Aug 4o, 1941

SKYLAB MEDICAL ALTITUDE TEST

DETAILED TEST OBJECTIVE

I. Experiment
a. Title
1. MO093 Vectorcardiogram
b. Principal Coordinator
1. Dr. Robert L. Johnson
c. Principal Investigator ~
1. Dr. Newton W, Allebach and Dr. Raphael F. Smith

II. Purpose and Background
a, Purpose of Experiment
1. To detect changes in the electrical activity of the heart
that may be associated with exposure to a simulated
space environment and other specific stressors.
2. To provide baseline data and analysis information
applicable to the corresponding Skylab experiment.
b. Justification for Experiment
1. Changes in cardiac function which are reflected in
electrical potential variations at the body's surface
have been observed po.»tfhght By utilizing the =
vectorcardlograg); {n the chamber stéay, T will be
possible and to a—de»gree quantitate these pesstble
changes and correlate them with related physiological
functions. Thereby, additional fundamental knowledge
of the cardiovascular response will be obtained.

III. Participants
a, Number of Crewmen Required
1. Three crewmembers, designated #1, #2, and #3.
b. Function of Fach Crewman
1. Two crewmen are required for each experiment; one
as the subject, the other as test conductor.
(Para. IX, a, 2)
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CREW TASK APPROXIMATE CREW MEMBERS
TIME A g ¢ ,?
(aNUTES). - | R E3
Unstow equipment en—OWS- 4 min,(est.) | X
15 min.(est.) | X X

Hookup and calibration of Electrodes
Controls: ON-OFF Switch Cal.Control

Display: Electrodes Contact Checkout
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Experiment Operation Requirements
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CREW TASK APPROXIMATE CREW MEMBERS
TIME = B €
(MINUTES) [/ #79 ™3
Vcctorcaruxo rams (VCG) will be taken
yu&¢n;~$h@ follovinu§ / . X
%z,u/é B s | o i ! yrean
Rest: Baseline data Samin. 8
CMapdatary)
Exercise on Ergometer (150 watts) 2 -win. X
E Rrimcrcheptearan)
Rest: Post Exercise Control Data 10 min. X
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Note: During the ZaisSion, the experiment shxll be repeated ,
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¢, EaERESSSIRE,  Post Operation Tasks
CREW TASK
APPROXIMATE CREW MEMBERS
TIME Jg_frgp_we.
(MINUTES) ¥ g <)
Remove, clean and stow 7 mi g
equipment min. est, X dede
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The subject may require a second a

removing electrodes and,

stronaut to assist in
if necessary, cleansing the subject,
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IV. Functional Objectives

. Vectorcardiograms (VCG) utilizing the Frank lead system
will be taken at regular intervals during the chamber test in order
to determine seriall possible changes in cardiac electrical
_activity. Pref"pos A‘ah during the chamber test recordings will
be made before, during and after a three minute period of exercise.
Computer techniques will be used for data reduction and analysis,
and correlation with possible anatomical and functional changes of
the heart. As this chamber study is designed to simulate a Skylab
flight, except for weightlessness, the data will provide information,
heretofore unknown, for comparison with baseline laborator&gé’;’fcf/
that which will be obtained during future Skylab flights,

V. Test Conditions

a. Environmental Requirements
1ewetl, Thermnl Recufrements ~ The thermal environment ghaid

o A s At ot

\ casplauithet e PR UL T et g 03~ bR OB S imbi—Reviaton—iand shall

-,/ be equivalent to an envircument in which gas temperature and mean

radiant temperature are equal and within the range of 67-78°F, at
5.0 psi e&nd 70-80°F at 14.7 psi with air wotion control from 15 ft./
min to 100 ft./min.

z %
L/ 1. The experiment shall not be performed less than 3 hours
A after eating or less than one half hour after vigorous
exercise or performance of experiments M092 (Inflight
LBNP) and M131 (Human Vestibular Function). The
cumulative time that the electrodes are in place shall
be held to a minimum.

2. FEach test will require approximately 45 minutes.
3. Two crewmen are required for each exneriment.

4, Test Schedule ( Para. IX, a,/#)
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Experiment Function

Equipment
lectorcardiogram The VCG Harness Assembly worn by each astronaut will
(VCG) Harness provide an electrical and mechanical interface point
\ssembly between the harness leading from the electrode posi-

tions on the subject and the umbilical to the ESS.

Electrodes The electrodes are sensors which detect the electrical

VCG Harness

Input Amplifiers

Electro-Shock
Protection System

VCG Umbilical Cable

VCG Electronics
Module

potential at the body's surface. There are eight
electrodes including the reference electrode.

The VCG Harness is the wiring carrying signals from
the electrode positions to the umbilical interface.

The input preamplifiers serve as impedance matching
devices between the electrodes and the VCG Electronics
Module.

The Electro-Shock Protection System is provided to
protect the subject against electrical shock. Both

of these systems may be located either at the harness-
umbilical interface or at the electrode position.

From the preamplifiers the signals are carried to the
VCG Electronics Module by the umbilical.

The VCG Electronics is the set of electronic equipment
defined as follows:

Frank VCG Resistor|The Frank VCG Resistor Network serves to normalize

Network

ECG Signal
Conditioner

electrocardiogram signals, taken on the body, into
the three orthogonal electrocardiogram signals re-
quired for vectorcardlogram analysis.

The ECG Signal Conditioner filters and amplifies the
three channels from the Frank VCG Resistor Network
for recording and telemetry.

Electrode Checkout|The Electrode Checkout Device permits the measurements

Device

Calibration and

Timing Circuitry

Electrode Kit

Heart Rate System

of the contact resistance between each electrode and
the skin. ;

The Calibration and Timing Circuitry applied calibra-
tion signals to the inputs of the three ECG Signal
Conditioner channels.

The Electrode Kit is a preparation kit which contains
the electrodes, cleaner, and the attachment and con-
duction materials.

The Heart Rate Svatem derives heart rate information
and displavs it on & 3-digit readout, with updating
on the bacsls of five consecutive periods betveen, “ulseq
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j Equipment
Item

Function

___Storage
Last Item
*Numbgr’

Source

Ergometer with cables

Timer, 2-Speed

~@WS8 Data File

ESS

Tape Recorder

The Bicycle Ergometer
shall be used by the
astronaut to provide
the exercise required
for a vectorcardiogram.
The Ergometer is part
of Experiment M171
(Metabolic Activity).

The timer shall be used
to time exercise and
rest periods.

The OHS- Data File shall
be used for subject or
observer comments re-
garding performance

of equipment,

The ESS provides mount-
ing, electrical power,
and data processing for
VCG electronics.

To record and«dump VCG
data.

{7

$1142:0

169.0.0

1837040

“610+1570

610.9.0-

MSC/MR&O
(Part of M171)

FCSD

FCSD

A e sttty 15
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a. Unique Measurements from this Experiment



VII. Chamber Interfaces
a. Stowage Requirements

Weight and Volume

Volume (ft°)

Equiprﬁent Item Weight (lbs) Stowed Operation

W‘e‘gt\(awtﬁ’*ﬁk"'” v ”‘““'M/’\,,,-‘\/‘\»’WW

VCG Electronics

Module 10.0 0. 35 0. 35
Flectrode Kit 3.0 0. 17 0.6
VCG Umbilical Cable 6.0 0.12 -

b. Refernce ICD
7 et 1. ?

c. Special or Unique Interfaces
1. The vectorcardiogram (M093 Experiment) must be
located in a position such that it can be operated as
required with the M092 and M171 medical experiments.
2. The bicycle ergometer must be located to permit its use
in both the M093 and M171 Experiments. The ergometer

is part of Experiment M171 (Metabolic Activity)

VIiil. Crew Training
a. Briefings Required
1. Six training periods (Para. IX, a,Iﬁ
b. Number of Hours
1. Approximately one hour per training
of approximately 6 hours,fﬁg’w:/ Frirpritiloe

period for a total

c. Schedule

it - 2
|,.See paragraph IX a,j/ fD/N»’"C«:"L—-;-"t—f‘n—%u_‘”{«i'w
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Q’fﬂ‘_ Lt )f TabTe=3~I. Experiment Measurement List
7 4 — —
1 2 3 4 5 6 o8 st jL 9,
7 9 Sampling Mi\i. w
Meas, | Meas. | Meas. Meas., | Meas. | + Max.| Redline Rate - Disp. A
Name of Measurement No\‘.,, Type Format Puxp. Range Error | Values ST RT |Meag’ Remarks
C -
PESE. h e it
1 VCG (Right-Left) P7300~ S A pP/SD [2.5%+2.5V 5 320 | 320 |PP/RT ",
M093 {
~,
2 VCG (Front-Back) P7301- S A P/SD [2.5+2.5V 5 320 | 320 (BP/RT .
M093 N Vi
3 VCG (Up-Down) P7302- | S A P/SD 2.5+2.5V 5 320 | 320 |PP/RT
M093 , l ; i
2 Explanation of Columns:
:U 1. Sclentific (S), er-liousekeeping=(i)- -
; 2. Analog (A), bigital=(p)s—or-Event=(E)
3. Performance Evaluation (P), Malfunction.Diagnosis (M)-,-—Environmer{tal“%E)-;——Safety-"‘(S)T"GroundiCh’Eckout
(GC)g-Flight~Checkout (F&yy~ot Scientlfic Data (SD)
4, \1‘17 - T-;-Ampli cutle inStandard-International-Units
H—.u«(,«é I Amplitude id Volts
hvil{éj.é {4 Frequency;—if-applicable
5. Allowable error, end to end based on 3 sigma values _
6. Values which, when exceeded, result in termination of test, launch countdown, or flight operation
7. Programmed sampling rate, in terms of samples per second, stored data (ST), and real time data (RT).

§—~Real Time—(RE)yPost-Pags—(PP)=~o0or-Pos t-Mission=(PM)

Q. A,,pplinable—characteristics,--'»properties; ~or requirements. peculiar-to. a-given -measurement
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r “Table=3=Ll. Spacecraft Systems Measurement List
vg bz
1 2 3 4 5 6 1 —3
~ “,1-, y - Sampling LS. /
Measurément | .Meas. |Meas. |Meas. T Hax. Riste = Disp. b4
Name of Measurement Number Format |Purp, |Range Exror ST RT ] Meas. | Remarks
Voice ) A Al b X X PP}PJT i
Calibration and Timing \f. ' e /
Mode-Interval, LIAO021-47 D P . X X gP/RT 4
Mission N & N [
e % (o] 0] . l' '.\
/mbient ‘'emperature Cc7301 A P 400-;80 } 27%FS 1.25 | 1.25 PPVRT \
\ | g . 2% X /)
Ambient Pressure 7301 A oMU mid 151028 peskr | O
% i / :
” ) . % ] /
Experiment/Subject ‘ Bi- : (
Tdentification CrR3ql s el I B N/A [ 0.42 ] 0.42 PP(/RT (
~ \ ',"‘
= Ergometer N> .
< "\ork Outt - {25-300
Work Output T7301- A SD +9 watt| 1.25 P
1 watts 5D
& 0-5y
RPM Sam.c“. as A ‘1 SD 48:28“’“ +3 RPM | 1.25 P£>\\. \
M171 Data

Explanation of Columns: 4. Allowable error, end to end based on

1. Analog (A), Digital (D), or=Rwvemt—(E). 3 sigma values.

2. Performance Evaluation (P), Malfunction Diagno- 5. Programmed sampling rate, in terms of
sis (M), Environmental (E), Safety (S), samples per second, stored data (ST)
Cround Checkout (GC), or Flight Checkout (FC). and real time (RT).

3. Line 1 - Amplitude in Standard International Units.61—Reel»Time-%R$)j_Post'PaSS”(PP)y-or~Poa$'

Line 2 - Amplitude in Volts. Mission—(PM)-, ‘
Aripged=Rregueneyyoifoapplicabte, 71—*pplicablewcharacteristics;wprope;;Les,ot

requirements..peculiar to a-given
MEASUTEME N i
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Data from other Experiments

1. Data from MO093 wi ‘
ill be correlated wi
MO091, M092, and M171, S ::
2. . :
I;ort1;ns of. M(?93 will be photographed as required
or the objectives of M151, Time and Motion Study ‘

Photographic equipment will be provided by M151

A copy of this film wi
ill be i oh ey
Coordinator of M093. paavired to the Francipel
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(1) Test Conductor's Log Book (E) - The Test Conductor
shall record the following information in a
permanent 109 book for each preflight test: i

Test Identification i
Subject Identification
Subject Weight or Body Mass
Date and Time of Day
Time since Subject's Last Meal
Amount of, and Time since, Subject's Last Sleep
Time since Venipuncture
Left and Right Calf Circumferences
before Test
Comments as to any Exposure to
Unusual Environmental Stresses,
e. g., Severe Physical Effort in
Preceding Hours
Signs and Symptoms gefore and During
Test, e. g., Syncope, Pallor, Nausea
Recent Minor Illness
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(2) VCG Strip Charts (E) - Strip chart recordings
shall be made during each baseline test. The
recording shall be made on an eight-channel re-
corder at a nominal paper speed of 10 mm/sec.
and shall contain the following parameters: L

VCG, X-Axis
VCG, Y-Axis J :
VCG, Z-Axis

Ergometer Work Load

Ergometer RPM

Ambient Temperature (if available)
Ambient Pressure (if available)
Time

G&) Digital Data Tape (E) .- A computer compatible digital

tape shall be generated from_each_analog-tape-recorded

en fineduring the preflight baseline tests. The tape will be
used as an input for further processing (VCG Analysis
and Statistical Analysis programs) and a copy will be
provided for archival purposes. The analog data will
be sampled at their full inflight sampling rate. The
three VCG components shall be time-correlated to each
other to within an end-to-end accuracy of 100 micro-
seconds. The format used shall be the same as that
used for the M093 inflight data except those measure- e
ments that are not available will utilize fill data.
The tape may be merged into as few tapes as possible
and shall contain the following parameters:

e LR e

VCG, X-Axis

VCG, Y-Axis

VCG, Z-Axis

Ergometer Work Load

Ergometer RPM

Ambient Temperature ///
Ambient Pressure 4
Heart Rate

Time

The tape shall contain a standard header with
Fhe test.date, subject I.D., and other pertinent
information. The heart rate shall be calculated

from the VCG X,Y or Z axis 1 :
in the digital data. (selectable) and inserted

Vo ’ P 7 e 7 i J
(y) ﬁéztﬂﬁ (e, ’»f'/ ,z/:: {0 (E G 0 > e 75,'»2 A prenide
& : s
W ,/ iy ,x A{I Lot 2
Lﬁ?ﬂ Voice Tape (E) - A magnetic tapgacopy of the voice

track-on=the analog. test tape-taken during the base-
line tests #s~required. The tape shall be recorded

B on a 1/4-inch, 4-track recorder, with voice on .’,,/”

track #1 and IRIG-B time on track #3 at a speed of

A A Cecalica maa mamamaand
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ector Loop Displays (E) - The MR&OD Cardiovascular
aboratory at MSC and-the-Medical-Test—Faciiity-at

kS&-shall have the capability of displaying a planar
vector loop on a vectorscope by selecting any two of

t
T
a

m
t

he VCG axes.

is capabi ity’§haI}Wexistﬁjn/realftime\and»duringa‘“
naldg\tapé playback. v~

ade of significant vector loops, as displayed on
he vectorscope, for use in documenting each crew

member's baseline condition. The capability shall

e

xist for taking one picture of each of the three

major heart planes for each of the following test

(o

(
(
(

onditions:

a) Rest period prior to application of work load
b) During work load application
c) Rest period following termination of work load

Polaroid Pictures (E&)) - Polaroid pictures shall be

/
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Analytical and Statistical Processing (E) -
Special processing of the digital data tape
will be required to compute analytical and
statistical data from baseline data for

experiment evaluation purposes. Requirements
are TBD. The outputs will include:

(a) Comparisons of VCG parameters from one
tgs§ to another by analysis of variance;
.divided by subject, test and phase

(b) Microfilm plots of characteristic loops

(c) Tabular printouts
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