CORONA AR = [E> %o ¥ THE UAMS (J1) FOR STB ONLY.
NUMBER FUNCTION - — ———\i— - _\1' pzsea Y Y 8. _THE EFFECT/VITIES USED A THE FIELD OF THE
75 SSION REGULATOR (2030889) R+ hnfood s 8----- ) DRAWING ARE LISTED BELOW.
A2A) EMISSI REGULA! s UAMS LO MASS RNG OVRD BIT 4 T.C. v g - STB (s£), PTC (PC)
A = e . UAMS HI MASS RNG OVRD BIT 4T.C. 8% 10 19 D S b2sel, [K=>025p4 Y , .. > Y
026P3 W anms PR 8 UAMS HI MASS RNG BIT 2 T.C. seeaoneigBFon [ L = vic 12up I
— RTN TC. 5 UAMS HI MASS RNG BIT 3T.C. FUNCTION DESCRIFTION
o FILAMENT | A-SHL 10 UAMS LOMASSRNG BIT | T.C. 4 VL EXT
E FILAMENT | RTN UAMS 2 UAMS AUTO RNG RESET T.C. D i | > N6 e
10N PUMP e UAMS LO MASS RNG OVRD BIT 3 T.C. VL INT
SONVAC: STER. 1 UAMS HI MASS RNG OVRD BIT3 T.C. F31P7 Tee3 Toed
FILAMENT 2 RTN R YOLT UAMS 10N 1] UAMS HI MASS RNG BIT IT.C. -—3 A== === P20ATIS
MON PUMP PWR TC 23 UAMS HI MASS RNG BIT4T.C. i
- RTN VL EXT 24 UAMS LOMASS RNG BIT2T.C Seoll B
s J‘; J N 26 VAMS HI MASS AMPL BAL OVRD T.C. _—_\’—J
3 W -\ AL 3 UAMS LO MASS RNG OVRD BIT 2T.C. P = 83700017601, SH 2A
= 20 “" i3 N Is % UAMS PREAMP UAMS 10N > D v
et ] B e ¥ pEumemeyss o 7 e =] FIGURE 4.8.1.1-8 UAMS FUNCTIONAL SCHEMATIC a7
BT | B-cov V- INT UAMS 10N s UAMS LO MASS RNG BIT 3T.C. D D\:c. BAPG — =
L L PUMP CuR TC - UAMS LO MASS AMPL BAL OVRD T.C. (F31) =
z et A___A !‘JIM, b 4 52 UAMS Lo MASS ANLG OUT T.C. s
AS Ré AS R3S AS R36 “5---25 [> P20AJIS 53 UAMS HI MASS ANLG OUT T.C. { — — =1
— . 10K 1ok 10x L i /S CAP 5o UAMS LO MASS ANG OVRD BIT | T:C. 7§ . = ==
s°z°7.os I::Y:Tnl; /s CAP ™ . HH 57 UAMS HI MASS RNG OVRD BIT I T. C. B J Ve — — _4/ - -
T0 s 4405 uzg7 3 “ 27 gy M SR - [V T ————
o :wa } A/D o /r\i “_ B I i I 52771 UAMS E. % 83700015501 ' "“ om0 i/w/m piafertehyiingeiaSriaptnrved
— — As T v ! DAPU H 83700017201 STATUS T.C. SHe — = e
8370001720 L o o _ N ____ DN Fize  Fu7 I_ J = - - — — - VLS FUNCTIONAL SCHEMATIC
54 3 41 83700018501, SH & 3> A 7
J UAMS GLCTRN UAMS ELCTRN UAMS ELCTAN VAMS FiL vamg 1oy 83700018501, SHG — e 1 -UAMS \D25) A
A TJ"C EMSN CUR ACCEL POT cou cur STATUS T.C. ACCEL POT K4020, 0-40MV % G
[> Nl o Jz ______ N Tc. :::‘:J::"“"" . - 3 A T T - T3}
29 . 28 2 - - umn T T+ c..‘i 83700015801 ‘;‘ e J 04236 8370001580 ]
= > = == o CEe - — = AR [5[&3700015801 ]/ 5] S i g
| - -
{
= T T 7 | 5 | 4 [ [ I
36 35 T 34 | .33 32 3h | 30 | 29 | 28 [ 27 | 26 | 25 | 24 | . 23 22 | 21 [ 2}0 i 19 | 18 | 17 | _ 16 T 15 [ 14 13 T 12 1 10 ot 8 7 2 1




4,8.1,2 Retarding Potential
Analyzer

-
i
N
o
©
c
<
©
=]
c
&
o
a
=]
=
o
L
©
-
o
o
2
e
x
<




HB-3720311 PAGE §.8.1.2-1
§.8.1.2 RETARDING POTENTIAL ANALYZER
5.8.1.2.7 PURPOSE

The Retarding Potential Analyzer (RPA) is designed to
measure the concentrations and energy distributions of ions and
electrons in the Mars upper atmosphere. The measureaments to be
made during the descent of the V-S/C will determine the
following:

a. Yonic species and ion concentration profiles as a
function of altitude.

b. Jon and electron temperature profiles as a function of
altitude.

Cas Characteristics of the Solar Wind/Mars atmosphere
interaction.

§.8.1.2.2 FUNCTION

The RPA will operate from soon after the termination of
deorbit burn until 7 seconds after the sensing of 0.05g, at which
time power will be permanently removed from the instrument.
During the deorbit coast period, data will be gathered on a
periodic basis (every 10% altitude change, or less) and
transaitted to the VO. At *"Entry” minus 30 minutes, data
gathering becomes continuous; all data gathered between “Entry"
minus 6 minutes and powver removal will be stored on the VL tape
recorder as well as being transmitted in real time. The RPA data
output is sampled only, and whenever, the Data Acquisition and
Processor Unit (DAPU) is operating in Format 2i.

The RPA consists of two functional asseamblies, both mounted
in the same housing (Figure 8.8.1.2-1). These assemblies are:

a. Sensor Assembly
b. Electronics Assembly.
L) Sensor Assembly

The sensor assembly is composed of seven wire
grids. (See FPigure §.8.1.2-2). As the voltages
on the grids are swept through a range of positive
and negative potentials, varying portions of the
population of the ions and electrons in the Hars
atmosphere will penetrate the grid structure.

(See Pigure 8.3.1.2-3 for these time-varying
voltages) . Those charged particles which traverse
all seven grids are collected by a "collector®.
This produces a curreat which flows into an
electrosmeter that provides asplification. In
essence, the seven grids act as am electrical
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filter, which admits only those particles
possessing selected ranges of enmergies and
electrical charge.

Electronics Assembly

The electronics assembly consists of three major
functional elements, namely: data acquisition,
data processing, and power conversion. (See
Pigure 8.8.1.2-5). The function of each is as
follovws:

a) Data Acquisition
(1) Preamplifier:

A current amplifier where an amplifier-
feedback resistor combination tramsforas
an input current to produce an output
voltage V out = (1 x 902° ohms) x I in.

The preamplifier contaims a relay that
can change the current to voltage
multiplier from t* x 102° ohms to 3.9 x
107 ohas.

(2) Electrometer:

Is an automatic gain changing amplifier
that has 8 separate gaims, with each a
factor of X8 different. Once the
Electrometer has switched into the less
seasitive gains, i.e., range 5 thru 8,
it cannot drop back down to the more
sensitive gains (1 thru 8) until the
completion of that particular phase.

The rezero circuit nulls out any offset
voltage present at the beginning of each
4 second scan.
The Preamplifier/EBlectrometer
combination measures currents from 8 x
10—%*4 amps to 2.67 x 10—® amps.

b) Data Processing and Timing

(1) Analog Hultiplexer

Rultiplexes 3 channels of data, two
housekeeping and one science data.

(2) A/D Converter




EB-3720311 PAGE 4.8.1.2-3

Is an 8-bit successive approximation R-
2R ladder design.

(3) Digital Hultiplexer

Hultiplexes all digital data together in
proper order before it is sent to the
DAPU.

(3) Sequencer and Control Unit

Receives Enable and Clock pulses from
the DAPU, and generates synchronous
instrument timing, control signals, etc.

c) Power Conversion
(1) Low Voltage Power Supply

20vdc, and -80 Vdc for operation of the
unit.

(2) Suppressor 6rid Voltage Generator

Provides voltage to the suppressor grid
(SQe rignre “ .8 - 1 02"'3, -

(3) Retarding 6rid Voltage Generator

Provides voltage to the retarding grid
(see rime ..801.2"3’-

4.8.7.2.3 OPERATING MODES

When power is applied to the RPA by the Power Control amd
pistribution Assembly (PCDA), it resets and resains in a passive
state. When the shift and enable pulses are sent from the DAPU,
the instrument starts its scamning and the instrument cycling is
slaved to the shift and enable pulses. In normal operation,
pover is applied five minutes before the shift and enable pulses
are sent to allow instrument wvarsup.

The RPA makes a complete operational cycle in & scans or 16
seconds. Each scan takes 8 seconds and is repeated with minor
variations in the Suppressor grid voltages. During one scan out
of every four, the gain control relay in the Preamplifier is
switched to lowvw sensitivity mode and is maintained throughout the
scan.

Bach 8 secomd scan consists of a houskeeping portion and a
science portion. Por the first 840 msec of every scan, the
Electrometer is in the automatic zeroing mode. At the same time,
the retarding grid is a -75 Vdc and the suppressor grid is at +15
vdc in order to prevent all ions and electrons from entering the




collector head. During this 80 msec period, the RPA is
transaitting the 28 bit Source ID word and the Preamplifier
temperature data to the DAPU. The science protion consists of
three separate sequences, and each sequence analyzes a different
characteristic of the HBars ®"atmosphere®™. The three sequences are
as follows:

a. Phase I - Energetic Electronrn Flux

Performs analysis of high energy electrons. The
analysis period is for 960 msec and 89 separate science
samples are taken. The retarding grid is swept
incrementally from -75 Vdc to 0 V and the suppressor
grid is either +15 Vvdc or -& Vvdc. (See Figure

be. Phase II - Thermal EBlectron Flux

Performs analysis on thermal energy of electrons. The
analysis period is ome second and 92 separate science
samples are taken. The retarding grid is swept
incrementally from -1.5 Vdc to 0 ¥V, the suppressor grid
is +15 vdc. (See FPigure K.8.1.2-3).

Ce Phase IXII - JIom Concentration

Performs analysis on ions present. The analysis period
is two seconds and 187 separate science samples are
taken. The retarding grid is swept incrementally from
+15 Vvdc to 0 v, the Suppressor grid is -15 Vdc. (See
Pigure . -8 ® ‘ .2"’3, -

An example of the type of data received is shown in Figure
§.8.%.2-8. This is for data received from the Phase III
sequence, i.e., ion concentration. Periodically during Phase I,
II, and IIXI, the retarding grid voltage is sampled to provide a
reference for the sciemce data being collected. (Refer to FPigure
6 of RPA PD68008S9 if these times are desired).

The actual operation of the electronics is as follows
(Pigure 8.8.1.2-5 & 8). After the zeroing period, the retarding
grid and the suppressor grid are switched to the correct starting
value for the collection of science data. (See Pigure §.8.7.2-
3) . The Electrometer is takem out of the zeroing mode and the
automatic ranging adjusts for proper gain. The Electrometer
output settles, and then a conversion is made by the A/D
Converter. HNext, the Sequencer and Control Unit steps the
retarding grid voltage to its new value. Again, the Electrometer
adjusts to the correct gain, and an A/D conversion is made. Each
ugtep® period lasts for 10 milliseconds. The "incremental step®
mode continues until the retarding grid has swept from its
paximum value to its minisum value, and the next Phase begins.




During the 8§ second scam, a total of 3200 bits of data is
sent. The data is shifted out in eight bit words at B Kbps
during each enable pulse. The enable pulse goes ®high®™ for two
msec with time spacings of 8 msec followed by 12 msec (i.e., an
averaging spacing of 10 msec). The 3200 bits of data is
equivalent to 400 eight bit words. Of these words, 32 words are
for housekeeping data and 368 words are for science data.

The 32 housekeeping words comsist of 3 words for Source ID,
one word for preamplifier temperature, one word for electrometer
range, and 27 retarding grid potential samples.

During Prelaunch Cruise and Preseparation Checkouts, each
scan will take 8 seconds since the clock rate in Pormat 21 will
be 2 Kbps instead of ® Kbps.

3.8.1.2.%8 OPERATIONAL SEQUENCE (FIGURE A#.8.1.2-5 & 8)

The RPA operation is controlled by the Guidance Control and
Sequencing Computer (6CSC)} . Shortly after deorbit burm, the
first EPA data acquisition sequence is begun. This consists of a
varmup period (+30 Vdc from the PCDA), and then a2 ? minute and 12
second data collection run. To collect data, the DAPU enters
Pormat 2R and begins sending Enable and Shift pulses to the RPA.
The RPA is then powered down by removal of the +30 Vdc PCDA
pover. The "RPA Data Acguisition Sequence®™ is repeated several
times. The amount of off time between data runs is dependent
upon which coast trajectory (maximum, nominal, or minimum) that
the Reroshell, etc., is following.

5.8.1.2.5 INTERFPACES

The RPA interfaces with the DAPU, the PCDA, and the
Aeroshell.

ae. Rlectrical Interfaces

The electrical/signal imterfaces are shown in Pigure
8.8.1.2-6. The types of signmals corresponding to these
interfaces are listed in Table R.8.1.2-1.

L)) Discretes

This signal is used to perform the enable function
and is gemerated by the DAPU.

2) Shift Pulses

The signal is used to clock formatted data from
RPA. It also provides the basic timing for the
RPA. The format is RZL at a bit rate of & Kbps ¢
0.1 percent.

3) Serial Digital Signals




HB-3720311 PAGE £.8.1.2-6

This signal transfers data from RPA to DAPU. The
format is PCH, WRZ-L, and the bit rate is 4 Kbps 1
0.t percent.

b Mechanical Interface

The RPA mechanical interface location on the Aeroshell
is shown in Pigure 8.8.1.2-7.

§.8.7.2.6 POWER REQUIRENENTS

The application of power is controlled by commands from the
6CSC to the PCDA. The PCDA bus supplies the RPA with a nominal
steady state voltage of +30 Vac (+28 Vvdc, min to +37 Vvdc max) at
a maximum current of 5.0 amps. This voltage is then converted to
the voltages required by the RPA electronics as shown in Pigure
84.8.1.2-5 & 8. The power consumption is 3.5 watts maximum.
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SENSOR ASSEMBLY
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8.8.1.3 STAGNATION PRESSURE

The Entry Sciences Stagnation Pressure Instrument is
intended to provide data from wvhich the vertical pressure profile
of the Martian atmosphere can be determined from as high an
altitude as possible down to the point of Aeroshell separation
(an altitude of approximately 18,000 feet). The instrument is
mounted on the inside of the Aeroshell with a sampling port on
the front of the Aeroshell at the stagnation point at the trim
angle of attack.

The location of the instrument is shown in Figures 8#.8.7.3-1
nd “.8.1.3—2.

Due to the high velocity of the VLC during this phase of the
mission, the stagmation pressure will be significantly higher
than the ambient pressure; therefore, VLC velocity and
orientation data will be required to correct the instrument
measuresents. Pigure 8.8.1.3-3 shows the relationships between
the relevant parameters for a "typical®™ entry into a ®typical™
atmosphere.
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5.8.2.3.2 PFURCTIOF

The input pressure in the Stagnation Pressure Transducer
acts on one side of a thin stretched diaphragm. The other side
of the diaphrage is referenced to a hard vacuum chamber. 1In this
chamber is a capacitance electrode parallel to the diaphragm. At
zero absolute pressure the diaphragm is flat and the sensor
capacitance is minimum. The temsion of the diaphragm is set so
that under full scale pressure, the capacitance doubles. At
twice full scale pressure, the diaphragm contacts the backplate,
providing an overpressure stop. The electronic circuit comsists
of an input Electromagnetic Interference (EEI} filter, pre
regulator, DC-DC converter which provides a square wave signal as
well as filtered supply voltages, charge amplifier, rectifier,
and buffer amplifiers. The capacitance of the sensor is used as
the feedback element of the charge amplifier whose imput is a
square wvave. Therefore, the square wave output varies from a
maximum voltage at zero input pressure to a lower value at full
scale pressure, and a minimum value under overpressure. The .
amplitude of the charge amplifier output is measured by the
rectifier and the DC output is reversed so that increasing
pressure produces increasing output. Buffer amplifiers set zero
and gain and lowv pass filtering. 1 temperature semsor (platinum
resistance type) is comnected in a bridge circuit operating from
the unit supply voltage. The output of this sensor bridge is
used to supply unit temperature data to allow for the correction
of pressure data for temperature shifts. The instrument consists
basically of two parts: the sensor sub-asseably and the
electronics sub-assembly. The two subassemblies are mounted
within the same hermetically sealed case.

a. Sensor Sub-Asseambly

A cross-section of the sensor sub—-asseably is shown in
Pigure 4.8.1.3-4 and the instrument Functional
Schematic in Figure 8.8.1.3-5. Changes in absolute
pressure result in changes in the capacitance between
the diaphrage and fixed capacitor plate.

b. Electronics Sub-Assemnbly

The electronics Punctional Schematic for the
Electronics Sub-assembly is shown in Pigure 5.8.7.3-5.
The electronics consists of the following basic
elements:

1)) Power Supply

The power supply operates from the VLC bus and
provides regulated plus and minus 10 Vdc power to
the rest of the electronics and also a 10 Khz
square wave supply. The power supply comsists of
an BBI filter, pre-regulator, chopper circuit,
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converter and lowv pass filter to smooth the DC
outputs.

2) Reference Signal Circuit

This circuit generates a precision amplitude
controlled square vave with no overshoot. 1t is
used as the reference voltage and input to the
charge amplifier.

3) Charge Amplifier

The capacitive sensing element is in the feedback
loop of the charge amplifier. The charge
amplifier provides a square wave output voltage
vhich is a function of changing pressure due to
changes in capacitance of the sensor (capacitance
changes fros about 40 pf at zero pressure to 80 pf
at full scale).

The simplified schematic is as follows:

Cfeedback (Pressure sensor)

Creferende ~\\\b\‘ 1.8avp-p
ﬂ Vref. { (l 260 OUTPUT ll ||| +1 gzvp-p
- "REFERENCE V”//’> i
62 pf
VOLTAGE
v
Creference
Vout = ———===-F=lt% Vref
ou Cfeedback = ' ©

8) Active Rectifier

The active rectifier accepts the square wave
output from the charge amplifier, provides an
offset and rectifies the signal to provide a DC
output.

5) DC Amplifier
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6)

PIGB “ .8 ® 1 -3-7

The DC amplifier amplifies the active rectifier
output to provide the instrument 0-5 Vdc analog
outputs. It has an amplifier with a nominal gain
of about 2.5 for the high range output and of
about 20 for the lowv ramge output. The amplifier
also contains low pass filtering to reduce ripple
on the outputs.

Temperature Seasor

The temperature of the pressure sensor is measured
by a platinum resistance sensor. The resistance
is in a bridge circuit and the bridge output
varies over a 0 to 80 mv span.
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5.8.1.3.3 OPERATING HODES

The instrument has only the one operating mode. When power
is applied the ocutput signals appear on the output lines as
analog voltages.

£.8.1.3.8 OPERATIOEAL SEQUENCE

Pover is applied to the instrument ten minutes before
"Entry® to allow sufficient time for the instrument to warm up
and establish the zero pressure output amnd drift. Once power has
been applied, the outputs appear on the output lines to the VL
Data Acquisition and Processor Unit (DAPU) and the data is
digitized and@ inserted into the VL data stream whenever the DAPU
is in the appropriate format. The sampling formats and rates are
as follows:

asu t Forpat S P ond

X8003 2 5 |
0-20mb 23 2
(Lov Range) 2p 5
K008 2 5
0-150mb 23 2
(Bigh Range) 2P S
K&005 2 0.25
-65/1300F 22 2
(ransducer Temperature) 2P 0.25

3 0.5

Sampling during the warm-up time (in Format 21A) establishes
the zero pressure reference point and the drift im zero pressure
point as a function of time as the instrument warms up. The bulk
of the science data will be obtained in Format 2.

8.8.1.3.5 INTERFACES

The instrument interfaces mechanically with the Aeroshell
structure and pressure port inlet (Pigures 8.8.1.3-1 and 8.8.71.3-
2) and electrically with the Power Conditioning and Distribution
Assembly (PCDA) and DAPU (Figure §.8.71.3-6).

Instrument sequencing is controlled by the Guidance Control
and Sequencing Computer (6CSC) with power on/off commands to the
PCDA and format commands to the DAPU.

§.8.1.3.6 POWER REQUIRENENTS

The instrument operates on the 28 Vdc to 37 Vdc power bus.
Power consumption under worst case conditions is less than 1.1
vatts.
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§.8.7t.4 AMBIENT PRESSURE
.8.1.8.1 PURPOSE

The Ambient Pressure instrument is intended to provide data
from which the vertical pressure profile of the Hartian
Atmosphere can be determined during the Parachute and Terminal
phases of descent to the Martian surface. In additiom, it will
be used to measure atmospheric pressure during the Post-Landed
portion of the mission.

The location of the instrument amd inlet on the VLC are
shown in Pigures 4.8.1.3-1 and A.8.1.8-2.

§.8.1.6.2 FUNCTION

The instrument is the same as the low range engineering
pressure semnsors provided by the Tavis Corporation except for
more extemsive screening. An instrument functional schematic is
shown in Figure 3.8.7.5-3.
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5.8.1.6.3 OPERATING HMODES

When power is applied to the instrument by the Power
Conditioning and Distribution Assembly (PCDA) amn analog voltage
appears on the instrument output limes. This is sampled by the
Data Acquisition and Processor Unit (DAPU) and digitized at a
rate depending upon the format. The sampling formats and rates
are as follows:

Heasurepept Format Sappling
1

K&001 1 sample per frame
(0-18mb .) 2 1 sample per second
2k 2 samples per second.
2p 1 sample per second.
3 2 samples per second.
] 1 sample per frame
5 1 sample per frame

§.8.1.4.54 OPERATING SEQUERCE

During the Entry phase of the mission the instrument power
will be applied at "Entry® minus 10 minutes to allow an adequate
wvarsm-up period amd also to obtain an instrument output at
essentially zero pressure. This measurement will enable an
assessment of instrument long—-term zero drift.

During the Post-Landed phase of the mission acgquiring format
5 engineering data format provides instrument power-on (shorter
warm-up time than during Entry) and data collection.

8.8.1.8.5 INTERFACES

The instrument interfaces mechanically with the VIC
structure and inlet port (Figures #.8.1.4-1 and 8.8.1.8-2). The
design and location of the Kiel Probe venturi sensing head
resulted from analytical studies and tests with the intent that
during Entry, correct pressure measurements will be obtained
within the large angles of attack that may be experienced when
swinging on the parachute.

The instrument interfaces electrically with the PCDA and
DAPU. The electrical interfaces are shown in Pigure 4.8.1.8-%.

Instrument sequencing is controlled by the Guidance Control
and Segeuncing Computer (6CSC) with power on/off commpands to the
PCDA and format commands to the DAPU.

5.8.7.8.6 POWER REQUIRENEENTS
The instrument operates on the 28 Vdc to 37 Vdc power bus.

Pover consumption under worst case conditions is less than 0.25
vatts.
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4.8.1.5 SCIENCE TENPERATURE SERSORS
8.8.1.5.1 PURPOSE

The Entry Science Temperature Semsors are intended to
measure the vertical temperature profile of the Hartian
atmosphere over as large an altitude range as possible. In order
to accomplish this, there are two instruments. One instrument,
the Stagnation Temperature Instrusent, is mounted on the
Reroshell and will take measurements during the latter part of
the ballistic entry. The other instrument, the Ambient
Temperature Instrument, is mounted on Footpad ¥o. 2 and will take
measuresents after the Aeroshell has been jettisoned and the
landing legs have been deployed. The useful measurement ranges
of the instruments is shown in Figure 8.8.1.5-1 for a typical
entry trajectory. The locations of the instruments is shown in
Figures 8.8.7.5-2 and 8.8.1.5-3.

8.8.1T.5.2 PFURCTION

Both instruments are essentially similar in basic design
concept, being based upon multiple thermocouples. The major
outputs are derived from the output of three thermocouple
elements in series. In order to provide redundancy against
breakage, each of the three thermocouples has tvo other
thernmocouples in parallel with it. The electronics associated
with each instrument are esseatially passive, being merely
resistance bridge networks using the 5 vdc Data Acquisition and
Processor Unit (DAPU) tramsducer excitation voltage as reference.

Punctional schematics of both imstruments are shown in
Figure 5.8.1.5-8.

Three pairs of posts are used to hold the thermocouple away
froe the bulk of the instruments and in the gas flow. The
thermocouples themselves are butt welded and mounted to the posts
so that the weld is half way between the posts. The thermocouple
vires are slightly corrugated to allow post movement without
overstressing the weld.

8.8.7.5.2.1 STAGNATION TENPERATURE INSTRUNENT (PD78600086—
00"

The Stagnation Temperature Imstrument is designed to measure
temperatures over the ramge of 1009K to 7509K, with an accuracy
of + (3.5°K + 1% of reading).

In order to accomplish this, the output has been divided
into two outputs. One, Heasurement, K8009, covers the range from
100°K to 875°K and@ the other, Heasurement K8010, covers the range
from 8259K to 7509K. It is necessary to knov the temperature of
the electronics and thermocouple reference junction and this is
provided (Measurement K8012) from a platinum resistance element
and covers the range of approximately 160°K to 3500K. Additiomal




redundancy is obtained with another output, Heasurement K011,
vhich is derived from the front set of redundant thermocouples.
This redendant measurement covers the full range from 100°K to
750°K but the digitization accuracy does not meet the overall
accuracy requiresent.

The Stagnation Temperature Imstrusent is mounted on the
inside of the Aeroshell. It incorporates a pyrotechnic actuated
deployment mechanism for its protective cover. When the pyros
are fired by the Lander Pyrotechnic Control Asseably (LPCA) on
comnand from the Guidance Control and Sequencing Computer (GCSC),
the protective cover (ejectable plug} on the fromt face of the
Reroshell is pushed away and the sensing elements are deployed
out into the gas flow ahead of the RAeroshell. The mechanical
configuration of the Stagmation Temperature Instrument is shown
in rPigure 8.8.1.5-5. Deployment of the sensors into the flow
field is programmed to occur when the VIC wvelocity, relative to
the rotating atmosphere, is 1.1 Ka per second. If the sensing
elements vere to be exposed at velocities significantly in excess
of 1.7 Km per second the heat locad would be sufficient to burn
out the thermocouples.

A1l measureaent outputs have a 0 to 80 mv range and are
digitized by the Data Acquisition and Processor Unit (DAPU). The
sampling format and rates are as follows:

Heasurepent Format Samples/Second
Ka009 2 )
100°K -84 750K 22 2
2P 1
K&010 2 1
§250K-7500K 21 2
2P 1
K8011 2 0.25
1000K-750°K 23 2
(Front Post TC) 2P 0.25
3 0.5
K012 2 1
(Reference 23 2
Teaperature) 2p 1

The DAPU transducer excitation voltage is applied to the
instrusent prior to any sampling and hence data is alwvays
obtained whenever the DAPU is in the appropriate format. The
calibration curves for deriviang seasing element temperatures are
relatively complex as a result of the teamperature compensating
element in the bridge circuitry. The curves for each individual
instrumsent are contained in its acceptance data package.

¥.8.1.5.2.2 ANBIEST TENPERATURE INSTRURENT (PD7400086-020)



‘ HB-3720311% PAGE 5.8.1.5-3

The Ambient Temperature Instrument is designed to measure
temperatures over the range of 100°K to 800°K, with amn accuracy
of ¢ (1.3 + 2.1% of reading).

The imnstrument has three measurement outputs:

a. Heasurement K8006, which is the prime thermocouples
output covering the range of 100°K to 800°K;

b. Beasurement K8007, which is the electronics and
thermocouple reference junction temperature. This
platinum resistance measurement covers the range of
about 160°K to 3509K;

C. Neasurement K4008, which is the output from the fromt

set of thermocouples and covers the range 100°K to
K00°K.

The Ambient Temperature Instrument is mounted in the inside
of Footpad Fo. 2. This location was chosen as a result of flow
field studies which showed that the gas mass flow over the
sensing elements was acceptable over a wide range of angle of
attack (this being mecessary to obtain good data vhen the VLC is
swinging or the parachute) .

. The mechanical configuration of the instrument is shown in
FPigure 4.8.1.5-6.

211 measurement outputs have a 0 to R0 mv range and are
digitized by the DAPU. The sampling formats and rates are as

follows:

Beasuremept Format Sample Rate

K006 3 2 per second

100K -4 00°K & 1 per frame

K8007 3 2 per second

(Reference B 2 per frame

Temperature)

K8008 2 1 per second

009K -4 009K 2p 1 per second

(Pront Post) 3 2 per second
8 1 per frame
5 1 per frame

The DAPU transducer excitation voltage is applied to the
instrument prior to any sampling and hence data is alwvays
obtained whemever the DAPU is in the appropriate format.

The calibration curves for deriving semsing element
temperatures are relatively coamplex as a result of the
temperature compersating element in the bridge circuitry. The
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wires for each individual instrument are contained in its
acceptance data package.

The instrument will be sampled during the Post-Landed phase
of the mission and if the thermocouple sensing elements survive
landing, near surface atmospheric temperature measurements will
be made.

8.8.1.5.3 OPERATING HODES

Both the Stagnation and Ambient Temperature Instruments are
essentially passive. An output will appear on the measurement
lines to the DAPU vhenever the DAPU 5 Vdc transducer excitation
voltage is applied. This excitation voltage is applied by the
DAPU just prior to sampling each channel and measurements will be
obtained vhenever the DAPU is operating in an appropriate format.

The two ranges of the Stagnation Temperature transducer
always provide outputs. If the temperature is less than 425K,
the high range will provide a negative output to the DAPU and
this will be digitized as ODN. If the temperature is greater
than 8750K the low range will provide an output in excess of +40
v to the DAPU and this will be digitized as 255 DN, i.e. full
scale.

§.8.7.5.8 OPERATIONAL SEQUEECE

The sequencing of taking data from the Stagnation and
Ambient Temperature Instruments is determined by the DAPU mode
sequencing. These data will be of value only when the sensing
elements are exposed to an adequate flow of Martiam atmosphere
over the thermocouples.

FPigure 84.8.1.5-1 shows the useful range of measurements.

The Stagnation Temperature sensors are deployed through the
front of the Reroshell when the VIC velocity has been reduced to
1.72.17 Kmn/sec. The deployment is initiated by the 6CSC which
computes velocity from the VLC initial conditions and Inertial
Reference Unit (IRU) data and commands the LPCA to fire the pyros
at the appropriate time. Useful measurement will be obtained
wmtil parachute deployment (mortar fire at altitude of
approximately 18,200 feet) with data being obtaimed for another 6
seconds (7 seconds for K¥011 measurement). These last data may
be difficult to arnalyze, due to tramsients caused by parachute
deployment.

The Ambient Temperature semnsors will not see an adequate
flow of Hartian atmosphere until after the landing legs have been
deployed. Useful measurements will be obtained starting at
approximately 20 seconds after parachute deployment and will
continue until the Descent Engine fires at an altitude of 4,578
feet.
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8.8.1.5.5 INTERFACES

The Stagnation Temperature Instrument interfaces directly
with the DAPU, LPCA and Reroshell structure. The electrical
interfaces are shown in Pigure 84.8.1.5-7. The instrument
interfaces indirectly with the G6CSC which controls the DAPU modes
and commands the LPCA to fire the deployment pyros.

The Ambient Temperature Instrument interfaces directly with
the DAPU and Footpad Wo 2 structure. The electrical interface is
shown in Pigure 8.8.1.5-8.

§.8.1.5.6 POWER REQUIRENENTS

Both the Stagnation and Ambient Temperature Instruments use
the 520.015 Vvdc transducer excitation voltage supplied by the
DAPU.

BRaximum power drawn is about 9 milliwatts for each of the
instrusents.
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§.8.2 LANDED SCIENCES

The primary emphasis of the Viking Mission is on gathering
information on biological, chemical, and environmental
characteristics most relevant to the search for extraterrestrial
life-either past, present, or potential for the future. 1In
addition, investigations of the interior, surface, and
meteorology of Hars will be carried out.

A listing of Scientific goals and the investigations
performed by instrumentation on the Viking Lander (VL) is as
follows:

Scientjfic Goals
Visually examine the landing

Site.
Search for evidence of life.

Search for and study organic
and inorganic compounds.

Determine atmospheric composi-
tion and its variations with
time.

Determine temporal variatioms
of pressure, temperature, and
wvind velocity.

Determine seismological charac-
teristics.

Determine magnetic properties
of surface.

Determine physical properties
of surface.

Investigations

{Ipstruments)
Visual Imaging (2 cameras).

Direct biology (3 metabolissm
and growth detectors) .

Bolecular Apnalysis (gas
chromatograph and mass

spectroreter) .
X-ray Spectrometer.

Neteorology (pressure,
temperature, and wind
Sensors) .

Seismology (3-axis seismom-
eter) .

Ragnetic properties (2 mag-
net arrays and magnifying
mirror) .

Physical properties.

Surface Sampler System

The general location of the science instrumentation on the

VL is shown in Pigure 8§.8.2-1.
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8.8.2.7 BIOLOGY
§8.8.2.1.1 PURPOSE

The objective of the Biology Investigation is to measure
evidence or conversely lack of evidence for metabolism of micro-
organisms that are present in samples of the Nartian surface that
are deposited in the Biology instrument's test chambers. The
Biology instrument provides a test chamber environment that is
conducive to metabolism and/or growth of life forms similar to
those that probably evolved early in Earth®s history. The
instrument contains three complete biological experiments, each
operating on a different principle, along with the electronics to
operate them and to record their fimdings for transmission to
Earth.

a. 6as Exchange (GEX) Experiment

The GEX experiment operates on a simple primciple:
living organises alter their gaseous environment as
they live, respire, eat, and reproduce. Gaseous
changes can indicate that life processes are going on.
In this experiment, a HMars surface sample inside a
sealed cup is either humidified with water vapor or is
partially submerged in a coeplex agueous nutrient
medium.

The surface sample is repeatedly incubated for up to 17
days (typically) in an atmosphere of helium, krypton,
and carbom dioxide. 6Gases within the experiment cell
are sampled periodically by gas chromatography. The
GEX experiment looks for evidence of metabolisa by
checking for concentration changes in molecular
hydrogen (H sub 2), molecular nitrogen (R sub 2},
molecular oxygen (O sub 2), methane (CH sub &), or
carbon dioxide (CO sub 2).

Netabolism occurs as living organisms process food to
maintain and reproduce themselves. A common example of
metabolise on Earth is man®s ingestion of carbom-based
organic matter (food), and his use of the emergy fros
changing the food to CO sub 2, and other products.

The complete experiment, involving up to four cycles
using the same surface sample, can be performed once.
If desired, a second soil sample can be analyzed om top
of the first, but within the total of four cycles.

b. Labeled-Release (LR} Experiment
The LR experiment also searches for signs of metabolic

activity in the Mars surface sample. It is based on
the following four assumptions:
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L)) If life exists on Nars, micro-organisas are
probably present to recycle organic matter,
although life on Mars may not be limited to micro-
organisams;

2) Biochemical reactions can be carried om in a fluiad
or damp milieu (on Earth it is water):

3) Bicro-organisass assimilate compounds from their
environment and produce gas:

8) Compounds assimilated could include relatively
simple carbon-containing molecules.

A sample of the Bartian surface will be loaded into a test cell,
barely moistened by a nutrient labeled with radio-active carbon-
15, and allowved to incubate at 47 P for up to 11 days. If there
are any micro-organisms which consume the nutrient they could
release gases that contain radioactively labeled wastes (the
carbon-18) . The LR experiment will detect any volatile carbon
products such as carbon-14 dioxide (** CO sub 2), carbon-18
monoxide (:*CO)} or methane (®*CH sub 8).

The LR experiment can be performed up to four times.

Ce Pyrolytic Release (PR) Rxperiment

The PR experiment has a primary goal of detecting
photosynthetic organisms under normal, arid Martian
conditions. The experiment will detect the presence of
organisms capable of assimilating and forming organic
material from 4C0O sub 2 and :4CO. A 1/8 cc surface
sample will be incubated in a test cell with a mixture
of 314C0 sub 2 and 14CO under simulated Martian sunlight
for a period of 5 days. Folloving the removal of the
incubation atmosphere, the surface sample will be
pyrolyzed by heating to 6259 C. During this process,
the unincorporated 24CO sub 2/:4C0 gas released from
the sample will be passed through an Organic Vapor Trap
(OVT} , collected at a radiation detector amnd counted as
the first peak. The heavier organic molecules
identified with organismes are collected in the OVT,
Following the collection of the first peak, this
organic material will be eluted from the O¥T by heating
to 650° C, collected in the detector and counted as the
second peak.

§.8.2.1.2 FUNCTIONAL DESCRIPTION

An imitial understanding of the Viking Biology Imstrumest
(¥BI) functional perforsance may be ascertained in a broad seamse
from examination of the VBI operational system block diagram
shown in Pigure 24.8.2.7-1. Operationally, the VBI functions
through its interface for commands and power from the VL, while




providing both engineering and scientific data to the VL for
transmission to earth. This interface is carried out within the
VBI in the electrical subsystem. The other significant
operational interface between the VBI and the VL provides for a
supply of Martian surface samsple to the VBI from the VL's Surface
Sampler Control Assembly (SSCA). This interface is implemented
in the VBl Soil Distribution Assembly (SDA) for distribution to
the three experiment modules. Internal functions of the VBI are
performed through a complex systeam of pneumatics which provides
for the use of pressurized helium as a working medium, storage of
certain nutrients for biological experiment functions, and a
wvaste management system which ensures removal of spent fluids and
gases from the workimg areas. Scientific results which can be
derived from the Biology experiment are totally dependent on data
vhich are produced by the 2%C detectors in the PR and LR modules
and the gas chromatograph in the GEX module.

Following are operational process descriptions for the five
ma jor instrument subsystems; the SDR, three experiment modules,
and the common services module.
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‘ a. Soil Distribution Asseably (SDi)

The SDA is located above the three experiment modules
and serves to receive the surface sample from the
Surface Sampler PDA, to accept, deliver, and meter the
surface samples for each experiment test chamber anmd to
store sufficient quantities of each surface sample
delivered such that a second distribution may be made
to the PR, LR and GRY experiments. When not required,
the excess surface sample is transferred to soil dump
cavities which are part of each experiment module,
prior to accepting the subsequent sample. The SDA will
accept and distribute a nominal surface sample size of
6.0 cc and is capable of accepting, delivering, and
metering surface sample vith particle sizes up to 3870
microms.

The instrument surface sampler hopper is in position to
receive a surface saaple from the VL at all times
except during surface sample distribution. The
instrument meters and delivers the active surface
samples to the individual experiments following a
distribute surface sample command from the Guidance,
Control and Seguencing Computer (GCSC).

‘ The functional steps in each SDA cycle are shown in
Pigure 8.8.2.1-2 and are described below.

L) Step 1V

While in the rest position, the hopper receives
6.0 cc of surface sample froam the Surface Sampler
PDA. During this operation the hopper is
oscillated approximately 0.020 inch at 20 cps
continuing for 5 seconds after the Surface Sampler
PDA shuttle vibrator stops. This is to insure
that, vhen tilted 25 degrees, the full surface
sample drops into the hopper. In the rest
position the bottom of the hopper is blanked off
by the metering plate. The three metering
cavities are aligned with the three module feed
tubes in the base, vhich are also aligned with one
of the dump cavities or test cells in each of the
three modules as programeed.

2) Step 2

During this step the surface sampler hopper plate
is rotated 25 degrees as indicated while the
metering plate assembly is locked in position such

‘ that the metering cavities will not permit the
surface sampler to pass into the test cells or
dump cavities.
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Step 3

With all metering cavities blanked off by the
base, the hopper is rotated an additional 330
degrees Counter Clockwise (CCW), thereby fillimg
each cavity as it passes over.

Step &

A Clockwise (CW} rotation of 330 degrees of the
hopper returns it to the position shown, with the
metering cavities and the surface sasple hopper
not aligned.

Step S5
Onlocking the metering plate accompanied by CW

rotation of 25 degrees dumps the measured soil
into a dump cavity or test cell as programsed.
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b. Common Services Module (CSH)

The CSHE contains the helium reservoir and instrument
vaste management system. Helium is used in the three
experiments for pmeumatic actuation, as a carrier gas
for the gas chromatograph, and as a carrier pressurant
and purge gas for the LR and PR experiments. Waste is
effluent purge gases and spent biological liguid
nutrients which are exhausted through an activated
charcoal trap to remove organics.

The helium supply and vent pneumatics between the CSH
and the three experiments are shown in Figure 8.8.2.1-
3. The CSH flow diagram is in Figure 8.8.2.1-4.
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Ce Pyrolytic Release

The general functioning of the PR is shown in Figure
4.8.2.1-5.

o SEPARATE ORGAMIC AND INORGAMIC COMPOLINDS
o COMPARE NRGANIC INORGANIC PEAKS

Pigure 8.8.2.1-5 Pyrolytic Release Experiment

The specific functions will be described while
referring to the mechanical arrangement of the module,
. Pigure 8.8.2.1-6, and the flow diagram of Pigure

The PR module consists primarily of test and dump cells
and two head ends, one for incubating the surface
samples and one for pyrolyzing them. A wvater vapor
supply, a labeled gas supply and a lamp are ancillary
to the incubation head end wvhile an organic vapor trap
and 14C detector assembly provide the equipment needed
for the pyrolysis, elution and measurement functions of
the experiment. The surface sample is loaded into the
cells from a SDA and heliue gas is provided by the CSH.

The three test cells can be used to perform the
fixation of 34C experiment with active surface sample
or to perform a control experiment with sterilized
soil. When loading of surface sample into a test cell
is undesirable, the three dump cells shown provide
capacity for accepting surface samples. The test and
dump cells are mounted on a carrousel which can be
indexed in 60 degree increments by a positioning
mechanism consisting of a stepping motor and geneva
star wheel.

Prior to starting the sequence, the OVT, and the
pyrolysis system in general, are backfilled with

‘ Martian gases. The test sequence is initiated by
loading a 0.25 cc soil sample into one of the three
test cells. The vertical actuator assembly is
pressurized which removes the loaded cell from contact
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with the surface sample loader amd the test cell is
indexed 180 degrees to the incubation head end
assembly. FNext, the vertical actuator is de-
pressurized and the actuvator return spring seals the
test cell to the head end assembly.

Water vapor and labeled gas are injected into the test
cell. The lamp is turned on and the surface sample is
exposed to approximately 15% of the normal HBartian
sunlight level for the S5-day incubation period.

On about the third day of incubation, the OVT is
prepared for the following set of sequences to be
performed when the test cell is moved under the
pyrolysis head end. Pirst the pyrolysis head emd, the
OVT and detector are purged vith helium, and the OVT is
heated to 700 C for a 3-minute clean-up period. The
14C compounds, if amny, contained in the OVT column are
purged with helium into the ®4C detector and counted.
After OVT clean—up, the helium purge is stopped amd the
vent valves are reopened to allow re-equilibratioa with
Martian atmosphere.

Incubation is terminated at the end of the fifth day by
‘ turning the lamp assembly off, heating the test cell to
120 C, and venting the residual incubation gases.

During the fifth day, a radiation background
measurenent is carried out by the :4C detector
asseably. The OVT is then heated to 700° C in the
Hartian atmosphere to saturate the OVT with 2200 sub 2
before exposure to 24CO sub 2 from the pyrolysis, and
is then allowved to cool to 1209 C to prepare the
pyrolysis system for its sequence.

The pyrolysis sequemce is initiated by employing the
vertical actuator assembly to remove the test cell from
contact with the incubation head end. The test cell is
then indexed 60 degrees to the pyrolysis head end
assembly. Depressurization of the vertical actuator
permits the actuator return spring to seal the test
cell to the pyrolysis head emd. 1R helium purge is then
made of the OVT amd detector using the low-pressure
helium gas supply to resove entrapped gases. The head
end and test cell-to-OVT plumbing is then heated to
200°® C while maintaining the OVT at 120°C, completing
the prepartion of for pyrolysis.

Pyrolysis is initiated by heating the test cell to 6250
C. The test cell is then purged with low-pressure

‘ helium to force the mixture of helium and volatile
pyrolysis products from the test cell to the OVr. The
light gases of helium and labeled gas that did not
combine organically pass through the OVT while the
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heavy organic products are trapped in the OVT. The
gases that pass through the OVT are trapped in a 6 cc
holding chamber and a known sample is backfilled into
and counted by the :4C detector assembly. The
repmainder of the gases in the holding chamber are
vented.

This level of ®4C is called the first peak or "non-
biogenic peak,”™ because it is a measurement of the
residual, unincorporated :4C released from the surface
sample during heating. The head end and OVT heaters
are then turned off, and the OVT and detector purged
clean with helium which exits from the detector
assembly vent.

The test cell is next rotated 60 degrees and an empty
dump cell is placed at the head end position to provide
a clean cell for the entire pyrolysis system while the
detector is heated to 110° C for 2 hours while being
purged with helium to remove residuval gases. After the
detector has cooled down, it is pressurized with helium
and another radiation background count is made to
determine if the count within the detector asseably has
returned to the origimal background level. The OV?T is
then heated to 120° C for 2 hours, and purged with
helium to remove residual 14C gases that are in the
OVT. A background count is then carried out at Martian
pressure at the end of this heating cycle to determine
the state of the OVT. HNartian pressure is subsequently
established in the detector and the uwnit is ready for
removal of the trapped biogenic material from the OVY,
which will provide the measurements for determining if
Bartian surface sample organismes metabolized the
labeled CO sub 2 either photosynthetically or
chemotropically.

To remove this organic material, the OVT is heated to
1200C and purged with helium for a few minutes to
repove the last residuval gaseous 14C material from the
O¥T. This is followed by a heating of the OVT to 6500C
to vaporize and oxidize the trapped materials and to
release thea mainly as 24CO sub 2. The released gases
are flushed into the ®4C detector assembly and the :4C
content of these gases is determined. This biogenic or
msecond peak®™ beta particle count determines the 34C
absorbed by the Bartian organisms. The head end
assembly, OVT, and detector assembly are them purged
and the background count established.

Two OVT clean-up cycles are then performed by heating
the OVT to 700° C while purging with helium. A sample
is collected in the detector in both cases and the
background count is obtaimed after each heating cycle.
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To verify that the abowve findings were valid, the above
procedure is repeated in a control sequence using a
sterile surface sample.

Opon completion of each experiment sequence the OVT is
opened to Bartian atmosphere exposure during power off
betveen sequences.
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Labeled Release

The general functioning of the LR is shown imn Figure
4.8.2.1-8.
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STERILE

©  INCUBATE 12 DAYSAT m47°F

° COUNT RELEASE OF VOLATILE RADIOACTIVE GASES

Figure 8.8.2.1-8 Labeled Release Experiment

The specific functioms will be described while
referring to the mechanical arrangement of the module,
Figure 4.8.2.1-9, and the flow diagram, Figure 4.8.2.1-
10.

The LR module comnsists primarily of four test cells for
receiving surface samples; a head end assembly for
maintaining the environment for incubation of organisms
in the surface sample and injecting the nutrient into
the test cell; a detector for measuring the results of
incubation, and a supply of labeled nutrient for
injection into the surface sample.

Pour test cells provide a meams of performing multiple
experiments; three for active surface samples, and one
for a control amalysis of a sterilized surface sample
to verify that activity took place or for a fourth
active sample.

The test cells are mounted on a carrousel which can be
indexed CW every 60 degrees by a mechanism consisting
of a stepping motor and a geneva star wheel. 1A cell
can be positioned by the carrousel under the head end
assembly, under the surface sample loader, or im the
open.

During the initialization seguence on Post-Landed Sol
2, the nutrient storage ampoule is broken using high-
pressure helium. Low-pressure helium is them used to
de-gas the nutrient, driving off radioactive gases.
The helium and entrained gases flow through the CSH
sump and into the ¥-2 vent to the Martian environment.
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After 5 hours of de—gassing, the low pressure helium
flow is terminated.

The test sequence is initiated by loading a 0.5 cc soil
sample into the test cell that is positioned under the
surface sample loader. The vertical actuator is
pressurized to lower the test cell. The test cell is
then rotated 180 degrees to the head end asseably for
incubation. The vertical actuator is depressurized,
and the return spring raises the test cell and seals it
to the head end.

The 14C detector and test cell are purged with low
pressure helium to remove any residuval gases. The
purge stream is discharged through the V-2 vent to the
Nartian environment, having passed through the sump and
the charcoal trap (0VT-2) of the CSH. When the purge
js over, the test cell is lowered for 18 minutes so
that a Martian atmosphere is re-established for
subsequent incubation. A 2B8-hour detector background
count is made, and the experiment is ready for the
nutrient injection and incubation.

puring the infjection sequence, the putrient reservoir
is repressurized with high pressure helium, the
injection cavity is twvice filled with nutrient and
discharged into the V-2 vent, and the test cell is
pressurized with low pressure helium to prevent surface
sanple splattering upon injection. A volume of about
0.12%5 cc of nutrient is then injected omto the surface
sample. Por the next 10 days, the 14C detector
monitors the test cell head space for evolved
radiocactivity. An optional second injection is
scheduled to occur after 8 Sols incubation.

At the end of incubation, the detector and test cell
are purged with helium and the test cell is heated
briefly to resove radioactive gases and to dry the
surface sample to prevent surface sample eruption when
the cell is lowered. The carrousel is lovered, and a
clean test cell is rotated and sealed to the head end.
A detector background count is takem to deternine if
any change in background has occurred.

A cleanup cycle terminates the experiment. During the
cleanup, the head end asseably and test cell are heated
to 1600 C for 2 hours; the detector is heated to 100 C
for 3 hours; and the detector, head end, and test cell
are purged with helium for 3.5 hours. The test cell is
vented. The nutrient injection cavity is then tvice
filled and discharged into the V-2 vent to remove any

- heat decomposed nutriemt.
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If evidence of metabolic activity is obtained, another
experiment may be performed on a heat sterilized
surface sample to verify that the released
radioactivity was the result of metabolic activity and
not caused by some abiogenic process. To perform this
verification, the control analysis experiment command
table is uplinked to the VL.

In the control analysis, a surface sample is taken and
the test cell is rotated and sealed to the head end.
The detector and test cell are purged with helium to
remove any residuval gases. After the purge, the
carrousel is lowered for 18 minutes to re-establish
Bartian atmosphere for incubation. 1 25-hour detector
background is taken. The surface sample is then heat
sterilized by turning on the head end (160° C),
detector (100°¢ C), and valve block heaters (125° C),
for 3.8 hours. The nutrient injection cavity is then
twice discharged into the ¥-2 vent to remove any heat
decomposed nutriemt. The test cell is vented to
discharge any gases from the surface sample that were
not reabsorbed upon cooling. The experiment is now
ready for nutrient injection and incubation.

During the injectiorn sequence, the nutrient reservoir
is repressurized with high pressure helium, the
nutrient injection cavity is twice filled with nutrient
and discharged into the V-2 vent, and the test cell is
pressurized with lov pressurized helium to prevent the
surface sample froam splattering upon injection. 1
volume of about 0.125 cc of nutrient is then injected
onto the surface sample. For the next 10 Sols, the 24C
detector monitors the test cell head space for evolved
radioactivity. An optional injection is scheduled to
occur after 8 Sols incubation.

The control analysis is terminated in the same way as
an active analysis: purge and dry the surface sample,
rotate to the head end a fresh test cell, detector
background, and heat, cleanup, and purge.
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The general functioning of the GEX is shown in Pigure
§3.8.2.1-11:
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Figure 4.8.2.1-11 Gas Exchange Experiment

The specific functions will be described while
referring to the mechanical arrangement of the module,
Pigure 8.8.2.1-12, and the flow diagram, Figure
§.8.2.1-13.

The GEX module consists primarily of twvo cells (one for
receiving surface samples for analysis and one for
receiving surplus surface samples), a head end assembly
for incubation, a nutriemt reservoir containing the
liquid nutrient supply. another reservoir for the
jncubation and intermal standard gas, a gas sample
valve assembly for metering and injecting a sample of
head-space gas into the chromatograph colummn, the
duplex chromatographic column assembly comsisting of
matched active and reference columns, and a duplex
thermal conductivity detector for measuring the
separate gas components as they emerge from the active
and reference columns. Also part of the GEX system is
a reservoir of Be/CO sub 2/0 sub 2 gas which is used to
precondition the active coluan prior to the
experimental sequences. The active Gas Chromatograph
(6C) colusmn is pre-conditioned by ar exposure to a
helium—carbon dioxide-oxygen mixture so that quantities
of the experimental sample components will not be
removed from the first by absorption within the column.
A chromatogram of trapped preconditioning gas is taken
to diagnose the absorptive state of the column, and the
column is then purged for two hours. High pressure
helium is admitted to the nutrient reservoir pistoams
during the initialization sequence to break the
nutrient ampoule and pressurize the reservoir.
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The first operational sequence begins by receipt of a
surface sample from the SDA. After receipt of the
surface sample in the test cell, the test cell is
placed under the head end assembly by actuating the
vertical actuator via helium gas from solencid valve S-
30 and indexing the test cell to the head end using the
stepper motor and geneva drive.

The vertical actuvator is then deactivated and the
actuator returm spring seals the test cell to the head
end asseably. Subsequently a helium purge followed by
an injection of He/Kr/CO sub 2 gas is initiated. An
amount of nutriemt car be injected under the surface
sanple through a restrictor capillary tube from the
liguid nutrient reservoir in accordance with the
sequence which is to be run. The experiment is
designed to first conduct either Sequence 11 or 1B
followed by Sequences 2 and 3, the sequences differing
in the timing and amount of nutrient used as follows:

Fumber Sequence
12 Humidify soil only — 0.5 CC injection
1B Humidify initially - add 2.0 CC on day 8
2 Inject 2.5 CC initially
3 Inject 2.5 CC initially

Prior to each chromatographic measurement the gas
chromatogram detector and column heaters are turned on
to stabilize the gas chromatogram temperatures. Helium
flow is started and the sample loop is purged twice.
After purging the sample tube and chromatographic
column, gas in the test cell head space is sampled.
Chromatograms are obtained at periodic intervals of 1,
1, 2, and & days plus the last day of the analysis
cycle and prior to draining and purging the test cell
in the next cycle.

At test cell pressure, 100 microliters of gas is
removed by the gas sample tube and is placed in a
stream of pure helium flowing into the active
chromatographic colusn. Flowv through the active column
and the reference column is controlled by restrictors
such that the flow rates and pressure drops across the
columns are compatible with column performance
requirements.

Bach gas of interest is detected and its concentration
determined by the Thermal Conductivity Detector (TCD).
Pach gas is eluted from the chromatographic column and
is identified by its predetermined retention time. The
system has a dymamic range of greater than 1000, and
the maximum precision is better than 5 percent.

Because the Kr peak has an predictable amplitude
because the inert gas does not diminish with biological
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activity, its identification in the data returned
serves to check proper operation of the experiment. In
addition, neon is added to the nutrient as a tracer and
jits detection in the chromatogranm verifies nutrient
injection. The liquid nutrient is left in the test
cell and incubation temperature are maintained as usueal
between analysis cycles.

At the beginning of subsequent cycles a gas analysis is
made, the test cell is drained, and fresh medium and
gas are injected. surface material may be added to
paterial already present on command if a termination
has been carried out. If a positive result is obtained
after the first two analysis cycles, the surface sample
may be heat treated and tested as a control. The
control analysis is imitiated by VL command. The
control analysis has the same sequence as described for
an active analysis cycle except that the surface sample
js heated at 160°C for 3 hours prior to injection of
incubation gas.




LZ-%

VERTICAL ACTUATOR
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NUTRIENT VALVE BLOCK
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Figure 4.8.2.1-12 Gas Exchange Module
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HP HEAT PIPE
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MENT MODULE FLOW
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8.8.2.1.3 OPERATIONAL SEQUERCES

Biology segquences differ from other science instrument
Sequences bhecause each sequence is continuous over twelve Sols
and must be developed using computer software. The uplink
commands are produced using the same software. The process of
sequence development is described briefly herein and in detail in
the Biology User's Guide, SD-3700012. The essential steps are as
follows:

a. Selection of desired "mini sequence elements®™ fros the
block dictionary;

b. Use BIOL-C program to shift blocks to satisfy internal
instrument constraints;

C. Manuval time manipulation of preliminary sequence to
satisfy thermal and VL constraints:

d. Use BIOL-C program to produce final sequence as a file
for direct use of LSEQ and LPWR.

N Block Dictionary

The Biology instrument functions that must not be
interupted have been defined im a Block bDictionary
contained as a file in BIOL-C. Each block has a
specific function which was verified during pre-
launch testing. 1A summary of the block contents
appears in Table 8.8.2.1-1. 1 detailed
explanation is available in the TRW document ®VLBI
Bission Sequencing Constraints Criteria amd Block
Definitions®, HNC-882C, dated 10 July 1975.

2) Constraints

A primary use of the BIOL-C computer program is to
time shift the designated blocks to satisfy the
autowmatic constraints incorporated in the logic.
These constraints are identified in Section
8.8.2.1.7. The resulting output is a detailed
instrument sequence of events which is reviewed to
identify VL and thermal constraints (also
identified in Section 8.8.2.1.7). The modified
compand timing required for a constraint free
sequence is rum through a BIOL-C option that
produces the required uplink data for LSEQ and
LCON.

3) BIOL-C Output
The principle output products are described in SD-

3700012 and consist of listings and files. These
are summarized below.
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Product

List

File

File

List

List
List
Pile

Pile

8)

Description
Time tagged intermnal
instrument sequence of
events (valves, heaters,
etc.)

Time tagged predicted
reasurerent sequence

Predicted helium consumption
Internal Valve position
Status

Lamp and motor position
Heater settings

Significant events at NMT

Frame length and ANT
Occurrence

Octal commands at NMMT
occurrence

Typical Sequences

PAGE 8§.8.2.1-29
Use

Banual constraint
checking

Comparison by BIOL-A
to received data

Comparison to Pormat
4 data

Contingency planning

Contingency planning

Contingency planning

LSEQ sequence of events

Data management

LSEQ and LCOM/LTRAN
uplink preparation

Shown in Figures 8.8.2.1-14 through 4.8.2.1-19 are
blocks for each experiment for both an active and

control sequence.

When the designated blocks from

all three experiments are combired using BIOL-C
into an overall sequence, the result is

overlapping and time-staggered blocks.

A method

for displaying the significant everts in a
combined sequence is shown in Pigure 4.8.2.1-20
vhich represents a test sequence performed during
instrument qualification.




EXPERIMENT

LR

LR
LR
LR
LR
LR
LR
LR
LR
LR

LR

LR

GEX

GEX
GEX
GEX
GEX
GEX
GEX
GEX
GEX
GEX

TITLE

TC to HEA

Open BKGD Count
24-Hr BKGD Count
Sterilization
PEEQUILB + BKGD
Double Bleed

1st Bleed + Inj.
Normal Bleed +Inj.
COM Bleed + Inj.

Dry Cycle+ DET
BKGD-ACT

Dry Cycle + DET
BKGD-CON

Termination

TC to HEA

TC to Load Port
Normal Injection
Purge + Inject
2cc Inject

Post Inj.Analysis
2nd Post Inj.Anal.
Analysis

Recycle Analysis

Column Purge

TABLE 4.8.2.1-1
BLOCK DICTIONARY SUMMARY

USE

Move test cell to head end assembly
after receiving soil

Second block in all active sequences
Second block in control sequence

Third block in control sequence

Fourth block in control sequence

Fifth block in control

First injection in first active sequence

Third block in active; sixth block in control

Fourth block in active; seventh block in control

Fifth block in active
Eighth block in control

Last block in all sequences
Move test cell to head end assembly
after receiving soil
Move test cell from head end to receive soil
Inject 2.5cc nutrient
First mission injection
2cc nutrient inject
First analysis after 2 or 2.5cc injection
Second analysis after injection
Alternate ROM sequence

Analysis before draining spent nutrient

Contingency sequence

COMMANDS

o L i »n

14
33
31
21

12

25

N LB

ELAPSED

TIME (MIN)

12

1059
1551
227

25
164
162

35
824

825

282

26

26
433
103
398

91

911

91

91

159

LLEOCLE=ECH
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EXPERIMENT TITLE
GEX Sterilization
GEX 60-Deg.Rotation
GEX Termination
PR TC to INC HEA
PR Sterilization
PR INC+PYRO-ACT
PR INC+PYRO-CON
PR Purge & BKGD
PR Elution
PR BKGD Count
PR 1lst OVT Cleanup
PR TC Cleanup
PR 2nd OVT Cleanup
PR OVT Conditioning
PR Water Res Degas

TABLE 4.8.2.1-1 (Cont)
BLOCK DICTIONARY SUMMARY

USE

Control heating of soil
Contingency sequence

Drain spent nutrient

Move test cell to incubation station
after receiving soil

Control heating of soil

Incubates through first peak count
Incubates through first peak count
First block following pyrolysis
Second peak count

Follows elution

Second block after elution

Test cell cleanup

Follows lst as close as possible

Last block all sequences

During initialization sequences

COMMANDS

29
37

Ul NN NN O

11

ELAPSED

TIME (MIN

211
24
176

28

269
8231
8232
2078
1532

772

816

851

777

309

33
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REQUIRED TIME - 12 —=]

(MINUTES)

SPECIAL COMMANDS

LOAD SOIL
L
FUNCTIONAL BLOCKS TO
HEA
MAJOR EVENTS e ROTATE

CAROUSEL 180°

SUMP HEATERS
ON OFF

v v

COUNT

e PURGE DETECTOR (30 MIN)

e DROP CELL FOR EQUILIBRA-

TION (16 MIN)

e BACKGROUND COUNT(225 HRS)

SUMP HEATERS
ON OFF

v _ v

BACKGROUND b

BLEED

AND
INJECTION —{—>»

INCUBATE

OF NUTRIENT

PRESSURIZE NUTRIENT

BLEED NUTRIENT (2X)
PRESSURIZE TC (2X)
INJECT NUTRIENT
TAKE DATA (2 HRS)
DATA ON

b= 35 -

SUMP HEATERS

824 —=]

SUMP HEATERS

ON OFF ON OFF
COMMANDABLE DRY CYCLE
BLEED AND AND
INJECTION {5—» DETECTOR —»
OF NUTRIENT . | INCUBATE PURGE
e PRESSURIZE NUTRIENT e WARM SOIL.

(1 HR BEFORE BLEED)
e BLEED NUTRIENT (2X)
e INJECT NUTRIENT

Figure 4.8,2.1-14 - FUNCTIONAL BLOCK DIAGRAM

LR SEQUENCE 1;

FIRST ACTIVE

e PURGE CELL (1 HR)
e ROTATE EMPTY CELL

TO HEA

BACKGROUND
COUNT (12 HRS)

Page 4.8.2.1-32

f—282—=]

SUMP HEATERS

ON OFF
\ 2
TERMINATION

e HEAT DETECTOR TO
100° (3-1/2 HRS)

e HEAT CELL TO
160° (2 HRS)

e PURGE CELL AND
DETECTOR (3-1/2 HRS)

e BLEED NUTRIENT (2X)
e CLOSE ALL LR VALVES

72
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REQUIRED TIME
(MINUTES)

SPECIAL COMMANDS

SUMP HEATERS
ON OFF

v v

24 HR

LOAD sOIL
TC
FUNCTIONAL BLOCKS TO
HEA
MAJOR EVENTS e ROTATE

CAROUSEL 180°

COUNT

e PURGE DETECTOR (30 MIN)

e DROP CELL FOR EQUILI-
BRATION (16 MIN)

e BACKGROUND COUNT
(225 HOURS)

AND CELL (160°)
FOR 3-1/2 HOURS

e bt 25 ] fr 60— f— 35 —=

Page 4.8.2.1-33

fe— 825 — =] f— 282 —»]

SUMP HEATERS SUMP HEATERS SUMP HEATERS SUMP HEATERS

e BACKGROUND
COUNT

I |
, 228 {
DATA ] (PR) SUMP HEATERS
l ON OFF
y REEQUILIBRATION —
CONTROL AND
BACKGROUND [ P BLEED
COUNT
e DETECTOR (100°) e VENT CELL e PRESSURIZE NUTRIENT

e BLEED NUTRIENT (2X)

ON . OFF ON OFF ON OFF ON OFF
BLEED AND COMMANDABLE DRY CYCLE
INJECTION BLEED AND AND
OF —  INJECTION §—>  petecTor | —| TERMINATION
NUTRIENT INCUBATE|  oF NUTRIENT |INCUBATE| BACKGROUND
o PRESSURIZE NUTRIENT e PRESSURIZE NUTRIENT o WARM SOIL o HEAT DETECTOR TO 100°

(1 HOUR BEFORE BLEED)
e BLEED NUTRIENT (2X)

(3-1/2 HOURS)

e HEAT CELL TO
160° (2 HOURS)

(1 HOUR BEFORE BLEED)
BLEED NUTRIENT (2X)

e PURGE CELL (1 HOUR)
e ROTATE EMPTY CELL

PRESSURIZE TC (2X) o INJECT NUTRIENT TO HEA
INJECT NUTRIENT e BACKGROUND COUNT o PURGE CELL AND
D S DETECTOR (3-1/2 HRS)
TAKE DATA (2 HOURS)
e BLEED NUTRIENT (2X)
DATA ON

e CLOSE ALL LR VALVES

Figure 4.8.2.1-15 - FUNCTIONAL BLOCK DIAGRAM
LR SEQUENCE II: CONTROL STERILIZATION



) ' ) i 3.0D
TIME REQUIRED |-_L.ODAYS | 1.0DAYS i 2.0DAYS i 2.0DAYS L 1Z.5HOUES | 7.0HOURS _i 1.0DAYS | 0DAYS _,
LOAD SOIL
TEST CELL PURGE GAS GAS GAS GAS GAS INJECT 2 CC GAS GAS GAS
FUNCTIQINAL RLOCKS TO HEA AND INJECT[ ] ANALYSIS > ANALYSIS ANALYSIS ANALYSIS ANALYsts [] OF NUTRIENT ANALYSIS ANALYSIS ANALYSIS
MAJOR EVENTS « ROTATE « PURGE CELL  © SAMPLE GAS © SAMPLE GAS » SAMPLE GAS ® SAMPLE GAS ® SAMPLE GAS STERILIZE o SAMPLE GAS ® SAMPLE GAS ® SAMPLE GAS
CAROUSEL o INJECT He/Kr/ » DATAON = ®DATAON ~ eDATAON ~ *DATAON ¢ DATAON NUTRIENT < DATAON _ eDATAON _ e DATA ON
180° CW co, (16 MIN) (16 MIN) (16 MIN) (16 MIN) (16 MIN) VALVE (16 MIN) (16 MIN) (16 MIN)
o INJECT .5 CC ",
NUTRIENT NUTRIENT

Figure 4.8,2,1-16 - FUNCTIONAL BLOCK DIAGRAM GEX SEQUENCE 1:
FIRST ACTIVE
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TIME REQUIRED

FUNCTIONAL BLOCKS

MAJOR EVENTS

| 1.0DAYS | 1.0DAYS _, 2.0DAYS _, 3.0DAYS _, 3.0DAYS _,
m | I ! | A |
_ | o STERILZATION|
f »{ TERMINATION | ¥, 0 e 3
I DRAIN AND o HEAT FOR 3 HOURS !
| PURGE CELL AT > 140 °C !
: * DRY SOIL :
| \ 4
RECYCLE NORMAL | of GAS J GAS GAS |_p| GAs GAS GAS
ANALYSIS Pl INJECTION ANALYSIS ANALYSIS ANALYSIS ANALYSIS ANALYSIS ANALYSIS
SAMPLE GAS eSTERILIZE *  © SAMPLE GAS ® SAMPLE GAS ® SAMPLE GAS  ® SAMPLE GAS  ® SAMPLE GAS  ® SAMPLE GAS
DATA ON (16 MIN) NUTRIENT e DATAON _ sDATAON  eDATAON  ®DATAON  ®DATAON e DATAON
VALVE (16 MIN) (16 MIN) (16 MIN) (16 MIN) (16 MIN) (16 MIN)
(3-1/2 HRS)
e PURGE CEL/L ,
o INJECT He/Kr,
co,
o INJECT 2.5 CC
NUTRIENT
*Included as part of the sterilization heating in a control cycle.
Figure 4.8.2.1-17 - FUNCTIONAL BLOCK DIAGRAM GEX SEQUENCES
RECYCLE AND CONTROL
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TIME REQUIRED
(MINUTES)

SPECIAL COMMANDS

FUNCTIONAL BLOCKS

MAJOR EVENTS

LOAD SOIL

fe— 29 —+ le— 8097 —=

CL S-57

TC
TO
INC
HEA

INCUBATION
-+

|e— 2078 —]

PYROLYSIS

e ROTATE
CAROUSEL
180° CW

o INJECT ‘4c02 /Mco

e LAMP ON AND INCUBATE (5 DAYS)

e PRE-PYROLYSIS CLEAN UP
(H -3 (700) FOR 8 MIN)

e CLEAN UP COUNT (12 HRS)
e BACKGROUND COUNT (8 HRS)

PRE-PYROLYSIS ELUTION

ROTATE CAROUSEL 60° CW

PYROLYSIS

PYROLYSIS COUNTS

(16 = 1 MIN COUNTS)

e ROTATE CAROUSEL 60° CW

e FIRST PEAK PURGE

PURGE
+

BACKGROUND

le— 1532 —&] l— 772 —]

e BACKGROUND COUNT (8 HRS)
e PURGE OVT AT 120°
e BACKGROUND COUNT (12 HRS)

Figure 4.8.2.1-18 ~ FUNCTIONAL BLOCK DIAGRAM
PR SEQUENCE 1: FIRST ACTIVE

ELUTION

BACKGROUND

fo— 816 —=] — 777 —+]

FIRST
OovT

COUNT

e ELUTION

e COUNT 2ND PEAK

(12 HRS)

e BACKGROUND

COUNT (12 HRS)

CLEANUP

Page 4.8.2.1-36

SECOND

e OVT 700° (3 MIN)

e PURGE
e COUNT (12 HR)

OoVvT
CLEAN UP

o 309 —]

OovT

e OVT 700° (3 MIN)

e PURGE
e COUNT (12 HR)

CONDITIONING

e FILL OVT WITH
MARTIAN CO2
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TIME REQUIRED
(MINUTES)

SPECIAL COMMANDS

FUNCTIONAL BLOCKS

MAJOR EVENTS

l— 29 —+ fo—269 —|

LOAD SOIL

TC
TO

INC
HEA

® ROTATE CAROUSEL
180° CW

CONTROL

f=— 8098 —+]

fe— 2078 —=]

STERILIZATION

e CELL (120°) (30 MIN)
e DROP CELL
e CELL (160°) AND

HEA (120°) (3 HRS)

ELUTION

72—

BACKGROUND

fo—- 816 —=

FIRST

Page 4.8.2.1-37

— 7 —f — 09—

SECOND

CL $-57
INCUBATION PURGE
AND
PYROLYSIS BACK GROUND
o INJECT ‘4c02/”co BACKGROUND
COUNT (8 HRS)

e LAMP ON AND
INCUBATE (5 DAYS)

® PRE-PYROLYSIS CLEANUP

(H-3 (700) FOR 8 MIN)

® CLEAN UP COUNT (12 HRS)

® BACKGROUND COUNT (8 HRS)
PRE-PYROLYSIS ELUTION
ROTATE CAROUSEL 60° CW
PYROLYSIS
PYROLYSIS COUNTS

(16 - 1 MIN COUNTS)
ROTATE CAROUSEL 60° CW
FIRST PEAK PURGE

PURGE OVT AT 120°
BACKGROUND
COUNT (12 HRS)

® ELUTION
e COUNT 2ND
PEAK (12 HRS)

Figure 4.8.2.1-19 - FUNCTIONAL BLOCK DIAGRAM
PR SEQUENCE IT;

COUNT

® BACKGROUND
COUNT (12 HRS)

CONTROL STERILIZATION

OovT
CLEAN UP

® OVT 700° (3 MIN)

e PURGE
® COUNT (12 HRS)

OovT
CLEAN UP

ovT
CONDITIONING

e OVT 700° (3 MIN)

e PURGE
® COUNT (12 HR)

e FILL OVT WITH
MARTIAN CO,
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BIOLOGY SEQUENCE NO. 5
INSTRUMENT 103

MARTIAN HOUR =3

END-OF-DAY TEST MINUTE

MARTIAN ~]
DAY 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24
I T T ) | 2 T T ) § T I I T T 3 I =0 T T I 15 I I | 880
ax [ |
[ |
0 PR LOAD SOIL —{ 016
| € e
ta | [ =} o
ETE
I T I ) | 1 > 6 I X T T I ) o I I 1 I » ¢ . B = ) § I 5 & I 2360
)
ox g Camac TT7]
1 PR D1e INJ INCUBATE D1e
LR o1
I T 1T ) 8 L ' = T I I 1 I I = 2 5 6 " - . T T I I T I T I 3840
[}
ox anac [ [ 2]
2 PR N D16
D18 |
LR D4—— B D16 ————— = (DATA ON TO 19:27/DAY 11)
T T = X T I I X X T T X I I : I »e T X T T I X 5320
[}
ox D [ava T T3]
3 PR D16
LR o1
1 T I ) § 1 L T I I L T X T I - | ) | T I T X I 1 T 2 § 6800
D
ox [CARAL T T% Jovr cueanue
H3 (700)
4 PR D18 { ' {l" vi ——fv3}— vi =]
0]
LR o
T T I I B == 1 T 1 L I 1 1 1 ) T T 3 ) 1 1 1 8280
GX «
5 PR ot
LR o168
T T T ) § T I T T I @ X T I T I I I T T T I ) = 9760
[aac [ [ o] "ervnous
GX ELUTION PYROLYSIS
M3 (700) "“‘"’i HTC lﬂs)n
5 bR o1 | _SINGLE CHANNEL RIGHT F" m‘;‘m " — v -]
i VENT IME T a2 —
SINGLE CHANNEL RIGHT 5 'L i ! 218
LR o1 } T T D1e
L_s.c. RIGHT )
T T T T T I 1 I T T T I T I X T I I ) & T T T X 11,240
[}
ox N [ ana T T 7]
™ PR b1s | SINGLE CHANNEL RIGHT - D -
Pl
LR o6 | SINGLE CHANNEL RIGHT } D1e
I T I I 1 T T 1 I I p 6 1 I 1 & ) o ¢ 1 I L T T I 12,720
[
ox [amac T T o]
[]
' " oo W ew n o1 premer e
LR o1e | SC. RIGHT l o1e
T T I I T I T I I 2 6 T I T 1 T I L ) 1 X 1 T T I ]4,200
)
ox curion [ma [ T3]
H3,(700)
Pl
[ PR D16 "2 D16 e SERONT D1e
o
| _SC.RIGHT | D18
LR o1 - INJ | D18 -t
T I I B | I 1 T ) | T T I I I I T I I T T . . T 0 i T | 15,680
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8.8.2.7.4 INTERFACES

The principle Bio interfaces are: Power, Command Control,
Data, Surface Sampler, Atmosphere Venting, Gas and Vapor Vents,
and Thermal. The details of all electrical interfaces are
depicted in the Biology Functional Schematic at the end of this

section.

The data interface is described in 8.8.2.1.6. Figures

8.8.2.1-21 through #.8.2.1-23 inclusive depict some features of
interfaces which are described below.

Pover
L)) Povwer consumption is shown in Section 4.8.2.1.5.
2) Biology Operate Bus from PCDA:

a) Supplies all segquenced event power;

b) Nust be turned on after Biology Thermal Bus
turned on, and off before Bio Thermal Bus
off;

c) Turned off during Emergency Mode.

3) Biology Thermal Bus from FCDA:

a) Supplies thermo electric coolers, nutrient
reservoirs, and module heaterss

b) Cycled oh/bff during Emergency Hode, 70% on
duty cycle with off periods not to exceed 5
minutes to prevent freezing;

L) ] Biology Energeacy Bus from PCDA:

a) Turns off thermo electric coolers;

b) Closes CSM valves S-50, S-51, and S-57 which
stop flow of lov and high pressure helium.

Command Control

1)) Command structure and description shown in VILC
Command List, MMC Drawing 83703021228, Sheet 139;

2) Command timing window is from 0.5 to 30.0 seconds
after the multiple minute from the HG001 command
throughout any continuous sequence.

Data

Data is described in Section 4.8.2.1.7.

Surface Sampler
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Provides atmospheric vent path described later:

SSPDA and Bio Table B sequence require time
synchronization to start the Surface Sampler PDA
shuttle start moving to "Deliver™ coincident with
Biology SDA start vibrate (Comrand MG-013).

Atmosphere Venting:

7

2)

Venting prior to Post-Landed mission is through
Surface Sampler PDA bypass tube and through
activated charcoal filter in the 1id clamped on
the Surface Sampler PDA;

Post-Landed mission venting of instrument interior
is by diffusion through the Surface Sampler PD
bypass tube.

Gas and Vapor Vents:

L)} Exhausted dry purge gases exit through three 1/16
inch ID plastic lines extending through the VL
bottom plate.

2) Fxhausted wvater vapor is through a six foot 3/8
inch ID plastic line laid at the bottom of the VL
side wall and exiting near leg 1.

Thermal:

L)] Interior instruient temperatures are largely
controlled by the VL equipment mounting plate;

2) Test cell cooling is through ammonia heat pipes

into multistage thermo electric heat pumps
attached directly to the VL equipment mounting
plate;
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Figure 4.8.2.1-21 - BIO INTERFACES
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EQUIPMENT MOUNTING PLATE

TE ATTACH POINTS

PR LAMP ATTACH POINTS
INSTRUMENT MOUNTING POINTS
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+ X

LANDER COORDINATE
SYSTEM

MSS MOUNTING LOCATIONS

FIGURE 4.8.2.1-23 BIO THERMAL INTERFACE
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§.8.2.1.5 POWER REQUIREMENTS

Instrument pover is dissipated in either the electrical
subsystem or mechanical subsyster and is supplied from both the
Biology Operate Bus and Biology Thermal Bus. Biology operate
pover is used for all sequenced events while Biology Thermal
powver is used for temperature control required vhile the
instrument is inactive during Cruise and between Post-Landed
pission experiment analysis cycles. Total powver consumption is
expressed by the equation,

Psub T=P sub E + P sub K

= [L(P sub STBY + P sub REG)+P sub RAW J+P sub M

Where:
P sub T = total power
P sub E = ESS pover
P sub @ = KSS power
R = power regulation losses
P sub STBY = standby (idle) power
P sub REG = regulated bus power wvhem event sequenced on
P sub RAW = unrequlated bus powver vhen event sequenced on

. A listing of all power events at 31 VDC is shown in Table
8.8.2.1-2. Use of the table requires a detailed knowledge of the
instrument sequence and a time correlated temperature of the
equipment mounting plate. This is due to extemsive thermostatic
control which produces the instantaneous power egquation,

Psub B =P sub O + ST sub P
Where:

P sub o = power at OOF

S = power demand change per degree P change

T sub P = Lander equipment plate temperature (B40OA)
in degrees F above 0OF

Additionally, sequenced power in some events is approximated
by time intervals which represent delay times in reaching the
controlled temperature set point. Precise power prediction
requires using the warmup intervals because of some significant
delay times on higher pover heaters.

Pover estimates can be made if the VL equipment mounting
plate temperature variation is known. During prelaunch
instrument testing power data was collected using the four
diurnal temperature cycles defined below.
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Cycle Name HOT WARM CoOL coLp

Binimum Temp g50p 320F 50F -150p
Hedian temp 700F 570p sop - S50F
Baximum temp 960F 830F 250p 50F

Table &.8.2.1-3 lists the major additive power events as a
function of the temperature cycle at 31 ¥VDC. Each power value
was derived by integrating instantaneous power over the entire
diurnal cycle and then averaging over one Sol of 24.6 hours.

Table 8.8.2.7-& lists the total daily average power for
reasonably predictable sequences. The Table B all active
sequence does include sequenced power for the xenon lamp, one LR
termination, and one GEX valve block sterilization but does not
include any control sterilizatioms.
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ESS POWER, PE MSS POWER, PM
BIO OP BUS BIO TH BUS BIO OP BUS BIO OP OR BIO TH BIO TH BUS
Power ESS i MSS set @ 5 & Tafernal, wia -
Event Slice | Stby Reg Raw Stby | On Module Point, °C o’ §, W/°F |Warmup | At Temp | o’ S, W/°F
Power Regulation Al 44.67 44.67 0%
Losses '
Regulator Logic A3 0.19
Master Reset Al 0.03
A/D Converter A2 0.16
Temperature Monitors| A2 0.08
GEX Detector (LLE) A2 0.01 0.36
TCPM Monitor A2 0.10
Xenon Lamp: Logic ™ | A2 0.01
Drive Al 1.78 PR N/A 6.50 0 All All
Sequencers A2 0.75
Solenoid Valve:
Logic A2 0.01
Auto Control A2 0.07
Drive A3 0.04 (%)
Command Processor A2 0.08
Master Clock A2 0.33
14C Data Processing | A2 0.23 0.11(PR) LLE N/A 0.8 0 All All
14C Detector (LR+PR)| N/A 0.80
Buffer Memory A2 0.640%
0.90(®)
1.09@D)
Shutdown A3 0.03
TE Collers Al 0.08 [0.03*%p, | All 12° All All -15.4(9 |+0.297
Motors:
Driver Logic 0.17 1.3® Carousel 2.00®)| 0 1 N/A
1.3® Soil Distr 4.00®| o0 1 N/A
1.3® SDA Vibr 8.00®| 0 1 N/A
Isolation Valve A3 0.04 1.0® 2+ 3 19.00®| 0 4 N/A
1.0® 4+ 7 19.00®)| o0 4 N/A
1.0® 5+ 8 19.00®| 0 5 N/A

Table 4.8.2.1-1 - BIO-POWER

Ch-T* 7 8" @3eg



ESS POWER, P

MSS POWER, P

E M
BIO OP BUS BIO TH BUS BIO OP BUS BIO OP OR BIO TH BIO TH BUS
Power ESS & MSS set @ 5 W nterly B0 . o
Event Slice | Stby Reg Raw Stby On Module Point, °C o, S, W/°F |Warmup| At Temp | o’ S, W/°F
HTC, PR Test Cell A3 0.07 | -0.03(® 0.05%P,, PR HTC(90) 4.11 -0.222 1
1.41 -0.0076 All
HTC(120) 4.90 -0.0205 | 1
(Incl H31) | 2.36 -0.0099 All
HTC(160)* 15.90 -0.0530 4
9.89 -0.0265 All
HTC(625) | 81.00 -0.0700 | 1
19.00 -0.0164 All
HTC(700) 87.00 -0.0651 | 1
44.00. | -0.0329 All
H-3, OVT A3 0.07 | -0.03(® 0.05%p, PR H3(120) 9.00 —0.0363 | 2
: 3.20 -0.0129 All
H3(700) 90.00 -0.0673 | 2
38.00 -0.0284 All
H-5, PR H,0 A3 0.06 0.05%F | PR 30° ALl ALl 1.32 -0.0146
H-9, GEX Column A3 0.07 [ -0.03® | 0.05%,, GEX H9 (32) 12.00 -0.1339 | 3
' 2.50 -0.0279 All
H-10, GEX Detector | A3 0.07 [ -0.03(® | 0.05*P, GEX H10(24) 4.00 -0.0532 | &
1.00 -0.0133 All
H-11 + H-30, A3 0.05 0.05%p, [ Al 10° ALl A1l 12.89 -0.2525
Module Heaters
H-12 + H-20, N/A N/A  N/A CEX + LR | 10° AIT AIT 3.6 =0.0860
Nutrient Reservoir
H-13, GEX Test Cell | A3 0.07 [ -0.03(® [ 0.05%F GEX H13(140) 15.91 =0.0560 | 5
7.30 -0.0257 All
H-15 + H-46, GEX A3 N/A 0.05 0.05*p,, GEX H15(140) 22.11 —0.0732 | 5
Hutr Block + Line 10.41 | -0.0344 All
H-21, LR Head End A3 0.07 | -0.030® 0.05%p,, LR H21(160) 21.00 -0.0656 | 6
14.00 -0.0437 All
H-22, PR Head End A3 0.07 | -0.03® 0.05%p,, PR H22(200) 21.46 -0.0510 | 4
9.66 -0.0229 All
H-23, PR Detector N/A | N/A LLE H23(110) 26.72 ~0.1087 |10
11.76 -0.0478 All
H-24, GEX Heaters N/A N/A GEX + CSM | H24(42) 11.49 -0.0501 | 1
7.94 -0.0171 All
H~25, LR Detector N/A | N/A LLE H25(100) 24.58 ~0.1000 |10
12.82 -0.0522 All

*Incl H31(120)

Table 4.8.2.1-1 -

BIO-POWER (Cont)
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ESS POWER, PE MSS POWER PM
BIO OP BUS BIO TH BUS BIO OP BUS BLO OP OR BIO TH BIO TH BUS

Power ESS N MSS set 3 - tnterval, min g W

Event Slice | Stby Reg Raw Stby | On Module Point, °C y S, W/°F | Warmup | At Temp | o’ S, W/°F

H-29, GEX Head End Al 0.07 —0.03@9 0.0S*P“ GEX H29(140) 19.90 0.0701 5 All
7.96 -0.0280 All

* H-35, LR Valve Block | Al N/A 0.05 O.OS*PM LR H35(125) 6.95 -0.0244 | 28

3.74 -0.0132 All

H-42 + H-44, LR Line | N/A N/A LR i Ad 3.05 -0.0468 | A1l All

H-45, CGS N/A N/A | N/A CSM 10° All All 0.32 -0.0063

N/A, not applicable.

Expressed at W except for fractional product such as O.OS*PM.
Sequence commanded set point shown in parentheses.

Pypical sequence average of low duty cycle event.

Average power at 70°F median diurnal temperature.

Average power at 57°F median diurnal temperature.

Average power at 4°F median diurnal temperature.

Electronics saturated on standby, reduced power when sequenced om.

EEOEOOO " [

Standby power only below 12°C (53.6°F).

Table 4.8.2.1-1 - BIO-POWER (Cont)
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Tle n.B .2-1"3
BIOLOGY POWER EVEWTS DAILY AVERAGE

TYPICAL
POWER_EVERT BOT WARN CcooL COLD DURATION
Rdditive elements:
ESS idle . . . . 6.52 6.52 6.78 6.95 -
Module HReaters,
Bio Op Off . . . 0.78 2.18 8.37 w11 -
Kodule Heaters,
BioopOn ... 0.89 2.58 9.72 16.13 -
(Futrient Heaters,
included in Mod
heaters, Bio
Opon) . « =« -« -« (0.00) (0.17) (1.49) (3.21) -
Sequenced Events See below
Major Sequenced Events:
Thermo Electric
Coolers . . . . 6.20 3.25 0.08 0.08 Sol 8 to EON
PR Xenon Lamp . 7.78 7.78 7.78 7.78 120 Hrs.
LR Control
Sterilization . 23.6% 25.07 29.77 32.01 225 Nin
LR Termination . 17.7% 18.85 22.53 24.28 218 Hin.
GEX Control
Sterilization . 20.88 21.68 25.57 27.42 210 Ein.
GEX V Blk
Sterilization . 8.40 8.87 10.39 .11 210 Min.
PR Control
Sterilization . 8.03 8.38 9.49 9.76 182 Min.
Sump Heaters,
B/24 /82 to

PTS Off . . . . = 6.74 6.97 7.68 8.03 Variable
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BIOLOGY TYPICAL SEQUENCE DAILY AVEKAGE POWER

Cruise to Sol 2
Rutrient Reaters
Only « « o« o « o

Table A-Sol 2 Only
BSS 1dling . . .
Module Beaters,
Bio Op On . . .
31} sequenced
Events
Total average
po¥er . . .

HOT WARH

0.00 0.17

6.52 6.52
. 2.54

- _1.u6 1.71%

CoOL

1.49

COLD

3.21

6.95
16.13

2.83

- 8.87 10.77

Table B-All Active Only

ESS Ydling
Module Heaters,
Bioopon . . .
Thermo Electric
Coolers . « - -
A1l Sequenced

EBvents . .
Total Average
Power . .

Downmode, Between
Nodule Reaters,
Bio Op Off
Thermo Electric
Coolers . .
Total Average
Power .

Table A-After Sol
ESS Idling
Module Beaters,
BioOp On . . .
Thermo Electric
Coolers
All Sequenced
Events
Total Average
Power . .

« 6.52 6.52

0.89 2.548
6.208 3.25

—2-16

5.83

25.51

6.95
16 .13
0.08
6.32

- 18.81 17.74
Tables B and A

- 0.78
- _6.28 3.25

2.18

29.48

- 7.02 5.43

20

« 6.52 6.52

6.24 3.25

§5.98

5.98

18.63 17.29

DURATION

27.45 Ars.

3.5 Hrs.
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§.8.2.1.6 BIOLOGY DATA AND DATA PROCESSIRNG

The types of data used in the Biology investigation, the
data structure, the measurement list, and a description of data
processing are discussed belov.

a. Data Types

Telemetry data comes from either the Biology buffer
memory or from Data Acquisition and Processor Unit
(PAPU) formatted frames. The memory data sources are
shown in Pigure &.8.2.1-24 which lists the various
types of measurements taken by sequencer control.

The DAPU data contains three types of measurements, as
follows:

L)} Helium reservoir pressure, monitored through
Cruise and Post-landed operations, no dependence
on Biology power;

2) Instrument mounting plate temperature, (part of
Lander Performance Analysis Group (LPAG) data);

3) Three internal instrument temperatures, added
after instrument design was completed, monitored
during specific sequence times in Format &.

111 measurements are more fully described in the
Measuremeant List, Table 8.8.2.1-5

b. Data Structure

The structure of the buffer memory data words is shown
in Table 8.8.2.%-6. The measurement number is that
identified in the VLC Neasurement lList.

Ce Measuremeat List

The Biology Measurement List is shown in Table §.8.2.1-
5. Pigure 8.8.2.1-25 shows the orientation of test
cells corresponding to specific test cell position data
mtds e ’

d. Data Processing

The processing of Biology data is described in the
folloving documents:

SD—-37R0012 Software Requirements Document
SD-37P0012 Prograr Description Document
SD-3700012 Biology Users Guide
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An overall view of the Biology software system is shown
in Pigure 8.8.2.1-26. The major softwvare programs are
as follows:

BIOL-C Command Generation and Verification
BIOL-A Data Decalibration
BIOL-B Data Processing

The BIOL-A softwvare system, shown in Figure 4.8.2.1-27,
produces the data in an ordered form suitable for a
variety of presentations by BIOL-B. The BIOL-A inputs
are as follows:

VBIRN1 - The predicted measurement sequence and time
of occurrence from BIOL-C

VBIRN2 - Predicted helium consumption from BIOL-C

DECSET BIOF — Received telemetry data including
Biology buffer memory data and time
tagged DAPU formatted data

LTEMP THERMAL - Predicted nodal temperature of the
helium reservoir

The BIOL-A outputs are as follows:

B¥DF3 - FPile containing each received measurement
time tagged by comparison to the predicted
reasurement

Printout - Chromnological list of received and time
tagged measurements in engineering
units.

BIOS - File for LSPQ constraint checking
8.8.2.1.7 OPERATIONAL CONSTRAINTS

Instrument operation is controlled by the GCSC commands in
an operational sequence, as discussed in 4.8.2.1.3. The
constraints used in developing an instrument sequence are listed
in the Biology Software Requirements Document, SD-37R0012,
Appendix C. These can be summarized as gemeral instrument,
intramodule, thermal, and VL constraints.

The BIOL-C program contains the constraint logic in two
different run options that provide the following:

‘ SHIPT OPTION - Kutomatically adjusts block segeunce timing
to satisfy intramodule constraints; alert
messages for operator checking of thermal,

Lander, and general instrument constraints.




HB-3720311% PAGE 8.8.2.1-52 '

SEQOUT OPTIOR - Rlert messages for some constraints
noted above.
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Figure 4.8.2.1-24 - BIOLOGY MEMORY DATA
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Meas Range Resolution,
No. Title MNEMONIC | Function Sample Rate Units V/Code Accuracy | Precision | °C/bit Comments
M4001 | Helium Pressure BIOHEP Indicates Helium Once per FMT-4 | 0 to 6500 psig [ 0 to 15 mV | 10X 5% N/A VAIF Decalibra-
Reservoir Pressure tion by DECSET
M4002 | GEX Nutrient BIOGXVBT | Indicates Temperature| Once per FMT-4, | +80° to +180°C | 0 to 40 mV | #3°C N/A 0.39°C VAIF Decalibra-
Valve Block Temp of Valve Block during| Typical Every tion by DECSET
Preinjection 30 min during
Sterilization Sterilization
M4003 | GEX Nutrient Line |BIGXNLT | Indicates Temperature| Once per FMI-4, | +105° to +205° |0 to 40 mV | £3°C N/A 0.39°C VAIF Decalibra-
Temp of Nutrient Line dur-| Typical Every tion by DECSET
ing Preinjection 30 min during
Sterilization Sterilization
M4004 | PR Pyrolysis BIOPYHET | Indicates Pyrolysis Once per FMT-4, | +#135° to 230°C |0 to 40 mV | #3°C N/A 0.37°C VAIF Decalibra-
Head End Temp Head End Temp during | Typical Every tion by DECSET
Pyrolysis Minute during
Pyrolysis
B4004 | Instrument Equip- |COMPT4 Indicates Instrument | Once per FMT-1, | -50 to +150°F |N/A 2.2% N/A 0.78°F/bit | VAIF Decalibra-
ment Plate Temp Mounting Plate Temp 2A, 2P, 3, 4, tion by DECSET
and 5
M8503 | Frame Number BIOFRNO | Indicates Sequential | Once per Bio- 0 to 127 N/A N/A N/A N/A Consecutive
Frame Number frame While Power
Uninterrupted;
Rollback to 0
at Frame 128
M8504 | Frame Length BIOFRLN | Indicetes Number of Once per Bio- 0 to 127 N/A N/A N/A N/A 128 Words
Words in Bioframe frame Maximum
Capacity
M8505 | Lamp Statue and LMPSTAT | (See Below) . Composite Word
Test Cell
Position
Indicates PR Xenon a) When Bio Op | ON 1 N/A N/A N/A
Lamp Status Bus Turned
On OFF [}
b) At Least
Every 6 hr
during PR
Incubation
c) Every Opera-
tion of any
Test Cell
Motor
Indicates Position Same as above Cell 1 001 N/A N/A N/A Position of Cell
of LR Test Cells Cell 2 010 at Incubation
None 011 Head End. See
Cell 3 100 Figure 4.8.2.1-
Cell 4 101 B+3
None 110
Indicates Position Same as sbove Cell B 001 N/A N/A N/A Position of Cell
of PR Test Cells : Dump 2 010 or Dump Cavity
Cell C 011 at Incubation
Dump 3 100 Head End. See
Cell A 101 Figure 4.8.2.1-
Dump 1 110 B+3
Indicates Position Same as above Cell B 001 N/A N/A N/A Position of Cell
of GEX Test Cell Dump 100 or Dump Cavity
120° cew 101 at Incubation
60° cew 110 Head End. See
Figure 4.8.2.1-
B+3
M8506 | Biocommand 1 BIOCMD1 | Provides Code of When GCSC Com- | N/A N/A N/A N/A Two Data Words
M8507 | Biocommand 2 BIOCMD2 | all GCSC Commands mand Received per GCSC Com—
Received by the mand .
Instrument
M8508 | PR Radioactivity |PRRAD1 Accumulated Count 0 to (22%-1 N/A N/A N/A N/A Two Data Words
1 of Radioactive Counts, 24 per Sample,
M8509 | PR Radioactivity |PRRAD2 Disintegrations bit Binary bite 24 through
2 during 13 in Word 1,
(a) Pyrolysis (a) One Sample bite 13 through
(First Peak) per min 1 in Word 2.
(b) Elution (b) One Sample
(Second Peak) per 16 min
(c) Background (¢) One Sample
per 16 min
M8510 | LR Radioactivity |LRRADL | Accumulated Count 0 to (224-1) | N/A N/A N/A N/A Same as M8508,
1 of Radioactive Counts, 24 M8509
M8511 | LR Radioactivity |LRRAD2 Disintegrations bit Binary
2 (a) After Nutrient (a) One Sample
Injection (120 per 4 min
i min)
(b) During Incubation| (b) One Sample
per 16 min
(c) During Background| (¢) One Sample
per 16 min

Table 4.8.2.1- 5

BIOLOGY MEASUREMENT LIST
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Meas Rengs Resolution
No. Title MNEMONIC | Function Sample Rate Unite V/Code Accuracy | Precision | °C/Bit ! Commont s
M8512 | GEX Chromatogram | GEXLOGN Indirect Measurement |[One Sample per |LO Gain 0toS5V N/A N/A N/A 10:1 Attenu-
LO Gain of Quantity of Each second for 16 ation of M8513
Gas Species during min during the Automatic lung;
& Gas Analysis Chromatogram Switching at
LO Gain at 5 Vdc
M8513 | GEX Chromatogram | GEXHIGN Same as M8512 Same as M8512 Hi Gain 0toSV N/A N/A N/A Two M8515 and
Hi Gain and Two M8516
Measurements
Taken in lieu
of Four M8513
during Each
Chromatogram
M8514 | GEX Test Cell GEXTCTMP | Indicates
Temp (a) Incubation Temp (a) Two Samples |(a) -20° to 0to5V +3.4°C $1:1°C 0.24°C
per Day +200°C at 6°C at 6°C at 6°C
(b) Sterilization (b) One Sample (b) -20°C to 0 to 5V $12°C $7.7°C 0.34°C
Temp per 30 min +200°C at 170°C | at 170°C |at 170°C
M8515 | GEX Chromatograph| GEXCOLT | Indicates Chromato- Two Samples per |-20° to +200°C [0 to 5V +4,0°C t1.4°C 0.23°C Two Measurements
Column Temp graph Column Temp 16 min Chromato- at 24°C | at 24°C at 24°C per Chromatogram
gram Plus One in lieu of Two
before and after M8513
Chromatogram
M8516 | GEX Detector GEXDETT | Indicates Chromato- Same as M8515 -20° to +200°C |0 to 5V +3.3°C #1.1°C 0.26°C Same as M8515
Temp graph Detector Temp at 32°C | at 32°C at 32°C
M8517 | PR OVT Temp OVTTEMP Indicates OVT Temp
(a) Between Pyrolysis | (a) One Sample -20° to +200°C [0 to 5 V +9.7°C +5.8°C 0.29°C Two Commandable
and Elution Every 120 min at 110°C | at 110°C | at 110°C Set Points; 120°
(b) During Elution (b) One Sample [+500° to +780°C|0 to 5 V +24°C £12°C 0.59°C and 700°C. Two
per min at 725°C | at 725°C | at 725°C Readout Ranges
(c) During Cleanup (c) Five Samples|+500° to 780°C |0 to 5 V +24°C +12°C 0.59°C Are Used.
at 725°C | at 725°C | at 725°C
M8518 | PR Test Cell PRTCTEMP | Indicates
Temp (a) Incubation Temp (a) At Loast -20* to +200°C [0 to 5 V 15.7°C +2.8°C 0.,27°C Four Commandable
Every 6 hr at 9°C at 9°C at 9°C Set Points; 90°,
during 120°, 160°, and
Incubation 625°C. Two
(b) Pyrolysis Temp (b) One Sample [+500° to +780°C|0 to 5V +16°C 16.3°C 0.51°C Readout Ranges
per min at 625°C| at 625°C | at 625°C Are Used.
(c) Sterilization (c) One Sample [-20° to +200°C (0 to 5V +8.9°C +4.5°C 0.36°C
Every 30 at 170°C| at 170°C | at 170°C
min
(d) Cleanup Temp (d) Once Only +500 to +780°C |0 to 5V +13°C +4.,2°C 0.58°C
at 725°C| at 725°C | at 725°C
M8519 | PR Radioactivity | PRRADT Indicates Detector One Sample -20° to +200°C |0 to 5V $2.5°C $2.1°C 0.1°C
Detector Temp Temperature Every 16 min at 25°C | at 25°C at 25°C
during Back-
ground and
Elution
M8520 | LR Test Cell LRTCTEMP | Indicates
Temp (a) Incubation Temp (a) One Sample |=-20° to +200°C |0 to 5 V +3.3°C #1.1°C 0.25°C One Commandable
Every 16 at 9°C at 9°C at 9°C Set Point;
min 160°C. One
(b) Sterilization (b) One Sample |-20° to +200°C [0 to 5 V 113°C 17.9°C 0.34°C Readout Range
Temp Every 30 at 175°c| at 175°C | at 175°C Used.
min
(¢) Cleanup Temp (¢) One Sample |[-20° to +200°C |0 to 5 V $13°C $7.9°C 0.34°C
Every 30 at 175°C| at 175°C | at 175°C
min
M8521| LR Radiocactivity | LRRADT Indicates Detector One Sample ~20° to +200°C |0 to 5 V $2.5°C $2.1°C 0.1°C
Detector Temp Temperature Every 16 min at 25°C | at 25°C at 25°C

Table 4.8.2.1- 5
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TABLE 4.8.2.1-6 - DATA WORD STRUCTURE

DATA WORD
SOURCE
CODE DATA WORD DATA BITS
BITS NOTE
MEAS. NO. REF. TITLE 1 2 3J4 5 6 7 8 9 10 11 12 13 14 15 |SEQUENCE | REF.
M8505 1 | PR Lamp Status 0 0 OX Y Y First
2 LR Test Cell S X L Second 1
Position
3 |GEX Test Cell S X L Third
Position
4 PR Test Cell S X L Fourth
Position
M8506 5 | Instrument 0 1|8 X = & X L | First
Commands 00 1|X X X L Yo Y| Second 2
M8508 6 PR Radioactivity 0 1 0SS X = & X L| First
M8509 01 0SS X = - X L] Secound 3
M8510 7 | LR Radioactivity 0 1 1]S X e X L | First
M8511 01 1|S X = —»X L| Second 3
M8512 8A | GEX Chromatogram 1 00 0 15 X= & X L| Not
\ _J| Applicable
=" 3k
M8513 8B | GEX Chromatogram 1 00 0O
(High Gain)
M8514 9 | GEX Test Cell 100 10
Temp
M8515 10 | GEX Chromato- 100 11
graph Columm
Temp
M8516 11 | GEX Detector Temp 10100
M8517 12 | PR OVT Temp 10101 4
M8518 13 | PR Test Cell Temp 101 10
M8519 14 | PR Radioactive 10111
Detector Temp
M8520 15 | LR Test Cell Temp 11000
M8521 16 | LR Radiocactive 1 10 1
Detector Temp ' v

Notes:

1. Measurements 1 through 4 will occur in the sequence shown to form one data
word., Three measurements are direct digital,

2, Measurement 5 will consist of two successive data words in the sequence
shown, Data bits map with Lander command bits:

Data Word Bit Lander Command Bit
First 4 9
15 20
Second 4 21
7 24

3, Measurements 6 and 7 will consist of two successive data words in the sequence
shown., The measurement data is obtained from a 24 bit binary counter.

First Word: Most significant half of counter (data bit 4 corresponds to
- counter bit 223).

Second Word: Least significant half of counter (data bit &4 corresponds to
counter bit 2“).

4., Measurements 8A through 16 are analog-to-digital converted to 10 bit binary
with most significant bit first.

S, The 16th data word bit is odd parity and is not shown.
6. Code bits and data bits occur in the output format as read from left to right.
7. S = most significant bit of data.

8., L = least significant bit of data.

9. X = data bit (binary 1 or 0).

10. Y = bits of no significance.

11. Sequence applies only to the order of measurements and data words as stated in
the above notes. The sequence of data words in the output format is variable.
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Figure 4.8.2.1-25 - BIOLOGY TEST CELL POSITIONS
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4,8.2.2 Gas Chromatograph Mass
Spectrometer (GCMS)
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h.8.2.2 GAS CHRONATOGRAPH HASS SPECTROMETER (6CHS)
§.8.2.2.1 PURPOSE

The Gas Chromatograph MHass Spectrometer (GCHS) performs
atmospheric and organic analyses on the Hartian surface.

The primary purpose of the atmospheric analysis is the
jdentification of constituents of the Martian atmosphere and the
determination of their abundances, including possible variations,
that are not detectable using remote optical spectroscopy. Of
special interest are the abundances of the noble gases and their
isotopes, particularly Argon. The abundance of Nitrogen and
other minor comstituents, some of considerable significance to
the biological exploration of Mars, will also be investigated.
Finally, an isotopic analysis of the major comstituent, CO sub 2,
will be carried out to complement existing spectroscopic
deterninations.

The purpose of the orgamic analysis investigation is to
analyze samples of the Martian surface and subsurface for its
organic content through gas chromatographic and mass spectral
methods. The molecular analysis system is capable of analyzing
compounds which constitute between 0.1 PPN and 2500 PPH by weight
of the samples.

8.8.2.2.2 PFUNCTIOR
The GCHS Punctional Schematic is shown in Pigure 8.8.2.2-32.
a. Atmospheric Analysis

One of the two prime functions of the 6CHS is to
analyze the BMartian atmosphere. The instrument will
first acquire an atmospheric sample. This is done by
opening an atmospheric inlet valve (V9) for some finite
period of time and allowing the Martian atmosphere to
equilibrate in the GCHS Atmospheric Filter Asseambly
(AFR) equilibration volume, after vhich an atmospheric
analysis may be commanded. CO/CO sub 2 filtration may
be commanded prior to initiation of the atmospheric
analysis to implement investigation of minor
constituents in the Martian atmosphere. The
atmospheric analysis sequences are not planned for the
Cruise mission but are available for contingency
planning.

b. organic (Molecular) Analysis

The other prime function of the 6CHS is to perform
molecular analyses of Martian surface samples. Finely
ground samples of Martian surface material are
delivered to the 6CHS by the Processing and
pistribution Assembly (PDA) which is affixed to the
6CHS Loading and Pyrolyzing Assembly (LPi). Upon




conmand, the LPA will be sequenced to load a portion of
the sample into one of three ovens contained within the
LPA. During an organic anmalysis, a selected sample
oven is heated to drive off organic vapors contained in
the sample vithin the oven. The vapors are deposited
on the packing material within the gas chromatographic
column in the Gas Chromatograph Assembly (GCA). During
the remainder of the organic analysis, molecular
compounds which have been deposited in the column will
be carried to the mass spectrometer vhere mass spectra
are generated. As with the atmospheric experiment, the
organic anlaysis and the operation of each portion of
the 6CHS will be discussed ir greater detail later in
this section.

¥.8.2.2.3 GCHS INSTRUNENT DESCRIPTION

FPigure 8.8.2.2-1 is a photograph of the GCHS/PDA ready for
installation in the Viking Lander. The G6CHES is built up on three
trays in a layer-like fashion as shown in Figure 8.8.2.2-2. The
sensor tray contains the Mass Spectrometer Asseably (ESA), the
€CA, the APA, and all the HMSA electronic assemblies. The IES
tray contains what is commonly called the Instrument Electronics
Subsystem (IES). This consists of the Power Conditioning
Subsystem (PCS), valve driver modules, heater controller modules,
and motor and clutch controllers. The IDS tray contains the two
rultilayer laminates which comprise the instrument command and
control logic, and data processing capability. This is called
the Instrumsent Data Subsystea (IDS). The GCES block diagranm,
Figure 5.8.2.2-3, and the GCHS gas flow block diagram, Figure
8.8.2.2-8 are a simplified representation of the
interrelationship of the various portions of the GCHS.

§.8.2.2.%8 GCHS PUNCTIONAL DESCRIPTION

The GCHS comsists of two major asseamblies, the Semsor Subset
and the Instrumeant Data System Assembly.

ae. Sensor Subset
The Semsor Subset contains the following subassemblies:
L)} Hydrogen Supply Assembly (Figure &.8.2.2-5)

The Hydrogen Supply Assembly (HSA) comsists of a
hydrogen tank containing H sub 2 at approximately
750 psig, a "onme-shot™ valve (V0), a pressure
transducer, and two high pressure valves (V1 &
Vv2) . Associated with the HSA is the CO sub 2
cartridge vhich provides pressurant for a
pyrolyzed sample. After pyrolysis, the hydrogen
carrier gas is provided through valve V2. The
®one-shot® valve (VO) contains the hydrogen within
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the tank until such time as carrier gas is
required.

loading and Pyrolyzing Assembly (Figure 8.8.2.2-6)

The LPA receives a portion of a surface sample
from the integrated PDA. The LPA then loads the
sample into one of three ovens in respomse to
command and control by the IDS and Instrument
Electronics Assembly (IEA) . During am organic
analysis, the sample oven is heated to one of
four, selectable temperatures in order to drive
off the organic compounds within the sample.
This, too, is in response to coemand and control
(Pigure 8.8.2.2-7). Pigure 8.8.2.2-8 shows the
Pyrolyzer Punctional Flow Diagram.

Gas Chromatograph Assembly (GC1)

The GCA serves to control the flow of the vapor
products of the sample of interest as they travel
from the pyrolysis oven to the mass spectrometer.
Referring to Figure R.8.2.2-9 the 6CA is made up
of the 6C Column and a heated assembly (Thermal
Zone) which comtains valves and restrictors
(effluent Divider) and a Hydrogen Separator. A
brief description of these components follows:

a) Gas Chromatograph Column

The GC Column is a packed/capillary column
with a configuration as shown in Figure
§.8.2.2-10. The purpose of the columm is to
elute, or give off, organic compounds which
have been deposited on the column packing as
a result of pyrolysis of a surface sample.
The column is subfected to a linear
temperature increase from 50C to 200C over an
18 minute period which causes the organics to
elute selectively, lightest compounds first.

b) Bffluent Divider

The Effluent Divider comsists of high
temperature valves and restrictors manifolded
such that all, or a selected portion of the
6C Column effluents, may be directed into the
mass spectrometer for analysis. The Effluent
Divider valves and manifolding are thermally
controlled at approximately 200C to assure
that effluents pass through into the mass
spectrometer and are not deposited in the
valves or manifolds. The Effluent Divider
valves are operated in respomse to coatrol
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logic (Ref. Pigure 8.8.2.2-18) in the IDS to
allov as much effluent as possible to pass
into the mass spectrometer. There are five
possible effluent division ratios available
-~ 8000:1, 400:1, 20:%, 1:1, and 0:1. Each
ratio is indicative of the quantity of
effluent directed toward the mass
spectrometer vs. the guantity vented from the
6CES. e.g. a 800:1 ratio would direct
1/800th of the effluent toward the mass
spectrometer and the remainder vould be
vented. The most desirable state is that of
0:1 wvherein all the effluent is directed
tovard the mass spectrometer.

c) Bydrogen Separator

The function of the Rydrogen Separator is to
remove as much hydrogen as possible from the
effluent stream. Hydrogen is used as a
carrier or transporting gas in the GCNS, but
pust be removed prior to entry of the sample
gas into the mass spectrometer. The Hydrogen
Separator is an electrochemical cell made of
precious metal which encapsulates an
electrolyte. When power is applied to the ‘
separator during an analysis, the
electrochemical action removes virtually all
of the hydrogem from the sample gas stream.

B) Atmospheric Pilter Assembly (AF1) (Figure 8.8.2.2-
m

The AFA consists of an atmospheric inlet valve
(v9), an equlibration volume (approx. 10 cc), a
Cco/CO sub 2 filtration chamber and valve (v10) and
an H sub 2 0 absorber chamber and valve (V1T). An
atmospheric sample is admitted to the GCHS through
valve v9 and alloved to equilibrate in the storage
chamber. It is then analyzed by the Bass
Spectrometer either before or after filtration.
These sequences will be discussed in subsequent
paragraphs.

5) Nass Spectrometer Asseably (KSA)

The NSA is the "heart® of the G6CHS in that it is

the assembly wherein analysis takes place and mass

spectral are generated. 1 block diagram of the

MSA is shown in Pigure 8.8.2.2-12. The Hass

Spectrometer Analyzer, which mounts to the Sensor '
fray, is shown in Figure 5.8.2.2-13. During an

atmospheric or orgamic analysis, the sample of

jnterest enters the ionizing chamber of the mass
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spectrometer ion source. The HSA contains the
following cosponents:

a)

Bass Spectrometer lIon Source

In the ion source, a collimated beam of
electrons ionizes the entering gas molecules.
The electrons are produced by heating one of
tvo selectable redundant tungsten-rhenium
filaments to emitting temperature. The
enitted electrons are focused
electrostatically on the entrance aperture of
the ionizing chamber. The electrons are
collimated by a magnetic field as they
traverse the ionizing region and leave via an
exit aperture. The ioms, which are produced
in the electron beam column, are extracted
froe the ionizing region by anm electric field
and are focused on the exit aperture of the
ion source, i.e., the object slit.

(1) Total Yon Current Collector

A fraction of the ion beam in the region
of the object slit is intercepted by a
collector, which is called the total ion
current collector. The intercepted
current is representative of the total
ion curreant of unresolved iomns.

(2) Iom Source Electronics

The potentials required by source
electrodes to focus electrons and ions
and extract the ions are supplied by the
ion source electronic circuits. These
also control the emitted electronm
current.

(3) Scan Comtrol Electronics

The Scan Control Electronics vary
appropriate potentials in the iom source
in such a way that the energy of ioms
emerging from the object slit decreases
exponentially with time from a maximum
to a minimus valuwe approximately every
10 seconds. In addition, these
electronics provide a positive and
negative voltage to the electric sector
which is proportional to the ion energy.
These voltages deflect the ions properly
as they traverse the electric sector.
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(8) Temperature Controller

The Temperature Controller provides
pover to heaters in the ion source to
maintain the ion source temperature at
approximately 200°C during analysis of
gas from the Gas Chromatograph Column
(6CC} . Am ion source temperature
control circuit is provided to maintain
a pre-set, fixed temperature of the ion
source. Snesing elements will be
located on the iom source to provide
signals to the controller circuit.

b) Electric Sector

The ions of all masses that emerge from the
object slit and enter the electric sector
have a small spread in angle and energy. The
electric sector focuses the ions in angle and
disperses the iomns in energy along its image
plane. This plane becomes the object plane
for the magnetic sector.

c) Nagnetic Sector "'

~ Ions from the magnetic sector object plane
are focused to second order in angle at the
magnetic sector image plane. In addition,
the magnetic field produces a mass dispersion
along the image plane and simultaneously
corrects for the small energy dispersion to
produce first order energy or velocity focus.
The scan voltage determines which ion follows
the optical axis and passes through the mass
resolving slit. As the scan voltage is
continuvously decreased, ions of increasing
mass are swept across the resolving slit and
a mass spectrum is generated, characteristic
of the gas in the ion source.

a) Jon Pump and Ion Pump Supply

An ion pump is incorporated into the magnetic
sector and supplied with high voltage by the
ion pump supply. Gas that enteres the Hass
Spectrometer, or which appears in the Hass
Spectrometer because of outgassing, is pumped
by the ion pump.

Unregulated power is supplied to the iom pump ’
power supply by the VL. Continuous power is

applied to the ion pump at all times. Peak

pover demands will be required during organic
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analysis and atmospheric composition
analysis.

Yon Pump Ruxiliary Supply

An auxiliary ion pump power supply operates
during the sterilization period of the
instrument to provide pover to the ion pump.
During this period when the temperature of
the instrument is 1390C maximum the regular
jon pump power supply is not operated. The
ion pump auxiliary supply is not part of the
flight systeam.

Electron Multiplier (EH) and EN Supply

The ion currents through the resolving slit
are amplified by an electron multiplier to
increase the currents to a level suitable for
an electrometer amplifier. The electron
multiplier supply provides high voltage to
the electrom multiplier.

Resolved Ion Current (RIC) Electronics

The electrometer amplifier amplifies the
current output from the electron multiplier
and comverts it to a voltage sigmal. This
signal is supplied to the RIC Post Amplifier
where it is re-scaled, sampled, and
transmitted to the IDS for digitization and
transmission to the VL data acquisition
systes .

Instrument Electronics Assembly (IER)

The IBA consists of valve driver modules,
temperature controller modules, engineering data
modules, and a separate power conditioning module
housed in the Instrument Electronics Tray
assembly.

a)

b)

Power Conditioning Subsystea (PCS)

The PCS provides the regulated voltages
required by the Instrument Data Subsystem
logic, the mass spectrometer electronics, and
the hydrogen separator. A block diagram of
the PCS is shown on Figure 8.8.2.2-18.

Instrument Data Subsystem (IDS) Figure
§.8.2.2-15.
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The IDS functions is the "brain® of the GCHS
in that it receives commands from the VL
G6CSC, initiates and controls GCHS sequences
in response to commands and digitizes both
engineering and mass spectral data and
transmits these data to the V1L data
acquisition system. The IDS is made up of
tvo multilayer laminate assemblies, the
command processor assembly and the data
processor assembly. These are interconnected
and mounted in the IDS tray asseambly. A
block diagram of the IDS is shown on Figure
§.8.2.2-16.

(1) Command Processor Asseably

The IDS Command Processor Asseably
receives a coded command from the VL
system and controls GCHS functions in
response to the command. See Figure
8.8.2.2-17. The GCHS Haster Control
Program is contained in this assembly in
Programmable Read Only Hemories (PROAS).
Also included is the Effluent Divider/MS
Overload Control Program vwhich controls
the behavior of the effluent divider
during organic analysis or conditioning
sequences. The effluent divider control
- logical relationships are shown on
7861130-112, “GCHS Master Control
Program®, gives a complete listing of
the GCHS segquences.

(2) Data Processor Assembly

The IDS Data Processor Assembly converts
analog engineering and HS data to a
digital data output compatible with the
V1l data acquisition system. PFigures
8.8.2.2-22 and 8.8.2.2-23 show the IDS
data format and the engineering data
subcoanutated words.
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FIGURE 4,8,2.2«1 PHOTOGRAPH=-GCMS/PDA
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2

Load
Station
(Funnel & Poker)

Analysis
< Station

(Seal Clamp)

Position # 1  Flight Station in Analysis Position
Dump under Load Station

Position # 2 Oven #1 under Load Station

Position # 3 Oven # 1 in Analysis Position
Dump under Load Station

Position # 4 Oven # 2 under Load Station

Position # 5 Oven # 2 in Analysis Position
Dump under Load Station

Position # 6 Oven # 3 under Load Station

Position # 7 Oven # 3 in Analysis Position

Notes: Any Oven may be preheated in any position but must be
heated before soil is dumped into funnel if preheated in

Load position

All standard flight sequences move carriage one position
(forward or reverse) at a time

Flight Station oven is non-heatable blank oven

No Dump after oven # 3

Figure 4.8.2.2-7 - LPA CARRIAGE/OVEN STATION DETAIL
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Figure 4.8.2.2-9 - THERMAL ZONE - GC ASSEMBLY

GC COLUMN PACKAGE
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|—————— | OVERLOAD FET SW ON
UNDRLD __ | NOOVERLOAD: FETSW f'

Figure 4.8.2.2-12 - MASS SPECTROMETER ASSEMBLY BLOCK DIAGRAM
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Figure 4.8.2.2-13 - Mass Spectrometer Analyzerx
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EMI FILTER

PRE - — IDS + 5 REG
REGULATOR

1DS +5V
DRIVER | RECTIFIERS FILTERS > llDS -5v

IDS +12V
IDS -12V

.

IDS SYNCH SIGNAL [ IFC sy
IFC -

2.9k CHOPPER ) > l IFC +12V

1FC -12V

DRIVER RECTIFERS FILTERS ——® IES +30V

IES +5V
1ES +12V
< 1ES -12V

IES +24V
IES 24V

Figure 4.8.2.2-14 BLOCK DIAGRAM POWER CONDITIONING SUBSET
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FIGURE 4,8,2,2-15 INSTRUMENT DATA SUBSYSTEM (1DS)
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’ COMMAND
CLOCK
READY

ENABLE

4 KHz
MULTIPLEXER l

SSLP/GCS Ciﬁigs {l SEQUENCE TIMING COMMAND
SUBSET CONTROLLER 70 OUTPUT »| PROCESSOR
MS ENABLE | CONTROE
l LOGIC
IDS +5 VOLT l g(é‘éVEETRON- SYSTEM
POWER L » RESET
FROM PCS CIRCUIT SIGNAL
\ REDUNDANT SYSTEM ovstem | 10.BLOCK
CLOCK PULSE TIMING » SV | GENERATOR
| GENERATOR GENERATOR
b
ENGR DATA | -
t DIGITAL
| ENGR DATA
MULTIPLEXER
l 9-8IT L L L
-
ENGR | ANALOG A/D ENGR DATA ouTPUT
DATA ENGR DATA CONV * BUFFER »
— MULTIPLEXER
l
b h b 3
v l ‘
] RANGE L CONTROL ENGR DATA
mSS | SELECT LOGIC *1 conTROL
RIC b
| 9-BIT
POST—AMPL | A/D MS DATA
SAMPLE AND
D | CONV BUFFER
| | i
MS +{  ouTPUT
‘ EgleCROL DATA CONTROL
l CONTROL |e¢ _ | LoGiC
'WUEMHHEEAEPEEE_.____.____.____._.____.._____.__
Figure 4.8.2.2-16 - IDS BLOCK DIAGRAM
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IDS +5 VOLT
POWER TURN-ON - OR-

TRANSIENT DROP IN
IDS +5 VOLT POWER

v

- INHIBIT GCMS
COMMAND INPUT
- RESET IDS LOGIC

v
ENTER

POWER-CN-RESET
PERICC

ENTER IDS
STANDBY MODE

R

POR
PERIOD
COMPLETE

?

YES

-RESET SENSORS <g———
SUBSET VALVES

ENTER
INITIALIZATION
SEQUENCE

ENTER
SPECIFIED
SEQUENCE

SEQUENCE
COMPLETE
2

SEQUENCE
COMPLETE

NO

0

Q

- ENABLE GCMS
COMMAND INPLT

INHIBIT GCMS

COMMAND INPUT

OPERATE SENSOR
SUBSET
CONTROLS

SELECT OUTPUT
CATA FORMAT

ENABLE EFFLUENT
OIVIDER AND MS
CVERLOAD
CONTROLS

Figure 4.8.2.2-17 - CONTROL SYSTEM FLOW DIAGRAM - MASTER CONTROL ROUTINE
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RISING PRESSURE DIVIDER FALLING PRESSURE
BOTH MODES RATIOS MODE A VIODE B
8000 : 1 |
P<LL) (TFC = 10 SECONDS P<LL) (TFC = 70 SECONDS
(Pg>HL) (TFC = 10 SECONDS) Lo et ' .
+ (P<HL) (TFC = 45 SECONDS) | + (P<HL) (TFC = 45 SECONDS)
400 : 1

(P<LL) (TFC = 10 SECONDS)

Pr>HL) (TFC = 6 SECONDS
(Pr>HL) ( ) + (P<HL) (TFC = 2 MINUTES)

(P<LL) (TFC = 10 SECCNDS)
+ (P<HL) (TFC =45 SECONDS)

P<LL) (TEC = 10 SECONDS) |
(P >HL) (TFC = 6 SECONDS) IPLEI ) |

(P<LL) (TFC = 10 SECONDS)
+ (P<HL) (TFC = 45 SECONDS)

(P<LL) (TFC = 10 SECONDS)
+ (P<HL) (TFC = 15 MINUTES)

20 : 1;

) + (P<HL) (TFC = 15 MINUTES)
3: 1>
0:1

(P<LL) (TFC = 10 SECONDS)
+ {P<HL) (TFC = 45 SECONDS)

PARTS OF FLOW TO VENT —j T— PARTS OF FLOW TO MS

NOTES: P = PRESSURE IN MS ANALYZER NOTATION:
Pr = PRESSURE + RATE OF INCREASE IN MS ANALYZER X +Y =X0ORY
HL = OVERLOAD DISCRIMINATOR LEVEL (X)(Y) = XAND Y
LL = UNDERLOAD DISCRIMINATOR LEVEL
TFC = TIME FILTER COUN
Figure 4.8.2.2-18 -  EFFLUENT DIVIDER CONTROL - LOGICAL RELATIONSHIPS
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8.8.2.2.5 6CHS/VL IBNTERFACE

This section presents information on the GCHS/VL electrical
and telemetry interfaces. See Pigure 8.8.2.2-19 for the GCHMS/VL
interface block diagram. Por more detail on the total GCHS/VL
interface refer to ID-3703161, Vviking Lander System to Gas
Chromatograph Hass Spectrometer Interface Requirements Document.

ae Electrical Interface

The G6CHS operates from VL unregulated 28 to 37 vdc
pover during all instrument operations. This power is
furnished by the VL via two separate lines, one for the
various heaters (high current) including the pyrolysis
ovens, the other for the remainder of the GCHS
electronics (low current). The GCHS ion pump current
and the G6CHS emergency power are supplied on separate
lines.

b. Command Interface

The GCHS operational modes and parameters are
controlled by means of coded commands which are sent to
the GCHS by the VL Guidance Control and Sequencing
Computer (6CSC). The interface between the GCHS and
the G6CSC consist of two digital signals and two
discrete signals. The digital signals comsist of the
data signal and the Shift Pulse signal.

1) Digital Signals
a) Data Signal
The coded command words comsist of a 48 bit,
PCH WNRZ waveform, serial bit data streanm

transmitted as a differential output at 16
KBPS. The command format is as follows:

LAST BIT SERT PIRST BIT SERT
FROE GCSC PRON GCSC

48 25 28 23 22 21 20 19 18 17— —1
FORMAT AS

®GCHES Command Structure®

NOTE: Bit ¥o. 25 as defined in Table
8.8.2.2-1 corresponds to Bit Fo. 01, and Bit
26 to 02 through 48 to 28, in Litton Document
7861-0112, Paragraph 3.3.2.%.1.

b) Shift Pulse Signal
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The RZ waveform shift pulse signal is present
only vhen data is being transferred from the
GCSC to the 6CHS. The pulse rate is at 16
KBPS. The phase relationship between the
Shift Pulse and the Data Signal is as shown
in Pigure §.8.2.2-20.

2) Discrete Signals

The discrete signals are the enable signal and the
data ready signal.

a) Enable Signal

The Enable Signal is tramsmitted during
transaission of the data word (command). The
leading edge of the sigmal leads the first
shift pulse indicating that a message is
forthcoming. The trailing edge of the signal
lags the final shift pulse and indicates that
the message is complete and the command may
be executed. The phase relationship with
respect to shift pulses and data pulses are
shown in Figure 8.8.2.2-20.

Cs Data Interface

The VL Data Acquisition and Processor Unit (DAPU)
accepts scientific and engineering data from the GCHS
IDS during G6CHS operational sequences preparatory to
transmission to Barth. The GCHS provides the
scientific and engineering data as a formatted digital
bit train except in the case of the ion pump current
measurement which is provided as both formatted digital
bit train amd a high level analog signal. The
formatted data output is active wvhenever the GCHS is
powered On.

1)) Righ Level Ainalog Signal

The high level analog signal is available at all
times that the ion pump power is applied amd is
sampled on a periodic basis. The ion pump current
signal is sampled, formatted and interfaced vith
other VL data by the DAPU.

2) Formatted Digital Data

The transfer of formatted data from the GCHS to
the DAPU is accomplished by the following signals:

a) Data Ready (from G6CHS to DAPU) ;

b} Data Ready (from GCHS to 6CSC) :
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c) Data Shift Clock (from DAPU to GCHS) ;

ay GCHS Data (from 6CHES to DAPU) .

Q)

(2)

3}

(L))

Data Ready Signal

The GCHS provides the data ready signal
to indicate that the formatted digital
message is available for tramnsfer to the
DAPU.

Data Shift Clock Signal

A RZ, B KBPS, square wave data shift
clock signal is provided by the DAPU to
the 6CHS IDS for shifting data out of
the IDS buffer storage register. The
data shift clock is present only when
the Data Ready discrete signal from the
GCHS is in the On state. The phase
relationship between the data shift
clock pulses and the GCHS data pulse is
shown in Pigure 8.8.2.2-21%1.

GCHS Data Signal

One bit of ERZ digital data is shifted
out of the GCES buffer on each cycle of
the shift clock signal as long as the
data ready signal is On and recognized
by the DAPU as shown in Figure 8.8.2.2-
21. The first bit is present at the
time the data ready signal is sent. The
GCHS removes the data ready signal when
the last bit to be tramsferred has been
shifted out of the IDS buffer storage

register.
GCHS Data Pormat

Each data message from the GCHMS starts
with the 31 bit pseudorandom noise SYNCE
word followed by a 2t bit identifier.
rhe first five bits idemtify the
experiment. Bit six identifies the data
format: bit seven the data mode; the
next 10 bits give the scan frame count
and the last four bits give the Hass
Spectrometer data block count. IDS data
formats are as shown in Pigures 8.8.2.2-
22 and 8.8.2.2-23.




[[1]]

.\ /SSPDA (REF)

/.SURF.

SAN
INLET

PYRO ATMOS
VENT INLET

Ho
VENT

b 1

VLC MTG
PLATE

[L[] [ we

GCMS

INSTRUMENT

J-z21

.
E B

~n

o

MECH GCMS
INTERFACE

ELEC
INTERFACE

BCE

AGE

Curr

GCMS Emerg. PWR

+30 Vdc I, P.

+30 Vdc H1 Curre
+30 Vdc Lo Curre

4
0
J
>

.__—.

]
rent Moniln]

Data Ready

a a
o

I.P., Cur

e

il
U DataReady

GCMS Data

DAPU

s —

Commands

()
N
0
M)

Figure 4.8.2.2-19 — GCMS INTERFACE BLOCK DIAGRAM

=
v
!
w
<
o
=]
w
-2
-—

0€-2°27°'8°% 2%ed



(1)

(2)

TABLE 4.8,2.2-1

FUNCTION

NO CONTROL OPERATION

SYSTEM VENT

VENT-IN-FLIGHT/GCA-AFA

OPEN PYROLYZER VENT VALVE V-13
CLOSE PYROLYZER VENT VALVE V-13
VENT-IN-FLIGHT/HSA

SYSTEM CONDITIONING

OPEN HYDROGEN GAS SUPPLY VALVE V-0
CONDITION GC COLUMN

(SEE BAKEOUT SEQ)

CHECK SYSTEM GAS STATE

RESET SYSTEM VALVES -VL THRU V12

ATMOSPHERIC SAMPLE PROCESSING

OPEN ATMOSPHERIC INLET VALVE V-9
CLOSE ATMOSPHERIC INLET VALVE V-9
OPEN CO/CO2 ABSORBER VALVE V-10
CLOSE CO/C02 ABSORBER VALVE V-10
OPEN H20 ABSORBER VALVE V-11
CLOSE H20 ABSORBER VALVE V-11
ANALYZE ATMOSPHERIC SAMPLE S-8

SOIL SAMPLE PROCESSING

DUMP/UNSEAL SAMPLE OVEN
PREHEAT/UNSEAL/INDEX SAMPLE OVEN
LOAD/UNSEAL/INDEX/SEAL SAMPLE OVEN

ANALYZE ORGANIC SAMPLE-SHORT#*
ANALYZE ORGANIC SAMPLE-MEDIUM#*
ANALYZE ORGANIC SAMPLE-LONG#*
ANALYZE ORGANIC SAMPLE~-SHORT#*%*
ANALYZE ORGANIC SAMPLE-MEDIUM**
ANALYZE ORGANIC SAMPLE-LONG*#*

- GCMS COMMAND STRUCTURE-OPERATION SELECT CODES

COMMAND BIT NUMBER
SEE COMMAND FORMAT 4.8.2.2.5b

25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48

0 0 0 0 0O
0 0 0 0 0 1
0 0 0 01 O
0 0 0 011
0 0 01 0 O BIT 48 MUST BE SET TO 1
11 01 10
0 0 01 0 1
0 01 1 1 SEE PAGES 31 AND 32 FOR
0 01 0 0 O PARAMETER SELECT CODES FOR BITS
31 THRU 48
0 01 0 0 1
0 01 010
0 01 01 1
0 01 1 0 0
0 01 1 01
0 01110
0 01 1 1 1
01 0 0 o0
01 0 0 01
01 0 0 1 0
01 0 0 1 1
01 01 0 O
01 01 0 1
1 0 01 01
1 0 011 0
1 00 1 1 1 *HYDROUS *% ANHYDROUS

(1) OVEN CARRIAGE TRANSFER POSITION FUNCTION WILL BE USED WITH SAMPLE OVEN FUNCTIONS ONLY
(2) Ms OUTPUT GAIN AND ION SOURCE FILAMENT SELECT FUNCTIONS WILL BE USED WITH ANALYZE ORGANIC SAMPLE ONLY
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FUNCTION

TABLE 4.8.2.2-1 GCMS COMMAND STRUCTURE—OPERATION SELECT CODES - (Cont)

BACKUP PYROLYZER ASSEMBLY CONTROL

OPEN OVEN SEAL CLAMP

CLOSE OVEN SEAL CLAMP (SEAL OVEN)
FORWARD INDEX OVEN CARRIAGE
TO TRANSFER POSITION
REVERSE INDEX OVEN CARRIAGE
TO TRANSFER POSITION
LOAD SAMPLE OVEN
DUMP EXCESS SAMPLE
PREHEAT SAMPLE OVEN

NO ACTION

GCMS VERIFICATION S-12

NO ACTION

ATMOSPHERIC SAMPLE/ENRICHMENT

NO ACTION
INDEX OVEN
INDEX OVEN
INDEX OVEN
INDEX OVEN
INDEX OVEN
INDEX OVEN
INDEX OVEN
NO ACTION
NO ACTION
NO ACTION
NO ACTION
NO ACTION
NO ACTION
NO ACTION

CARRIAGE
CARRTAGE
CARRIAGE
CARRTAGE
CARRIAGE
CARRIAGE
CARRIAGE

VENT-IN-FLIGHT/MSA

TO
TO

TO

TO
TO
TO
TO

POSITION
POSITION
POSITION
POSITION
POSITION
POSITION
POSITION

NoumpPbwWwN =

25

o (e Ne Nl

[eloNeNeNe

FRHRHERRERRRRR@RRRRRRRHO

26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48

1
1
1

P

e Y

PFHFRHERRPHFROOOOOOOOO M

0
0
1

=

Y S Sy e

HFOOOOOOOKHRHERKMFRO R

1
1
0

o

HHRHOO

OFHMHFHFOOOOKFRKHFKFHEFHOOOOHH

(@)

OHOOHHMHOOHHOOKFKRHFEFOOOM

HOOHR

0
1
0

|

OO KF O

OHHOHOHOHOMFOHFHROKFOOM

COMMAND BIT NUMBER
SEE COMMAND FORMAT 4.8.2.2.5b

SEE PAGES 31 AND 32 FOR
PARAMETER SELECT CODES FOR
BITS 31 THRU 48

LLEQCLE=GH
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TABLE 4.8.2.2-1 - GCMS COMMAND STRUCTURE - PARAMETER SELECT CODES (Cont) =
w
COMMAND BIT NUMBER o
SEE COMMAND FORMAT 4.8.2.2.5b oo
FUNCTION 2
25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48
NO ACTION
NO ACTION
NO ACTION
NO ACTION
NO ACTION SEE PAGES 31 AND 32 FOR
NO ACTION PARAMETER SELECT CODES FOR
NO ACTION BITS 31 THRU 48

BAKE-OUT-IN-FLIGHT CLASS 2
BAKE-OUT-IN-FLIGHT CLASS 3
BAKE-OUT-IN-FLIGHT CLASS 4
SAMPLE UNIT ATMOSPHERIC

BAKE-OUT-IN-FLIGHT CLASS 1

OHKHRRRFEKRRRRFERRE
OCOoOO0COHRKRKRRHKFR
COO0CORKRKRRERHPK
r—-oooo»—f)—u—w—w—loo
FHHRCOCORKHOORRO
OHOHOHOHKHOROR
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TABLE 4.8.2.2-1 —- GCMS COMMAND STRUCTURE - PARAMETER SELECT CODES (Cont)

COMMAND BIT NUMBER
FUNCTION SEE COMMAND FORMAT 4.8.2.5b
25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48
OVEN SEAL CLAMP POSITION CHECK

DEFEAT CHECK 0 O

| DEFEAT CHECK SEE PAGES 28, 29 & 30 0 1 WHERE NO PARAMETER SELECT
CHECK FOR CLOSED POSITION FOR OPERATION SELECT 1 0 CODE BITS ARE SHOWN OR
CHECK FOR OPEN POSITION CODES FOR BITS 25 thru 30 1 1 SELECTED, Os ARE TO BE USED

OVEN CARRIAGE POSITION CHECK
DEFEAT CHECK
CHECK FOR POSITION -
CHECK FOR POSITION -
CHECK FOR POSITION -
CHECK FOR POSITION -
CHECK FOR POSITION -
CHECK FOR POSITION -
CHECK FOR POSITION -

NooupswN

HFHEFHEFFHOOOO
HEHOCHKKECO
HOMKOFFOKO

OVEN CARRIAGE TRANSFER POSITION
UNDEFINED
TRANSFER TO POSITION
TRANSFER TO POSITION
TRANSFER TO POSITION
1) **TRANSFER TO POSITION
TRANSFER TO POSITION
TRANSFER TO POSITION -
TRANSFER TO POSITION

MS OUTPUT GAIN SELECT
| MAXIMUM

2) %% NOMINAL

| INTERMEDIATE
UNDEFINED

L B B |
AW

HFHRHHOOOO
HFHOOKRHKHOO
HOHOROKO

!
~

H OO
HOKO

ION SOURCE FILAMENT SELECT
FILAMENT NO. 2 0
FILAMENT NO. 1 1

(1) OVEN CARRIAGE TRANSFER POSITION FUNCTION WILL BE USED WITH SAMPLE OVEN FUNCTIONS ONLY (**SEE SOIL SAMPLE PROCESSING).

(2) MS OUTPUT GAIN & ION SOURCE FILAMENT SELECT FUNCTIONS WILL BE USED WITH ANALYZE ORGANIC SAMPLE ONLY.
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TABLE 4.8.2.2-1 - GCMS COMMAND STRUCTURE - PARAMETER SELECT CODES (Cont) =

COMMAND BIT NUMBER &

SEE COMMAND FORMAT 4.8.2.2.5b 3

FUNCTION 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 S

w

ION BEAM VOLTAGE SELECT =
70 ELECTRON VOLTS 0
45 ELECTRON VOLTS 1

OVEN SELECT
NONE
OVEN - 1
OVEN - 2 SEE PAGES 28, 29
AND 30 FOR
OPERATION SELECT CODES
FOR BITS 25 THRU 30
OVEN TEMPERATURE SELECT
50 DEGREES C.
200 DEGREES C.
350 DEGREES C.
500 DEGREES C.

HEROO
HoRo

=
HorHO

OUTPUT DATA RATE SELECT
SEND EVERY SCAN
SEND EVERY SECOND SCAN
SEND EVERY FOURTH SCAN
SEND EVERY EIGHTH SCAN

= OO
HH=OO

INSTRUMENT DATA MODE SELECT
NORMAL 0
BACKUP WHERE NO PARAMETER SELECT CODE 1
BITS ARE SHOWN OR SELECTED,
INSTRUMENT CONTROL MODE SELECT Os ARE TO BE USED
NO ACTION
NO ACTION 1

o

SPARE BIT
NO ACTION
VENT-IN-FLIGHT/HSA (INHIBIT VI)

= O

GE-77 8"y °3eq




I |
—b g — 15.6 20,0 to 40,6 __p
| | Microseconds Minimum ' Microseconds I |
| f5 |
| I | l,
————d l —

o 12.5 to 30.0 |

! Lo Microseconds |

Pulses —&

RZ Shift

‘__;};___d

—

PCM,NRZ
Command Pulses —B>

(48 Bit
Word Length)

6.3 to 22.0
Microseconds

“5---

I
o

1) Power can be Turned on Receiving Circuit with Leading Edge of Enable
2) Signals are Current Mode Differential
3) Bit No. 1 Command Pulse will be present Prior to Enable "High" Leve]

Figure 4.8.2.2-20 - Phase Relation Requirement of Command Pulses
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| Message Message |
5 $s
Data 9‘ , I ‘__________?
Ready | | ||
fee—- Tl 'M |
.
Dat | | ’ 2
ata
shift $—— § L .
Clock | l
, I
l 0 0 1 1 0 1 0 1
GCMS ¢ r S 44; S ______i
Data I I
—t N o Z. =
s | 2| ¢ g | g
0 + - > +
@ ) ) @ &

Page 4.8.2.2-37

T1 (Minimum) = Zero Time

' T (Maximum)
T2 (Maximum)

n

310 Mi1liseconds (This Max. Time may be exceeded one time
during an analysis to a max. of
0 to 30 Microseconds 1 second in addition to constraints
‘ in para. 3.2.9.4)

"

Data Shift Clock Duty Cycle = 50% + 1%

I
Start of End of —

Notes:

1) Bit No. 1 Data Level shall be Present when the Ready
Line "High" Level is Initiated by the GCMS

2) Data Level shall Change with the Falling Edge of the
Data Shift Clock Signal

3) The propagation delay between the data shift clock sigral
into the GCMS and the GCMS data output shall not exceed
40 microseconds. This is the delay from the time when shift
pulse signal changes from “ON" to “OFF* state to the time when
the data signai chanqgess state, either direction.

4) Signals are Current Mode Differential.
5) N = Total Number of Bits in Message.

Figure 4.8.2.2-21 = Jat2 Interiace Characteristics




MS DATA BLOCK FORMAT

MN = SUBCOM WORD NUMBER

2001 2002
< RIC RIC RIC RIC ZERO(S)*
MAGNI- | MAGNI- MAGNITUDE | MAGNITUDE
_ |_TuDE TUDE )) :
BITS 9 9 9 9 MIN OF NONE
2304 BITS MAX OF 290
L__ , "MS DATA" |, Nov OF 280 + 10

Figure 4.8.2.2-22 1IDS DATA FORMAT

OUTPUT DATA FORMAT "A" 222 BITS TOTAL
<«—~{ID|ENGINEERING DATA|
BITS ‘52| 170
OUTPUT DATA FORMAT '"B" 15 ID & MS Data
Blocks for i
<{Ip] ™S DATA [ *] ID] MS DATA | *] ID |) Normal Mode. §]| ID| MS DATA | *|ID| EN¢. nATA[
BITS 52 10 ID & MS Data i)
Blocks for Atmospheric
Back~up Mode,
ID DATA FORMAT - 52 BITS TOTAL
0001 0002 0003 0004 0005 7HIC 0006 7NRC
4— PN EXPRMT. DATA DATA SCAN MS DATA |
SEQUENCE | ID FORMAT MODE FRAME BLOCK .
o COUNT COUNT |
BITS 31 5 1 1 10 4
ENGI' EERINC DATA BLOCK ORGANIZATION (See Figure for Subcom Words) - 170 Bits Total for each 16 Word Groups.
0102 0102 0102 0102 MNO3 0105 MNO4 0106 0107 ‘o120 |06
VALVE VALVE VALVE VALVE DIGITAL | ION ANALOG SCAN TOTAL | Total 8 Sets { SCAN {7 .
l 1 va4 V4A V5 V6 SUBCOM PUMP SUBCOM | VOLTAGE| TON of SV & TIC § VLIG. {1
STATUS STATUS STATUS STATUS WORD CURRENT | WORD (SV-1) | CURENT| Measurements § (SV-8)|C+ ©RT
TIC-1| (7nly Last | (: 1-8)
BITS 1 1 1 1 4 9 9 9 9 Five Sets are 9 :
Available for
ANALOG ATMS. Back-up) =
DIGITAL | NON- ANALOG ANALOG NON-SUBTOM WORD ;
SUBCOM SUBCOM |SUBCOM ;
f¢——————— DIGITAL NON-SUBCOM. WORD->#— »> > - r B >~
(EFFLUENT DIVIDER STATUS) '

LLEOCLE=CTH
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ENGR. DATA -
WORD GROUP DIGITAL SUBCOM WORD ANALOG SUBCOM WORD ?
w
0l1. 0103 0103 0103 0103 0104 ;3
VALVE VO STATUS VALVE V1 STATUS VALVE 2 STATUS VALVE V3 STATUS H2 PRESSURE ﬁ;
02. 0203 0203 0203 0203 02 | 0204 -
VALVE V7 STATUS  SPARE VALVE V9 STATUS VALVE V10 STATUS | SAMPLE INLET TEMPERATURE
03. 0303 0303 0303 0303 0304
VALVE V11 STATUS VALVE VlZ_STATUS VALVE V13 STATUS IDS OSCILL. THERMAL ZONE TEMPERATURE
STATUS
04. 0403 0403 0403 0403 0404
EMERGENCY OVER- OVERLOAD DIS- UNDERLOAD SPARE OVEN OUTLET LINE TEMP-
LOAD DISCRIMIN- CRIMINATOR DISCRIMINATOR ERATIRE
ATOR STATUS STATUS STATUS
05. 0503 0503 0503 0503 0504
OVEN SEAL CLAMP OVEN SEAL CLAMP OVEN TEMP SENSOR SPARE G.C. COLUMN TEMPERATURE
OPEN STATUS CLOSED STATUS STATUS
06. 0603 0603 0603 0603 0604
OVEN CARRIAGE OVEN CARRIAGE OVEN CARRIAGE CARRIAGE POSITIONfj SEPARATOR BIAS CURRENT
POSITION BIT-1 POSITION BIT-2 POSITION BIT-3 STATUS PROBE
07. 0703 0703 0703 0703 0704
OVEN TIME-TO- OVEN TIME-TO- OVEN TIME-TO- OVEN TIME-TO- ION SOURCE TEMPERATURE
TEMP BIT-1 TEMP BIT-2 TEMP BIT-3 TEMP BIT-4
08. 0803 0803 0803 0803 0804
SPARE SPARE SPARE SPARE SENSOR TRAY TEMPERATURE
09. 0903 0903 0903 0903 0904
SPARE SPARE SPARE SPARE ION PUMP HIGH VOLTAGE
10. 1003 1003 1003 1003 1004~
SPARE SPARE SPARE SPARE EMT HIGH VOLTAGE
g
11. 1103 1103 1103 1103 1104 %
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§.8.2.2.6 POWER REQUIREBRENTS
a. Pover Consumption

Profiles for the power consumed during the GCHS
operating sequences planned during Cruise are shown in
Figures 8.8.2.2-28 through %.8.2.2-3%1.

b. GCHS Ion Pump

The GCHS ion pump power consumption during anmalysis
periods will not exceed two watts average and 10 watt

peak.
Ce GCHS Emergency Power

Any time the voltage on the experiment bus drops below
21 volts for a period of one millisecond or longer, the
€CSC removes power froa the 6CHS within six minutes.

At the time the power is removed the VL provides, on
the emergency interface circuit, an emergency pover
pulse. The pulse is used as both the command and pover
for the instrument to reset to the safe status.

‘ ¥.8.2.2.7 HISSION SOFTWARE

This section contains a brief description of how the TLAP,
DECSET, HFILE and ATHORG programs are used for handling and
reduction of GCHS data. -

a. TLHP

211 ground received data are sent to Viking Hission
Control and Computing Center (VECCC) where the first
step in data processing is performed by TLEP. For GCHMS
data, TLNP has no decalibration functioms, but simply
jdentifies GCHS frames and places these into a System
Data Record (SDR) for DECSET.

b. DECSET
Por GCHS data, DECSET perforas two operations. Pirst,
jt inputs the SDR from TLHP and separates the GCAHS data
from all other types of data; secondly, it time tags
the data and formats the data into a GCHS data file.

C. NFILE

Both TLMP and DECSET operate on the IBN 360/75, vhereas
ATHORG is programmed to rum on the UNIVAC 1108. Thus,

. there is a need to transfer the 6CHS data files output
by DECSET from the 360 to the 1108 so that ATHORG may
input and process them. This function is provided by a
program called BFILE.




ATHORE

ATBOREG receives the GCHS data files and begins the
final step in processing. ATHORG is divided into three
major portions: main processor, engineering executive,
and science executive with functions of imnitialization
and program control, processing of engineering data,
and processing of mass scan data respectively.

The main processor first determines if the data to be
processed are atmospheric or organic. This obviously
important function is accomplished by comparing the
6CSC times associated with the analysis against a list
of those items known to correspond to atmospheric and
organic experiments. Then, after inputting the data
base parameters pertaining to the type of analysis, the
main processor outputs various descriptive information
concerning the data and passes control to the
engineering executive.

The engineering executive, as its name implies,
decalibrates the data into engineering units, prints
and plots the data, and checks for measurements
exceeding alarm limits. Por an organic analysis, the
engineering executive additionally creates a gas
chromatogran and effluent divider status. These
functions complete, control is returned to the main
processor, where, if designated by user input, an LTEHNP
data file (ATTENP or ORTENP) is generated and output.
Control then passes to the science executive.

The science executive begins processing the mass scan
data by calculating the mass spectra in the form of
mass number versus intensity. The type of amalysis
then dictates which of the following two courses of
action is taken. For an atmospheric analysis, the
science executive processes the mass spectra by:

L) ] Averaging the intemsities at equal mass numbers
for background and gas sample scans.

2) Producing standard deviations for the average
spectra.

3) Correcting the averaged gas sample scan by
subtracting the averaged background scan
intensities at equal mass numbers.

8) Calculating the relative abundances of Carbon
Dioxide, Carbon Honoxide, Argon, Nitrogemn, Oxygen,
vater vapor, Neon, Krypton, Xemon and others.

Por an organic analysis, the science executive
processes the mass spectra by:
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)] Calculating the sum of intemsities for each scan
nusber.

2) Generating mass chomatograms.
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§.8.2.3 LANDER CANERA SYSTER
§.8.2.3.1 PURPOSE

Two identical lLander Camera Systems (LCSs) are used for the
following purposes:

a. Geologically characterize the Martian landscape;
b. Look for macroscopic evidence of lifes
Ce Support surface sample acquisition;

d. Support the Magnetic Properties and Physical Properties
Investigations.

§.8.2.3.2 PUBCTIOBRL DESCRIPTION

Figure 4.8.2.3-1 presents a view of the VL. Its two cameras
are separated by 0.8 m and viewv the surrounding terraia from a
height of 1.3 m. PFigure 3.8.2.3-2 shows an outline drawing of
the field of view available to the cameras. 1 large segment of
the camera field of view is obscured by the VL structure.
Isportant to calibrating the camera performance are the three
reference test charts mounted on the VL, two of which can be
vieved by each camera. The shaded surface area defines the area
accessible to the Surface Sampler that collects surface materials
for three other science instrumeats: a Biology Laboratory, a 6as
Chromatograph Mass Spectrometer (6CHS), and an X-Ray Fluorescence
Spectroseter (XBFS).

A roll maneuver (i.e., rotation about an axis parallel to
the camera axis) is planned during the final VL descent phase.
An important comstraint on VL orientation is to avoid shadowing
the Surface Sampler area at favorable sun elevations. A general
goal is to obtain morning and afternoon lighting of the sampler
area, first from one direction and then from the other, to insure
that all features in this area can be viewed at one time or
another out of shadow. However, the spacecraft may land in an
orientation that results in a different, less favorable lighting

geometry.
8.8.2.3.2.1 CONSTRUCTION

Figure 3.8.2.3-3 presents a simplified cutaway view of the
camera and Pigure 8.8.2.3-8 is a functional schematic. The upper
elevation assembly rotates in azimuth during operation, and the
lover azimuth assembly is bolted to the VL. General design and
operating characteristics are listed in Table §.8.2.3-1 and
performance characteristics in Table 8.8.2.3-2.

The thin camera housing and the major support structure are
made of beryllium to provide lightmess, stiffness, and low
thermal expansion and contraction. The imner surfaces of the
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housing are treated with a matte black finish to reduce internal
light reflections, and the outer mating surfaces are gold plated
to suppress electromagnetic interference. 1 3- to 5-cm thick
blanket of fiberglass and aluminum foil imsulates the entire
camera to reduce radiative and convective tramsfer to the cold
Bartian atmosphere. In additiomn, thermostatically comtrolled
heaters are located in the vicinity of critical components to
maintain their temperature above -80° C.

The elevation assembly is hermetically sealed and filled
with argon gas at a pressure of nearly 1 bar (105 N/m2). The
azimuth assembly is exposed to the Hartian atmosphere. Dust is
prevented from eantering by a labyrinth seal between the rotating
and stationary parts of the camera.

The camera has two windows. The outer window, referred to
as the contamination cover and not shown in Figure 84.8.2.3-8, is
hinged on one side and spring-loaded. By rotating the camera
nearly 360° in a rapid slew mode, a lever can be forced against
the side of the dust post with sufficient impact to release a
catch on the contamination cover which then permits a spring to
move it out of the optical path. This cover protects the inner
windowv from gaseous condensation during the VL heat sterilization
process prior to flight, and from dust contamination during the
first few days or weeks of operation on Hars.

The narrov window entramce is usually stored behind a post
to avoid unnecessary exposure to dust. The post contains two
small tungsten filament light sources that permit the camera
performance to be checked when the VI is stored imnside the
Aeroshell during the flight to Bars. CO sub 2 carried under
pressure in a container inside the VL can be released on command
through a tube (vhich is attached to the post) to blow dust off
the window.

Light which passes through the window is reflected by a
mirror that nods up and down to provide the elevation scanning.
Imaging data are acquired only during the relatively slow upward
motion. BMotion is controlled by a commutator type dc torque
motor. A tachometer provides servo damping, and a resolver
provides position information. The resolver coasists of a dual
unit: a coarse unit which provides low-resolution absolute
position information over the complete rotation of the shaft for
selecting the elevation field of view, and a fine unit with a 36-
times higher angular semsitivity wvhich provides high-resolution
relative position information for photogrammetric accuracy within
the field of view.

The light that is reflected by the nodding mirror is imaged

by an achromatic triplet lens onto a photosensor array. The lens
aperture diameter is 0.95 ca and the focal length is 5.37 cm. '
Light falling on the photosensor array is transduced into an

electrical signal as will be explained later.
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Immediately below the lens is a dark reference shutter which
consists of a rotary solenoid that controls a paddle-shaped black
petal shutter. When energized, the solenoid shaft moves the
shutter over the exit pupil of the lens to block external light
from reaching the photosensor array. The design includes a
spring that forces the shutter to the open position in case of a
failure of the solenoid or associated electronics. The dark
reference shutter is closed for sampling the photosensor-—
preamplifier dark current which is stored for later subtraction
from the signal current, and for calibrating the photosensor
array with a small tungsten filament lamp which is located below
the shutter. The inner surface of the optical tumnel between
lens and photosensor array contains a multiaperture baffle that
is designed not only to reduce veiling glare but also to
attenuate radio frequency interference from the VL antennas.

The elevation assembly, which contains the camera elements
descridbed so far, tapers dovn to a narrow shaft below the
photosensor array. A1l the cables that provide connections
betveen the electrical elements in the elevation assembly and the
control and signal processing electronics in the azimuth asseably
spiral down through the inside of this shaft. The azimuth servo
assembly is mounted on the outside of the shaft. The servo
consists of a torgue motor, tachoseter, and resolver similar to
the elevation servo components mounted on the mirror shaft, but
exposed to the ambient atmosphere. Other differences are that
the motor has a higher torgue capacity to handle the higher
inertia of the elevation assembly, and that the tachometer
peranits nearly 360° rotation.

8.8.2.3.2.2 COETROL ELECTROENICS

Pigure 8.8.2.3-5 preseats a block diagram of the camera
electronics. The four major sections are: (1) digital control
electronics which comsist of a command register, sequencing
logic, and data buffer, (2) photosemsor array, (3) video
processing electronics, and (8) azimuth and elevation servos.

a. Digital Control Electronics

The command register employs a &8-bit shift register to
store the 88-bit command word from the VL Guidance,
Control, and Sequencing Computer (6CSC). When the
sequencing logic senses that the VL computer has turned
on powver for the camera, it clears all memory elements
to a preset state and commands the azimuth and
elevation servos to a safe position (170° azimuth and -
30° elevation). Immediately after a command sequence,
the azimuth start and elevation pointing angles are
loaded into their respective counters, forcing the
servos to slew to the commanded positions. Upon
receipt of clock pulses from the VL Data Acgquisition
and Processing Unit (DAPU), the sequencing logic
selects first engineering data from various sources and
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then video data from the memory. This process is
repeated for each line scan in an image.

While the engineering data are passed onto the VL DAPU,
synchronous with the data clock pulses, the elevation
mirror is given a command to initiate its upward scan
from its rest position slightly belowv the first pixel
in the selected field of view. The upward scan is
maintained by incrementing the elevation counter by one
pixel after every five clock pulses. The sequencing
logic initiates an Analog-to-Digital (A/D) conversion
command for the photosensor array signal as soon as the
mirror enters the field of view. Upon completion of
this conversion, the resultant 6-bit pixel word is
ready to be entered into the memory. The sequencing
logic vwrites this word into the memory immediately
after the last engineering data bit is read out to the
DAPU. The mirror continuves to move upward at the
selected scan velocity, and five data clock pulses
after the first A/D conversion command the sequencing
logic initiates the next conversion command. This
operation comtinues until 3072 bits (512 pixels by 6
bits) of video data have been writtem into and read out
from the memory. The sequencing logic then loads the
elevation counter with a position that returms the
mirror to its initial location slightly below the
desired field of view, and advance the azimuth counter
by one bit which, in turn, rotates the elevation
assembly by one step in azimuth.

This basic operation is repeated exactly until the
azimuth counter has advanced to a count vhich is equal
to the azimuth stop command stored in a comparator.
Formally, the GCSC will stop the flow of data clock
pulses near this time, ending the Imaging sequence.
However, camera operation will still continue as long
as data clock pulses are received, except that the
azimuth advance will then be inhibited. This latter
capability, referred to as repeated line-scan mode, is
used for special experiments.

It may have been noticed that a 6-bit video data word
is written into the memory over the same interval in
which 5 bits of video data are continuously read out of
the memory. The amount of data accumulated in the
memory reaches up to 528 bits which are stored in a 512
bit random access memory and a 12-bit register. This
scheae converts the 75% mirror scanning efficiency to a
90% video data format efficiency.

So far the discussion has tacitly assumed a particular
Imaging mode: namely, high-resolution Imaging with any
one of four broadband photodiodes. To distinguish

among these photodiodes, the photodiode focused to the
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nearest distance is referred to as BB1, to the next
nearest distance BB2, and so forth. Several other
Imaging modes can be commanded, as follows:

A low-resolution (survey} Imaging mode is effected by
tripling the number of incrementing pulses sent to the
elevation servo between video samples and to the
azimuth servo between active line scans.

A multispectral (color or infrared) Imaging mode is
effected by alternately selecting three diodes (either
blue—green-red-blue—etc. or IR3-IR2-IRT-IR3, etc.) for
successive elevation scans and inhibiting the azimuth
servo until three elevation scans have been completed.
Actually, this logic permits not only the nominal color
and infrared line-sequential diode sequence but also
other sequences. Two sequences are of particular
interest: BB1-IR3-IR2-IRV-BBl1-etc. and BB2-blue-green-
red-BB2-etc. They can aid in comparing albedo
measurements made in the visual and near-infrared
region.

A calibration mode is initiated by closing the dark
reference shutter, and then energizing the internal
lamp. The magnitude of the lamp current is selected by
a 2-bit command word, and an Imaging sequence is
sinulated. The calibration sequence requires four
line-scan periods: the initial line-scan period is not
used, the second provides a dark curremt sample, the
third provides time for the lamp to warm up to a stable
temperature, and the fourth provides the calibration
signal. This calibration sequence can be commanded to
occur at the beginming and/or end of an Imaging
segquence.

The sequencing logic also energizes the two lamps in
the camera dust cover on receipt of a command that
calls for the low-resolution (survey) Imaging mode with
a high-resolution (BB1) photodiode. Additional logic
control functions are the selection of gains and
offsets and the removal of the contamination cover.

Photosensor Array

The light sensitive part of the photosemnsor array is a
miniature array of 12 silicon photodiodes with
responsivities shown in Pigure 8#.8.2.3-6. The four
outer diodes are spaced at different distances from the
lens for electrical focus selection for high-resolution
(black and vhite) imaging. Six of the other diodes are
covered with optical filters for multispectral (color
or infrared) Imaging. Another diode is unfiltered and
used for rapid surveys of the terrain, and one is
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covered with a red filter and used for directly viewing
the Sun.

The nominal aperture diameter of the high-resolution
diodes is 0.087 mm, and of the low-resolution diodes is
0.119 mm. Eleven of the diodes have their own
preamplifier to convert their small output current into
a usable signal, while the Sun diode signal current is
sufficiently high to be directly handled by the video
processing electronics. The Photosensor Array (PSk),
which also contains the logic for selecting any of
these diodes and amplifiers, is sealed into a gold-
plated covar capsule with a fused silica windov.

Figure 4.8.2.3-7 shows a simplified circuit diagram of
the PSA and video processing electronics. The
photodiode preamplifiers are conventional curreant-to-
voltage converters. The input stage of each
preamplifier is built-up from a matched pair of
Junction Pield-Effect Transistors (FET) which were
chosen so that their low gate leakage current
(typically about 2 pA at 250 C) would not cause dc
drift in the photosensor array output with changing
temperature.

The outputs from the preamplifiers are summed into a
buffer amplifier. The gain of this stage is the ratio
of the amplifier feedback resistance to the input
resistance of each channel. The input resistance vere
selected to compensate for different photodiode
aperture sizes and filter transaittance
characteristics.

The cameras are exposed to a steady low flux of
neutrons and gamma rays from the VYL Radioisotope—
Thermoelectric Generators (RT6) during the nearly 1
year cruise from Earth to Mars. Radiation damage by
the neutrons degrades the photodiode performance,
particularly in the infrared region from 0.8 to 1.1 um
vhere the absolute responsivity is reduced by an
estimated 15 to 80% and the temperature dependence of
the relative spectral respoasivity is increased.

video Processing Electromics

The output froa the PSR summing amplifier is passed
either directly (for the rapid scan mode) or through a
low-pass filter (for the slow scan mode) to circuits
which provide cosmandable gains and offsets, automatic
dark curreant subtraction, and i/D conversion. The
primary electrical filtering which the signal undergoes
is the integration in the A/D converter.
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Six gains can be commanded in steps of powers of 2, and
32 offsets can be commanded in small steps from a
slightly negative offset up to nearly the full dynamic
range of the camera, as shown in Figure 4.8.2.3-7.
These commandable gains and offsets provide a means of
decreasing guantization intervals (at the expense of
dynamic range) without increasing data bits per pixel.

The sequencing logic commands the dark reference
shutter to be closed at specific intervals. 1It is
closed between successive line scans in the slov scan
mode, between the 63rd and 64th line scan and then
after every 64th line scan in the monospectral rapid-
scan mode, and between the last four lines of each
group of 68 lines (61-62-63-68 ...125-126-127-128...)
in the multispectral rapid-scan mode. A sample—and-
hold circuit in the video processing electronics is
also commanded at this time to store the dark current

- level output from the PSA. Three different capacitors

are used in the multispectral Imaging modes.

R failure of the solenoid or associated electromics
might keep the shutter open during dark current
sampling. The stored dark current sample corresponds
then to the signal value that occurs at the time of
sampling, and this signal value will be subtracted froa
the video signal generated durimg the following line
scans. Once detected in the Imaging data returned to
BRarth, this problem can be avoided by substituting on
command a grounded line for the PSA output during the
dark current sampling period. 1A commandable offset is
then used to approximately subtract the dark current
value. The slightly negative offset shown in Figure
§.8.2.3-8 wvas introduced to permit this feature.

Servos

The elevation and azimuth servo design are similar;
hovever, the performanmce of the elevation servo is more
demanding. The elevation counters (Figure 4.8.2.3-5)
derive the commanded position angle from digital inputs
that represent the desired pointing angle, the
photodiode location offset, and the increment pulses.
The scan rate is 8.7 scans/s in the rapid scan mode and
0.073 scan/s in the slow scan mode.

The elevation scar profile is shown in Figure 8.8.2.3-
9. A line-scan efficiencty of 75% was selected as the
best compromise between power requirement, torque motor
size, memory size, video signal bandwidth requirement,
and achievable servo performance. The servo is
operated as a Type 1 (steady-state velocity error)
servo during run-up and Imaging, and as a Type 0
(steady-state position error) servo during flyback.
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The absolute angles error given in Table 8.8.2.3-2
include all errors of the servo-mechanism and the
positioning of the PSA. This error is less than two
pixels in the low-resolution Imaging modes and about
three pixels in the high-resolution Imaging mode along
the azimuth direction: and twice this value along
elevation because of the mirror reflection. The
relative pixel registration error is the error of the

angular location of any pixel with respect to any other

pixel in an image. This error is on the average less
than 30% of a pixel diameter.

Spatial registration of multispectral Imaging data is a

function of the accuracy of the photodiode spacing in

addition to the servo performance. The total effective

error in the center spacing of the color and near—
infrared data is less than 30% of the pixel diameter.

The frame width in elevation is determined by the
nusber of pixels per linme scan (512) and the
instantaneous field of view, or angular extent of each
pixel. It is 20.89% and 61.880 for the high- and low-
resolution Imaging modes, respectively. The elevation
of the field of view can be selected upon command at
about 10¢ intervals so that the total camera field of
viev ranges from about 80° above a plane normsal to the
optical axis to about 60° below this plane. The frame
vidth in azimuth can be varied in 2.5% intervals up to
a maximum of 382.5¢.

§.8.2.3.3 DATA TRANSHISSIORN

Pigure 4.8.2.3-9 illustrates the VL data storage and
transmission facilities. The following options exist for
handling Imaging data. Data acquired at 16 Kbps can either be
directly transmitted to one of the VOs or stored on tape. Data
acquired at 250 bps can either be directly tramsmitted to Earth
or stored on tape via the 2 x 10® bit memory. Data stored on
tape can be transmitted to the VOs at 16 Kbps or & Kbps, or
transmitted to Earth at 1 K, 500, or 250 bps. The data
transmitted to one of the V0s are stored on one of two tape
recorders, and later transmitted to Earth at 16 Kbps, 8 Kbps, &
Kbps, 2 Kbps or 1 Kbps; the primary rate is & Kbps. Data are
received on Earth by the Deep Space Network (DSN).
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Figure 4.8.2.3-1 - LANDER CAMERA LOCATIONS
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Figure 4.8.2.3-2 - FIELD OF VIEW OF THE VIKING LANDER CAMERAS
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