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E GOODYEAR AEROSPACE :
: GER-1312k -2k i
,,, SECTION I '
[ INTRODUCTION
1 pi s
3 - Under USAF Contract F33615-67-C -l38_0w?_-9§odyear Aerospace Corperation (GAC)
, - is developing thre ;'Expandable Airiock Experiment (D021)" to be utilized :
;f ; aboard the SIVB Orbital Workshop (OWS). Since July of this year, NASA -
- - has initiated several radical changes to the entire payload. The OWS .
: ;o has been changed from a "WET" stage to a "LRY" stage SIVB configuration, ]
‘ T and the Apollo Telescope Mount (ATM) has been added to the cluster.
. ,: The booster has been changed from the S-1B to the Saturn V.
= Thi; has resulted in a significant impact on the D-21 launch and orbital -
‘ : en;ironmen‘cs requiring both an analytical review of the design suitability
I . to meet these new environments as well as incorporation of some hardware -
P modifications. This work was started subsequent to the coordination meeting
{? T § held October 28 and 29, 1970, (see Appendix A - Minutes of Conference),
- é and is nearing ccmpletion. Upon modification of the hardware, the crew
‘;‘g g training unit will be delivered to Marshall Space Flight Center (MSFC) “
. . ?g g for Crew Systems Review,and the Test Unit will be returned to AEIC,
: i_é ; Tullahoma, 'Tennessee, for continuation of the Environmental Qualification f
I Tests (EQT). The Fiight and Backup Units will be updated after completion
- of the EQT. z
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This document is to be considered the 9th, 10thL, and 11th Quarterly

e e e

Progress report and covers the period from 1 April 1969, through 31 Decem-

bér 1969. (Also in accord with agreerents made at the conference, the

D024 experiment progress will be included in the D021 reports.)
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. ’ SECTION II

SUMMATY

1

Per dni

EE T

After taking the corrective action described in the previous gquarterly

P
§ i- report, the Instrumentstion Box Assembly, P/N 66QS1502, successfully passed
§ : the 10-day humidity chamber test and was reinstalled in the Qualification
iﬁi* Test Unit (QTU). TIhe QTU was then taken to AEDC for further testing.
iié" The QTU was subjected to the launch ambient pressure change with no
2;‘ damage to the airlock. v
i& During the next test which demonstrated airlock deployment under combined
- e Llow temperature and vacuum conditions, some damage was incurred by the

expandable structure. The unit was returned- to GAC for evaluation.
EEY - - .

3 The word was received at about this time that the Orbital WOrkshop was to

g undergo significant configuration changes. Effort on the airlock program

; was then reduced to investigation of the failure until after the October
I
n%g . 28, 29 coordination meeting.
il ]
§. 2 Appendix B presents the subsequent failure analysis and corrective action.
E2 S -
P 1.8 e As part of the investigative action, the Crew Training Unit (CTU) was
YYEE ’
;éfﬁﬂi % returned to GAC and successfully deployed at room temperature and vacuum
MR Z
N I
%, § £ conditions to evaluate the effect of long-term storage in the packsgad
¥ state.
—§; - A transient thermal analyris of the airlock was performed and indiceated

o .
) that ‘a thermal blanket would be required to maintain the expandable structure

temperature above -20°F limitation until after deployment. The analysis
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was subsequently modified to include the effects of the new cluster configura-
tion.
This thermal blanket was incorporated on the CTU and the pressurization

system was revised to include o preshaping cycle. The CTU was then success-

fully deployed under combined low tempersture and vazuum environment as

reported in- Appendix C.

The expandable structure portion of the CTU is being exchanged for damaged
structure currently on the QTU. Upon completion,the wnit will be returned

to AEIC tor continuetion of gualification testing.

The damaged expandable structure will be repaired and delivered as part

of the CTU.
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SECTION III

WORK ACCOMPLISHED DURING THIS REPORTING. PERIOD

1, Hardware Design

All hardware design has been completed for the basic D-21 Airlock
configuration, for the AGE, and for the D-2U Materials Experiment.
However, a number of modifications are under consideration as a

result of the NASA change to the cluster configuration and the launch
vehicle. These changes will be engineered and released upon confirma-

- tion of the added design reguirement.

2. Analytics

(a) Structural Analysis. Structural analysis has been completed but

will be supplied as necessary to support the added design effort.

(b) Thermsl Anslysis. A preliminary thermal analysis has been performed

by computer to determine the orbital airlock temperatures to be
expected- in the new configuration. This will be further refined

upon final definition of the exact configuration.

(c) Weights Analysis. The current experiment weights listed in the

DEP GER-13036 Rev. B are as follows:

Equipment.Item ‘ Weight Tbs
Doel Airlock Package 203.0
D021 Material Samples (2) .33

D024 Material Samples and Frames (2) 1.20

¥D021 and- D024 Material Sample 3.00
Returner Container (1)

*Note - Weight was listed- for one contairer only but it is now
apparent that two containers will be launched on the AAP-2 flight,
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30

The new weight allowances desired are listed belcw. (These increases

are explained and justified in Appendix C.

Weight Ibs
D021 Airlock Package 209.7

Equipment Item

D021 ‘Matérial Samples (2) 0.3
- . . D021 and D02k Sample Containers (2) 9.0
D024 Samples and Frames (2) 1.2

Total 220,2

Fabrication

The qualification training unit had been completed and sent to AEDC for
testing., It was returned to GAC for failure analysis and corrective
action after the low temperature vacuum chamber deployment test (see

Appendix B).

The unit is being prepared for repair and continuation of the environ-

mental qualification test program.

‘The -crew training unit had been deliVefed to AFAPL, but return to GAC
was requested for investigation of ihe effects of long-term packaging
on the deployment sequence, Testing has been completed and the unit
will be redelivered: no later than 2 March 1970, after incorporation

of changes to make it representative of ilight hardware configurationms,

Flight and backup hardware units will remain in storage in the partially

assembled state until the scheduled refurbishment period two months.

- prior to delivery.
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Reliasbility
Reliability efforts have been completed except for occasional consul-

tations as needed,

Quality Assurance )
Quality assurance work is continuing on a level proportionate to the

limited fabrication effort.

Testing

The Environmental Qualification Test was temporarily suspended pending
analysis of an unsatisfactory deployment at low temperature and vacuum

conditions., Results of the subsequent engineering investigation are

presented in Appendix B.

‘The crew training unit was returned to GAC to investigate whether

long term storage in the packaged condition may have been a contributing
factor to the unsatisfactory deployment of the qualification test unit.
A successful deployment of the crew training wnit in the altitude A
Results of this test are

chamber at GAC eliminated this concern.

also covered in Appendix B.

The design chenges which seemed advisable as a result of the failure
investigation were incorporated on the crew training unit; i.e., the
addition of a super insulating thermal blanket and the incorpqration of
a low flow, low capacity, pre-shuping pressure bottle for initial
‘ deployment. The unit was then successfully deployed under combined
These results are presénted

low temperature and vacuum environments.

in Appendix D.
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t% i Jt is planned to continue the gqualificetion test program upon acceptance ;
£ - of the failure an=lysis and approval of the remedial action. -

DC2h Material Return Container test instructions have been issued and :

;i ; ; will be initiated upon ccmpletion of hardware. :
E i -
NS T.. Decumentation :
é iy The"following reports were issued: :
E CDRL, No. GAC No. Title Date
i B-021 GER 13124.23 Expandable Airlock 1 April 1969
E Experiment (D-21) -
2 . Quarterly Progress .
= : Report
E s B-002 GER 13137-23 Milestone Status Report 1 April 1969 :
- * B=0Ok GER 13036 Rev B . Definitive Experiment 18 Feb. 1969
=z - Plan % :
= * This revised issue of the DEP was issued in the first half of 1969
%v under the assumption that it would reflect the final status of the B
hardware design. Since July 1969, the events have indicated the need %<
§_ § for further revision and it is planned to again revise the document H
§~ ;g to be in agreement with the latest MSFC's Experiment Requirements
: $:§ Document.
E'=
; X8
v i‘ﬁ 8. Trips and Meetings
The following meetings were attended during this reporting period.
Facility and Iocation Purpose Date
Arnold Engineering and Environmental Qualification 5/26/69
Development Centexr Test Discussion
Tullahoma, Tenn. (Test Unit Delivered)
{Continued)
, G-
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Trips and Meetings (Continued)

Facility and Location-

McDonnell Douglas
Astronautics Co. (MDAC)
St. Louis, Mo.

MOL Houston Field Office
Houston, Texas

Marshall Space Flight
Center - Huntsville,
Alabama

MDAC
St. iouis, Mo.

Purpose

021 Experiment Interface
Integration Meeting

" Review of Deployment Test
Results
"DRY WORKSHCP"

Advance Planning

D021, D024 Experiment
Integration Meeting

_GER-13124 2%

Date
6/26/69

7/29 /69

7/30/69

10/27 &
10/28/69 -
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SECTION IV

ANTICIPATED WORK

The foliziing modifications to the airlock design are expected to be incorpo-

rated on four units.

1. Addition of a super insulation thermal blanket to- cover the expandable

structure in the packaged configuration.

2. Modify the pressurization system to include a low flow limited capacity

pregﬁaping cycle for initial deployment.

The following changes to the D024k material experiment are anticipated as
a result of recommendations made at the most recent Interface Integration

-Meeting.

-1, Adédition of an attachment fitting to the materials-return container

in accord with MDAC's mounting previsions.

2, Addition of a handle to the materials return container suitable for

attachment to the astronauts tether.

3. Repiacement of current flight sémple attachments using Velcro strips

with metallic snap fasteners.

Upon medificaticn of the Qualification Test hardware with fhe above changes,

the Environmental Qualification Test Program will be continued.

B i i -10-
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SECTION V -

PROBLEM AREAS - -

With the apparent resolution of the deployment system difficulties, there

are no other problems visible at this time.

A.

SECTION VI

MANAGEMENT

"Man Hours

Table I shows the man hours expended through December 31, 199,

on this program.

Personnel Changes

None.
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o HEbdeN, CONFERENCE REPORT . o ) .
- F {CROSS OUT ONE) ‘ . RSB 28/29 October 1969
) SURJECT: (PROJECT, MODEL, COMPONENT, ETC.) T :
i' ~Experiments D0217/DO2L Coordination Meeting
: ORIGINATOR OF TELECON - PLACE OF CONFERENCE
’MQC‘PART!CIP;‘ANTS 7 OTHER PARTICIPANTS
A o See Page 2 ' See Page 2
= DISCUSSION: {DETAILS, INFO, OBTAINED; CCNCLUSIONS, ETC.)
H 1, Although the majqr purpose of the meeting was to discuss status of the AM
experiment ICD's, it ﬁeé felt that 8 general coordination meeting was in _
; -order, since (a) some of the actionhitems initiated during the July meeting
: - __had not been satisfied, (b) comments from MDAC-ED on the D021 EIRD could be
3 = applied to its replacement document (Experiment Requirements Document - ZRD),
= ~ and (c) MDAC-ED had been requested by MSFC to give a short briefing relsting
= to impact of the wet to dry workshop -on the AM program. With this in mind,
%: the meeting was vased on the agenda items presented in Figure (1)
- ACTION REQUIRCD: (BY aHOM AND WHEN!
§
i
- — of - _
PREPARED BY: ; A DATE:
: ZV‘ ﬁ , kaﬁu,//z\ ST ] 11 Nevember 19€0

DISTRIBUTION: W, T, Boman, R. T Brill, L. D. Calhoun, E, T, Carmodv, C. X. Certer,

C. R. Chubte, R. ‘A. Garrett, J., E. Hallemenn, H. F. Inster, B, T, Xeith, J. E. Lovelace,

R. J. Musing, D. R. Rebert, F., J., Sanders, M. L. Scheer, R, L. Starp, F. J. Smith,
E. A. Thompson, R. M, Schwarz, MDAC-FD. Attendees.
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LIST OF ATTENDEES

MSFC

A, W, Bearskin, Payload Integration, SE-ASTN-SDI
Je M. Price, PM-AA-AL

‘NASA Resident office

E. L. Mabie, Airlock Coordination, PM-AA-AL

MSC, MOL Field Office, USAF

Lt. N. S. Cason
Grodyear Aerospace Corporation (GAC)

R. Hose, D02Y Eléctrical Systems
L. Manning, 021 Project Engineer

Martin Marietta Corporation (MMC)

R. Denner, D021 Zxperiment Analyst
G. E. Stevenson, DO2i Experiment Analyst
R. Doughty, Integration Test

MDAC-ED

G. F, Bell, Crew Station Integration

W. M. Deriscavage, Slectrical Design

T, E. Emmons, Electrical Desizn

F. J. Fairbanks, GSO Electrical

W. Gamble, Structural Design

G. Gildehaus, =Zxperiment Integration

P. Hayek, GSO Fluids-

Je. R. Leuchli, AM Interface

R. M. Lawton; Zlectronics = 3MI

W. B. Lyttle, AM Interface

‘A. B. Robb, Structural Jesign

J. L. Roberts, Tiectrical Interfece Codrdination
D. L. Schindler, Zngineering Contract Services
L. E. Schultz, Zxperiment Coordination

B. Sorkin, GSZ

H. D. Tripp, “ngincering Contract Scrvices
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-2 TMPACT .OF WET TO..IY WORKSHOP

Figures (2) through (12) were used to discuss the impact -of the wet to
dry workshop on the AM. The 1/10th scale model AM was used to supple-
ment the figures and assist in visualizing the #TM-DA and the orientas-
tion of the DO21 experiment. The writer cautioned all attendees that
the ATM-DA design might be revised end that the figures are, therefore,
representetive, In addition, & discussion of the mounting orientation
= of D021 as presented in Figure (12) was included. Design considerationus
H and alternative mounting locations of the experiment were also discussed
(based on Figures (13) through (2l)) to emphasize reasons for the choice
presented in Figire (12) and to show why the D021/D024 sample-retwrn
panels would not be exposed to sunlight if attached to the base of DO2l.
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Experimernt D022 remains in the figures since the formel cancellation
notice had not been received by either MSFC or MDAC-ED by the date of

the. meeting.

a.swu,m'j

DCHE I oK

Attendees were given a short tour of the AM trainer to further emphasize

3 §= structural relationships.
3 e PRELIMINARY MECHANICAL & ELECTRICAL ICD'S
= = .
; . 3. Preliminary ICD's for D021 .and D02k were distributed at the meeting for
3 = - & page by pege review of content. All ICD's were returned to MDAC-ZD at
- the conclusion.
é §“ 4, The préliminary mechanical ICD for D021, (13M12011), was reviewed, and the
e comments are listed as follows:
i k.1 Paragraph 1.1 of the ICD is directed to the mechanical interface
e requirements between the AM and the D021. The EZIRD for DOZl was :
%‘ réferenced as the document to specifiy the experiment, but since -
3 i the EIRD's are noi to be used in the future, the definition docu- i
- 3 ment will either be ihe new ERD (when approved) or the Definitive :
= Experiment Plan (DEP) from GAC.
y Action: MSFC (J. Price, PM-AA) to determine vhich, if eny, of
- these documents should be referenced end to discuss with
" MDAC-ED prior to the ICD rougnh draft due date of 1 Jec.
1969.

4,2 The experiment ICD's will be aveilable as follows:

Rough Draft for MSFC - 1 Dec. 1969
Update -~ Feb. 1970
Update - April 1970
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Paragraph 2.0, on Applicable Documente, lists reports snd srezi-
fications, some of which sre not in general distribution to all
contractors.

Action: MDAC-ED to keep the list to a minimum and include only
those dociments in general distribution to all contrace-
tors. Any information needed from other reports shsll
be written inte the ICD, thereby precluding the imposi-
tion of requirements on those contractors that are uot
distributed all documents. .

MSFC requested that MDAC-ED include the Cluster Specification in
the 1ist of applicable documents. MDAC-ED informed MSFC tnat this
could not be done since the document has not been contractually
imposed on us to date,

Paragraph 3.1.1 of the ICD.

Action: MDAC-ZD to include externsl lighting requirements on
Figure 3.1-1, AY/D021 Experiment Mechenical Interface
Configurstion drawing.

Paragraph 3.1.1.2 of the ICD.

Action: MDAC-ED to include both packaged and deployed experiment
configuration and loads in Table 3.1-1.

Paragraph 3.1.1.2.1 of the ICD.

Action: MDAC-ED to include on the iaterface drawing of Figure
3.1~1 the AM coordinstes of the packaged and deployed
experiment center of gravity.

Paragraph 3.1.1.k.1 of the ICD refers to the experiment controls
and displays shown in Figure 3.1-2 and which are located on the
AM Control Panel of the STG. To date, the Deployment Harness
Releasse sction is followes by & pre-shaping and Proof Pressure
Leak T 5t of 5 psi. GAC has found that .3 psi for pre-shaping,
Tollowed by an additional 3.5 psi for Pressure Leak Testing is
-2 ficient. Therefore, an additional switch for .3 psi pressuri-
.v.jon is required. The 5 psi pressurization switch would be

s :signated 3.5 psi and the remaining 3.5 psi pressurization
switch for the Working Pressure subsequent to EVA would remsin
unchanged.

Action: MSFC to send MDAC-ED & go-ahead to rework the Control
Panel and associated AM wiring.

Action: GAC to send MDAC-ED, via MSFC, drawings of revised
electrical and pneumatic circuitry.

Action: MDAC-ED to add functions and definitions of switches
and ‘ights to Peragraph 3.1.1.h4.1.
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Lk,9 Paragraphs 3.1.2 and 3.1.3 should be deleted from this ICD
since GSE equipment interfsces will appear in other GSE

- documents.

Action: GAC to send MDAC-ED, viae -MSFC epproval, drawings and
’ orientation of the experiment hoist points and hoist

- - ' peint loads.

i § o Action: MDAC-ED to incorporate hoist points on the Mechanical
ij > . Interface Configuration drawing of Figure 3.1-1.

. Action: MDAC-ED to include in Figure 3.1-1 the port for

4 charging the experiment gas bottles prior to launch.
5 i Orientation of' the experiment shull be such that the

2 fittings for servicing the experiment gas bottles in

the VAB are accessible.

"
N 2
¥

S ORI Pl e etk
L it ! H

8 4,10 MDAC-ED stated in Paragraph 3.2 of the ICD that the only
: environments presented will be directed to the experiment.

Action: MSFC to send MDAC-ZD an updated table of environments
vhich is planned for the Cluster Specification.

(fiod Wb iyt i

v M .
THT 33 AL o P Ly
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4,11 Paragreph 3.2.1 of the ICD.

RN

3¢ ey

Action: Instead of MDAC-ED requiring s pyrotechnic shock
spectrum from NASA, the paragraph will te rewritcen
to state thet ignition of the pyrotechnic devices
shall not affect the AM,

it

Pifi

-
SPb IO A By Y FERE D

Action: MDAC-ED to place above information in Section 3.k
Safety.

,"z',n‘":_'i!mi s Bt

4,12 Paragraph 3.2.2 of the ICD.

Action: MDAC-ED to include in the peragraph not only cleenliness

3 of the AM and the D021 installed on the AM, but also

4 cleanliness requirements during end prior to PIA, veri-

: : fication, and installation. The D021 should be received
by MDAC-ED in 8 condition that is cleansble to Class 10,
in order to make use of Zest equipment available in the
MDAC-ZD Clzan Room.

Action: MDAC-ED to place above information in Section3l Safety.

iyt

)Xl

Action: GAC to provide MDAC-ED with information pertaining to
- the effect of MDAC-ZD Process Specifications 20500 and

20501 on GAC DO2Y cleanliness.

DAREA T LA XS

g : 4,13 As presently written, Paragraph 3.3 of the ICD does not describe
= the thermal interface. The following action must be taken:

Action: MIAC-ED to provide GAC, via MSFC, with the mcunting
iocation end shadowing information for DO21.
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Action:

4,14 Paragraph 3.4.1 of the ICD is directed to the installation of

Page 6 of 9

GAC to determine thermal properties of the D021 mater-
" ials and coetings to be used, ard provide this informa-
tion to MIAC-ED.

MDAC-ED Thermodynamics Dept. to use above properties
for & determination of the DOEI/AM thermal interface.

MSFC, GAC and MDAC-ED to meet on or sbout 15 Dec. to
discuss anuiysis results. MDAC-ED will revrite Para-

graph 3.3 of the ICD to reflect results.

the pyrotechnic devices. and responsibility for range safety.
The writer staled thul wli work associaved with range safety
should be initiated now, and presented Figure (25) in the hand-
outs to show how the AM could be affected by the pyrotechnic
category designation.

Action:

The following action must be taken:

MSFC to determine category of pyros with the Range
Safety Office at KSC and inform MDAC-ED &s soon &s
possible.

Delete Paragravh 3.4.2 of the ICD on non-metallic materials.

Change the title of Paragraph 4.0 in thé ICD from Tests to
Interface Verification Testing.

Delete Paragraphs 4.l Interface Requirements Checks and k.2
Assembly Verification Checks since this information will be

accounted for in MDAC~ED Report EQ14, Airlock Acceptance Test
Plan and appropriate SEIR's. :

Action:

Action:

- 4,18 General action items associsted with the mechanical ICD.

Action:

—

Action:

———

MDAC-ED to add this sentence in 4.0:
"Interface Verification Testing will be conducted
during SST."

MDAC~ED to change Table L.1l-1 to read:

"Interface Requirements-Testing and Verificatiom
Criteris” and Table 4.2-1 to read:

"Assermbly Verification Checks-Testing and Verificat
Criteria.”

GAC to provide MDAC-ED, via MSFC, with the number
callouts of any specisl high pressure fittings required
for compatibility of servicing and testing hardware. ~
MDAC-ED to incorporate these callouts in the mechanical
{GAC will supply fittings ss necessary, if other
than AN flared tube types are required).

GAC to forward copies of their updated Engineering Test
instructions and High Pressure System Drawinges to MDAC-ED

with MSFC cognizaence. The information will be used oy GSO.
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The preliminary electricel ICD for D021, (L4OM35613), was reviewved,
and the comments are listed as follows:

5.1

5.2

Paragre shs 4,1 through L,k of these minutes also apply to the
electrical ICD.

of the ICD and is presented in Table 3.1-1. It vas stated that
a typicel experiment mission load profile in graphic form would
be more practical than a tabular form, because {8) it csn bg
added to the oversll mission load profile for power budgeti
studies and (b) it presents at a glance 8 more useful forn of
reference,

Action: MIAC-ED to replace Tsble 3.1~1 by en experiment load
profile for a typical mission.

5.3 Paragraph 3.1.1.1.2 in the ICD.

. et 84

Soh

5¢5

Action: GAC to review their D021 SOW for compatibility with
the AM regulator output characteristice. Any incom-
patibilities sre to be reported.

Paragraphs 3.1.1.1.2, .3, .4, and .5 of the ICD contain data
wvhich is not relevant to the document.

Action: MDAC to delete information not related to the AM/D0O21
interfsace.

Paragraph 3.1.1.2.3, on electrical grounding of equipment,
must be adhered to.

Action: GAC to inform MDAC-ED of the electrical specifications

— used for the experiment design. These will be compared

for campatibility of -experizent grounding requirements
vith AM grounding requirements.

Peragraph 3.1.1.2.3.4 of the ICD,
Action: MDAC-ED to jelete Tsble 3.1-II, Signal levels.

Paragraph 3.1.2 Electrical Connectors.

Action: MDAC-ED to revise Figure 3.1-1, Electrical Interface -
AM/D021, by removing from it interral wiring of 2021
and AM circuitry.

S

Action: MDAC-XD to make minor corrections to Teble 3.1-111,
Connector Identification and Function Interface.*

* The formst will be changed to agree with that used by MSFC during
previous programs.

A-10
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- 5.8 Paragraphs 3.1.5 and 3.1.6 of the ICD, on GSE and Facilities, -
ws . should be deletéd -since experiment interfaces with these areas
should appear in other documente.,

CERAL g g 11 o7

5.9 Parsgraphs 4.0, 4.1 and 4.2 on interface verification testing
" will be revised as described in Paragraphs 4.16 and 4.17 of these
—-— minutes,

jinmis

a= 7«10 General action items associated with the electricel ICD.

R sty ot

E : i Action: MSFC, GAC and MDAC-ED to discuss wiring of the arming
- relay to obtain a position signal for both Safe and Arm
positions.

AP

B Sy, s

Action: MSFC, GAC and MDAC~ED to participate in discussions on
T~ redundancy requirements for vent valve motor, hesrness
= . release motor, instrumentation wiring, and connector
redundancy in the floodlight circ .its.

Action: GAC to forward the hsrness félease motor end vent valve
- release motor specifications to MDAC-ED.

s TS O e A ey
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e STATUS REVIEW OF PREVIOUS ACTION ITEMS

R

6. Figure {26) was presented to facilitate discussicn bf the status of
action items evolved from the previous experiment coordination meeting
(10/11 July 1969). The following statements will relate to only those
action items sbout wa.ch additional information is available.

[0 'h—w‘,a
. i

1

e

W i)

6.1 Ttem 1: Zvaluate for Dry Workshop configuration and relocation
of D021 on the ATM-IA,

4 sl

6.2 Items 2, 3 and 4: Evaluate for the Dry Workshop configuraticn.

AR i
ORI i iR

. ‘6.3 Item 5: McCandiess wants foot restraints instead of additionsl
s handhold loops. Eveluate for Iry Workshop configuretior.

6.4 Item 6: GAC is looking into the possibility of a diagonsl attach
§ TT=""""~-  strip to hold the sample panels azainst the velcro. _
i ) MDAC~-ED will supply velcro for the support structure and
GAC will supply velcro for the psnels, .

o 18 N L B
BRPRAR

6.5 Item 7: MSFC will supply GAC with informstion necessary to attech
the sasmple return container to the pressure suit. GAC
will add 8 handle to the sample return container.

f A-11
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6.6 Item 11: GAC will forward to MDAC-ED the DO21 Progress Report

- vhich contains the battery temperature limits.

6.7 TItem 12: MSFC will evaluate MDAC-ED proposed cluster access
through the PS and relate to D021 access.

6.8 Item 13: MSFC will discuss pyrotecknic category with Range
Safety.

6.9 TItem lh: The SV power supply gr'gund of D021 is isolated from
bus ground,

6.10 Item 16: GAC to forward hoist points and hoist point design

~  loads on D021 to MDAC-ED.
¢ COMMENTS ON DO21 EIRD

Although it was known that the EIRD's would not be updated and would
be replaced by ERD's, MDAC-ED felt that the list of comments to the
D021 EIRD forwarded to MSFC would be useful in writing the EZRD. MSFC
and MMC confirmed., In addition, MMC distributed seversl copies of
the preliminary DO2) and D024 ERD's for review.

Action: MDAC-ED groups will review the ERD's relstive to EIRD cocments
and forward suggestions to MMC via MSFC. .

Figures (25), (27) and (28), covering Range Safety requirements, N
servicing, and experinent cleanliness were presented to MSFC and MMg
as an assist in writing the ERD's. .

Miscellaneous Items . 7 X

.

8.1 Action: MDAC-ED to compile & list of ccmments on the D021 Defini-
tive Ixperiment Plan and forward as soon &s possible to
GAC through MSFC for document. updste.

8.2 The meeting was adjourned at 3:45 PM, 29 October 1969.
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3.

COMMENTS ON RANGE SAFETY REQUIREMENTS AS APPLIED TO DO21

GAC should complete the Torms for Validation of Compliance with ordnance

requirements as soon as possible (AFETR127-1, pagee 169 and 171). This

will permit KSC Range Safety to determine concurrence with Category A or

B pyrotechnics, as presented by GAC in the validation forms.

If the D021 pyrotechnics are considered as Category A, then the arm cir-

cuit must be remotely monitored st a Range Safety Console, prior to

launch. Thus, Category A involves wiring changes in the following aresas:

(a) Experiment D021 (GAC) must provide direct readout from the erming
relay.

(v) AM/S-IVR (MDAC-ED & WD) wiring must be provided from the AM to the
S-IVB forward skirt umbilical.

(c¢) Iaunch complex (GE/PAA) umbilical must include wiring for arming

relay resdout.

If Category A is considered, then range safety will involve the folloving

organizations:
GAC
MSFC
MDAC
USAF
| MSC |- - RANGE SAFETY
AFETR127-1
GE »{KSC

(Gso) ™ LNASA)

All of the data sbove should be incorporated in tne EIRD or subsequent

ERD.
Figure (25)
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INTER-OFFICE MEMO

TG:

CC:

SUBJECT:

References: (a)

and Proof pressure gr
EVA. Three 150 in.

Mema No.: Airlock E451-2011
Date: 29 September 1969

Revision A: 3 October 1969

F. J. Smith

s

W. T, Boman, R. T. Brill, C. R. Carter, M. R. Czarnik,

D. A. DeFreece, R. P. Gillooly, D. M. Green, A. M. Hatch,
H. F. Imster, B. E. Keith, J. E. Lovelace, E. C. Lundergan,
W. B. Lyttle, P. Lutz, J. D. McCullough, R. A. Pepping,

F, J. Sanders, H., D. Tripp, R. E. DeFrees

Nz Service for Experiment D021, Expandable Airlock Technology

Final Failure Mode and Effects Analysis, DO21 Experiment,
Goodyear Aerospace Corporation Report GER 13171i-1,

(:) 14 July 1967

(b) Range Safety Manual, AFETRM 127-1, 1 January 196
(c) Experiment Integration Requirements Document (EIRD), D021

Expandable Airlock Technology, 30 ‘une 1969

schedule while in the VAB.

Nitrogen pressurization of D021 is used for initial experiment deployment
ior to EVA, and for Working Pressure sudsequent to
Ny bottles which are designed into the experiment

are used for this purpose and require topping-off at the latest practical
moment in the pre-launc!

used for Working Pressure, is pressurized at 3150 psig.
ing bottles, used for Proof Pressure are pressurized at 2250 psig.

One of the bottles,
The two ramain-~

ince

equipment for topping-off the pressure vessels is available in the VAB,
it is necessary to determine the compatibility between the pressure
vessel design criteria and the KSC Range Safety Manual requirements. A
supplemental addendum to Reference (a) indicates that the No bottles are
designed to a proof pressure factor of safety of 2.50 and a burst

pressure factor of safety of 3.33.

Reference (b), section 7, requires a

proof pressure factor of safety of 1.50 and a burst pressure factor of

safety of 2.00,
performed safely in the VAB.

Thus, compatibility is proved and topping-off can be

Paragraph 9.1.7 of Reference (c) indicates that gaseous N, is to be

supplied for pre-installation testing of D021 by MDAC-ED.

(It should

be noted that Reference (c¢) is not a contractual document and at present

is under a detailed review by the writer.

Therefore, no statements in

the document are binding until MDAC-ED recommendations are discussed and

acted upon with MSFC).

In addition, Paragraph 9.2.6 of Re erence (¢)

indicates a Np service cart to be used for Subsystem anc. Flight Readiness

Testing at KSC.

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY
EASTERN DIVISION

The writer has confirmed in discussions with MSFC,

A-k1

Figure (27)
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Memo No.: Airlock E451-2011
Page 2

Goodyear Aerospace Corporation (GAC), and KSC that responsibility has
not been assigned for this GSE. However, it is reasonable to assume
that a special service cart will be unnecessary at KSC, based on the
infurmation presented in paragraph 1 and the pressurizing equipnent
available in the Manned Space Operations Building (MSOB). In additiom,
PIA testing can be accomplished at MDAC-ED using either the Class 10
ECS high pressure bench with a helium service trailer converted to
gaseous Ng or the propulsion PIA bench which contains its own high

pressure source.

3. Conclusion: N, servicing can be supplied tou D021 by existing equipment

at MDAC-ED and KSC.
M

~ !
Lloyd E. Schultz
Group Engineer
AM Experiment Coordinatien
Dept. E451, Sta. 26526

LES:re

Figure (27) Cont'd.
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ENGINEEATHG MEMORANDUM

-?1 Airlock °xperimen* Vacuur Cramber Deployment

Reference: (a) SP-T067 deted b Septerber 1 060 - Thermsl Ansl
Effect of 4pollo Telescope Mount on I-21 fpirl

INTRODUCTION ANT SUMMARY

The initial deployment test in the vacuur. chamber at Arncld Enginesring Develcp-

ment Center (AZDC) resulied in some dawsge to the expandsble structure. Tre

deployment was intermittent and final expansion step was rether sudden.

The primary reason for the erratic deployrent “s atiributed to low

'Y

effects on the materials, compounded by an excessive pressure rise

preshaping of the structure.

A review of all pertinent fectors indicates thet the environmentsl
. sz

should be revised to more realisticelliy simulate Lhe ortitai spece

well as some design improvements to the airlock,

temperature

prior to full

test procedures

environment as

For design improvement, it is rlanned to add z thermal insulation blanket to the

packaged state of the airlock sndé to revise the pressurization syste~ to 2 much

slower flow rate from a limite

supply container. The thermal environment val.ues

d
are being revised in the Qualification Test Procedures to reflect the thermal

analysis results.

TEST DESCRIPTION

gi

e deployrent test wes conducted using the .ualification Test "init {JAC Seriosl
}. Tne eirlock was installed in the Mark I vacuum crember on 17 June 1™

1
and pump down was sterted. The following day, the LN2 coid wall cool down was

sterted at 11:30 a.m. and deployment was initiated at 5:45 p.m. At the time of

deployment, & test thermocouple located on the extericr of the hatch read -z5" F,

and the temperature senscrs bullt inte the airlock expandsble structure were




LTy Lt Py

S

b

LRI

) g A
el

o

reading +2z7 F to +L2° F, The test was intended to re conlucted at & tempera‘ure
-65” F. Internal sirlock pressure readings were recorded during deployment and

are presented as Figure 1.

Yovies were taken of tne airlock deployment and correlated to the pressure
recordings.

ANALYSIS OF BATA

based on the sbove temperesture resdings, it was theorized thet the exposed expandatle

structure must have reached -£5° F or even colder. The lifference in temperatures

s ]

t the verious locations coulé be ettributed to the fact that all asirlock temperature
sensors are packaged well into the interior of the folded meterizl in the leaunch
configiration. This assumption is further supporteld ty subsequent thermal analysis.
The micrometeoroid barrier is a geood insulater and will keep the interior of the
airlock fairly werm for extended cold soesk periods. The exterior will ctill cown
quite rapidly end this is what apparently occurred during the vecuum chamler test.

s
-

s therefore reasonable to &ssume thet the outer inch or so of exposed expandsitrle

=l
o

structure was as low as -85° F.

Movies teken of the sirlock deployment were enalyzed by comparing framing speeds

egainst pressure ris~ recordings. Results are correlated on Figure 1. Tre suvdden
-

cdeplcyment event corresponds to the sharp drop in pressure a2t approximately .0 seconds

after start.

Fror the above evidence, it appears that at least a portion of the expandable structure
was in a "semi-frozen" state at the time of deployment. 4An excessive pressure rise
occurred with the airlock restricted to approximetely 30 percen’ of its expanded
volume by the trapped folds of mgterisl. This pressure finally produced enough
force tc unwrap the folds but at this point the conversion of pneumetic potentiel
energy to kinetic energy occurred sc ranidly thet demage to the structure wes

incurred in the unfolding process.

i
w
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Inspzction of the airlock disclused failure of the filament wound structure in
two areas, seversl areas of delaminstion of the tladder from the filament wound
’

cage, and & numbter of rips in the outer ccver and micrometeorcid tarrier. 4

typical rupture of the outer surface is shown on Figure Z.

General

In order to add confidence to the accuracy of the above anslysis, it wes decided
Lo conduct additional low temperature material tests end conduct a dezloyment test
in a vacuum chamber 2zt room temperature.

N

Low Temperature Materijal %Tests

The results of low termperature tests on the micrometeoroii barrier disclosed an
unexpected effect. This jate 1. shown on Figure 3. Originally, the design !z

been basesd on 1.0 pef rolyrethane foam for this layer and low temperature rerifice-
tion tests of flexibility had been carried cui on composite sections of the airlock
structure. Flexibility had been maintained well below ~A5° F snd this temperature
wWas specified for environmental gualification testing. 3ubsequentiy, fire retardent
characteristics were added to the meterial recuirements as & result of =whe fpoll
fire., At the time, the only bpolyurethane foam which met the new "seif-extinguishing

n air’ requirement wes availsble only in 2.0 pcf density. An erronecus essumption

™)

was made that the low temperature characteristics would be reasonatly cloce to that

of the 1 pzf foar. As can be seen from Figure 3, the 2.0 pcf foarm is aprroximately

oy
o3

15 times stiffer in compression modulus at -65° F, whereas the difference is
significant et room temperature. There appesrs to be en ebrupt chenge in the ctiffness

craracteristics at -20° F to -25° F.

Gections of the expandable structure using both 1.0 pef and 2.0 pef foan were coli
soaked to varying temperatures as low as -100° F in the folded state. The.e vere
then manually unfolded to determine the degree of stiffness in a quelitative sense.

The 1.0 pef foam section was obvicusly less stiff et any temperature. Altrough the

j9 4]
t
r
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2.5 pef foeam section did exhibit considersble stiffness increase below -20 F, it

11! not beceme brittie or crack under manual manipulation.

Deployment Verification Test

G PR s st

it was considered important to establish whether the locking of the folded meterial

E wes a result of the low temperature effect on the msterial or a result of long-term
storage in the peckeged condition. The crew training unit was selected as the proper
test article to determine this. This unit had remsined in a packaged state since

1d

delivery to Wright Field in October 1968, (Approximately 9 months stecrige)

3 The unit was returned to GAC and was tested in the vacuum chamber, 23 June 1959.

A special pressuarization system as shown on Figure U was connected to the inflation

manifold. The reacon was to duplicate the design flow discharge rate buc to reduce

the total capacjty of the system to reduce risk of damage if hang up occurred during

deployment. A standby system of regulated N, was also connected. This system is

e
used to maintain shape during the repressurization of the vacuum chamber.

E The unit was also deployed vertically upwards instead of downwards as was the case

K. at AEDC in order to eliminate the benefit of gravity aiding the unfolding of the
material. The unit was successfully deployed at a chamber pressure of .02 psia and
roor. temperature. The pressure rise data is shown on Figure 5 together with photo-

.3 graphs of the deployment sequence.

The deployment under either room ftemperature or low temperature environment shows a
‘ characteristic pressure peak part way through the deployment cycle. However, this
b peak for the room temperature case is only one-sixth the value of that for the low
3 temperature deployment. The deployment is &lso considersbly slower with no pronounced

& hangup of the packaging folds.

CONCLUSTORN
B 1. The results of the room temperature deployment test definitely establish low

temperature as the primary cause for the unsatisfactory deployment at AFDC.

W
2

B-&
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Low temperature materials tests establish -20° F as the minimum temperature at
which deployment should be attempted with the current airlock structure. (This

temperature limitation does not apply after deployment.)

A reduction in initial flow rate of the inflation gas could be of some benefit

to minimize intermittent deployment effects.

REMEDIAL ACTION FEING TAKEN

l.

-3
&

The airlock in the packaged shape will incorporate a multilayer insulation
cover over the expandable structure to maintain orbital temperatures at time
of deployment warmer than -20° F. (The thermal blanket effect was analyzed

and reported in Reference a.)

The airlock pressurization system will be modified to provide a2 preshaping
cycle with a reduced flow rate from a low capacity gas supply. The new
system is shown schematicelly oa Figure 6 and the pressure flow character-

istics on Figure 7.

Additional test thermocouples will be added to the airlock exterior surface
vwhich will more accurately establisk the expandable structure temperature

during deployment tests.

The deployment test will be repeated in the GAC vacuum chamber with the airlock

cocoled to -2¢° F.

B-11
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MOD/IFIED INFLATION & PRESSUR!ZATION SYSTEM
SCHEMATIC
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ENGINEERING MEMORANDUM

4 September 1969
SP-7087

Subject: Thermal Analysis - Effect of Apollo Telescope Mount on
D-21 Airlock Location

INTRODUCTI ON

The new concept of the NASA SIVB "Dry" Workshop includes the Apollo Telescope
Mount (ATM) as part of the payload launched with a single Saturn V booster.
This arrangement places the current location of the D-21 airlock behind one of
the ATM solar cell arrays when the array is deployed. A thermal anelysis was
made to determine the effect of this shadowing on the airlock temperetures. An
alternate location of the airlock between the ATM solsr cell arrays was also

studied and found to be more favorable. See Figure 1.

SUMMARY

The present location of the D-21 sirlock in the shadow of the ATM solar array
imposes severe extremes of thermal environment. IXf a thermal coating with "hot"
properties is selected to keep the airlock warm in the shade, it proves to be too
hot during those periods the airlock is exposed to the sun prior to ATM deployment
or during random orientation periods. A cooler thermal costing which is suitable
to control the heat flux in the sun, is found to be too cold to be satisfactory in
the shade.

Althcugh this problem exists to some degree regardless of the airlock locsation,
there is a spot between solar cell errays which has less extreue fluctuations in
thermal flux. The D-21 is currently located on the McDonnell Douglas airlock
module (AM) Strut No. 3. Relocation of the D-21 airlock to ftrut No. 4 of the AM

appears practical and will provide a more suitable thermal environment.

B-1L
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ANALYTICAL APPROACH

The D-21 airlock was simulated thermally as a cube with one side always sun

oriented. A heat flux program was established where the total heat flux subjected
to each side of the cube was determined. Tht coordinates of the perpendicular to
each surface are inputs to the program and by knowing these values, the relative
location of each surface with respect to the sun and earth is known for any position
in any desired orbit. Solar, reflected and earth heating effects were computed for
24 locations in a 500-mile orbit having an inclination of 10 degrees. In the
temperature calculations, the time increments must be considerably smaller to ensure
computational stability, and these values were obtained by linesr interpolation
between computed points. With the above heat flux program, the study was divided

’i into two separate phases namely; packaged and deployed configurations. The IBM

1 Model 350 digital computer was used for this analysis.

Packaged Configuration - Maximum Temperature Case

The heat fluxes on the sun-oriented side of the cube were used for the maximum
temperature calculations. Optical properties for the surface were varied through

a range of emissivities from 0.0k to 0.12 and corresponding solar absorptances.

The heat fluxes obtained from the orbital heat flux program were modified by these
surface properties, then used with a transient one-dimensional temperature program

to obtain temperatures through the structure. This program divides any homogeneous
material into a number of slubs and by ~onducting s heat balance on each slab, comput2s
the temperature gradient through the foam structure. For ihe particular case investi-
gated, 13 slabs were used, 3 for the multi-laver insulation ard 10 slabs for the foa~r
varying in thickness from 1/8 inch to 1/2 inch giving e total thickness of 2-7/8 incres.
The results of this run (with the final coating) are shewn in Figure 2 where
temperature (1) is the outside surface of the thermal blanket and temperature (k)

is tht surface of the foam structure adjacent to tre protective multi-layer insulatic:.

Packaged Configuration - Minimum Temperature Case

P " Lt
Sl T s i

For the minimum temperature case, the same optical surface properties were assumed

to now be on side (3) of the cube and the orbital heat flux program modified




25500

Page b

PAGE

GRR.
CODE IDENT NO.

ARKIN 13, OIO

GQODYE‘Q:E? AEROSPACE

REV DATE
REV DATE

«)
by
<
o

<

S
i)

E Al

i peee
£ b

-
H
,

O S e A

.

',.- /‘7
(o fad

e
~a

.Z’

1;7}‘: o

~

7 I L

G/

PR
: ! ,Ma /4/

- R
; . AN
; ; -

- “.._m Y
: e 9
N

L. TS SR
: PN
3 b

. id s
N

Coo
O~ L
MY

]
[

i--.. ..‘: TPV SRS

e
nd

BN
PR

N 7o

e —— e s o

=
=14
1L-
.

‘;’./

o

4

AP

N .
A,“ LW :
RN . U N -
| 33
PR .". M!nm ”-... ~N .A”
by _ ¥
SN TR O S ;
N N

!.
Yo

4e 5.7

N D
(4 70

S

o
Figure 2

..JO.

380 4iee

4"0 g ————

L — L10-8 IUNAIDONE DHOANI L2
- *80°9 NOINY 10X (L3°7) 02T ur
it . VR st B peith L O TR TN N R ) vl
i il TN IS H AR R VNI E V1 B0 M i W b vl e SR G WL s . T o
i ¢t i G duiis ,....m... :..i. Do .,. SRR + YR _.m; i by o " o




-

ot L bt N B s

Page §
SP-7087

accordingly. (See Figure 3 for cube identification) Side (3) is assumed to
receive the minimum overall heat flux. Sides (2) and (%) actually ave subjected
to a lesser heat flux based on solar, reflected and esrth heating but are expected
to be warmer due to effects of the surrounding structure. The re-radiation of

_ sides (2) and (5) will be reduced since these surfaces will be viewing a much

3 warmer surface than absolute zero. No study was made to determine these effects
since the properties and pertinent 1nformgtion on the structure is unknown and

it is expected that side (3) will be the surface receiving the minimum heat flux.

Heat fluxes obtained from the above program for side (3) were modified slightly
to include the view factor effects of the solar paddier and ATM structure.

A view factor was ccmputed between side {3) and the structure and assuming the
structure temperature is constant at 60° F and having a surface emittance of 0.60,

the radiation interchange between these surfaces were computed. The multi-slad

solution was again used and temperatures obtained for the modified coating and
the results are shown on Figure 2.

Deployed Configuration

The thermal model for the deployed configuration was assumed to be a hollow cube
with walls one inch thick. The wall of the cube was simulated thermally by’ the
model shown_below:

-~
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A transient temperature analysis was then conducted between each node to obtain
inner and outer temperatures. This program calculates the temperatures of all
six sides of the cube, and also incorporates internal radiation between surfaces.
By knowing the surface properties, materials and heat fluxes on each surface, a
time~temperature history can be obtained for each side of the cube throughout the
flight.

The D-21lairlock configuration is basically a spherical shape and is simulated
thermally by a cube. If we look at the radliating area to heating area ratios it
can be seen that the cube simulation will yield lower overall temperature results,
A spherical shape configuration has a radiating to heating area of L compared to

6 for the cube. 1In order to obtain more realistic answers, we must increase our
heating area or decrease our radiation area tc more closely simulate the spherical
shape. The temperature program was then modified by using the first approach. A
sketch is shown below indicating how the heat fluxes were increased to give more

realistic results.

?A 4.0 00,4'

g‘, #./0 5('4

B~20
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The results of this temperature analysis are shown in Figure 3 where side (L)
and side (3) temperatures ar shown indicating the maximum and minimum orbital
temperatures respectively of the D-21 airlock. Side (4) represents the hatch
end and side (3) represents the coldest part of the airlock expandable structure
in the sun-orientation mode. The average internal surface temperature is also

shown in this figure.

RESULTS
On the basis of materials tests the following temperature limits were established
as design criteria.

(1) Outside surface of airlock +275° F Max. -20° F Min.

(2) Outside surface of thermal blanket +350° F Max., -150° F Min.

The thermal analysis indicates that relocation of the D-21 airlock to the NASA
Airlock Module (AM) Strut No. 4 position is required to avoid exceeding these

design temperature limitations.

The primary problem is selection of a coating which will not degrade the surface
materials during the orbital phase prior to ATM deployment and yet be warm enough
after ATM deployment and orientation to the sun to allow proper deployment of the
D-21 airlock.

The thermal coatings selected as optimum for both the packaged and deployed airlock
are defined on Figure k.

As can be seen from the thermal plots of Figure 2, the maximum temperature that

the outer layer of the thermal bhlanket will echieve is +350° F prior to deployment
of the ATM. The outer surface of the airlock will be kept below +250° ¥, under
these conditions. After ATM deployment and orientation to the sun, the D-21

airlock minimum temperature will be no less than -15° F. (The micrometeoroid barrier
material of the airlock increaces rapidly in stiffness as the temperature is lowered
below -20° F.) The outer surface of the insulative blanket will of course cycle from

from a meximum of +350° F to a minimum of -75° F, during this period but low temperature
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tests show the materials of the super insulation thermal blanket are not subject

to increased stiffness even as low as -150° F.

After deployment of the D-21 airlock, the thermal model becomes a hollow shell
with internal radiation effects. The resulis of this analysis are shown on
Figure 3. The maximum-minimum temperature of the outer surface ranges from
4235° F to -84° F. The inner surface varies from +55° F to -5° F.

For the location behind the solar array of the ATM, there was no single surface
coating which would not exceed the limits of +350° F in the sun and also maintain

the cold condition above -20° F prior to deployment.

DESIGN APPROACH
The hatch end of the sirlock is to be painted with Ball Brothers Incorporated
80U Silicone base paint loaded with aluminum fleke pigment to achieve values of
ds = 0.4 and € = 0.48. The outer layer of the super-insulation blanket
will be aluminized mylar laminated to dacron cloth with surface properties of
o(s = 0,12, and {f = 0,04, This will be modified by pierced holes to
achieve an effective (f s ° 0.18, and E = 0.12. The super insulation will
consist of 18 layers of 1/4-mil aluminized mylar separated with dacron cloth.

This should achieve a conductivity of approximately 0.0005 BTU/HR-FT-°R.

The thermal insulation blanket surrounds the expandable materials portion of the
airlock prior to deployment end tempers the thermal envircnment during this period.

After deployment, it lies against the lower surface of the airlock and continues to
serve as thermal moderator in this area, although it is no longer required. The
remainder of the exposed expandable structure is coated with the same silicone base

paint as used on the hatch.

B-23
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S attind i el pas s L R U

CONCLUSIONS
. 1. The D-21 airlock should be relocated from its current position on Strut No. 3
of the NASA sM to the Strut No. L4 position in order to provide an acceptable

thermal environment. (See Figure L)

2. A thermsl insulation blanket is required to protect the expandable structure
section of airlock from extremes of the thermal environment in the packaged
state.

- 3. The thermal blanket is not required after airlock deployment, but it need
not be jettisoned.

4, fThe Qualification Test Program procedures should be revised to reflect realistic

thermal environment corresponding to this thermal analysis.
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APPENDIX C

WEIGHT ANALYSIS

REFERENCE LETTERS:

A) MOL HOUSTON FIELD OFFICE
IETTER TO AFAPL AND AFML
DATED 10/27/69

B) MSFC LETTER TO MAJ. GARY
MINAR DATED 10/20/69
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COAPONATION
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WEIGHT ANALYSIS

| Detailed Change Net Change
Item 1bs Ibs

! 1. Pressure System Change -
Addition of Preshaping

a) No Gas Supply minus .48
(Decrease one 15C cu.in.
bottle from 2250 psig to
250 psig, increase one 150 cu.in.
bottle from 2250 to 3150 psig.)

b) Add One Pressure Transducer plus .10
¢) Add One Pyrotechnic Gas Valve plus .23
d) Add One Set Plumbing and Wiring plus .15
.00
? 2. Addition of Superinsulating plus 2.50 plus 2.50
2 Thermal Blanket
TOTAL INCREASE plus 2.50
3 Previous Airlcck Basic Weight 203,900
New Airlock Basic Weight 205.50
3 . D021 Material Sampled (2) = .33
' £ D02k Material Thermal Control Samples (2) = 1.20
g D021/D02h Sample Return Container (2) = 9.00
3o Film Magazine 16 MM (2) = 2.00
- = § TOTAL = 218.03
) ¢
: §s D021/D02k Experiment Requested Control Weight = 222,2
3 T8 (Per ICD Discussions 12/8/69)
- RESIDUAL BOGEY = plus 4.17
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DEPARTMENT OF THE AIR FORCE =~

MANNE ! ORBITING LABORATORY, HOUSTON FIE LD OFFiCT {CSAL
NANA MATINE D SPACECRAFT CENTER, HOUSTON, TEXAS 77056

R (Capt Steinberg/483-125L%1) 27 0CT 1689

txperlment Control Jeighta

FAFL (APu-1/ir, Forbes) S —="f00dyear -eroapace 20TP.
anfd, (Mars/Mr. xchel) “TTH: r. sanning

Ileame note the atltached leitter, If you finG it desiradle to Increase
the weipht cf your experiment above its contre’ waight (206 lks, for
1021 and 1.5 1bs. for 1024), please let us kuow 30 that we may apply
¢ MEFC for the increass,

Signed
GARY H, MINAR 1 tch
a jor, 73-F HaSt MSFC ltr PMe.a-0T-110-69,
Chief dated 20 Oct &9
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ENGINEERING MEMORANDUM

1 January 1970

SP-7232

E Subject: DC2L Airlock Vecuum Chamber Low Temperature

- Deployment Test

4 : Attachment: (a) Environmental Qualification Test Procedure

= [ GER-13088 Rev. C, Page 63a dated September 1969

E (b) DTI GA597-30 - Expandable Airlock Deployment Test

E Plan dated 10 December 1569

By i

A T

- PURPOSE

4 % i The purpose of the low temperature iow pressure deployment test is to demonstrate
: ) . . . e

b % . satisfactory operation of the airlock deployment system under these conditions.
¢ TEST PRCCEDURE

Vé i The test procedure which was followed is defined in attachment (a). This

%g A procedure is eSsentially identical to that specified in ettachment {b) except
;1 § that the altitude during the test was 150,000 ft instead of 200,000 ft. It is
ié t considered that this slight difference in pressure is insignificant in this
fg %ﬂ particular test.

g i TEST EQUIPMENT 7

§ : The following test equipment was used to perform the test.

0

- il Ttem - Model Serial No.

- 1. Digitel Voltmeter NIS MODUS51 AF 80092

§ 2. Power Supply ~ KEPCO-MOD SC 32-15A GA38-710-U79-7-1

3 S/N C30194

b

?é 3. Igniter Circuit Test ALINCO -MOD 101-5BFC GFE 15
. 4. Manometer MERIAM MOD 4203 11157

S/N 56751

. 5. 0SC Power Supply CEC Type 2-1054 N003598

. S/N 1hou2

g 6. Carrier Amp CEC Type 1-113B 1435-1085

a : S/N 22137

b-2

v
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= - Ttem Model Serial wo.
- 7. Carrier Amp CEC Type 1-113B 435-1084
= - $/N 1348510
é E 8. Recorder Azar IN 69809 L-5478
= S/N B-64-48342-1-1
g ? 9. Recorder Azar IN 69809 G1306
3 § S/N A-60-4849-5
é § 10, Recorder Azar IN 69809 G138k
2 S/N B-64-58602-1-1
- 11. Recorder Honeywell s/N X5-R 12150
E MOD 15305846 -2L-02-1
E - -000-015-10-168
;g - 12. Pressure Transducer KP-15 20h43

T
f e
LSS

13. 16 MM Motion Picture
Camera

W

14, American Research
Test Chamber
(~100°F to +4OO°F Temp
‘Range, Atmospheric tc
- 250,000 Ft. Alt.)

£# e
i

RABIAY,
e ey

R ———
A AR

eI

- - TEST SETUP

The test setup and instrumentation are- shown schematically in Figures 1 and 2

H s o
y

Figuré 3 shows the location of the airlock integral température sensors which

2,

were read out on the digital voltmeter.

ey

TEST SEQUENCE

HAHTNK STRY 5

The airlock unit was installed in the vacuum chamber and the instrumentation

checked out-by 4:30 PM on December 11, 1959. The chamber was set for -10°F
At 8:15 AM on December 12; 1969,

it

i

o ey

and left for an overnight temperature soak.
the chamber was set to -25°F and by 10:50 AM, the temperatures were in the
range of -19°F to -22°F, The chamber was then pumped down. The initial

e "~ deployment attempt was aborted when “he restraint harness did .not respond
During

Pt st i et HE e SRy T

by falling away as -expected after release of the retaining mechanism.

N

i

) repressurization of the chamber, the straps did fall away without any other

Investigation of the harness release hardware did not disclose

disturbance.
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TEST SEQUENCE (Continued)

any defects in the parts, so it was theorized that the straps did not have
any residual tension due to lack of resilience in the airlock at the low
temperature condition. However, as a precautionary measure the retaining
collar clearance was increased by .005 in. to eliminate any possibility of a 7
hangup due to foreign particle binding. (This design change ﬁés.been

released effective on all units.)

By 2:40 PM the collar had been reworked and the temperatures sgain stabilized
to -20°F. By 3:15 PM, the chamber had been pumped down to .02 psia, and the
deployment was successfully accomplished. Movies of the sequence were taken

through the chamber viewing port.

The airlock was subsequently inspected and found to be in satisfactory

condition.

TEST DATA

The airlock internal pressure time history is piotted on Figure L4, A sequence
of photographs shows the airlock in various states of deployment on this

sane plot.
Figgre 5 shows the preshaping pressurization bottle pressure versus time,
Figure 6 records the exterhal thermocouple time history during deployment.

The data taken from the integral airlock thermistors located as shown on

Figure 3 is listed below.

Four of these are on the outside surface of the airlock and two on the inside
surface. When the unit is packaged, these are folded well into the interior

of the -expandable structure.

TEMPERATURE ‘AT TIME OF DEPLOYMENT

Location °F
T-1 -5
T-2 -7
T-3 -)X1
T-4 -10
T_s +20
RS +20

-k




. gt P
HEETORA | It I RTOU TN (oI

b
3

4 HRATA, 1 e i G

i

SIRIUNORN RN ,;,,si'g,‘

fiy

Vg ey

RSB s B

(A

" 2 WIPN
R AT R IR HEATORHA N

T ——
AR A W AT SR

R I SR

~

e
AR it

PrermmamesiscH,

ATTACHMENT A

GOOLVEAR AEROSPACE ™™ (’45' "7’35’

CCR>DaanION “vyeg

DEVELOPMENTAL TEYT INSTRUCTIONS 10 December 1%9

OATE ARVISLD _ - . ot

ZXPANDABLE AIRLOCK
DEPLOYMENT TEST PLAN

The purpose of the expandable airlock deployment test is to demonstrate deploy-~
ment sequence of the unit at low temperature (-20 to -25°F) and low pressure
(150,000 ft.). The test. unit will be the Crew Training Unit (Serial No. 1)
CAUTION: Test unit must be handled with white gloves.

During the test the following data is to be recorded:

A. Temperatures

1. 6 existing thermisters on unit

*¥2, > outside of thermal blanket

*3. 32 inside of thermal blanket on airlock outer cover
4. 1 on hatch
5. 1 on base structure
6. 1 on battery

* TLccate in pairs, one inside, one outside

B. Préssures -

1. Chamber pressure

2. Airiock internal pressure transducer

3. Bottle pressure transducer

4. Airlock internal pressure (some means other than unit ‘transducer)

C. Motion Pictures - Wide angle lens is -required
Camera speed to be 64 fps

The low pressure bottle is to contein an 0. 021 inch orifice and is to be charged
to 250 psi.

The unit is to be cold soaked at -25° F until all thermocouples gererally reach
-20° F, at which time pumpdown will commence. During the cold soak the battery
heaters will be off. Prior tc pump-down the battery heaters will be turned "ON"
and left on for the remainder of the test,

st sk b 4 o PRy
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13.0 LOW PRESSURE AND LOW TEMPERATURE DEPLOYMENT

- 13.1 ZPurpose
= The purpose of the 1Low pressure and low temperature deployment test is to

demonsirate satisfectory operation cof the deployment mechanism under these
conditions. ’

13.2 Test Equipment

The following equipment or equivalent will be used for the performance of
the deployment test:

(1) American Research Test Chamber

:- Temperature Range -100° F to +400° F
Pressure Atmospheric to 250,000 ft.

. Relative Humidity 20 to 95%

N Calibration Period 3 months

. (2) Two (2) Azer strip chart recorders

Calibration Period 3 months

(3) Two (2) Brown Multi-Channel Temperature recorders
Calibration Period 3 months

{1) One (1) 16 mm motion picture camera

13,3 Test Setup and Procedure

. The expendable airlock will be instrumented witl approximatel; sixteen
« thermocouples on the expandable structure and the thermsl blavket. The unit
» will then be packaged end placed in the American Research test chamber. The
NASA Airlock Simulator {(checkout set) will be counected to the airlock with
: the output of the two low pressure transducers being recorded on two Azar
- strip chart recorders. The thermocouples will be connected to the Irown
multi-channel temperature reccrders.

The temperature in the test chamber will be reduced to -20° F and allowed to
stabilize. After stabilization of the temperature has occurred the pressure
in the chamber will be reduced to 200,000 feet. During pumpdown the electricsal
vent valve will be open.

When 200,000-foot altitude is reached the vent valve will be closed. The
recorders and the motion picture camera, setup to record the deployment
sequence, will be started. The restraint straps will then be released. After
release of the restraint straps, the deployment pressure bottle sguib will be
fired.

13.4 Aeceptance Criteria

Upon completion of the deployment test, the airlock must not show any
indications of deterioration of materials or construction.
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3 18

< TC-1 Inside surface of
: thermal blanket.

2 PC-2 OQOubtside surface of

thermal blanket.

C 5 &6 TC-3 Outside surface
airlock expandable

structure.

T¢ -k Qutside surface of
thermal blanket.

TC-5 Outside surface
airlock expandable
structure.

gl

TC-6 Oubtside surface of
thermal blanket.

7C-7 Outside surface of

- hatch.
E: 7C-8 Outside surface of
base.

TC-9 Battery case surface.

Figure 2. Thermocouple Location - Special
Test Thermocouples
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