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TECHNICAL MEMORANDUM

IECM CALIBRATION AND DATA REDUCTION
REQU I REMENTS

I. INTRODUCTION

The main purpose of this document is the presentation and explana-
tion of the Induced Environment Contamination Monitor (IECM) tape
recorder format as it rclates to the IECM instrument output of meaningful
data. This document will be constructed logically from the IECM tape
recorder formuat of experiment data. The main sources of information for

this document were NASA 1M 781931 and a series of seven memoranda to
R. Hall of the Computer Services Office (AH22), Marshall Space Flight
Center (MSI'C):

1) TQCM Data Reduction Requirements, July 19, 1979,

2) Data Reduction for 1ECM Instruments Cascade Impactor and
Camera Photometer, July 23, 1979.

3) Data Reduction for IECM Instrument Optical Effects Module,
July 24, 1979.

4) Data Reduction for 1ECM Instrument Air Sampler, Humidity
Monitor, and Dew Point Hygrometer, July 25, 1979.

5) CQCM Data Reduction Requirements, August 17, 1979.

6) Mass Spectrometer Data Reduction Requirements, October 31,
1979.

7) Housckeeping Data from the IECM, February 8, 1980.
The IECM tape rccorder format will be discussed extensively in the

beginning of this document, followed by a discussion of the individual
experiments integrated into the IECM framework.

1. An Inducecd Environment Contamination Monitor for the Space Shuttle
(Edgar R. Miller and Rudolf Decher, eds.), NASA TM-78193,
August 1978,



1I. IECM TAPE RECORDER FORMAT

The IECM tape reccorder format is displayed in Figure 1. The format
consists of a block record before it repeats itself, A block record contains
a 12-byte (or more) leader and 1 to 40 frames composed of 134 bytes each,
Each frame will contain data from an individual experiment.

A byte is a data word consisting of eight bits. A bit is a number
that has the value "0" or "1". An example of a byte in a data format is:

10101010

A byte is usually read from right to left. In reading a byte to obtain a
useful number to represent data consider the following table:

8 7 6 5 4 3 2 1

524 3

9 2

2’ 28 o 92 gl 20

If the extreme right bit is "0," then it represents the number zero.

If the extreme right bit is "1," then it represents the number 20 = 1.
If the second bit is "0," then it represents the number zero. If the

second bit is "1," then it represents 2l = 2. Proceeding, one can see
that if all the bits in an 8-bit word, or byte, are zero, this would repre-
sent the pure number zero. If all the bits in an 8-bit word are one,
this would represent the purc number 255:

8 7 6 5 4 3 2 1

T 56 55 24 5,3

97 26 95 24 53 92 51,0

2720 2

128 64 32 16 8 4 2 1

The number 255 was obtained by adding 1 + 2 + 4 + 8 + 16 + 32 + 64 +
128 = 255. Therefore, any pure number between 0 and 255 can be gen-
erated by the appropriate arrangement of bits in an 8-bit word. Examples
are as follows:



4.0 |IECM TAPE RECORDER FORMAT
1~-30-79
+WC
REVISED

-2-79
! RWC 11--20-79

CWD

LEADER 16H
LEADER 16H
LEADER 16H

12 BYTES

| LEADER 16H
‘ SYNC 56H *
SYNC ASH

SYNC A6H

8 BYTES FRAME ID (SEE NOTES)
MISSION TIME LSW LSB BLOCK
MISSION TIME LSW MSB (RECORD)
MISSION TIME MSW LSB

MISSION TIME MSW MSB

FRAME

EXPERIMENT DATA ,
126 BYTES | (SEE NOTES) ' {1-40) FRAMES

— man e m— ewm— c—
) e awe c— = — -

LEADER FOR
NEXT BLOCK

R

Figure 1. IECM tap recorder format.
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00110010=50

10101100=172

1

Quite often the information contained in an 8-bit word can be represented
in hex notation, which is a simpler way to dump information or store it.
Hex notation has the automatic feature of being able to condense large
volumes of information. Imagine an 8-bit word broken down to two 4-bit
words. Consider the following representation of all possible bit combina-
tions in a 4-bit word:

0000=0
0001=1
0010=2
0011=23
0100=4
0191=35
0110=6
0111=7
1000=28
1001=9
1010=A
1011=

1100=

1101=D
1110=E
1111=F

Now suppose it is desired to represent the 8-bit word

0100§o110



in hex notation. Divide the 8-bit word into two 4-bit words with an
imaginary line, illustrated by the dashes. The hex notation for the left
side is "4" aud the hex notation for the right side is "6". Therefore,
the entire 8-bit word can be represented in hex notation as "46",

Consider the hex notation "4C", What would the 8-bit word be?
From the table form

4C=01001100

The number formed from this would be 76. With this explanation, the
12-byte leader for the bhlock data of the tape recorder format in
Figure II-1 can be expluined. Each of the first 12 bytes would have a
hex configuration of 16; i.c.,

I6H=00010110 .

The computer's identification of 12 bytes of data in a row, as in the pre-
ceding from the tape recorder format, defines the beginning of a block
of data consisting of 1 to 40 frames,

The question arises; How does one know when a frame of data has
begun? There are three syne bytes (words) that follow the format order
1, 2, 3; they are, respectively, 56H, A5H, and A6H:

56H =01010110 ,

AS5H

A

10100101 ,

A6H=10100110

i

The next logical question concerns identification of the frame con-
taining the data for a particular experiment. This is accomplished in the
fourth byte (word) of & frame.

The identifications are:

0000000 1= 01H Temperature-controlled Quartz Crystal Micro-
balance (TQCM) Data

00000010 = 02H Cryogenic Quartz Crystal Microbalance (CQCM)
Data

00000¢OCT11=03HOptical Effects Module (OEM) Data



]

00000100 = 24H Air Sampler Data, Humidity Monitor, and

Dew Point Hygrometer
00000101
00000110

05H Cameora Current Data

it

06H Camera Voltage and Thermistor Data
00000111 =07HCascade Impactor Data
0000100 0= 08HMass Spectrometer Data
0000100 1= 09HTemperature Sensor Data (Housekeeping)
The next four bytes in a frame comprise the IECM mission time.
The IECM mission time recorded on the tape rccorder format, before the
data sets are reccorded within the frame, is the time resolved to 1 min of

the last data set in that frame. Consider the following extract of the
IECM mission time from a frame of data:

1 | MISSION TIME LSW LSB

2 | MISSION TIME LSW MSB

3 | MISSION TIME MSW LSB

4 | MISSION TIME MSW MSB

If all bits are "0," the time is zero. Mission time is calculated by reading
the bit numbers from right to left, starting with byte 1. TFor instance,

if byte 1 contained all "1s" and bytes 2, 3, and 4 contained all "0s," the
IECM mission time would read 255 min. 1f there were all "1s" in bytes

1 and 2 and all "0s" in bytes 3 and 4, the IECM mission time would read

65,535 min.

Following the mission time, there are 126 bytes available for experi-
ment data to be recorded in that particular frame. Each IECM experiment
has, as a general observation, a different number of bytes per data set.
One data set is as long as 25 bytes (TQCM), and another data set is as
short as 2 bytes (Mass Spectrometer). Programmed into each experiment
internally is a data rate. In_many cases it will be necessary to know the
data rate per IECM experiment. It could be (as in onc mode of operation
of the mass spectrometer) as small as 0.2 sec. The IECM clock is accurate
in resolution to only 1 min. Therefore, it may be necessary to interpolate
between time readings of 1 min by taking account of the data rate in cases
where more accurate time resolution is nceded. In some cases it may not
be possible to get more than a few scconds time resolution in interpolation.




The remainder of this document addresses the individual experiment
data that fill the remaining 126 bytes of the 134 bytes that compose a
frame,

The discussion so far has covered the fivat cight bytes of a frame,
Three bytes identify the formation of a frame, one byte identifies the
particular experiment whose data fills the frame, and four bytes identify
the time of entry of the last data set in a frame resolved to the nearest
minute,



III. TQCM DATA REDUCTION REQUIREMENTS (O1H)

As a Lasis for beginning discussion of the data reduction require-
ments for the TQ<i, refer to Figure 2,

Consider the status byte; reading from right to left:

R: "1", TED #5 ON; "0" means not on,

S: "1", TQCM START COUNT is on; "0" means not on.

T: "1, TEMP SELECT 1 (+80°C) is on; *0" means not on.

U: "1", TEMP SELECT 2 (+30°C) is on; "0" means not on.

V. "1", TEMP SELECT 3 (0°C) is on; "0" means not on,

W: "', TEMP SELECT 4 (-30°C) is on; "0" means not on.

X: mn, TEI\?P SELECT 5 (-60°C) iz on; "(" means not on.

Y: "1", THERMO-ELECTRIC DEVICES OFF; "0" means otherwise.

In the TQCM data format there are three measurements from each
of the five sensor heads to be recorded and analyzed.

1) Frequency: Frequeney from cach of the five sensor heads is
represented by two 8-bit words. Bit configuration will generate a number
range from 0 to 65,535, The represcntation of bit number to frequency
is 1 bit number equals 1 Hz (cycle/second).

2) Sensor Temperature: Temperature sensors are represented by
one &-bit word. Bit configuration will generate a number range from 0
to 25656, Each bit number corresponds to & change of 0.02 V (20 mV).
Hence, there is a voltage range of 5.1 V. The temperature range of
each sensor is from -83°C to 107°C (190°C difference). Therefore, each
volt represents 37,255°C, and cach bit (or 20 mV) equals 0,745°C. This
assumes a linear relationship between voltage and temperature. The right
will be reserved to change this to a polynomial if the linear relationship
is not sufficient.

3) Heat Sink Temperature: The information given for the tempera-
ture sensor is applicable for measurement of heat sink temperature.

The frequuncy verification ready 8-bit word is not used in data
reduction for the TQCM. The 32-bit IECM clock word resolution is one
bit nuwuber equals 1 min,



TQCM DATA FORMAT (01)

FREQ 1LSB
FREQ 1 MSB
[ 22 21 20 | —re FREQ VER

[ — FREQ2LSB

BINARY FREQ 2 MSB

FREQ VERIFY
CODE P FREQ VER

READY WHEN READ FREQ6 LSB
FREQ MSB

L. FREQ VER
1 DATA SET
SENSOR 1 TEMP (25 BYTES)
SENSOR 2 TEMP
~ SENSOR 3 TEMP
SENSOR 4 TEMP 5 DATA SETS
(125 BYTES)
SENSOR 5 TEMP
HEAT SINK 1 TEMP
HEAT SINK 2 TEMP
HEAT SINK 3 TEMP
HEAT SINK 4 TEMP
HEAT SINK 5 TEMP

|
[v[x{wlvlu]T]s|a|—=| sratussvTE

el - - -

STATUS
BYTE
: TED # 50N
TQCM START COUNT

TEMP SELECT 1 (+80°C),

TEMP SELECT 2 (+30°C)

TEMP SELECT 3 (0°C)

TEMP SELECT 4 (--30°C)

TEMP SELECT 6 (--60°C)
THERMO-ELECTRIC DEVICES OFF

Figure 2, TQCM data format (01).



Requirement 1: Designate the frequency of any particular sensor
as F. Then the mass per unit area is computed by the relationship

M/A = (1.56 x 107" F grams/em® . (3.1)

The first step will be a continuous plot for each sensor of mass/area,
sensor temperature, and heat sink temperature versus time. Break the
y-axis into two parts and have mass/area on the uppor part ranging from

1 X 10"9 grams/cm2 to 1 x 1073 g;rams/cm2 over a six-cycle semi-log scale..
This range may vary after actual flight data levels are determined. On
the lower part of the y~axis let temperature range from -83°C to 107°C

on a linear scale., The x-axis will be a linear scale of IECM clock time.
Also indicate actual calendar day and hour in universal time on the x-axis.
On the lower part plot both the sensor temperature and the heat sink
temperature on the scale. The plots will constitute three phases for each
sensor combination. There will be an ascent, on-orbit, and descent phase.
The ascent phase will last approximately 1-hr., The descent phase will
last approximately -1.5 hr, Time will be referenced to the IECM clock,
which will be turned on at launch, Scparate plots are to be made for
each sensor combination during each phase and labeled +x, -x, +y, -y,
+z. Provisions should be made so that for each flight, the seriai numbers
of the TQCM controllers, sencors, heat sinks and electronics can be indi-
cated and each axis measurement will be so identified. In the ascent and
descent phases, each sensor combination will be recorded every § sec.

For the on-orbit phase, data will be recorded each minute.

The on-orbii phase for each sensor combination of the time scale
per plot is to run 570 min. For subsequent flights this time may change.
The number of plots ;ler sensor combination per mission will vary from
approximately 5 to 20. During on-orbit operations 570 min is the time
taken to complete one TQCM command-temperature sequence cycle. During
such a cycle there will be a series of commands to change the temperature.
An indication of the command associated with each temperature change is
requested at its approximate time on the temperature graph. There will
be an addition to the housekeeping data that will identify the time at
which a temperuture change command is made. Additional information on
the location and nature of this command signal will be given later.

Requirement 2: Consider any particular sensor combination (fre-
quency and temperature). Each sensor combination will go through a
TQCM command-temperature sequence cycle covering four collection tem-
peratures of +30°C, 0°C, -30°C, -60°C, and the 80°C cleanup periods.
For each sensor combination tabulate the following for each mission:



80°C 80°C X°C X°C XeC

TIME INITIAL FINAL TIME Mi3S/AREA
MASS/AREA MASS/AREA CHANGE
(Mid-point grams/em 2 grams/cm 2 (Mid-point grams/cm 2
of 30 min of mass
clean-up) collection
tempera-

ture cycle)

X will take on the four temperature values mentioned previously MASS/
AREA CHANGE equals FINAL MASS/AREA minus INITIAL MASS/AREA
(occurs over a 90-min time span),

Requirement 3: Construet a semi-log plot (for each sensor) of the
MASS/AREA CHANGE in the previous tuble versus time. Use a six-cycle
2 PPCK)

to 1 x 10

2 5y ] : & :
grams/em”. Time will be in hours ualong the x-axis. Let the time range
be on-orbit time for ecuach mission, There should be four curves on this
graph corresponding to each of the four collection temperatures.

scale along the y-axis running from 1 x 10”9 grams/cm

Requirement 4: Construct a semi-log plot of the INITIAL MASS/
AREA from the tables versus time at mid-point of each 30-min cleanup.
Use a three-cycle semi-log scale along the y-axis running from 1 x 10-9

" 9
grnms/cm2 to 1 x 1078 grams/em®,  The time will be mission on-orbit time
along the x-axis in hours. This will be one continuous curve for all
80°C, 30-min cleanup periods for cach sensor. Collection temperatures
need not be labeled.

Requirement 5: Construct a tabular listing of TIME, t, in minutes,
TEMPERATURE, T, in °C, and MASS/AREA, m, in g;ram's/cm2 with annota-
tion of commands during the heating subceycle from -60°C to +80°C. This
table will include all data points per subeycle or 4 x (30 min) = 120 data
points. There will be four command sequences from -60°C to +80°C, ,
These command sequences will be (1) to -30°C, (2) to 0°C, (3) to +30°C, -
(4) to +80°C, occurring 30 min apart.

Requirement 6: We are now recady to calculate the average desorp-
tion activation energies using the data construected in tabular form in
Requirement 5. Consider the equation

AE = RT 1n (1/t) In (SO/Sr) . (3.2)

11



R and 71 ave constants and their numerical values will be furnished later,
The symbol t will always be 30 min (1800 sec). For illustration purposes
consider the first heat application command sequence to go from -60°C to
-30°C. Then So will be the mass at the beginning of the sequence and

Sr will be the mass at the end of the sequence. To calculate the value

of T, sum up all the temperatures from the beginring to the end of the
sequence.  There should be 30 of them. Then calculate T for the sequence
by:

T = 2730k + Sum of temperatures
30 ’

Hence we have all the numbers available to calculate the average desorp-
tion energies in the four temperature ranges. Calculate them for each
sensor combination and tabulate them according to the following table,
identifying ecach as +x, -x, +y, -y, +z.

AVERAGE DESORPTION ACTIVATION ENERGIES

EN IR 60-C o 30 ¢ (NN W w 0e TIME n¢ ta 30 e TIME 3000 ta §0°C

a. TIME refers to cycle mid-point.
Requirement 7: The following housckeeping data are requested:

1) A plot of the temperatures of thermocouples near each TQCM
head and TQCM controller as a function of time. These temperature sen-
sors will be sclected from 14 sensors in the housekeeping data. The
length of the graph can be confined to mission time.

2) A plot of total pressure from the mass speectrometer as a fune-
tion of time for mission duration, a plot of the partial pressure of AMU
18 as a function of time for mission duration.



3) A time-line or printout of as many Orbiter activities as possible,
such as door openings and closings, engine firings, water dumps, etc,

Scales on graphs should be capable of being changed so that different
time scales may be selected if it becomes desirable. It will be desirable
to have the capability of selecting and graphing sny data over a selected
time span for expanded and detailed study. All cominands given to the
TQCM should be noted on the graph.

13



IV. CQCM DATA REDUCTION REQUIREMENTS (02H)

I}efer to Figure 3 as a basis for beginning discussion of the data
reduction requirements for the CQCM,

CQCM DATA FORMAT (02)

FREQ 1 LSB
FREQ 1 MSB

F2 F1 n]—{-» FREQ 1 VERIF. RDY

- FREQ 2 LSB
FREQ 2 MSB 1 DATA SET

L FREQ 2 VERIF, RDY (8 BYTES)
; 16 DATA SETS
FREQ 2 SELECTED SENSOR 1 TEMP. 15 DATASE
SENSOR 2 TEMP.

FREQ 1 SELECTED

READY WHEN READ

=

{ FILLOM ) 6 FILLS

Figure 3. CQCM data format (02),

The CQCM data set consists of cight bytes. Fifteen data sets
(120 bytes) will fill a frame, with six bytes left over to be filled with
zeros, There are two frequency measurements that take up four bytes
(two bytes/frequency measurcment) in a data set. There are two fre-
queney verification and ready bytes that are not used in data reduction;
they arc to be ignored. Finally, two sensor temperature bytes complete
a data set.

The CQCM operates in the three modes of ascent, on-orbit, and

descent, The data rate on ascent and descent is one data set every
5 se¢. The data rate on-orbit is one data set per minute.

14



The frequency calibration is the same as it is for the TQCM as
discussed in previously mentioned memorandum No. 1 (July 19, 1979).
The conversion of frequency to MASS/AREA is the same as for the TQCM
as stated on page 2 of the memorandum.

The scnsor temperature calibration is as follows: As usual, each
bit in a temperature sensor represents 0,02 V (20 mV). Two hundred
fifty-five (255) maximum bits in a word of one byte represent 5.1 V.
The temperature range for each sensor runs from -103°C to +37°C, a
difference of 140°, Therefore, to caleulate the temperature for a partic-
ular sensor reading, multiply the bit number by 0.549 and add (-103) to
this number.

In the ascent and descent modes construct the i
all date porate: e following table for

ASCENT (DESCENT)

MISSTON MASSZAREAN SENS, TEMDP, MASS/AREA SENS. TEMP,

12y
— s o v o) e o emw ten emm mm ummt twm e o o v aw v w wn v n e P e Gm G e S G M e e e e e

9 iy
HM S g fem™ ve g fem® °C

H, M, and S under mission time stand for hours, minutes and seconds.
As stated in memorandum No. 1, the ascent phase will last approximately
1 hr. The deseent phase will last approximately 1.5 hr,

Consider equation (2) f{rom the memorandum:
AE = R 1/t 3 3
AE = RT In (l/l)[’ tn ($,/8,) {] . (4.1)

This is the equation for calculating the average desorption activation
energies. It is possible (and probable) that adsorption will occur in the
operation of the CQCM. Over a particular time, t, when adsorption occurs,
the ratio SO/Sr < 13 dee.. 5, > 8, At cvery data point in the on-orbit

15



operation it is requested that the average desorption/adsorption activation
energy be calculated for each sensor. R and 1 are constants, and their
numerical values will be furnished later. The time, represented by the
symbol t, will be the time between data points, 1 min (60 sec). The
value of the temperature, T, will be 273°K + (the average of temperature
at the data point under consideration and the temperature at the data
point 1 min previous), If 'l‘o is the temperature from the previous data

point and T  is the temperature at the data point under consideration,
then;

T =208+ (T4 T2 (4.2)

SO will represent the mass 1 min prior to the point under consideration,

and § will represent the mass at the point under consideration, S, and

Sr are proportional by the same constant to the frequeney measurement,
Hence, their ratio S()/Sr is caleulated by taking the ratio of the frequen~-
cies at each data point.

Before a calculation is exceuted with equation (4.1), a test is to
be made on 11'1(8018,1;) to determine if it is less than zero. If it is less

than zero, then adsorption has occurred and the resulting caleculation for
AE should be labeled "A(number)!". Of course, if SQ/Sr = 1, then AE = 0,

For all situations where 8 1)/SP > 1, desorption has occurred and the
resulting calculation for AE should be labeled "D(number)".

The on-orbit data are to be tabulated to include everything in the
preceding table for ascent (descent) with the addition of the activation
energies. The top of the table is to be labeled ON-ORBIT instead of
ASCENT or DESCENT. Observe the preceding table and move from left
to right. Insert the following columns: after the third column and after
the fifth column, respectively,

ACTIVATION ACTIVATION
ENERGY (1) ENERGY (2)
ergs ergs
D (number) A (number)
A (number) D (number)

16



Examples heve been placed in the columns to show the designation of
adsorption or desorption, In order to have data to calculate the first sot
of activation energies, use the final values of the data in the ascent mode.

For each of the three modes of operation plot a set of two graphs
for each of the two sensors. A =et of two graphs will consist of mass/
area and sensor temperature versus time on the same page. Break the
vertical axis into two parts and have mass/area on the upper part ranging

from 1 x 1077 grams/em® to 1 x 1078 gramslcm2 over a six-cycle semi-log

scale. This range may vary after actual flight data levels are determined.
On the lower part of the vertical axis let temperature range from ~103°C
to +37°C on a linear scale. The horizontal axis will be a linear scale of
IECM clock time. Also indicate actual calendar day and hour in universal
time at the beginning of the IECM clock time scale on all individual graphs.
There will be three graphs of a set of two graphs for each of the two
sensors. Each of three graphs will range in time for whatever the ascent,
on~orbit, and descent time is for a particular mission, Provisions should
e muade so that each flight, the serial numbers of the CQCM controllers,
sensors, and electronics can be indicated.

The following housekeeping data are requested:

1) A plot of the temperatures of thermocouples near each CRCM
head and CQCM controller as a function of time. These temperature sen-
sors will be selected from 14 gensors in the housekeeping data. The
length of the graph can be confined to mission time.

2) A plot of total pressure from the mass spectrometer as a func-
tion of time for mission duration, and a plot of the partial pressure of
AMU 18 as a function of time for mission duration.

3) A time-line or printout of as many Orbiter activities as possible,
such as door openings and closings, engine firings, water dumps, etc.

Scales on graphs should be made to be changeable so that different time
scales may be selected if it becomes desirable. It will be desirable to
have the capability of selecting and graphing any data over a selected
time span for expanded and detailed study. All commands given to the
CQCM should be noted on the graph.
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V. OEM DATA REDUCTION REQUIREMENTS (03H)

Refer to Figure 4 as a guideline and starting point for dis¢ussion
of the data reduction requirements for the OEM,

TRANSMISSION
REFLECTION
LAMP TEMP
MOTOR TEMP (‘a%’ifr’é?f T
HOUSING TEMP
READY WHEN READ MOTOR POSITION & RDY | (’1'2235“73«5“
BCD
MOTOR POSITION |
. I
[ "4 2 “1* R|—=| MOTOR POSITION & RDY

- Figure 4. OBEM data format (03),

A data set for the OEM consists of six bytes. Therefore, there
are 21 data sets in an OEM frame., The first two bytes of an OEM data
set represent light transmission and reflection, respectively. Also, the
voltage range is 0 to 7 V represented over a 255-bit number range,
Therefore, 1 bit number = 27,45 mV. The third, fourth, and fifth bytes
represent lamp temperature, motor temperature, and housing temperature,
respectively. Each of these bytes ranges from 0 to 255 bit numbers cor-
responding to the standard 0 to 5.1 V (20 mV = 1 bit number). To con-
vert to temperatures, use 0 bits as 0°C and 255 bits as 102°C. Fifty mV
represents a 1°C change. Therefore, to obtain the lamp, motor, or hous-
ing temperaturce multiply the bit number in the appropriate byte by 0.4
to convert it to degrees centigrade.

The following sequence represents the station being observed in a
data sct:

Sequence Bit Configuration _Station_
1 ] 0 0 0
2 0 0 1 1
3 0 1 0 2
4 0 1 1 3
H} 1 0 0 4
6 1 0 1 5
7 0 0 0 0
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The bit configuration is taken from the fifth, sixth and seventh bits
of the sixth byte in a data set. The power-on command will have a fixed
time cycle in which it will go through the preceding sequence in 80 sec
(+11 sec per station). Then the OEM will rest for 500 sec and repeat
the sequence., A sequence takes up seven data sets, There are 21 data
sets to a frame: hence, three sequences will fill a frame. Therefore, it
will take 1240 .ec (20.66 min) to fill a frame. Note that the first and
last sequence are at the same station. Hence, there are six distinet
stations,

For the transmission channel sum the first and seventh station read-
ings for cach measurement cyele and divide by two. Store this as VTO
if 0.5 < VI0 < 0.99; otherwise, obtain VI0 from next or subsequent
valid sequence. Each of the other five stations will have VT1, VT2, VT3,
VT4, and VI'5. Divide ~ach by VT0 to form IT1, IT2, IT3, IT4, and ITS5.
For the first valid data cycle store the ratio values as T01, T02, TO03,
T04, and T05. Each subsequent data measurement cyele will have trans-
mission ratios Tml, Tm2, Tm3, Tmd4, and TmS. Then form the ratios
100¢T01 =~ Tm1)/T01 = TR1, 100¢T02 - Tm2)/T02 - TR2, 100(T03 ~ Tm3)/
T03 < TR3, 100(T04 - Tmd)/T04 = TR4, and 100(T05 -~ Tm5)/T05 = TRS5.
We will repeat this for the reflection channel: Sum the first and seventh
station readings for cach measurement cycle and divide by two. Store
this as VR0. Each of the other five stations will have voltages VR1, VR2,
VR3, VR4, and VR5. TFor each VR1, VR2, ete., subtract VRO and store
as absolute magnitude (positive) VR11, VR22, ete. Divide each by VTO0
to form IR1, IR2, IR3, IR4, and IR5. For the very first valid data cycle
store the ratio values as ROl, R02, R03, R04, and R05. Each subsequent
data measurement cycle will have reflection ratios Rml, Rm2, Rm3, Rmd4,
and Rm5. Then from the ratios 100(R01 - Rm1)/R01 = RR1, 100(R02 -
Rm2)/R02 ~ RR2, 100(R03 - Rm3)/R03 - RR3, 100(R04 -~ Rm4)/R04 = RR4,
and 100(R05 - Rm5)/R05 = RRS5.

Two special cases to consider are the O-channel transmission and
reflection ratios. After the first data set, designate the average of the
two O-channel voltages as VI'0m and VROm for transmission and reflection,
respecitvely. Then form TRO = 100 (VT0 - VITOm)/VT0 and RR0O = 100
(VRO = VROm)/VRO.

For the 0 channel form the following table:

CHANNEL 0

MT ar VTO TRO VRO RRO
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Here MT stands for mission time and U1 stands for universal time. The
time need not be mor¢ accurate than 1 min,

For channels 1 through 5 form the following table (channel 1 used
as example):

CHANNEL 1

MT ur VTl IT1 TR1 VR1 IR1 RR1

-

Plots of all values generated in the preceding tables are requested as a
function of time. The time will run from 0 (mission begins) to end of
mission. Voltages will run from 0 to 7V. Intensities will run from 0 to
1 (dimensionless). Percentile ratios will run Irom 0 to 100,

Finally, plot the lamp temperature, motor temperature, and housing

temperature as a function of mission time. The temperature scale for each
will run from 0 to 102°C,
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VI. AIR SAMPLERS HU..IDITY MONITOR, AND DEW POINT
HYGROMETER DATA REDUCTION REQUIREMENTS (04H)

As a basis for beginning discussion of the data reduction require-
ments for the Air Sampler, Humidity Monitor, and Dew Point Hygrometer,
refer to Figure 5.

PUMP SPEED }
PRESSURE 1
PRESSURE 2
HUMIDITY
e
DEW POINT
DEW POINT CALIB 14 DATA SETS

126 BYTES)
(Ve V72V V5 Va V3Va Vi| —~ | VALVE STATUS 1-8 (

11 Y10 VALVE STATUS 9-11 |

Figure 5. Air sampler data format (04).

A data set containing all of the required data information for ihe
Air Sampler, Humidity Monitor, and Dew Pgint Hygrometer consists of
nine bytes. Since 126 bytes constitute a data frame, there can be 14
data sets to a frame.

It appears that the data rate will be six data sets per minute, or
one every 10 see. ‘The Air Sampler and the Humidity Monitor require this
rate, The Dew Point ilygrometer requires data at a rate of once a minute.
ilowever, beeause the information for all three instruments goes into the
sume data set, the information from the Dew Point Hygrometer will also
be expressed at six per minute.

The first byte in the data set is PUMP SPEED., Convert the bit
reading to volts by multiplying the Lit number by 0.02. The second and
third bytes are PRESSURE 1 and PRESSURE 2. Convert cach bit number
to volts, again by multiplying by 0.02. Call the conversions V1 and V2,
Then caleulate the pressures; P1 = 16.0 - (V1/5.0 x 16.0), and P2 = 16,0
- (V2/5.0)(106,0),
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The fourth byte is the HUMIDITY (relative) measurement for the
Humidity Monitor. Zecro to 5 V represents relative humidity from % to
100%. Each bit number represenis 0,02 V. Hence, each bit numbesr
represents 0.4% relative humidity., Multiply the bit number by 0.4 to
obtain the required relative humidity data for the Humidity Monitor, The
fifth byte is the TEMPERATURE measurement for the Humidity Monitor,
Zero to 5 V represents temperaturec from 0°C to 100°C. Each bit number
represents 0.02 V, Hence, each bit number represents 0.4°C. Multiply
the bit number by 0.4 to obtain the required temperature data for the
Humidity Monitor,

The sixth byte is the DEW POINT measurement for the Dew Point
Hygrometer. The dew point is represented by a temperature reading.
Zero to 5 V represents a temperature range from -6,7°C (20°F) to 26.7°C
(80°F), Each bit number represents 0,02 V. Hence each bjt number
represents 0,1336°C (0,24°F), Multiply the bit number by (0.1336) and
subtract 6.7 to obtain the required dew point in °C. Multiply the bit
number by 0.24 and add 20 to obtain the required dew point in °F. The
DEW POINT CALIB byte is the seventh byte. Convert the bit number
to volts by multiplying by 0,02, This is the required calibration informa-
tion in volts.

Bytes 8 and 9 are an indication of the open and closed status for
11 valves in the Air Sampler system. Their locations are indicated in the
format, For valves 1 through 3 and 6 through 11 a zero bit means the
valve is closed and a 1 bit means the valve is open. For valves 4 and
5 a 0 bit means the valve is open, and & 1 bit means the valve is closed.

Output a data set for the Air Sumpler in the following format:

TIMLE =
PUMP PRESS 2 -
SPEED PRESS 1 PRESS 2 PRESS 1
(VOLTS) _(pSD) _(ps1) (PSI) VALV1
Open/
_ Closed
VALV? VALV3 VALVA VALVS VALV6
Open/ Open/ Open/ Open/ Open/
Closed Closed Closed Closed Closed
VALV VALVS VALV VALV10 VALV11
Open/ Open/ Open/ Open/ Open/
Closed Closed Closed Closed Closed
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Time will be mission time in minutes interpolated to every 10 see
since the data rate is six per minute. Express the time as two numbers,
such as 10M and 108, which would read 10 min and 10 sec, meaning
10 min und 10 scc after the mission has begun.

Output a data set for the Humidity Monitor and Dew Point Hygrometer
in the following format:

Time Temperature Humidity Dew Point DP Calib
Min/Sec (°C) (°F) (%) (°C) (°F) V)

Again, TIME is mission time interpolated to the nearest 10 sec.
Express the temperaturc in Centigrade and Fahrenheit. Use the formula
o = (9/5) (°C) *+ 32 wherc necessary. Finally, plot humidity and tem~
perature versus time on one plot and dew point and temperature versus
time on another plot. In fact, make four graphs because these instru-
ments operate only on ascent and descent. On two of the graphs the
time range will be mission time during ascent. On the other two the time
range will be mission time during descent. Temperature will range from
0°C to 100°C. Relative humidity will range from 0% to 100%. Dew point
will range from -10°C to +30°C.
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VII. CAMERA PHOTOMETER DATA REDUCTION
REQUIREMENTS (05H and 06H)

As a basis for beginning discussion of the data reduction require-
ments for the Camera Photometer, refer to Figure 6.

CAMERA 1 CURRENT 1 oata ser
CAMERA 2 CURRENT (2 BY,TES)
63 DATA SETS
' (126 BYTES)
|
CAMERA 2 CURRENT |

CAMERA VOLTAGE, THERMISTOR DATA FORMAT (06)

CAMERA 1 VOLTAGE ! '

CAMERA 1 THERM 1 DATA SET

CAMERA 2 VOLTAGE (4 BYTES)

CAMERA 2 THERM 1
| 31 DATA SETS
I : (124 BYTES)
| |
[ FILL OH ] ZFILLS

Figure 6. Camera current data format (05).

In the Camerua-Photomcter experiment the nomenclature for the
camera current data format is changed to Integrated Photometer Output 1
and Integrated Photometer Output 2. The data rate is one data set every
2 s. Construct a table as follows:

Resolve mission clapsed time and universal time as accurately as
possible to days, hours, minutes, and sceconds. The bit numbers for
IPO-1 and IPO-2 arc converted to volts by multiplying each bit number
by 0.02 (20 mV).
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(TIME)
TABLE A

MET u'r ro-1 PO -2
(D-H~M-S) (D~ F-M-8)

It is desired to convert the Integrated Photometer Quiput veltapes
into photemetrie units. The Integrated Photometer Output voltages nre
designated IPO=1 und IPQ- 2 for Camera Photometers 1 and 2,  Photometric
units for each camera will be normalized to solar brightness, and a plot
of background brightness versus time is requested for cach camera.

The conversion to photometrie units and background brightness
will involve the following computational steps:

1) Consider the first data point for IPO-1. Perform a computation
for 1PO-1 to test if it is greater than zero. If IPO-1 is greater than zero,
initialize an exposure time tl = 0 ¢oincidently for IPO-1, After t}l is set
equal to zero at the first encounter of IPO~1 # 0, t1 is updated by
tl + 2,0 for each successive nonzeros value of IPO~1, This update con-
tinues until the next IPO~1 = 0 is encountered. Then t1 is updated by
2.0 see for the final time of the sequence coincidently with the first
IPO-1 = 0 after a sequence of non zervo IPO-1's, In normal operations the
maximum possible exposure time, tl, is 150 sec. Henee, the exposure
time t1 will always be such that t1 < 150 see.

2) A universal time (UT) will be associated with the midpoint of
the exposure time tl.  Using the information from IECM clocek time, UT
when the IECM clock is started, and the data rvate, determine as accurately
as possible the UT associated with the midpoint of the exposure time, tl.
Call it UT1.

3) Associnte with the previously computed exposure time, tl, the
last 1PO-1 voltage greater than zero in the previously described sequence.
Call it V1.



4) Caleculate the background brightness in terms of solar brightness
using the following formula:

Bl = (1.11456E -~ 12) * (V1/t1) .

5) Finally, form a data set from all of the preceding values with
the background brightness in terms of solar brightness and the universal
time, UTL: (B1, UT1).

Repeat the preceding steps independently for TPO-2 to form a data

set (B2, UT2). Continue this process sequentially through all of the data
for a mission and form the following table:

TABLE B

url1 Bl ura B2
(D-1-M-8) ) BBR (D-H=-M=8) BBR

Make two plots for the data in Table B. One plot will be the mission time

in terms of universal time along the horizontal axis and background bright-
ness along the vertical axis for IPO-1 data. The other plot will be a sim=

ilar plot for IPO-2 data.

Congider the camera voltage, thermistor data format. Onc data set
consists of Camera 1 voltage, Camera 1 temperature and Camera 2 voltage,
Camera 2 temperature. The data rate is one data set every 10 min, Con-
struct the following table:

TABLE C

ME'T utr HV-1 TM-1 HV -2 TM-2
D-H-M D-1I-M (V) °C °oF Q%) °C °F
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Resolve the mission elapsed time and universal time to days, hours,
and minutes. The bit numbers for high voltage 1 (HV-1), temperature
monitor 1 (TM=1), HV-2, and TM-2 are converted to volts by multiplying
each bit number by 0,02 (20 mV)., I is not necessary to note on/off.
The Camera Photometer is on during on-orbit operations and off during
ascent and descent,

The temperature in dogrees Centigrade and degrees Fahrenheit for
Camera 1 and Camera 2 is caleulated by the following formulas:

°C = 101,087 * VI'M -~ 215.2797 ,
O = 180.388 * VI'M - 352.723 .

VTM refers to the voltage for cither TM-1 or TM-2. These values are to
be placed in Table C as indicated,

From Orbiter housckeeping data construcet the following table:

TABLE D

MET ur ALPHA DELTA THETA

As in Table A, resolve the time to days, hours, minutes, and
seeonds, il possible.  ALPHA is the right ascension of the pointing direc-
tion of the z-axis in degrees (as accurately as possible); DELTA is the
declination of the pointing direction of the z-axis in degrees (as accurately
as possible); THETA is the solar depression angle as observed from the
spaceeraft in degrees (as accurately as possible).  Further clarification
of these terms will be furnished later.

Finally, construct a table of events (such as water dumps, attitude
change, engine burn, ctc.):
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TABLE E

MET

ur

EVENT
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VIII. CASCADE IMPACTOR DATA REDUCTION
REQUIREMENTS (07H)

As a basis for beginning discussion of the data reduction require-
ments for the Cascade Impactor, refer to Figure 7,

CHANNEL 1 LSB
CHANNEL 1 MSB
CHANNEL 2 LSB
CHANNEL 2 MSB ('s%‘m sS)ET
CHANNEL 3 LSB

CHANNEL 3 MSB (’fzgg‘; ESSE)TS
CHANNEL 4 LSB

CHANNEL 4 MSB

FILL OH ! eFiLLS

Figure 7. Cascade impactor data format,

Consider any frame of data for any IECM experiment. The IECM
mission time, rccorded on the tape recorder format before the data sets
are recorded within the frame, is the time resolved to 1 min of the last
data set in that frame. Therefore, in calculating the time associated with
data sets preceding the last data set, it would be necessary to work back-
ward from the recorded frame time, using the data rate associated with
this particular experiment,

The Cascade Impactor data set consists of eight bytes. These
eight bytes represent four beat frequencies. A beat frequency is repre-
sented by two bytes. 7The conversion used for the TQCM and CQCM is
the same for the cascade impactor frequencies; i.e., one bit number
= 1 Hz (eycle/see).

From the tape recorded format make the identification that beat
frequency 1 comes over channel 1, beat frequency 2 over channel 2, ete.
Extract the CQCM baseplate temperature and construct a table in the
following format:

29



FREQUENCY (Hz)

TIME TEMP 1 2 3 4

Convert the time to days, hours, minutes, and seconds if possible.
Three different tables should be construeted for the three modes of ascent,
on-orbit, and descent. Conversion factors will be furnished in a memo-
randum on the CQCM on the conversion from bit numbers to degrees

Centigrade., The data rate is six data sets per minute on aseent and des-
cent and one data sct per minute on-orbit,

Plots of each of the beat frequencies and CQCM baseplai? tempera-
ture are requested as a function of time. ‘I'he frequencies can be placed
on one graph and the temperature on another graph., Make three different
graphs for each of the three modes of operation. Construct the scales
such that time (along x-axis) is ascent, on-orbit, and descent time. Fre-
quencies will be best represented on a linear scale from 0 to 4000. The
tempereture range will be whatever the CQCM temperature range is. In
addition, plots of the altitude in kilometers and the payload compartment
pressure in pounds per square inch versus mission time are requested
from the Orbiter housekeeping data.
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IX. MASS SPECTROMETFR DATA REDUCTION
REQUIREMENTS (08H)

.

Refer to Figure 8 as a basis for beginning discuszsion of the data
reduction requirements for the Mass Spectrometer.

|

WORD 1 1 DATASET |
WORD 2 (2 BYTES)
[ [ t
' I 63 DATA SETS
l | (126 BYTES)
[ l

WORD 2

Figure 8. Mass spectrometer data format.

The masy spectrometer data set consists of two 8=bit words (or two
bytes). In a frame of information 126 bytes are available for data.
Therefore, 63 data sets of mass spectrometer data will fill a frame. Each
bit in a data set for the mass spectrometer is very meaningful. Therefore,
8 sequential explanation of each bit in a data set will follow, starting with
the most significant bit of word one or byte one.

Bit 1 is a synchronization bit. It is to be interrogated for each
data set to determine if its value is zero or 1. Normally it will be zero
and be directly related to an atomic mass unit., When the syne bit is 1,
the mass spectrometer data system has recycled.

Bits 2 and 3 of word 1 {rom each data set will be combined sequen-
tially until an 8-bit word is formed. Hence, four sequential data sets
will form an 8-bit word. 'This is interpreted as an analog measurement,
As an example, a noninterrupied sequence of 320 data sets would map
into 80 analog measurements. ‘I'he most significant bit is first on the
left, and the least significant bit is last on the right.

Bits 4, 5, 6 and 7 of word 1 from cach data set will determine the
exponent of an expression to be diseussed for a term referred to as the
mass count. Bit four is the most significant bit of the exponent, and
bit 7 is the least significant bit of the exponent. As an example, if bits
4, 5, and 6 are zero and bit 7 is 1, then the exponent is 1. If bit 4 is
1 and bits 5, 6 and 7 are zero, then the exponent is 8,
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Bit 8 of word 1 and all of word 2 of n data set form a 9 -bit expres-
gion for a term that will be referred to ns the fraction. Bit 8 of word
1 is the most significant bit of the feaction, and bit 8 of word 2 is the
lenst significant bit of the fraction.

Call the bit value of the fraction FRAC, Call the bit value of the
exponent EXP, Let the mass count be abbreviated MC. Then

MC = (FRAC + 512) * 2 *®k (EXP-1) . (9.1

The maximum value of the FRAC is 511, The maximum value of the EXP
is 1b. Hence, the largest value for the mass count is

MG = (1023) * 2 *+ 14 - 16,760,822 . (9.2)

Oue exception to equation (9.1) is the case for which NP o, Then

MC = FRAC . (. 3)

The normal mode of operation will be for the IECM data acquisition
system (DACS) to interrogate the Mass Spectrometer every 2 see.  There-
fore, the normal data rate for a 2-word data set is 2 sec, i.e., one data
set every 2 sec. There is also a fast-sweep mode of operation of 0.2 sec
for the IECM data nequisition. The DACS will interrogate the Mass Spec-
trometer every 0.2 sec. Therefore, in the fast mode of operation the
data rate for a 2-word data set is 0.2 sce, or one data set every 0.2 scc.

Let us now classify a data acquisition operation that will be referred
to as a data sweep. The purpose of the Mass Spectronmater is to measure
the molecular environment around Spacelab, To do this it will sequentially
sweep through a range of atomic mass units from 1 to 150, Furtheermore,
an additional sweep identical to the first sweep will follow imd will concen-
trate uniquely on atomic mass unit 18, i.e., 1120 (water). Therae will

normally be 160 data sets per sweep. Again, the first sweep will be
sequentially through the atomic mass units from 1 to 150, To complete
160 data sets, AMU 28 branches into 28-8, 28-6, 28-4, 28 2, 0. 2812,
28+4, 28+0; in addition, there will be CALIBRATLE, TOTAL and ZERO.
The sccond sweep will coneentrate only on water.

There is an abbreviated sweep mode that will be used for time

resolution during a gas calibration sequence.  This abbrevinted sweep
will contain approximately 60 data sets.
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The Mass Spectrometer will operate on on-orbit only. At first
turn-on of the instrument the data are unsynchronized. Therefore, check
bit 1 (most significant bit, MSB) of word 1 until a "1" is found, Then
the "sync pulse” will have occurred and a data sweep will have begun,
with synchronized data to follow.

If the instrumentation of the Mass Specirometer works as expected,
in the normal mode of operation, 319 data sets should follow the data set
with the sync bit before another complete data cycle would start. The
start of a data cycie is expressed by a "1" in the MSB of word 1 of a
data set. A data cycle sweeps through AMU from 1 to 150 and water,

Recall that four sequential sets of data create an analog word. The
headings for these analog words arve:

Analog

Syne Bit Word No. AMU Analog Heading:

1 Zero
0,0,0,0 1 001,002,003,004 (4) Power Monitor
¢,0,0,0 2 005,006,007,008 (8) Analog Mass
0,0,0,0 3 009,010,011,012 (12) Power Monitor
0,0,0,0 4 013,014,015,016 (16) Power Monitor
0,0,0,0 5 017,108,019,020 (20) RFAGC
0,0,¢,0 6 021,022,023,024 (24) Filament Current
0,0,0,0 7 025,026,027,8-8 (28) Filament Voltage
0,0,0,0 8 8-6,8-4,8-2,028 (28) Multana
0,0,0,0 9 8+2,8+4,8+6,029 (29) Multana
0,0,0,0 10 030.031,032,033 (33) Multana
0,0,0,0 11 034,035,036,037 (37) Anode Current
0,0,0,0 12 038,039,040,041 (41) High Voltage
0,0,0,0 13 042,043,044, 045 (45) Electrometer
0,0,0,0 14 046,047,048,049 (49) Gas Temp
0,0,0,0 15 050,051,0562,053 (53) ACC Monitor
0,0,0,0 16 054,055,056,057 (57) Pewer Monitor
0,0,0,0 17 058,059,060,061 (61) Gage Temp
0,0,0,0 18 062,063,064,0065 (65) An Temp
0,0,0,0 19 066,067,068,069 (69) Oscillator Temp
0,0,0,0 20 070,071,072,073 (73) 15 Volt Supply
0,0,0,0 21 074,075,076,077 (77) Mux Temp
0,0,0,0 22 078,079,080,081 (81) Analog Mass
0,0,0,0 23 082,083,084,085 (85) RFAGC
0,0,0,0 24 086,087,088,089 (89) Filament Current
0,0,0,0 25 090,092,092,093 (93) Filament Voltage
0,0,0,0 26 094,095,096,097 (97) Anode Current
0,0,0,0 27 098,099,100,101 (101) High Voltage
0,0,0,0 28 102,102,104,105 (105) Electrometer
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Analog
Syne Bit  Word No.
29
30
31
32
33
34

L

OO O Qo DO
COTCOOTDODDOOOOOO
SO0 OO0 OCT

W w w e w e

<~ COC OO0 OOOOC

-0.().0 41
ete, cte,

0,0,0 78
.0,0,0 74
0,0,1 80

AMU
104%,107,108,109
110,111,112,113
114,115,116,117
118,119,120,121
122,123,124,125
126,127,128,129
130,131,132,133
134,135,136,137
138,139,140,141
142,143, 144,145
146,147,148,149
150, calibrate,
total, zero
018,018,018,018

ote,

018,018,018,018
018,018,018,018
018, calibrate,
total, zero

Analog Heading

(109) 5 Volt Supply
(113) Acc Monitor
(117) Gas Temp
(121) Gage Temp
(125) An Temp

(129) Oscillator Temp
(133) Multana

(137) 15 Volt Supply
(141) Mux Temp
(145) RFAGC

(149) Ana Mass

(0) Power Monitor

Start repetition of all
analog headings but

add WS for "water sweep".
Example;

(4) Power Monitor (WS)
(145) RFAGC (WS)

(149) Ana Mass (WS)
(0) Power Monitor (WS)

A data cycle will have been completed and a new data cyele will have

started.

The SYNC BIT needs to he checked for cach data set.

If a "1

shows up before 319 data sets have been interrogated, one of two possible

happenings is indicated:

1) The "1" has occurred around the sixticth data set, and an
abbreviated data sweep has occurred,

2) A "glitch” somewhere in the Mass Speetrometer system caused
the system to recycle back to zero atomic mass unit.

It is quite possible that an abbreviated data sweep or a "glitech"
may terminate or occur in the middle of formation of an analog measurement.,
When that happens, consider as good data only the analog words that have
been completely formed in the particular data sweep under consideration,

One should note that there is a bit in the housekeeping data labeled

HI-RATE REQ.

data sweep mode of operation.
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All Mass Spectrometer data on the DACS tapa are to be output in
the following format:

Syne Data Muss Analog Analog Time
Bit Set No. AMU Count Heading  Count IHr Min
1 1 Zero XXX AX XX
0 2 1 XXX XX XX
0 3 2 XXX XX XX
0 4 3 ote. Ete.
0 5 q e XXX
0 6 5
0 7 6
0 8 7
0 9 8 e e O\ . ¢
0 20 19 NNX N A
0 21 20 pmm e NXN
0 22 2
0 23 ki Etoe. Ete.
0 24 23
0 20 24 wcmmmmrons NNX
0 26 25
0 27 26
0 28 27
0 29 288 s XXX
0 30 28 6
0 31 28 4
0 32 28-2
0 33 28 e XXX
0 34 2842 XXX XX XX
0 35 28+4 XXX XX XX
0 36 2846 XX AX XX
0 37 29 Ete. e ot XXX\ te,
0 38 30
0 39 31
0 40 32
0 41 33 e T .4
0 42 3
0 43 35
0 154 146 XXX XX XX
0 155 147 XXX XX XX
0 156 148 XXX XX XX
0 157 149 Ete. — XXX Ete.
0 158 150
0 159 CAL
0 160 TOT
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Syne Data Mass Anulog Anulog Time

Bit Set No. AMU Count Heading  Count Hr Min

0 161 Zero B XXX

0 162 18

0 163 18

0 164 18

0 165 18 ot it s XXX

0 314 18 XXX XX XX

0 315 18 XXX XX XX

0 316 18 XXX XX XX

0 317 18 Ete, g XXX Ete.

0 318 18

0 319 CAL

0 320 TOT

1 1 Zevo  Start e XXX Start Over
Over

0 2

0 3 2

0 4 3

0 5 4 e XXX

The table for Mass Spectrometer data illustrates a complete data
cycle. As pointed out earlier, there normally will be 320 data sets in a
data cycle, but either a short cycle of approximately 60 data sets or a
recycle "glitch" could cut this short. The ANALOG COUNT in the Table
is the bit count, which will range from 0 to 255. It is a pure decimal
number from eight binary bits, The TIME is the IECM clock time accurate
to hours and minutes that needs to be printed only with the last data set
of « frame. This format will be continuous and cover all Mass Spectrom-
eter data on the DACS tape recorder. Obviously the fast data rate can
be observed from the TIME.

The following concerns graphs:
g

1) It is requested that cach AMU be plotted versus time for
migsion duration, By AMU it is meant the MASS COUNT for each AMU.
Place the MASS COUNT along the left vertical axis of the plot. Place an
equivalent pressure scale along the right vertical axis. This will be given
later from the calibration results of preflight testing. Note that there
will be 164 graphs of full mission duration. Referring to the table for
Mass Spectrometer data ns a guide, that is ZERO, AMU's 1 to 150 plus 7
extra for splitting AMU 28, CALIBRATE, TOTAL, another ZERO, one
graph for 157 extra data points on AMU 18, another CALIBRATE and

another TOTAL. The MASS COUNT scale will be a log scale from 100 to
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107 in range. There will be MASS COUNTS of zero that obviously cannot
be exactly lccated on a leg seale. It is suggested that the log scale run

from 1072 1o 107 on the graph, Then call any zero MASS COUNTS 1071
on a log scale and plot them as such.

2) It is also requested that a set of 15 higher resolution graphs
be plotted. These 15 graphs of MASS COUNTS for AMU's are to be
determined (TBD) and may be changed between missions. This require~
ment is difficult to state; two examples are: Suppose the mission is for
2 days. We wish the time resolution on each graph to be 24 hours.
Hence, for a 2-day mission this will be 2 x 15 = 30 additional graphs.
Suppose the mission is for 6 days. Then there will be 6 x 15 = 90 addi-
tional graphs of higher time resolution,

3) A set of graphs is requested to display the analog data. This
will display analog connts versus time for mission duration. Four analog
channels can be plotted per graph, Since there are 80 analog channels,
there will be 20 graphs. The secale on the vertical axis will run from
0 to 255, Label cach curve by its analog channcl,

4, A plot of Orbiter data for the angle of the vehicle Z=-axis with
respeet to the vehicle velocity vector versus mission time is requested.,
Also a plot of two Orbiter surface ten.peratures versus mission time is
requested.  These requirements ean be placed on the same graph, with
each curve properly labeled. The Z-axis angle to velocity vector scale
can be placed on the left vertical axis, and the temperature scale can be
placed on the right vertical axis. The angle range will run from 0 to
180 degrees. The temperaturce range will be furnished later. The data
will come from Ovrbiter data tapes,

These tabulations and graphs will be the first quick-look data.
Additional charts will be requested. Certain correlations of MASS COUNTS,
TIME, and Orbiter attitude will provide calibration points which can be
put into fairly simple equations. These equations are now being developed
by the Mass Spectrometer supplier. Once the coefficients of the equations
are defined by the preceding calibration, all ¢f the mass counts can be
transformed by the equations into reduced data such as Molecular Columnar
Density.  The additional data reduction reguirements are expected to be
determined in the near future.

37



X. HOUSEKEEPING DATA REDUCTION REQUIREMENTS (09H)

As a basis for beginning discussion of the data reduction require-
ments for housekeeping refer to Figure 9.

TEMP SENSOR 1
TEMP SENSOR 2
TEMP SENSOR 3
TEMP SENSOR 4
| i |
| | |
! | I
TEMP SENSOR 14
ON--ORBIT BATTERY 1 T1 :222{,‘}::,7
DE--ORBIY BATTERY 1 T2
LAUNCH BATTERY 2 T1
REACTUATE ——————— " BATTERY 2 T2 5 DATA SETS
LOW POWER BATTERY 3 T1 (120 BYTES
READY BATTERY 3 T2
LOW BATTERY BATTERY 4 T1
DEPLOY — BATTERY 4 T2
' ___}+{_SHUT. & PWR STAT. A
[} SHUT.&PWRSTAT.B
BATT OVERT:MP - I |
RESET ] | |
PRE-LAUNCH ‘i ! ! e
TO-DISCONN ] FILL OH 6 FILLS §
HI-RATE REQ -

Figure 9. Temperature sensors data format.

A housekeeping data set consists of 14 temperature sensor bytes,
8 battery temperature bytes, and 2 Shuttle and power status bytes. The
second Shuttle and power status byte uses only 5 bits of information in
the direction from least significant bit to most significant bit. Hence,
there are 24 bytes to a data set and, 5 data sets to a frame plus 6 fills
to make up 126 bytes.

The temperature sensors and Sattery' temperatures are represented
by the usual bit to voltage conversion for the DACS system of the IECM
experiments: each bit number corresponds to a change of 0.02 V or
20 mV.
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Consider any voltage generated from any one of the 14 temperature
sensors, which are also referred to as the base-plate temperature sensors,
represented by a eapital V., Now define

A = 1252, 8(V)-d691.8 (10,1)
B« V20 . (10.2)

Then in degrees Fahrenheit
BASE PLATE TEMPERATURE « A/B+32 (10.3)
Now consider any of the vollages generated from any one of the

cight battery temperature bytes, also to be represented by a eapital V.,

Now define

¢ o 20000200 VY Z0220000) ) (10.4)
Do 1/208 (In G732 (10,5}

Then in degrees Fabrenheit
BATTERY TEMPERATURE - (9/5)(1/D-273.18)+82 (10.6)

The data rate for the housekeeping data is one data set per minute.
Since there ave five data sets per frame, it will take approximately 5 min
to fill a {rame.

At the option of the programmer, the expressions (10.3) and (10.06)
for the BASE PLATE TEMPERATURE and tho BATTERY TEMPERATURE,
respoctively, may be used to penerate tables to tabulate tempoeratures as
a funetion of veltage over a vange of 0 to 5,1 V in inerements of 0,02 V.
This table could then be used in a scheme to convert voltage to
temperature.

It has been sugpested that the BASE PLATE TEMPERATURE and
the BATTERY TEMPERATURE will be better expressed in degroes Conti
grade ratker than degrees Fahrenheit.  Therefore, after the calceulations
are made from (10.3) and (10,6), -v if a table sceheme is used, convert
to Centigrade for all tabulations and graphs,
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Tabulate all 14 base plate temperatures as a function of IECM clock
time.

There are four batteries and two battery temperature readings for
each battery. Average the two temperatures from each battery and tabu-
late all battery temperatures and the average for cach battery as a fune-
tion of IECM time.

Plot the 14 base plate temperatures as a function of IECM clock
time. Put three graphs per page, stacked. Make the time axis for
24 hours only. This will mean four pages of three graphs and one page
of two graphs. Each plot should be !ibeled as to the sensor it represents
and the mode of operation, e.g., Pre-Launch, Ascent, On-Orbit, De-Orbit.
Information will be furnished as to each sensor's location on the IECM.

Plot the battery temperatures as a function of IECM clock time.
Sinece there are four batteries and three temperatures per battery, put
three graphs per page, stacked, which will represent the temperatures,
T1, T2, and TA (average ol TL and T2) for each battery on one page.
Naturally, there will be four pages of graphs, one page for cach battery.
Label each page for the battery it represents. Make the time axis for
24 hours only.

The maximum and minimum temperatures to be ranged along the
vertical axes can be determined from expressions (10.3) and (10.6) by
substituting the maximum and minimum values of V, namely 5.1 and 0 V,
respectively.

Tabulate the individual bit value for the SHUT. and PWR STAT. A
and SHUT. and PWR STAT. B words as a function of IECM clock time.
This tabulation should form 14 vertical columns—1 column for IECM clock
time and 13 columns for bits. Label the 18 columns as follows:

SHUT. and PWR STAT. A
(Reading from MSB to LSB)

1. DEPLOY: Change to DE/PLOY
2. LOW BATTERY: Shorten to LOW/BAT
3. READY: Shorten to RDY
4, LOW POWER: Shorten to LOW/PWR
5. REACTUATLE: Shorien to RE/ACTU
6. TLAUNCH: Shorten to LUI
7. DE-ORBIT: Shorten to DE/ORBT
8. ON-ORBIT: Shorten to ON/ORBT
SIHuT, and PWR STAT. B
(Reading from MSB to LSB)
4., BATTERY OVTEMP MEMORY: Shorten to BAT/OTMEM
5. RESET: Shorten to RE/SET
6. PRE-LAUNCH: Shorten to PRE/LUH
7. TO-DISCONNECT: Shorten to TO/DSCN
8. HI-RATE REQ: Shorten to HI/REQ
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Because thu data rate is once per minute, the information on the
individual bit data will be recorded once per minute. Houwever, it is
expected that as a usual rule there will be little, if any, change in status
from minute to minute of operation. Hence, tabulate the status information

only when there is a change in any one of the 13 status bits, together
with the IECM clock time, when the change occurs.
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APPENDIX

The Appendix consists of a complete continuous listing of the IECM
tape recorder format.

4.0 IECM TAPE RECORDER FORMAT
1~-30-79
RWC
REVISED

1-2-79
AWC 1-20-79

CWD

LEADER 16H
LEADER 16H
LEADER 16H

12 BYTES

LEADER 16H
SYNC 56H ‘
SYNC ASH
SYNC A6H

8 BYTES FRAME ID (SEE NOTES)

MISSION TIME LSW LSE BLOCK

MISSION TIME LSW MSB (RECORD)

MISSION TIME MSW LSB

MISSION TIME MSW MSB

FRAME

| EXPERIMENT DATA |
126 BYTES (SEE NOTES) ! (1-40) FRAMES

LEADER FOR
NEXT BLOCK

42



TQCM DATA FORMAT {01)

FREQ 1 LSB
FREQ 1 MSB
{ 22 21 0 | —= FREQ VER

—_— FREC 2 LSB

BINAWY _r FREQ 2 MSB
EREQ VERIFY o FREQ VER

READY WHEN READ FREQS5 LSB
FREQ 5 MSB

L. FREQ VER
' 1 DATA SET
SENSOR 1 TEMP Leavies
SENSOR 2 TEMP
SENSOR 3 TEMP
SENSOR 4 TEMP 5 DATA SETS
(125 BY TES)
SENSOR 5 TEMP
HEAT SINK 1 TEMP
HEAT SINK 2 TEMP
HEAT SINK 3 TEMP
HEAT SINK 4 TEMP
HEAT SINK 5 TEMP

1 ‘ STATUS
BYTE

|
[v[xTwlvulv]s[r]—=] srarusevre

- TED # 5 ON
TQCM START COUNT

TEMP SELECT 1 (+80°C),

TEMP SELECT 2 (+30°C)

TEMP SELECT 3 (0°C)

TEMP SELECT 4 (~30°C)

TEMP SELECT § (--50°C)

THERMO -ELECTRIC DEVICES OFF
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NOTES:
#RAME ID

014 TQCM DATA

02K CQCM DATA

03H OEM DATA

O4H AIR SAMPLER DATA

O5H CAMERA CURRENT DATA
06H CAMERA VOLTAGE AND THERMISTOR DATA
07H CASCADE IMPACTOR DATA
08H MASS SPEC DATA

09K TEMPERATURE SENSOR DATA

CQCM DATA FORMAT (02)

FREQ 1LSB
FREQ 1 MSB
F2 F1 R | FREQ 1 VERIF. RDY
FREQ 2 LSB
FREQ 1 SELECTED FREQZM :a%‘:r%:)e '
FREQ 2 VERIF, RDY
R 15 DATA SETS
FREQ 2 SELECTED SENSOR 1 TEMP. (120 BYTES)
READY WHEN READ SENSOR 2 TEMP.
I <
[ FiLLOH | 6 FILLS
OEM DATA FORMAT (03)
TRANSMISSION
REFLECTION
LAMP TEMP  DATA SET
MOTOR TEMP {6 Y TES)
HOUSING TEMP
. 21 DATA SETS
BCD |
MOTOR POSIT!;)N | |
| “4 2 1" R |- MOTOR POSITION & RDY |
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AIR SAMPLER DATA FORMAT (04)

PUMP SPEED

PRESSURE 1

PRESSURE 2

TEMPERATURE

HUMIDITY

DEW POINT

DEW POINT CALIB

lVa V7 VG V5 V‘ V3V2 V1l —
[ ;‘“iloiil

VALVE STATUS 1-8

1 DATA SET
(9 BYTES)

14 DATA SETS
(126 BYTES)

VALVE STATUS 9—-11

CAMERA CURRENT DATA FORMAT (05)

CAMERA 1 CURRENT

CAMERA 2 CURRENT

1 DA*’A SET
(2 BY,TES)

[ CAMERA 2 CURRENT

63 DATA SETS
(126 PYTES)

CAMERA VOLTAGE, THERMISTOR DATA FORMAT (06)

CAMERA 1 VOLTAGE

CAMERA 1 THERM

CAMERA 2 VOLTAGE

CAMERA 2 THERM

t [
1 DATA SET
(4 BYTES)

‘ 31 DATA SETS
(124 BYTES)

[

FILL OH

2 FILLS

¥
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CASCADE IMPACTOR DATA FORMAT

CHANNEL 1LSsB

CHANNEL 1 MSB

CHANNEL 2 LSB

CHANNEL 2 MSB

CHANNEL 3 LSB

CHANNEL 3 MsB

CHANNEL 4 LSB

CHANNEL 4 mMSB

1 DATA SET
(8 BYTES)

15 DATA SETS
(120 BYTES)

FILL OH

6 FILLS

MASS SPEC DATA FORMAT

y

WORD 1

WORD 2

1 DATASET
(2 BYTES)

WORD 2

63 DATA SETS
(126 BYTES)




TEMPERATURE SENSORS DATA FORMAT

TEMP SENSOR 1

TEMP SENSOR 2

TEMP SENSOR 3

TEMP SENSOR 4

TEMP SENSOR 14 | DATA SET
ON ORBIT BATTERY 1 T1 (24 BYTES)
DE- ORBIT BATTERY 1 T2
LAUNCH BATTERY 2 T1
REACTUATE - BATTERY 2 T2 5 DATA SETS
LOW POWER BATTERY 3 T1 (120 BYTES
READY ~——————m BATTERY 3 T2
LOW BATTERY BATTERY 4 T1
DEPLOY — BATTERY 4 T2
>| SHUT. & PWR STAT. A
o SHUT. & PWR STAT. B
BATT OVERTEMP | |
RESET | !
PRE-LAUNCH ' 3
TO-DISCONN — | FILL OH | 6 FILLS
HI-RATE REQ
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