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ABSTRACT

The Vector cardi ography is the 3 dinensional study of
El ectrocar di ogr aphi c responses of the human heart. A Vector
cardi ograph (VCG instrunment was designed and devel oped to
noni tor the Cardi ographic responses of the |Indian payl oad
speci alist under zero G conditions in the US Space Shuttle
during the schedul ed I NSAT-1 C | aunch. Accordingly the
proposal nade by Departnent of Space for using the vector
cardi ograph neasurenent in the Space Shuttle was accepted. A
VCG unit was devel oped under the joint collaboration of HAL,
Hyder abad and | SAC- 1 SRO. This paper brifly describes the
desi gn aspects of the VCGinstrunment, the qulification tests
conducted on the sane for space application and the final
test results obtained during the process. Basically the
i nstrunment was built around a Hybrid Instrunentation
anplifier and other interfaces for recording the signal into
an audi o taperecorder.

1. | NTRCDUCTI ON

The vector cardi ograph experinent (VCG was proposed to
be carriedout onboard US Space shuttle during the schedul ed
| aunch of the Indian National Satellite INSAT-1C It was an
upgraded version of a simlar experinent which was carried
out on board SALYUT space station by the Indian cosnonaut.
One of the significant physiol ogi cal changes one can observe
under the ‘zero G conditions prevailing in the oribital
flight is on the haenobdynam cs of the cardi ovascul ar system
and the correspondi ng narked changes in the electrical
activates of the heart. In the early space flights
conventional scal ar el ectrocardi ogram (ECG was routinely
recorded and the changes in the intervals between vari ous
ECG conponents were studied. Preflight and postflight



recordi ngs of several of the APCLLCcrew nenbers indicated
ECG anplitude differences. Simlar ECG findings were al so
reported from sovi et cosnonauts. Apart fromthose related to
the heart, the changes were mainly those of the P & QRS
vector magni tudes and orientiation shifts. The vector

cardi ograph (VCG experinent described in this paper was
designed mainly to nonitor the el ectro cardi ographic
responses of the human heart of the Indian payl oad
speci al i st onboard space shuttle, picked up through

ort hogonal vector |eads, which were anplified and recorded
in a tape recorder for data |ogging. The nmain objective of
this life science experinents of the shuttle mssion was to
study the effect of YOGA exercises on the human heart under
zero G conditions.

2. REENG NEERI NG ASPECTS

The VCG system whi ch was used for the SALYUT M ssion
consists of a three channel anplifier, a power supply unit
(DC to DC converter) and a 4 channel FM tape recorder for
recordi ng the VCG signals. However, the follow ng
reengi neering was carried out for the shuttle M ssion.

1. The power supply unit housing the DC to DC converter
was conpletely elimnated and instead the conplete
el ectronics was nade to operate with canpact battery packs
housi ng the al kaline dry cells.

2. The el ectronics packages were nade conpatible to neet
the shuttle retirenents as per the NASA i nterface docunent
| CD-2-1 MD01. The VCG anplifiers were designed with hybrid
mcrocircuits.

3. The bul ky FMrecorder was replaced by a NASA approved
SONY Wal kman prof essi onal stereo cassette recorder.

4. Additional voltage controlled oscillators along with
si gnal m xer package was introduced for providing necessary
I nterface between the VCG anplifier and the SONY
t aper ecor der.

5. A 100% r edundancy was provided for the conplete
system and the conplete bl ock schematic of the VCG systemis
shown in fig.1



3. SYSTEM SPECI FI CATI ONS

3.1. VCG AMVPLI FI ER

(1) Gain of the anmplifier X Y,& Z channels :1000 +/- 10%

(2) Frequency response of the X Y, & Z ch. 0.5 Hz to 150 Hz
(3) I'/P inpedance of each channel : 10M ohns

(4) CVRR of each channel :Better than 70 dB
(5) Qutput inpedance : 100 Onhns

(6) Calibration signal 1 nV +/-20%

(7) Supply vol tages :+/- 12 volts DC

3.2. VOLTACGE CONTROL OSCI LLATOR UNI'T

(1) Frequenci es. (1) 1.7 KHz +/- 7.5%
: (2) 3.9 KHz +/- 7.5%
: (3)7.35 KHz +/- 7.5%
(2) Modul ating signal : DCto 150 Hz

(3) Input inpedance : 10 K ohns

(4) Linearity of the VC . Better than 0.1%

(5) Qutput inpedance . Less than or equal to 100 ohns
(6) Supply vol tage . +/- 9 volts DC

(7) Power dispation . 350 nW

4. SYSTEM DESCRI PTI ON

Signals fromthe payl oad spcialists body at different
| ocations are picked up by 8 sensors and are connected to
the VCG anplifier unit through a resistor network . This
resistor network resolves these 8 signals into three
differential outputs using the well established Dr. Franks
principle. These X Y& Signals are anplified inside the VCG
unit by a factor of about 1000. Each of these three outputs
wi |l nodul ate a separate | RIG subcarrier selected for this
pur pose. Additionaly, these X Y,Z signals are further
anplified and rectified to drive the Bargraph display nodul e
fixed on the VCG unit . The Bar graph display enables the
payl oad specialist to not only ensure the correct operation
of the VCG unit but also to correctly fix the sensors on to
his body during the flight.

The fregency nodul ator used here is basically a
vol tage controlled oscillator. It was designed around a
standard astable nulti, and this type of VCO has a proven
flight history. The square wave outputs of the VCO s were
shaped by the active Bandpass filters. The three frequency
nodul ated signals were then mxed in a passive m xer and the
conposite signal was recorded in the SONY WAl kman stereo
cassette recorder. Two separate m xers were used for



provi di ng redundancy and these two m xer outputs were
recorded on the two channels of the stereo recorder having a
bandw dth up to 15KHz. The quality of the recording during
the m ssion could be ensured by listening to the audi o tones
of the VCG signals using a headphone.

5. DEVELOPMENT PLAN

As the VCG units were supposed to be nounted in a tray
using velcros and the tray being pushed into the m ddeck
| ocker of the Space shuttle, it was essential to have an
I ntegrated Quality Assurance plan covering all the aspects
of the material control, inspection and quality control
along wwth the Test and Evaluation. A quality assurance pl an
was drawn to ensure utnost reliability and safety of the
I nstrunent for conducting the VCG experinment in space
shuttle. The specifications were derived from| CD docunent
of NASA for Space Shuttle.

The Flight nodel units of the VCGintended to be flown in
t he Space Shuttle, were designed and fabricated using only
M L approved conponents and these units underwent the flight
acceptance tests. One of these nodels which was despat ched
t o NASA successful ly underwent the outgassing and EM tests
at LOSALMOS. The results of the outgassing tests conducted
on the Flight version of the VCG are indicated in
Appendi x- 1| .

The Flight version of the VCG system was subjected to the
followng qualification tests as per the Quality Assurance
plan and the systenis performance was flawl ess throughout.
Initial Bench Test
EM / EMC Test
Qperational Hot and Col d Soak Test
Random Vi brati on Test
Tenperature burn in for 168 hours
Fi nal Bench Test and delivery to the Project.

oUhkwnE

6. TESTI NG AND TRAI NI NG

The VCG anplifiers were checked both in the calibration
node as well as in the Normal node (VCG node). In the
calibration node, the calibration signals of 1 volt and | Hz
were recorded in the recorder. In the Normal node the
car di ographi c responses of the payl oad specialist served as
the inputs to the anplifier which were recorded. For
checking the accuracy of the data recorded, the recorded



data was played back. This data was given to a set of
Bandpass Filters and Frequency Discrimnators tuned to the 3
VCO frequenci es which was al so devel oped i nhouse. The
correspondi ng out puts of the Frequency D scrimnators were
conpared on an oscilloscope. The VCG units were extensively
used in the training of the Indian payl oad specialists who
were selected for this mssion at the Institute of Aviation
Medi ci ne, Bangal ore, | ndi a.

7. CONCLUSI ON

The VCG systemfor the Life Science Experinent in the
space shuttle was devel oped by | SROHAL jointly, and was
fully qualified to shuttle environnents. Due to the
unf ortunat e di saster of space shuttle Challenger in 1986 the
I ndi an Payl oad Specialist Flight Mssion (I PSFM had to be
prematurely term nated. Nevertheless, this VCG system
devel oped for that m ssion has given sufficient experience
in the design and qualification of electronics hardware for
shuttl e m d-deck system
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APPENDI X- |
NASA HANDBOCK 8060. 1B
TEST 16 : DETERM NATI ON OF OFFGASSED PRODUCTS FROM
ASSEMBLED ARTI CLES

TEST ARTICLE : | PSE Hardware (Indian Payl oad Speci alist Experinent)

TEST ARTI CLE PREPARATI ON

The test article consisted of a subcarrier oscillator, 12V battery
pack, 9V battery pack, vectorcardi ograph, and cables. The yell ow
and red plastic covers, Post It Notes, and tape were renoved and
were not included for testing.

TEST CONDI T1 ONS:

Test Tenparature : 120+ 5 Deg F Test Duration : 72 hours

Test Pressure : 11.8 to 12.0 psia Sanpl e Weight : 4192 grans

Test Atnosphere : 25.9% Oxygen and Chanber Free Volune : 16.1
74.1% Ni trogen liters

TEST RESULTS, OBSERVATI ONS AND COMVENTS :
OFFGASSED PRODUCTS

Conponent NASA Nat i onal Toxic Limt Quantity
Chem cal code (mcrograns (m crograns

per gramn per gram

Car bon Monoxi de 161000 40. 90 0. 039
Acet al dehyde 020300 77.10 0. 007
Met hyl al cohol 014800 74.90 0. 070
But ene 097600 7.15 0. 001
Fl uorotrinethyl silane 168550 0.13 0. 001
Et hyl al cohol 013600 134. 00 0. 003
Acrol ein 020900 0. 16 0. 001
Acet one 110500 1, 018. 00 0. 035
| sopropyl al cohol 016400 140. 00 0.17

Di chl or onet hane 064200 124. 00 0. 001
t-Butyl al cohol 012400 173. 00 0. 002
n-PropKI al cohol 016000 140. 00 0. 008
Tri met hyl sil anol 168500 2.58 0. 020
Et hyl acetate 042400 257. 00 0. 002
1, 2- Di chl or oet hane 062700 61. 76 0. 006
n- Butyl al cohol 011600 173. 00 0. 007
Pent anal 024000 151. 00 0. 001
Trichl or oet hyl ene 065700 0.77 0. 002
2- Et hoxyet hanol 013550 105. 61 0. 001
Met hyl 1 sobutyl ketone 116000 117. 00 0. 001
Tol uene 035200 108. 00 0. 017
C6 Al dehyde 026000 3.43 0. 003
n-Butyl acetate 041200 271. 00 0. 003
Hexanet hyl cyclotri sil oxane 164500 324. 00 0. 051
C7 Et her 057500 0.13 0. 014
Xyl ene 039100 124. 00 0. 001
2- Et hoxy ethyl acetate 042000 232. 00 0. 008
Cct armet hyl cycl ot etrasi | oxane 165100 217. 39 0. 009
Decanet hyl cycl opent asi | oxane 163000 0.13 0. 001

NASA QUALI TY ASSURANCE
DATE : FEB 23. 87
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3 CHANNEL VCG AMPLI FI ER




SUBCARRI ER OSCI LLATOR PACKAGE




TAPE RECORDER FOR VCG




VCG I N SMALL STOMNGE TRAY

BATTERY PACK FOR VCG



