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FOREWORD

This document presents the results of the second United States manned suborbital

space flight. The data and flight description presented form a continuation of the
information provided at an open conference held under the auspices of the National
Aeronautics and Space Administration, in cooperation with the National Institutes of
Health and the National Academy of Sciences, at the U.S. Department of State Audi-
torium on June 6, 1961. The papers presented herein generally parallel the presenta-
tions of the first report and were prepared by the personnel of the NASA Manned

Spacecraft Center in collaboration with personnel from other government agencies,
participating industry, and universities.
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1. INTRODUCTION

By ROBERTlq. GILRUTH.Director, N,4SA Manned Spacecraft Center

The second successful manned suborbital space cessful active participation of the pilots, in much

flight on Jul}' 21, 1961, in which Astronaut Virgil I. the same way as in the development and testing of
Grissom was the pilot was another step in the high performance aircraft, has greatly' increased our
progressive research, development, and training confidence in giving man a significant role in future

program leading to the study of man's capabilities space flight activities.
in a space environment during manned orbital flight. It is the purpose of this report to continue the
Data and operational experiences gained from this practice of providing data to the scientific corn-

flight were in agreement with and supplemented the munity interested in activities of this nature. Brief
knowledge obtained from the first suborbital flight descriptions are presented of the Project Mercury

of 5{ay 5, 1961, piloted by Astronaut Alan B. spacecraft and flight plan. Papers are provided
S:' d, Jr. which parallel the presentations of data published

wo recent manned suborbital flights, coupled for the first suborbital space flight. Additional
Wq,Ll.,,ne unmanned research and development flights, information is given relating to the operational

have provided valuable engineering a'nd scientific aspects of the medical support activities for the two
data on which the program can progress. The suc- manned suborbital space flights.



2. SPACECRAFT AND FLIGHT PLAN FOR

THE MERCURY-REDSTONE 4 FLIGHT

By JEROME B. Ha_vIMACK,Mercury-Redstone Project Engineer, NASA Manned Spacecra/t Center

Introduction craft of a large viewing window and an explosively
actuated side hatch.

The Mercury spacecraft is described in some de- Window
tail in references 1 and 2. The MR4 flight was
the fourth mission in the Mercury-Redstone series The addition of the large viewing window in the
of flight tests, all of which utilized the Mercury position shown in the figure was a result of a change

spacecraft. Each spacecraft differed in small de- requested by the Mercury astronauts. This window
tails, and the differences between the MR-3 and the enables the astronaut to have a greater viewing area

MR-4 spacecraft are discussed herein, than the original side port windows. The field of
As shown in figure 2-1, the main configuration view of the window is 30° in the horizontal plane

differences were the addition to the MR_ space- and 33 ° in the vertical.

rUPPER WINDOW
HATCHEXPLOSIVEIGNITER / (MR-3)

._- (MR-4) --.. //
HATCHEXTERNAL X / WINDOW

EXPLOSIVE CONTROL X\
(MR-4) INTERNAL

/ CONTROL
ENTRANCEHATCH ..,- (MR-4)INTERNAL RELEASE

HANDIF AIR
(MR-3)_.. INI FT VALVE

EXTERNAL RELEASE .-i -:-.. (MR-4)
HANDLESOCKET

(MR-3) ,_(':: :_. _ '. . -%.

RSCS RATE DAMPERBOX VALVE
(MR-4)

EXTERNALRFI FASE HANDLE /
(STOWEDPOSITION) t(MR-3)

' FICURE2-1. Configuration differences between MR-3 and MR-4 spacecraft.
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The window is composed of an outer panel of
0.35-inch-thick Vycor glass and a 3-1aver inner k.panel. The top layer of this inner panel is 0.17-inch-
thick Vycor glass and the other two layers are 0.34-
inch-thick tempered glads. The Vycor glass panels MIq-3 MR-4

will withstand temperatares in the range of 1,500 °
to 1,800 ° F. The inner layers of tempered glass

will withstand the cabin-pressure differences. Mag-
nesium fluoride coatings were applied to reduce

glare. Although not installed for the MR4 flight,
a removable polaroid filter to reduce glare further
and a red filter for niglct adaption are available for
the Mndow.

Side Hatch

The explosively actuated side hatch was used for FI¢caz 2-2. Clamp-ring covers for 51113 and MR_
the first time on the MR4 flight. The mechanically spacecraft.
operated side hatch on :he MR-3 spacecraft was in

been damaged by this sliding action. Figure 2-2
the same location and o:! the same size, but was con- shows the differences between the MR-3 and MR4
siderably heavier (]69 pounds as installed rather
than 23 pounds), covers. Instrument Panel

The explosively acttated hatch utilizes an ex-
plosive charge to fractare the attaching bolts and A comparison between the MR4 spacecraft in-
thus separate the hatch from the spacecraft. Seventy strument panel, shown in figure 2-3, and the MR-3
l'4-inch titanium bolts secure the hatch to the door- panel, presented in reference 1, reveals that the dif-
sill. A 0.06-inch-diam,_ter hole is drilled in each ferences were mainly the rearrangement of controls

bolt to provide a weak point. A mild detonating and indicators and the addition of an earth-path
fuse (MDF_ is installed in a channel between an indicator. The earth-path indicator was inoperative

inner and outer seal around the periphery of the for the MR-4 flight, however.
hatch. When the MDF is ignited, the resulting gas
pressure between the inner and outer seal causes Rate Stabilization and Control System

the bolts to fail in tension. The major difference between the stabilization
The MDF is ignited by a manually operated ig- and control systems of the MR3 and MR4 space-

niter that requires an actuation force of around 5 craft was the addition to the MR=I spacecraft of a
pounds, after removal of a safety pin. The igniter rate command control system which operated in
can be operated externally by an attached lanyard, connection with the manual reaction control system.
in which case a force _f at least 40 pounds is re- The rate stabilization and control system (RSCS)
quired in order to shear the safety pin. senses and commands spacecraft rates rather than

Other differences be:ween the MR-3 spacecraft attitudes. The system damps to the commanded
and the MR-4 spacecraft, not visible in figure 2-1, rate to within --+3 deg/sec. Without manual com-
include: (at redesigned clamp-ring covers, (b) man& it damps to zero rate within _+3 deg/sec.
changed instrument parel, and (c) the incorpora-
tion of a rate command control system. Prelauneh Preparations

The prelauneh preparation period was essentially
Clamp-Ring Covers

the same as for the MR-3 mission. A brief descrip-

The fairings around the explosive bolts were tion of the activity during this period follows.
changed to a more streamlined shape from the orig-
inal rectangular shape to reduce buffeting. Also, the Astronaut
upper part of the fairings were hinged so that at Prior to launch of the MR4 spacecraft, the as-
separation they would flip off rather than slide signed pilot for the mission started an intense train-
down. There was evidence that on a previous Little lng routine at Cape Canaveral, Fla., and at the
joe-Mercury flight, the umbilical connections had NASA Manned Spacecraft Center, Langley air
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FIGURE2-3. Main instrument panel and consolesfor MR 4 spacecraft.

Force Base, Va., to familiarize himself with the spacecraft for bench testing. After reinstallation of
various details of the spacecraft systems and to the components, the systems tests proceeded as
sharpen his reactions to various situations. During scheduled with only slight interruptions for work

this period, the pilot participated in a centrifuge periods. Those tests required a total of 33 days,
training program in which 17 Mercury acceleration during which the electrical, sequential, instrumenta-
profiles were run. The pilot took part ill environ- tion, communication, environmental, reaction-con-

m control system tests, communication tests, trol, and stabilization and control systems were
r control system tests; obtained 100 simu- individually tested. After systems tests, a short
lateL, missions on the procedures trainer; conducted work period was required to install the landing-im-
36 simulated missions on the air-lubricated free- pact bag. A simulated flight was then run on the
attitude IALFA) trainer; and practiced insertion spacecraft which was followed by installation of
exercises and RF tests in which the pilot and space- parachutes and pyrotechnics, weighed and balanced,

craft were exercised in a simulated count through and delivered to the launch complex for mating with
lift off. On July 21, 1961, after two delays in the the booster. Twenty-one days were spent on the
launch date, the pilot was prepared and inserted in launching pad during which the spacecraft and

the spacecraft at 3:58 a.m.e.s.t. Launch occurred booster systems were checked both separately and
at 7:20 a.m.e.s.t, as a unit. After the systems checks were completed,

a spacecraft--launch-vehicle simulated flight was
Mercury Control Center performed. The spacecraft--launch-vehicle com-

bination was then ready for launch. A period ofThe Mercury Control Center provided excellent
136 days elapsed between delivery of the spacecraftsupport for the MR4 mission. Numerous simu-
to Cape Canaveral, Fla., and its successful launch.lated flights were run prior to launching which uti-
The MRna/0launch occurred on July 21, 1961, 47lized the flight astronauts in the procedures trainer

and the personnel of the flight control center and days after the first manned ballistic flight by Astro-
network, haut Alan B. Shepard, Jr.

Spacecraft Launch Vehicle

The spacecraft was delivered to Hangar "S" at The launch-vehicle system checks and prepara-
Cape Canaveral, Fla., on March 7, 1961. Upon de- tions proceeded as scheduled with only minor mai-
livery, the instrumentation and selected items of functions which caused no delays in the schedule.

ti, nnunication system were removed from the During the split countdown on the launching pad,
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the launch-vehicle couatdown proceeded smoothly ceeded from T 180 minutes at 3:00 a.m.e.s.t. No

Mth no hold periods cMrgeable to the launch-vehicle further delays in the countdown were enco-*,tered
systems, until T-45 minutes. A 30-minute hold w ,_d

Countdown at this time to install a misalined hatch l, At

T- 30 minutes, a 9-minute hold was required to turn
The MR_t spacecraft was launched at 7:20 a.m. off the pad searchlights which interfere with launch-

e.s.t, on July 21. 1961 (fig. 24). The launch was vehicle telemetry during launch. At T 15 miimtes.
originally scheduled for July 18. 1961· but was· ' a 41-minute hold was required to await better cloud
rescheduled to July 19, 1961, because of unfavorable conditions. The count then proceeded from T 15
weather conditions. The launch attempt of July 19. until lift-off.

The pilot was in the spacecraft 3 hours and 22

minutes prior to launch.

Flight Description

The MR-4 flight plan was very much the same as
that for the MR-3. The flight profile is shown in

:_ figure 2-5. As shown, the range was 262.5 nautical
4

! miles, the maximum altitude was 102.8 nautical
miles, and the period of weightlessness lasted for
approximately' 5 minutes.

! The sequence of events was as follows:
I At T-35 seconds, the spacecraft umbilical was

pulled and the periscope was retracted. During
; the boosted phase of flight, the flight-path angle wasi

controlled by' the launch-vehicle control system.
Launch-vehicle cutoff occurred at T+2 minutes 23

seconds, at which time the escape tower clamp ring
was released, and escape tower was rele, .d by

firing the escape and tower jettison rocke' m
seconds later, the spacecraft-to-launcl le
adapter clamp ring was separated, and the posigrade
rockets fired to separate the spacecraft from the
launch vehicle. The periscope was extended; the
automatic stabilization and control system provided

FIr;k-RE2--4.Launch of thc Mercury-Redstone4 from Cape 5 seconds of rate damping, followed by spacecraft
Canaveral launch site on July 21, 1961. turnaround. It then oriented the spacecraft to orbit

attitude of -34 °.

1961, was canceled at Y 10 minutes as a result of Retrosequenee ;_as initiated by timer at T+4
continued unfavorable weather. The launch was minutes 46 seconds, which was 30 seconds prior tn
then rescheduled for July 21, 1961. The first half the spacecraft reaching its apogee.
of the split launch countdown was begun at 6:00 a.m. The astronaut assumed control of spacecraft atti-
e.s.t, on July, 20. 1961. at T-640 minutes. Space- tude at T+3 minutes 5 seconds and controlled the

craft preparation proceeded normally through the spacecraft by the manual proportiuual control system
12-hour planned hold period for hydrogen peroxide to T+5 minutes 43 seconds. He initiated firing of
and pyrotechnic servicing. Evaluation of the the retrorockets at T+5 minutes 10 seconds. From
weather at this time affirumd favorable launch condi- T-- 5 minutes 43 seconds, he controlled the space-

tinns. The second hall: of the countdown was there- craft by the manual rate command system through
fore begun at 2:;30 a.m.e.s.t, on July 20. 1961. At reentry. The retrorocket package was jettisnned at
T 180 minutes, print to adding liquid oxygen to T_6 minutes 7 seconds. The drogue parachute
the launch vehicle, a planned I-hour hold was called was deployed at T+9 minutes 41 seconds, and main
for another weather e_aluation. The weather parachute, at T+10 minutes 14 seconds. Landing
evaluation was favorable and the countdown pro- occurred at T_-15 minutes 37 seconds.
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FIGURE2-5. Flight profile for MR4.

ACCELERATION,
A comparison of the flight parameters of MR-4 NITS

and MR-3 spacecraft, listed ii1 table 2-1, shows that (:JI_

both flights provided similar conditions. l0
,"'REENTRY

TABLE 2-I.--Comparison of Flight Parameters for -LAUNCH-VEHICLE
MR-3 and MR-4 Spacecraft CUTOFF

6 >_MIN,23 SEC

Parameter . MR 3 MR-4 m

--- flight flight 4 _-MAIN PARACHUTE
DEPLOYMENT

Range, nautical miles ............ 263.1 262.5
Maximum altitude, nautical miles... 10l. 2 102.8 I _ I i I I I
Maximum exit dynamic pressure, 0 2 4 6 8 I0 I_ 14

lb/sq ft ........................ 586.0 605.5 TIME, MIN

Maximum exit longitudinal load FLOURS2q5. Acceleration time history for 3,lRq flight·
factor, g units .................. 6. 3 6. 3

Maximum reentry longitudinal
load factor, g units .............. 11.0 11. t The spacecraft and its systems performed well on

Period of weightlessness, mtn:see . . . 5:04 5:00 the MR-4 flight; the niaj or difficulty was the as yet
Earth-fixed velocity, ft/see ......... 6,414 6, 618 unexplained premature separation of the side egress

Space-fixed velocity, fi/see ......... 7,388 7,580 hatch. A minor control problem was noted in that

design turning rates were not achieved with full stick

deflection. This problem is believed to be due to

The acceleration time history occurring during the control linkage rigging.
MR4 flight is shown in figure 2-6 and is very sim-

ilar to that of the MR 3 flight (ref. 1). c_ -_%_,_, ,__ _c_c_,_,,_A/C-4 I POINT

CANAVERAL___A/C_5The recovery-force deployment and spacecraft _ /· DO -2 SPACECRAFT
_P_EDICTE9LANDING

_li DO-3 · pOINT

landing point are shown iii figure 2-7. The space- _1 ,GO-, _c__

craft was lost during the postlandlng recovery period : .Als, '_/C-*

as a result of premature actuation of the explosively FLORIDA -o.
actuated side egress hatch. The astronaut egressed

from the spacecraft immediately after hatch actua-

tion and was retrieved after being in the water for

ab_"_ 3 to 4 minutes. FiGc.z 2-7. Chart of recovery operations.

7



References

1. Anon.: Proveedings o] Con/erence on Results o] the First U.S. ]tanned Suborbital .';pace Flight. NASA, ;t.
Health, and Nat. Aead Sci., June 6. 1961.

2. H.s.!',I?.IACK,JEao_tc B., and HEI_I-mLIG,JXCK (2: The .]lercury-Redstone Program. [Preprint] 2238_51. American Rocket
Soc., Oct. 1961.



RESULTS OF THE MR-4 PREFLIGHT AND POSTFLIGHT
MEolCAL EXAMINATION CONDUCTED ON ASTRONAUT VIRGIL

I. GRISSOM

By WILLIAMK. DOUGLAS, M.D., Astronaut Flight Surgeon, NASA Manned Spacecra/t Center; CARMAULT
B. JACKSON, Jr., M.D., Li/e Systems Division, NASA Manned Spacecrajt Center; ASHTON GRAYBIEL,

M.D., USN School o/ Aviation Medicine, Pensacola, Fla.; GEORCERUFF, M.D., University o/Penn.

sylvania; EOWAaVC. KNOBLOCK,Ph.D., Walter Reed Army Medical Center; WILLIAM S. AUGERSON,

M.D., Li/e Systems Division, NASA Manned Spacecra/t Center; and C. PATRICK LAUGHLnX,M.D.,

Li/e Systems Division, NASA Manned Spacecra/t Center

This paper presents the results of the clinical Culture of these lesions in August 1961 was sterile.
and biochemical examinations conducted on Astro- These lesions were attributed to the use of electrode

haut Virgil I. Grissom prior to and following paste and were also noted on the pilot of MR-3
the MR4 mission. The objectives of such an flight.
examination program were presented in the MR-3 The preflight examination on July 21, 1961, is

report on Astronaut Alan B. Shepard, Jr. (ref. 1). reported in detail. A feeling of mild "sore throat"
Basically, the health of the astronaut before and was reported; otherwise the body systems review
after the space flight was assessed and any altera- was negative. Psychiatric examination reported"no
tions were sought out that might have resulted from evidence of overt anxiety, that Astronaut Grissom
the stresses imposed by the space flight. Similar explained that he was aware of the dangers of flight,
medical and biochemical examinations had been ac- but saw no gain in worrying about them." In fact,

complished during the Mercury-Redstone centrifuge "he felt somewhat tired, and was less concerned
training sessions and provided data of comparative about anxiety than about being sufficiently alert
value, to do a good job." At the physical examination

,b--ds important to point out the limitations in the vital signs (table 3-I) were an oral temperature
t lng examination findings with specific flight of 97.8 ° F, blood pressure of 128/75 (right arm
st s. The last preflight examination was per- sitting), weight of 150.5 lb, pulse rate of 68, and
formed approximately 5 hours before lift-off and respiration rate of 12. Inspection of the skin re-

the final postftight examination 3 hours after space- vealed there were small pustules at the site of the
craft landing. The strenuous effort by Astronaut lower sternal electrode, but it was otherwise clear.
Grissoln during his recovery from the ocean may The same shotty nontender inguinal and axillary
well have produced changes which overshadowed nodes were felt. Eye, ear, nose, and mouth examina-

any flight induced effects, tion was negative. There was slight to moderate
Astronaut Grissom was examined several times oropharyngeal lymphoid hyperplasia. The trachea

in the preflight period as two launch attempts were was midline, the neck normally flexible, and the
canceled before the actual flight on July 21, 1961. thyroid gland unremarkable. The lungs were clear
Thc initial clinical and biochemical examinations to percussion and auscultation throughout. Heart

were performed on July 17, 1961, at which time sounds were of normal quality, the rhythm was
questioning disclosed no subjective complaints, regular, and the heart was not enlarged to percus-
Positive physical findings were limited to shotty, sion. Palpitation of the abdomen revealed no
nontender inguinal and axillary adenopathy, and spasm, tenderness, or abnormal masses. The geni-

mild pharyngeal lymphoid hyperplasia. The skin at talia, back, and extremities were normal. Calf and
the lower sternal electrode placement site exhibited thigh measurements were:
a well circmnscribed area (1 cm in diameter) of

eruption. This lesion appeared to consist of about Calf Thigh
8 to 10 small pustules arising from hair follicles.

Upon closer examination of this eruption in August Right ................ 15}_in. 21 in.
1961, it became apparent that the pustules seen in Left ................. 15,7,_in. 20_ in.

ad, by this later date, become inclusion cysts.
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