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Design and Fabrication of Compact
Portable Vacuum Systems for Field Use
1.0 INTRODUCTION
During this period, %upport: was given in the design and fabri-
cation of components, assemblies, and special equipment, particularly
compact, portable vacuum systems, used in thg study of atmospheric compo-
sition. K\This support includes conducting engineering liaison with the
composition branch, Air Force Geophysics Laboratory (AFGL), for the
purpose of establishing design parameters and requirements of equipment
and/or instruments; designing mechanical components and assemblies;
fabricating items resulting from these designs; determining needs for

possible re-design; and making recommendations for further modifications.

2.0 DESCRIPTION

The whole air sampling program, which had recently been initiated,
required some special equipment to be used in the laboratory as well as
associated portable field apparatus. The first requirement was to design
suitaSle movable stands capable of supporting heavy analysis equipment
within the confines of the laboratory (see figure 1). Accordingly, the
necessary drawings were generated, and the required materials purchased
for the fabrication of two movable laboratory stands. The stands were
fabricated from heavy gage a;unimm angle, using all welded construction,
supported and braced in a manner to insure a durable rigid frame. The top
was of 1" thick 'plyuood bolted to the angle frame. Cemented to the ply-
wood was a formica laminate 1/8" thick and extending 2" down all four
sides of the stand. The stand frame was mounted on four roller bearing

casters for ease of mobility.
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2.1 Portable Field Station

A portable vacuum field station is illustrated in figure 2. The
primary criteria for its design was to produce as clean a system as
possible to minimize effects on parts per million analysis methods. The
necessary layouts and detail drawings were made to accomplish this end.
The metal frame was fabricated from heavy gage aluminum angle. Supported
within this frame by means of angle braces and "U" bolts was a 4" diameter
316 SST vacuum manifold with a 1%" diameter cross mounted to the mani-
fold, and a number of Granville-Phillips "Gold Seal" valves. Two L N2
molecular sieve sorbion pumps were also supplied. Provision was made
to support a large LHe cryo-pump mounted to a six-inch gate valve.
Additional equipment supplied included a vacuum pump for roughing, mag-
netic ion pump for maintenance pumping and ion and thermo-couple pres-

sure gauges. This station was mounted on roller bearing castors for

mobility. The completed field station was shipped to AFGL where it under- -

went vacuum tests and refinements prior to field use.

Because the portable field station was designed and built to be
used at field sites, a shipping container was also fabricated. It was
lined with shock absorbing material and supplied with supports and anchors
to securely hold the unit during transit.

2.2 Portable Vacuum Pumping Stand

There was need of a small compact, portable vacuum pumping stand
for mass spectrometers, figure 3. This could be used for either labora-
tory or field work. Drawings were made and such a stand was fabricated.
The aluminum frame was of all welded construction of heavy aluminum angle.
Supporting members were added to accommodate the vacuum manifold, valves,

LN2 sorbion pumps, mechanical vacuum pumps and ion guages, etc. All

R s
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vacuum components were supported in such a manner as to provide maxi-
mum support and mechanical integrity of the system during field service
and when being moved about. A shipping container, designated to absorb
shock and anchor the field unit in place during transit, was fabricated
and delivered to the laboratory.
2.3 Whole Air Cryogenic Gas Distillation Stand

A whole air system cryo-still stand was constructed as shown in
figure 4. Provision was made for mounting and supporting an existing
cryogenic gas still and LHe cryo-pump. Supported on this stand are six
sections of manifold piping and a six-inch Granville Phillips "Gold Seal"
vacuum valve, as well as 12 one-inch gold sealing right angle ultra~high
vacuum valves. To this basic system was added, as required, additional
pumps and gauges to meet the needs of the whole air sample tests. The
cryo stand was permanently mounted in the laboratory area and is used to
handle gas sample spheres.
2.4 Switched Ion/Neutral Housing

A special application for a switched ion/neutral instrument neces-
sitated a design modification to the existing front plate of the housing
containing a gas entrance orifice. In previous units the entire front
was a welded integral part of the cylindrical housing body. In the new
design, the front plate was to be removable and electrically isolated
from the housing body. The front plate was to be attached to the body
housing by means of machine screws electrically insulated from plate and
housing. A Viton "O" ring would provide a vacuum seal (see figure 5).
The insulating material used under the screws was a machinable glass
ceramic. This ceramic material is readily machinable with standard metal

working: tools, using minimal precautions. However coolants must be used
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to dissipate tool heaé and flush the powder that comes off during machin-
ing. Small insulating tubes for binder head screws and a large plate
washer were machined from this material. No problem was encountered in
maintaining dimensional tolerances.
2.5 Ssatellite Calibration System

Mechanical vacuum plumbing components were fabricated for a
satellite calibration leak system. A pictorial view of these items is
shown in figure 6. This system allows for more precise calibration of
mass spectrometers by using either gas leak, knowing their respective
gas flow rates.
2.6 Liaison Results

The engineering liaison with AFGL personnel has led to some design
modification of existing instruments, specifically in the weld joint area.
Electron beam welding was used to an increasing degree and it has been
found that its additional cost was offset by its high reliability, clean,
oxide free surfaces, deep penetration and low distortion properties.
3.0 CONCLUSION

This report has described some of the work done in the areas of
design, fabrication, test and analysis of componex;ts, assemblies and
associated equipment to be used in aerospace studies of atmospheric pheno-

menon conducted by the composition branch of AFGL.
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01CY Attn Rolf Sinclair
01CY Attn R Manka
01CY Attn Fred D White
01CY Attn M K Wilson

Aero-Chem Research Laboratories, Inc.
P.O. Box 12
Princeton, NJ 08540

01CY - Attn A Fontijn

01CY Attn H Pergament

01CY Attn Hartwell F Calcote

Aerodyne Research, Inc.
Bedford Research Park
Crosby Drive
Bedford, MA 01730
01CY Attn E Bien
01CY Attn M Camac

Aeronomy Corporation

217 S Neil Street

Champaign, IL 61820
01CY Attn S A Bowhill

Aerospace Corporation

P.O. Box 92957

Los Angeles, CA 90009
01CY Attn N Cohen
01CY Attn R J McNeal
01CY Attn Sidney W Kash
01CY Attn R Grove
01CY Attn T widhoph
01CY Attn R D Rawcliffe
01CY Attn Julian Reinheimer
01CY Attn Irving M Garfunkel
01CY Attn V Josephson
01CY Attn Harris Mayer
01CY Attn T Taylorxr

Avco-Everett Research Laboratory, Inc.
2385 Revere Beach Pdrkway
Everett, MA 02149
01CY Attn George Sutton
01CY Attn C W Von Rosenberg Jr.
01CY Attn Technical Library

Battelle Memorial Institute

505 King Avenue

Columbus, OH 43201
01CY Attn Richard K Thatcher
01CY Attn Stotac
01CY Attn Donald J Hamman




The Trustees of
Boston College
Chestnut Hill Campus
Chestnut Hill, MA 02167
02CY Attn Chairman Dept of Chem

Brown Engineering Company, Inc.
Cummings Research Park
Huntsville, AL 35807

01CY Attn N Passino

01CY Attn Ronald Patrick

California at Riverside, Univ of
Riverside, CA 92502

01CY Attn James N Pitts Jr
01CY Attn Alan C Lloyd

California at San Diego, Univ of
Bldg. 500 Matthews Campus
3175 Miramar Road
1 A Jolla, CA 92037
01CY Attn S C LIN

California Institute of Technology
Jet Propulsion Laboratory
4800 Oak Park Grove
Pasadena, CA 91103
01CY Attn Joseph Ajello

California University of
Berkeley, Campus, Room 8
2543 Channing Way
Berkeley, CA 94720
(Class Mail to: Attn Sec Off)
01CY Attn F Mozer
01CY Attn Harold Johnston
01CY Attn Dept of Chem W H Miller

California, State of
Air Resources Board
9528 Telstar Avenue

E1l Monte, CA 91731

01CY Attn Leo Zafonte

-16-

Calspan Corporation
P.0O. Box 235
Buffalo, NY 14221
01CY Attn Robert A Fluegge
01CY Attn M G Dunn
01CY Attn W Wurster
01CY Attn C E Treanor
01CY Attn G C Valley

Colorado, University of
Office of Contracts and Grants
380 Administrative Annex
Boulder, CO 80302
01CY Attn C Lineberger JILA
01CY Attn A Phelps JILA
01CY Attn C Beaty JILA
01CY Attn Charles A Barth LASP

Columbia University, The Trustees
in the City of New York
1A Mont Doherty Geological
Observatory - Torrey Cliff
Palisades, NY 10964

01CY Attn B Phelan

Columbia University, The Trustees of
City of New York
116th Street & Broadway
New York, NY 10027
01CY Attn Sec Officer H M Foley
01CY Attn Richard N Zarf

Concord Sciences
P.O0. Box 119
Concord, MA 01742
01CY Attn Emmett A Sutton

Denver, University of
Colorado Seminary
Denver Research Institute
P.O0. Box 10127
Denver, CO 80210
(Only 1 copy of class Rpts)
01CY

Attn Sec Officer for Mr Van 2yl ‘
'01CY Attn Sec Officer for David Murcray
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Ecometrics
718 Willow Glen Road
Santa Barbara, CA 93105
01CY Attn Nyle G Otterback

Epsilon Laboratories, Inc.

Preston Court

Bedford, MA 01730
0l1CY Attn John Calchines
01CY Attn Henry Miranda
01CY Attn Carl Accardo

FSLI Im.
495 Java Drive
Sunnyvale, CA 94086 -

01CY
olcCy

Attn James Marshall
Attn W R Bell

General Electric Company
Space Division

Valley Forge Space Center
Goddard Blvd King of Prussia
P.O. Box 8555

Philadelphia, PA 19101

01CY
olcy
0olcy
0lcy
olcy
olcy
olcy

Attn T Baurer

Attn Robert H Edsall

Attn P Zavitsanos

Attn M H Bortner Space Sci Lab
Attn E Alyfa

Attn J Burns

Attn M Linevsky

General Electric Company
Tempo-~Center for Advanced Studies
816 State Street (P.O. Drawer QQ)
Santa Barbara, CA 93102

olcy
0lcy
olcy
olcy
0lcCY
0lcy

Attn Dasiac Art Feryok
Attn Tim Stephens
Attn Don Chandler
Attn Warren S Knapp
Attn B Gambill

Attn Dasiac

General Motors Corporation
Delco Electronics Division
Santa Barbara Operations
6767 Hollister Avenue
Goleta, CA 93107

Attn Robin I Primich

olcy

General Research Corporation
P.0. Box 3587
Santa Barbara, CA 93105
01CY Attn H H Lewis
01CY Attn John Ise Jrx

General Research Corporation
Washington Operations
Westgate Research Park '
7655 0l1d Springhouse Road, Suite 700
McLean, VA 22101

01CY Attn Thomas M Zakrzewski

Geophysical Institute

University of Alaska

Fairbanks, AK 99701
(All Class Attn: Security Officer)
01CY Attn Henry Cole
01CY Attn R Parthasarathy
01CY Attn Neal Brown (Uncl only)
01CY Attn B J Watkins
01CY Attn I N Davis (Uncl only)
01CY Attn J S Wagner Physics Dept
01CY Attn D J Henderson

Govt Fiscal Relations & Patent Off
277 Admin Building AG~70
University of Washington
Seattle, WA 98195

01CY Attn Kenneth C Clark

01CY Attn R Geballe

Harvard University
Department of Atmospheric Sciences
Pierce Hall
Cambridge, MA 02138
01CY Attn Michael B McElroy

Howard University
Department of Chemistry
Washington, DC 20059

01CY Attn: William Jackson

HSS, Inc.

2 Alfred Circle

Bedford, MA 01730
01CY Attn H Stewart
01CY Attn M P Shuler
01CY Attn Donald Hansen
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TIT Research Institute

10 West 35th Street

Chicago, IL 60616

01CY Attn Technical Library

Institute for Defense Analyses
400 Army-Navy Drive
Arlington, VA 22202
01CY Attn Ernest Bauer
01CY Attn Hans Wolfhard
01CY Attn Joel Bengston
01CY Attn Philip A Selwyn

IRT Corporation

P.O. Box 81087

San Diego, CA 92138
01CY Attn D A Vroom
01CY Attn J A Rutherford
01CY Attn R H Neynaber

Jaycor

1401 Camino Del Mar
Del Mar, CA 92014

01CY Attn H B Levine

Johns Hopkins University
Applied Physics laboratory
Johns Hopkins Road
Laurel, MD 20810

01CY Attn Document Librarian

John Hopkins University
34th & Charles Streets
Baltimore, MD 21218

01CY Attn Joyce J Kaufman

Kaman Sciences Corporation
P.O. Box 7463

Colorado Springs, CO 80933
01CY Attn Frank H Shelton
01CY Attn B J Bittner
01CY Attn P Jesson

Kent State University
Dept of Chemistry

Kent, OH 44242

01CY Attn W C Fernelius

Lockheed Missiles and Space Company
3251 Hanover Street 3
Palo Alto, CA 94304
01CY Attn Billy M McCormac Dept 52-54
01CY Attn Martin Walt Dept 52-10
01CY Attn Richard G Johnson Dept 52~12
01CY Attn Tom James
01CY Attn Robert C Gunton Dept 52-14 v
01CY Attn Robert D Sears Dept 52-14
01CY Attn J B Reagan D/52-12
01CY Attn John Kumer

01CY Attn John L Kulander Dept 52-14 °

b g ke

Lowell, University of
Center for Atmospheric Research
450 Aiken Street
Lowell, MA 01854
01CY Attn G T Best

Maryland, University of

Administration Building

College Park, MD 21030 3
01CY Attn Dept of Physics H Griem |
01CY Attn J Vanderslice Chem Dept
01CY Attn Robert J Munn Dept of Chem
01CY Attn T J Rosenberg

Maxwell Laboratories, Inc.
9244 Balboa Avenue
San Diego, CA 02123

01CY Attn Victor Fargo

McDonnell Douglas Corporation

5301 Bolsa Avenue

Huntington Beach, CA 92647
01CY Attn A D Goedeke
01CY Attn William Olsen
01CY Attn J Moule

Midwest Research Institute

425 Volker Boulevard

Kansas City, MO 64110
01CY Attn Physics SFC Frank T Greene
01CY Attn Physics Sec Thomas H Milne’

Minnesota, University of
2030 University Avenue, S.F.
Minneapolis, MN 55414
(No classified to this address)
0O1CY Attn J R Winkler
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Minnesota, University of
Morris Campus

Morris, MN 56267

01CY Attn Merle Hirsch

Mission Research Corporation
735 State Street
Santa Barbara, CA 93101
01CY Attn Dave Sowle
01CY Attn Ralph Kilb
01CY Attn W F Crevier
01CY Attn Conrad L Longmire
01lCY Attn Neal J Carron
01CY Attn R Hendrick
O1CY Attn R N Wilson
01CY Attn R Bogusch
01CY Attn M Scheibe
01CY Attn D Archer
01CY Attn D Sappenfield
01CY Attn P Fischer

Mitre Corporation, The
P.O. Box 208
Bedford, MA 01730
01CY Attn S A Morin M/S
O1CY Attn J N Freedman

National Academy of Sciences
Attn: National Materials Advisory
2101 Constitution Avenue
Washington, DC 20418

02CY Attn Edward R Dyer

01CY Attn J R Stevers

01CY Attn William C Bartley

New York at Buffalo, State Univ of
Buffalo, NY 14214
01CY Attn Gilbert O Brink

Pacific-Sierra Research Corp.
1456 Cloverfield Blvd.
Santa Monica, CA 90404

01CY Attn F C Field Jr

Pennsylvania State University
Industrial Security Office
Room 5, 0ld Main Building
University Park, PA 16802
01CY Attn L Hale
01CY Attn J S Nisret

Photometrics, Inc.
442 Marrett Road
Lexington, MA 02173
01CY Attn Irving L Kofsky

Physical Dvnamics Inc.
P.O. Box 1069
Berkeley, CA 94701
01CY Attn A Thompson
0l1CY Attn Joseph B Workman

Physical Sciences, Inc. ?
30 Commerce Way
Woburn, MA 01801

01CY Attn Kurt Wray

01CY Attn R L Taylor

Physics International Company
2700 Merced Street
San Leandro, CA 94577

01CY Attn Doc Con for Tech Lib

Pittsburgh, University of
the Commonwealth System of Higher Educ
Cathedral of Learning
Pittsburgh, PA 15213
O01CY Attn Wade L Fite
01CY Attn Manfred A Biondi
01CY Attn Frederick Kaufman
01CY Attn Edward Gerjudy

Princeton Univ., The Trustees of
Forrestal Campus Library
Box 710
Princeton University
Princeton, NJ 08540
01CY Attn Arnold J Kelly
(Use P.O. Box 36 for Unclass only)

R & D Associates

P.0. Box 9695

Marina Del Rey, CA 90291
0lCY Attn R P Turco
01CY Attn Richard Latter
01CY Attn Robert F lLelevier
01CY Attn D Dee
01CY Attn R G Lindgren
01CY Attn Charles H Humphrey
01CY Attn Bryan Gabbard
01CY Attn H A Dry
01CY Attn Forrest Gilmore
01CY Attn Albert I Latter
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R & D Associates

1815 N. Ft. Myer Drive

11lth Floor

Arlington, VA 22209
01CY Attn Herbert J Mitchell
01CY Attn J W Rosengren

Rand Corporation, The

1700 Main Street

Santa Monica, CA 90406
01CY Attn Culien Crain

Rice University
Department of Space Science
Houston, TX 77058

01CY Attn Ronald E Stebrings

Rice University, William Marsh

P.O. Box 2692

Houston, TX 77001
(All Corres Attn: Industiral Sec Sup)
01CY Attn J Chamberlain

Riverside Research Institute
80 West End Avenue
New York, NY 10023
01CY Attn J B Minkoff
01CY Attn G Glaser
01CY Attn Donald H Koppel

Science Applications, Inc.

P.0. Box 2351

La Julla, CA 92038
01CY Attn Daniel A Hamlin
01CY Attn Robert W Lowen
01CY Attn Ben Myers

Science Applications, Inc.
Huntsville Division
2109 W. Clinton Avenue
Suite 700
Huntsville, AL 35805

01CY Attn Noel R Byrn

Sechrist, Professor Chalmers F.
155 Electrical Enginnering Bldg.
University of Illionois
Urbana, IL 61801

01CY Attn C Sechrist
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Southern California, Uiv of
University Park
Los Angeles, CA 90007

01CY Attn S W Benson

Stanford Research Institute

333 Ravenswood Avenue

Menlo Park, CA 94025
01CY Attn Felix T Smith (Uncl Only)
0JCY Attn D J Hildenbrand
01CY Attn L E Cobb
01CY Attr. G Black
01CY Attn J T Moseley
01CY Attn Burt R Gasten
01CY Attn J Lomax
01CY Attn R D Hake Jr
02CY Attn Walter G Chestnut
01CY Attn James R Peterson
01CY Attn Arthur lLee Whitson
01CY Attn Ray L Leadabrand
O01CY Attn Allen M Peterson
01CY Attn T G Slanger
01CY Attn Ronald White

Stanford Research Institute
1611 North Kent Street
Arlington, VA 22209

01CY Attn Warren W Berning

Stanford Research Institute
306 Wynn Drive, N. W.
Huntsville, AL 35805

01CY Attn MacPherson Morgan

Systems, Science and Software, Inc.
P.O. Box 1620
La Jolla, CA 92038

01CY Attn Ralph C SKlarew

Technology International Corporation
75 Wiggins Avenue
Bedford, MA 01730

01CY Attn W P Boquist

TRW Systems Group
Cnhe Space Park
Redondo Beach, CA 90278
01CY Attn R Watson R1/1096
01CY Attn J F Friitchtenich R1-1196
01CY Attn R K Plebuch
01CY Attn Tech Info Center/S-1930
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Science Applications, Inc.

P.O. Box 2351

La Jolla, CA 92038
01CY Attn Daniel A Hamlin
01CY Attn Robert W Lowen
01CY Attn Ben Myers

Science Applications, Inc.
Huntsville Division
2109 W. Clinton Avenue
Suite 700
Huntsville, AL 35805

01CY Attn Noel R Byrn

Sechrist, Professor Chalmers F.
155 Electrical Engineering Bldg.
University of Illionois
Urbana, IL 61801

01CY Attn C Sechrist

Southern California, Univ of
Universty Park
Los Angeles, CA 90007

01CY Attn S W Benson

Stanford Research Institute
333 Ravenswood Avenue
Menlo Park, CA 94025

01CY Attn Felix T Smith (Uncl only)

01CY Attn D J Hildenbrand
01CY Attn L E Cobb

01CY Attn G Black

01CY Attn J T Moseley

01CY Attn Burt R Gasten
01CY Attn J Lomax

01CY Attn R D Hake Jr

01CY Attn Walter G Chestnut
01CY Attn James R Peterson
01CY Attn Arthur Lee Whitson
01CY Attn Ray L Leadabrand
01CY Attn Allen M Peterson
01CY Attn T G Slanger

01CY Attn Ronald White

Stanford Research Institute
1611 North Kent Street
Arlington, VA 222(¢

01CY Attn Warren W Berning
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Stanford Research Institute
306 Wynn Drive, N.W.
Huntsville, AL 35805

01CY Attn MacPherson Morgan

Systems, Science and Software, Inc.
P.O. Box 1620
1A Jolla, CA 92038

01CY Attn Ralph C Sklarew

Technology International Corporation
75 Wiggins Avenue
Bedford, MA 01730

01CY Attn W P Boquist

TRW Systems Group
One Space Park
Redondo Beach, CA 90278
01CY Attn R Watson R1/1096
01CY Attn J F Friichtenicht R1-1196
01CY Attn R K Pleruch
01CY Attn Tech Info Center/S-1930

United Technologies Corporation
755 Main Street
Hartford, CT 06103
0l1CY Attn Tobert H Bullis
01CY Attn H Michels

Utah State University
Logan, UT 84321 :
01CY Attn William M More Chemistry Dept
01CY Attn Kay Baker
01CY Attn C Wyatt
01CY Attn D Burt
01CY Attn Doran Baker

Visidyne, Inc.

19 Third Avenue

North West Industiral Park

Burlington, MA 01803
01CY Attn T C Degges
01CY Attn J W Carpenter 4
01CY Attn Oscar Manley <
01CY Attn R Waltz

Wayne State University
1064 MacKenzie Hall
Detroit, MI 48202
01CY Attn R H Kummler
01CY Attn Pieter K Rol Chem Engrg
& Mat Sci




United Technologies Corporation
755 Main Street
Hartford, CT 06103
01CY Attn Robert H Bullis
01CY Attn K Michels

Utah State University
Logan, UT 84321
01CY Attn William M More
Chemistry Dept.
01CY Attn Kay Baker
01CY Attn C Wyatt
01CY Attn D Burt
01CY Attn Doran Baker

Visidyne, Inc.

19 7hird Avenue

North West Industrial Park

Burlington, MA 01803
01CY Attn T C Degges
01CY Attn J W Carpenter
01CY Attn Oscar Manley
01CY Attn R Waltz

Wayne State University
1064 MacKenzie Hall
Detroit, MI 48202
0l1CY Attn R H Kummler
O1CY Attn Pieter K Rol Chem Engrg
& Mat Sci

Wayne State University
Dept. of Physics
Detroit, MI 48202
01CY Attn Walter F Kauppila

Yale University
New Haven, CT 06520
01CY Attn Engrg Dept George J Schultz
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