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F kX ECIT OF OHIER the University holds Stais Sales Tax Permit C 135323
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o

A-2



i

SuBNIT CORRESFONDENCERQUESTIONS TO BUYER :] | SYCLOTAON T AERKELEY, CALI 84730 [] BOX 012 LIVERVORE. CALIF 34330
euven§ CODE BRDEA NO SELLER GOOE OATE ¥ROW RECETRT OF S0058 %n.
1 " P NvDICE WHICHEVER (5 L
£ o ! 214 2 Y O-WRICTHAITH 3 - 1% M DAYS
AhBI 188 45‘24( ' 12343 6/ /E" I 1+ w10 DAYS ¥ 2w I0TH R 2TH
R R e
RM‘ED ORDER CER‘I' UNDER 70U ANE BEQUINLD 7O FOLLO THE PROVISIONS OF DLtS TEAMS. (S cooml C-WIgTHAZITH  § « 7% 10 DAYS
Q. 1 AND ALL OTHE ICABLE REGULATIONS. OF THE Joiwopas T k-Amon
B etk ot b o2 SEE QRDIR LIS BE - T
IO B2 1 TOFILL Tig OADER N Roan 15w

r\IILIAH M. BRCEECK & ASSCGIATES

R‘m’n fram %

SHIP TO

"has 2

UNIVERSITY OF CALIFORNIA

PURCHASE ORDER

FOR CONTRACT NO, W-7405-ENG, 43
. OR CONTRAGT NO, DE-AC03-765F00098
WITH THE DEPARTMENT OF ENERGY

FORRESALE - State Sales Tax should not bie chargad, a3
the Univeraity holda Stats Salas Tax Parmit C 135323

MAIL INVOICE 1N DUPLICATE 10

UNIVERSITY OF CALIFORNIA
LAWRENCE LIVERMORE NATIONAL LABORATORY

Accounun%mhcu - P 0. BOX 5001

LIVERMORE,

Tha Purchass Qrder Number shown abowe
mujl appear on your invoice to faciitaty

CALIFORNIA 54550

paymant processing.

I
i, 1>, SHIP VIA (a3 coded)

EELL 1. PICKUP
1

.|

0Ly

2 FARCEL FOST
« FEDERAL EXP. 1

' o

:_MOTOR FREIGHT
? AIR PAHGEL POST
8. FEDERAL EXP.

OUNT oruuwensrrv SE!
z Accoum' rsu.
3 3EE BODY OF DADE]

TRANSPORTATION ON TERNIS (as hﬂg&a‘:g .

BHIPPING POINY

2 .
9 AIR Fﬁ‘l‘ FORWAHDER i l
-
i

|

FO.B. (a3 coded)

1. DESTINATION
2. SHIPPING POINT

LAH CATALOG NO.
|F APPLICABLE

y DESCRiFTION

+

QUANTITY

UNIT PRICE

TOTAL PRICE

3. SHIP PT. FREIGHT ALLOWED

PAOMISED QEL
TO CARRIER

ACCEETANC]
EASEI ON

4, SEILLER
AING
TETERME

B. CCMPLIT
ITT EEL

C. COKPLIA
IN AFFH

SELLIR MAY
BHEREUNIER
MENTS ARTI
PROGEESS P

THE EASIS
EILLING VI

THIS OR

CF 'WORK ANT PATMENT OUNDER
TEE 0

ATISFACTORY GOMPLIANCE WITH

5 P“RFCnHANCE CF WCRK AS SKT FCRTH
NSONANCE WITH EIGH FRQFESSIONAL ST
MEL BY LBL, ANT

ICN CF THE LEVEL CF EFFCRT
CW, ANT

NCE VITR TBE REPCRTING REQU
NDIX & - SCCEE CF WCRE.

REQUEST UNIVERSITY 70 MAKE
IN ACCCRDANCE WITH THE ATT
CIE R1~-2158 FE.

ATMENTS IN TBE AMOUNT OF S9 PERCEN

SPECIFI

CHEL FA

LI CONTAIN TBE FOLLCWING DHTAIL EY

EY CATEGORI CF LAXOR, OTHER CCSTS ANI OVEREE

TI1. LEVEL

C¥ EFFORT:

IN THE FER
LEL’S CONT
ADLIT AND

FCRVANCE CF TBE WCRE STATED EEREIN
RACTING OFFICER, IN BHIS SOUF DISCRE
HEQUIRE TEF FOLLOWING LEVELS OF EX

=~CCNTINUED CM FAGE

Y-

PROGRE

0¥ IEE COST INCURREL FOR THE PERIOf

LFR SHALL
[LOWING:

IN APPEN
:NLARLS

D IN PART

BY

13?.11»{(: /s{/x;/wmson i
7 |

S PATVMENT
GRESS PAY

F YILL B

BEING HI
TASK: SAL
D,

| SELLER 4%
TION, MA
FORT,

Koo

BE

11

5

¥ATE ON
LLEL.
ARIES

REES TEAT
VERIFY B

v

The Terms and Gonditions Onr The Revarse Side
Constitute A Part Qf This Order

AL-Z334 (REV. VB2) 7600-84287

UNIVERSITY OF CALIFORNIA




® ot CORRESPONDENCEAQUESTIONS Y0 BUYER T Y eriomRon Ao, bemeELEY oot i ) E] HOR S LVERHONE. CALY 0650
eVER — cooE GiDENND smi;coo! DATE P fﬁmﬁﬂ@ﬁ&ﬁgﬂm
LH‘? ABSI 152 452241 _/\’. 12245 6/2/8\4 ET\} E:ﬁsﬁsgmn a;ge;:q?xgm "
i RATED ORDER | CERT. UNDER | vou ARE MECUIRED TO FOLLOW THE MROVISIONS OF bms | |  TEAWS: A3 CODED) B R
. BM3REG. | L6 4L R RO LN o e Dinee §iRson
10 iZ 1 MATERALS 45D oTwEn rocucrs o uaais weeced (£ SEE QRDER Qi T 1 -AEwoAn
' a
[VILLIAY K. BRCEEGE § ASSCCIATES UNIVERSITY OF CALIFORNIA
PURCHASE ORDER
& FOR CONTRACT NO. W-74D5-ENG, 48
E OR CONTRACT NO. DE-AC03-785F00098
3 WITH THE DEPARTMENT OF ENERGY
$ swrTo
z FOR RESALE - Statm Sales Tax should not ba charged, as
|—P ACE 2 the University hotds Stata Sates Tax Permit C 135323
- MAIL INVOICE i OUPLICATE 10
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LIVERMORE, CALIFORNIA #4550
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=~CCNTINUED ON PAGE f~- .
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- MAIL INVQICE IN DUPLICATE TO
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® . APPENDIX A - SCOPE OF WORK to PURCHASE ORDER 4522410
between ‘
THE REGENTS OF THE UNIVERSITY OF CALIFORNIA
9 and

WILLIAM M, BROBECK & ASSOCIATES

o 1. INTRODUCTION

As approved and directed by the University, the Seller will undertake
certain engineering work for the conceptual desipgn of a® electron beam director.
It is estimated that approximately B60 man hours of technical effort will
® be required to complete this program. This engineering work is to be clesely
coordinated with the scientific work being done by LBL staff members on the same
project.

II. PURPOSE

Py The overall objective of the proposed effort is to perform conceptual design
‘ engineering work leading to a final report that sets forth a conceptual design
for an electron beam director and indeatifies segments needing research and

development,

1II. TECHNICAL SCOPE OF WORK'

The Seller shall psrform the following tasks:

TASK 1 Conceptual Design

Select suitable configurations and perform engineering calculatious
® establishing conceptual designs for the various segments of an electron beam
director system including:

Magnet lattice
Vacuum ro*ary joints
. Vacuum or air tramsition
) . Vernier steering system
Mechanical mount and slewing system
Radiation effects
Estimates of size, weight and cost

@ d6b/t25a/5-83/a
A-8



William M. Brobeck & Associates Page 2
Purchase Order 4522410

TASK 2 Liaison

The 3eller shall meet with LBL project staff Bi-Momthly so that the
engineerirg work hereunder is coordinated with that being pertormed by LBL
staff wembers.

TASK 3 Final Report

The Seller shall prepare and submit drafts of those portions of the Final
Report that pertain to the comceptual design engineering work undertakea here-
under by August 31, 1983, After review, a final draft of said portions of the
Final Report shall be submitted by September 30, 1983,

IV. REPORT SUBMITTALS AND DELIVERABLES

The reports and deliverables required are those described in Section
III, Tasks 2 and 3.

Two (2) copies of the above reports are to be addressed and submitted
to:

University of California

Lawrence Berkeley Laboratory

One Cyclotron Road

Berkeley, CA 94720

Attention: ODr. Edward P. Lee, Building 47-112

One copy of the trensmittal letter for each of these reports shall be
furnished to the Purchase Order Administrator addressed as follows:

University of California
Lawrence Berkeley I iboratory
One Cyclotron Road

Berkeley, Ca 94720
Attention: Mr. R. J. Arri

The Seller shall not distribute reports of work, drawings, specificatioas,
etc. under this purchase order to any individual or organization other than
those indicated above without the prior written approval of the Purchase Order
Administratoer.

déb/t26a/5-83/a
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Page 3

LIAISON

A,

University’s Purchase Order Administrator is Mr. R. J. Arri, or his
designee or successor. He will assure compliance with the terms and
conditions of this order, process any contractual approvals required
and monitor expenditures hereunder, He shall also be responsible for
review of all invoices submitted under the progress payments provisions
to assure compliznce with the order requirements.

University's Technical Director under this order is Dr. Edward P. Lee,
his successor or designee. He will be responsible for womitoring
technical performance under this order, approving the form and content
of technical reports and accepting the fiaal task reports.

ASSIGNMENT OF PERSONNEL

Any substitution, reassigament, replacement or other change invelving
Seller’s key technical personmel assigned to this work, shall be made
only with persons of equal abilities and qualifications. Any such
change shall be subject to prior University approval.

dbb/t27a/5-83/a
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FIRST MODIFICATION TO APPENDIX A - SCOPE OF WORK
to
PURCHASE ORDER 4522410
with

WILLIAM M. BROBECK AND ASSOCIATES

INTRODUCTION

This First Modification to Appendix A ~ Scope of Work to Purchase Order
4522410 issued to provide contract coverage for additional work to be
per formed.-

PURPOSE

The purpose of this First Modification ia to add an additional work task under
thie order.

CHANGES

Appendix A - Scope of Work is modified by mutual agreement of the parties as
follows:

TECHNICAL SCOPE OF WORK - is changed to read:

Task & 1s added as follows:
"TASK 4 consist of planning how the concepts and configurations
déveloped in the following tasks can be carried forward to a success-~

ful demonstration on ATA at Lawrence Livermore National Laboratory.

- Magnet Lattice

Vacuum Rotary Joints

- Vacuum-to-Air Tramsition

- Vernier Steering System

- Mechanical Mount and Slewing System
- Radiation Effects

- Estimates of Size, Weight and Cost"

All other provisions of Appendix A - Scope of work to Purchase order 4522410
remain unchanged.

d6c/t23b/9-83/1% A-13



ELEVENTH AMENDMENT
Lo
_SUBCONTRACT 2700700
between
THE REGENTS OF THE UNIVERSITY OF CALIFORNIA
and

BROBECK. CORPORATION

INTRODUCTION

This Eleventh Amendment to Subcontract 2700700 is entered into by and
between The Regents of the University of California, hereinafter called
“University", and Brobeck Corporation, hereinafter called "Subcontractor",

PURPGSE

The purpose of this Eleventh Amendment {s to recognize a change in
Subcontractor's name; to provide for additional Tasks under existing Part A
- QOrganic Materials and to add a new Part E - Beam Director; to increase

the Tevel of effort; to increase the funding; and to extend the Subcontract
term through February 29, 1984.

HOW, THEREFQRE, effective upon Subcontractor's receipt of a fully executed
Amendment, Subcontract 2700700 between the University and the Subcontractor
is hereby amended by mutual agreement of the parties as follows:

CHANGE OF NAME

This Amendment acknowledges that University and Subcontractor have
executed a CHANGE OF NAME AGREEMENT on November 22, 1983, recognizing
the Subcontractor has changed its corporate name to BROBECK CORRORATION.

ARTICLE IJ - TERM - is changed, in part, as follows:

Delete "and shall continue through December 31, 1983", and substitute
in lieu thereof “and shall conf.inue through February 29, 1984".

ARTICLE: 11T - ESTIMATE OF COST - Paragraph A. Initial Estimate of {ost
and Fixed Fee: delete as written and substitute therefor:

“The presently estimated cost of work under this Subcontract is THREE
HUXDRED SEVENTY-SEVEN THOUSAND THREE HUNDRED FIVE AND NO/100 DOLLARS
($372,305.00), exclusive pf Subcontractor's fixed fee. Subcontractor's
fixed fee is THIRTY-SEVEN THOUSAND SEVEN HUNDRED THENTY-TWO AND NO/100
DOLLARS ($37,722.00). The aggregate of presently estimated cost and
fixed fee is FOUR HUNDRED FIFTEEN THOUSAND THENTY-SEVEN AND NO/100
DOLLARS ($415,027.00)."

A-14
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APPENDIX A - REIMBURSEMENT OF COSTS s hereby revised to add Paragraph
.3, ac follows:

"C.3, Notwithstanding Paragraphs C.1 and (.2, above, the parties hereto
agree that University shall not be obligated to pay any amount
for General and Administrative Expenses (G&A) exceeding 30.07 of
tot?l direct cost and Overhead, for the period commencing January
1, 1984 .4

APPENDIX B - SCOPE OF WORK, is hereby revised as follows:

Paragraph II1. TECHNICAL SCOPE OF WORK, is revised as follows:

Part A - Organic Materials, add the follpwing:

"Task XII B
"Initiate efforts to extend RDUCT to include additional procedures
for transition computation including "microscopic™ computations of
internal cell heat transfer.”
"Task XIIT
“Provide support analyses in the area of weapons vulnerability, as
requested and under the technical direction of the LLNL Technical
Coordinator, or his cesignee.”

Add the following new task:- -

“Part £ - Beam Director

“Initiate planning and preliminary design of three elements of the
electron beam director system and detail design of the Vernier
Steering and Achromat for the LLNL Advanced Test Accelerator {ATA)
project.

“The prioritized elements are:

1. Vernier Steering
2. Achromat
3. Vacuum-to-Air Rotating Window

"Work shall be performed as approved and directed by the University's
Technical Coordinator, and generally as described in the WORK STATEMENT
(4 pages) contained in Subcontractor's Proposal No. 8400-260-204 dated
February 10, 1984."

“"The Final Report for this Part E shall be an informal summary of work
performad, in form and content acceptable to the Un1verc1ty 3 Techn1ca1
Coordinator." ,

Paragraph IV. LEVEL OF EFFORT; is modified in its entirety to read as
follows:

A-15
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'The allocation of effort under Subcontract is estimated to be:

Type of Personnel

T A

Engineer 15
Engineer 16

PART B

Engineer 16
Engineer 15
Engineer 12
Engineer 1]
Engineer Associate 7

PART €
Engineer 16
PART D
Engineer 12
PART E
Engineer 16

Engineer Associate 7
Engineer Associate 5

Level-of-Effort
{Man-Hours, Cumulative}

42
2,330 (increase 174)

320
861
470
610
446

35

670 (added)
358 (added)

240" (added)

1700

Part VI. COORDINATION AND ADMINISTRATION, is revised to add the

following:

"The University’'s Technical Cuordinator for Part £ - Beam Difactur, s
Coleman Johnson, or his designee.”

A1l other terms and conditions of Subcontract 2700700 sha1l remain in full
force and effect except as amended herein.

IN WITMESS WHEREOF, the parties have executed this Eleventh Amendment.

ACCEPTED:
BROBECK CORPORATION

BY

AUTHORIZED:

o warrenrzzcgukel
TITLE% 24 .

lﬁﬁ Eaton

TITLE  Deputy Cuntracts Manager

Vice President

Lawrence lei;7br National Laboratory

DATE

DATE _.;;l?.%/ it 1/

11th Amendment
S/C 2700700
2/84 [2233N:301)
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SUBCONTRACT 4368005

between

THE REGENTS OF THE UNIVERSITY OF CALIFbRN!A
and

BROBECK CORPORATION

INTRODUCTION

This Cost Plus Fixed Fee Subcontract is made and entered into by and
between The Regents of the University of California, hereinafter called
the “University", and Broberk Corporation, hereinafter calied the
*Subcontractor”. :

The Regents of the University of California, a California corporation,
have entered into a contract, W-74805-ENG-48 with the United States
Government, hereinafter called "Government”, represented by the Department
of Energy, hereinafter called "0OE®, for the performance of certain energy
research and development work at the University of California Lawrence
Livermore National Laboratory. This Subcontract is entered into in
furtherance of the performance of the work provided for in the prime
contract.

In accepting this Subcontract, the Subcontractor agrees to perform the
Subcontract work in accordance with the foliowing documents which
collectively constitute the Subcontract and are attached hereto and by
this reference made a part hereof:

Subcontract Signature Page

3chedule consisting of 5 payes
General Provisions dated July, 1983
Exhibit 1 - Scope of Work

{Revised 6/83)

ACCEPTED: BROBECK CORPORATION AUTHORIZED:

THE REGENT
UNIVERSITY

4

Name:

Warren W. Euke _ AW L, Halunen
Title: Vice President ) Contracts Manager

Lawrence Livermore National Laboratory

Date:  February 29, 1984 L amnt

- bt
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SCHEDULE

ARTICLE I - SCOPE_OF WORK

The Subcontractor shall furnish the necessary facilities, supplies,
equipment and personnel, except such as are furnished by the University or
the Government, to conduct certain work generally described as a) Task I -
Analysis of Weapons System Explosives Component Vulnerability, and b) Task
I1 - ATA Beam Director, to be performed by the Subcontractor at iocations
approved by the University and Subcontractor's facility at Berkeley
California the nature and extent of which are more specifically described
in EXHIBIT 1 - STATEMENT OF WORK hereto, and shall also deliver such
materials, products, supplies and incidental se-vices and reports as may
be set forth in said EXHIBIT T.

The University and DOE shall have the right to inspect Government property
and the work and activities of the Subcontractor under this Subcontract at
such time and in such manner as they shall deem appropriate. The
Subcontractor shall include in all subcontracts and purchase orders under
this Subcontract involving research and development or fabrication, or
where costs incurred are a factor in determining the amount payable to the
vendor, a similar provision making this paragraph appiicable to the
Subcontractor or vendor.

(Revised 6/83)

ARTICLE II - TERM

‘ Unless completely performed prior thereto or sooner terminated in

accordance with CLAUSE 14 - TERMINATION, the work described in ARTICLE I -
SCOPE OF MWORK, shall begin March 1, 1984 and shall continue through
December 31, 1984 which is the current period of time estimated as
necessary for completion of said work, provided that the term of this
Subcontract shall continue for such pericd of time as required to comply
with the reporting and close out procedures of this Subcontract. Neither
party guarantees the aforestated estimate of time and work under this
Subcontract and, except as necsssary to comply with reporting and close
out procedures, the term shall cezse on the last date mentioned unless the
University by writter notice to Subcontractor extends, at its sole option,
such period for such. time or times as it considers appropriate for
completion of the work described in ARTICLE I - SCOPE OF WORK, Sulh an
extension of time will not be a basis for a claim of additional tee by

Subcontractor.,

(Revised 2/83)

Schedule
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ARTICLE ITT ~ ESTIMATES AND FIXED FEE

A. Initial Estimate of Cost and Fixed Fee

The presently estimated cost of the work under this Subcontract is
$96,257.00 exclusive of the Subcontractor's fixed fee, The
Subcontractor's fixed fee is $9,618.00. The aggregate of presently
estimated cost and fixed fee is $105,875.00.

(Task IL: #52 310.00)

B. Revised Estimate of Cost

The presently estimated rost of the werk under this Subcontract may be
increased or decreased by written agreement of the parties.

C. Limit on Total Amount of Allgwable Costs

Payments on account of costs shall not in the aggregate at any time
exceed the amount of estimated costs specified in the Subcontract.

D. Notice of Costs Approaching Subcontract Amount - Subcontractor Excused

Pending Increase

Whenever the Subcontractor has reason to believe that the total costs
of the work under this Subcontract, exclusive of fixed fee, will
exceed the estimated cost of the work then in effect, the
Subcontractor shall promptly notify the University in writing. The
Subcontractor shall also notify the University in writing when the
aggregate of expenditures and outstanding commitments allowable under
this Subcontract, excludiug fixed fee, is egual to 75% {(or such other
percentage as the University may from time to time establish by notice
to the Subcontractor) of the estimated cost of the work then in
effect. When such expenditures and outstanding commitments, excluding
fixed fee, equal 100% of such amount, the Subcontractor shall make no
further commitments or expenditures (except to meet existing
commitments) and shall be excused from further performance of the work
unless and until the University shall increase the estimated cost of
the work in accordance with Paragraph 8, above.

E. The University's Right to Terminate not Affected

The yiving of any notice by either party under this ARTICLE [11 shall
not be construed to waive or impair any right of the University to

terminate the Subcontract under the provisions of CLAUSE 14 -
TERMINATION.

F. cCost Information

The Subcontractor shall maintain current cost information adequate to
reflect the cost of performttg the work under this Subcontract at all
times while the work is in progress and shall prepare and furnish to
the University such written estimates of cost and information in
support thereof as the University may request,

Schedule : A-19
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G. Correctness of Estimates not Guaranteed

Neither the University nor the Subcontractor guarantees the
correctness of any estimate of cost or estimate of time for the
perfermance of the work under this Subcohiract, and there shall be no
adjustment in the amount of the Subcontractor's fixed fee by reason of
errors in the computation of estimates or differences between such
estimates and the actual cost or time for the performance of the work.

(Revised 2/83)

ARTICLE IV - CONSIDERATION

Payment for allowable costs, reimbursable in accordance with ARTICLE V -
REIMBURSEMENT GF COSTS, and of the fixed fee set forth in ARTICLE III -
ESTIMATES AND FIXED FEE, shall constitute complete compensation for
Subcontractor's services, inciuding profit and all items or kinds of
expenses not allowible under the terms of this Subcontract.

(Revised 2/83)

ARTICLE V - REIMBURSEMENT OF COSTS

A. The allowable cost of performing the work under this Subcontract shall
be the costs and expenses {less applicable income and other credits)
that are actually incurred by the Subcontractor, are applicable and
properly chargeable, either “as directly incident or as allocable
through appropriate distribution or apportionment, to the performance
of the Subcontract in accordance with its terms and are determined to
be allowable pursuant to this paragraph. The datermination of the
allowability of cost hereunder shall be based on: 1) reasonableness,
including the exercise of prudent business judgment; 2) consistent
application of generally accepted accounting principles; anc 3)
recognition of all exclusions and limitations set forth in this
ARTICLE V, or elsewhere in this Subcontract as to types or amounts of
items of cost. This Subcontract recognizes that audit hereunder will
he in accordance with this Subcontract and Contract cost principles
and procedures of DOE (DOE PR 9-15.50) in effect on the date of this
subcontract, as supplemented by Subpart 1-15.2 of the Federal
Procurement Regulations (41 CFR 1-15,2) and in DOE PR 9-15.205-3
“Bidding Cost" and 9-15.205-35 “Independent Research and Development
(IR&D) and Bid and Proposal (B&P) Costs". The audit might be
performed by the Government Agency having the preponderant workload.
However, DOE reserves the right to conduct its own audit of
expenditures under this Subcontract. '

(Revised 6/83)
Schedule A-20
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8. OVERHEAD

1. Pending final audit and determination of overhead, the
Subcontractor shall be paid a provisional overhead rate, as
approved by the University from time to time and authorized in
writing by the University. Such provisional payments will be
adjusted to the actual overhead costs and expenses determined as
set forth in this ARTICLE V and principles herein established,

2. When actugl reimbursable overhead costs have been determined
pursuant to this Subcontract, adjustment shall be made for the
difference between the sum to be determined and the sum of the
provisional payments made under Paragraph 1., above.

3. Notwithstanding Paragraphs B.1 and B.2 above, the parties hereto
agree that University shall not be obligated to pay any amount for

General and Administrative Expences (GRA) exceeding 30.0% of total
direct costs and Overhead, for the period commencing March 1, 1984,

(Revised 2/83)

AKTICLE VI - RIGHTS TO PROPOSAL DATA

Except for technical data contained in pages (None) of the Seller's
proposals dated February 10, 1984 which are asserted by the Seller as
being proprietary data, it is agreed that as a condition of the award of
this subcontract, end notwithstanding the provisions of any notice
appearing on the proposal, the University and Government shall nave the
right to use, duplicate and disclose and have others do so for any purpose
whatsoever, ,the technical data contained in the proposal upon which this
order is based.

(Revised 2/83)

ARTICLE VII - GENERAL PROVISIONS

A. The Subcontractor‘ shall comply with the CLAUSES set forth in the
Gereral Provisions dated July 1983 as may be altered or modified
hereunder and in the ARTICLE VIII - ALTERATIONS and ADDITIONS.

B. CLAUSE 31, paragraphs A.1, A.2, Authorization and Conseni (page no. 26
an?] 27), shall or shall not be applicable to this Subcontract as
follows:

~ Paregraph A,1 is [X] is not [ ] applicable to this Suicontract,

Paragraph A.2 is [ ] is not [X] appiicab]e to this Subconiract.

Schedule A-21
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C. CLAUSE 31, paragraphs B.1, B.Z2, Patent Indemnity (page no. 27), shall
or shall not be applicable to this Subcontract as follows:

Paragraph B.1 is [X] is not [ ] applicable to this Subcontract.
Paragraph B.2 i5 [ ] is not [X] applicable to this Subcontract.

D. CLAUSE 31, paragraphs D.1, D.2, Patent Rights (page no. 28 or 36),
shall be applicable to this Subcontract as follows:

Paragraph D1 PATENT RIGHTS (LONG FORM) is [ ] is not [X] applicable
tc this Subcontract.

Paragraph D.2 PATENT RIGHTS (SMALL BUSINESS FIRMS AND NONPROFIT
ORGANIZATIONS, MARCH 1982) is [X] is not [ ] applicable to this
Subcontract.

E. CLAUSE 31, paragraph G, Rights in Technical Data, subparagraphs 6
(page no.41) and H (page no.44) shall or shall not be applicable to
this Subcontract as follows:

Subparagraph G is [X] is not [ ] applicable to this Subcontract.
Subparagraph H is [ ] is not [X] applicable to this Subcentract.

(Revised 6/83)

ARTICLE VIII - ALTERATIONS AND ADDITIONS

The following Optional clause is hereby incorporated into and made a part
of this Subcontract.

Clause 35 Cost or Pricing Data (page 48}

In addition, the foilowing Articile is herehy incorporated inte and made a
part of this Subcontract:

ARTICLE 28 - Foreign Ownership, Control, or Influence Over C(ontractor,
Form LL 2358 FOCI-2 (8/83)

Revised 2/83)
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II

II.

III.

Exhibit 1

EXHIBIT 1 - SCOPE OF WORK
to
SUBCOWTRACT 4368005
between
THE REGENTS OF THE UNIVERSITY OF CALLIFORNIA
and

BROBECK CORPORATTON

INTRODUCTION

As approved and directed by the University, Subcontractor shall
provide technical and professional effort directed toward the studies
specified in Part III - Technical Scope of Work.

As provided in CLAUSE 3 - CHANGES, the University may direct, in
writing, changes within this Scope of Work.

PURPOSE

The purpose of this work is a) to provide design and analysis for two
phase hydrodynamic calculations, and to provide weapons vulnerability
studies (Task I), and b) to provide planning and design engineering

for an electron beam director vernier, achromat and window ({Task II).

TECHNICAL SCOPE OF WORK

As approved or directed by the University, Subcontracter shall
furnish all necessary personnel, materials and facilities, except as
may be provided for elsewhere herein, to conduct the investigations
and Tasks described below:

TASK I - CHEMISTRY DEPARTMERT SUPPORT

I. A Engineering Design and Analysis for Two Phase Hydrodynamic
Calculations:

Initiate efforts to extend RDUCT to inctude additional procedures for
transition computation including “microscopic” computations of
internal cell heat transfer. (Note: this is a continuation of

“efforts initiated under Part A-Task XII of Subcontract 2700?00.)

A-23
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1.8 Weapons Vulnerability Studies:

Provide support anaylses in the area of weapons vulnerability, as
requested and under the technical direction of the LLNL Technical
Representative. (Note: this is a continuation of etforts initiated
under Part A - Task XIII of Subcontract 2700700.)

TASK I[ - ADVANCED TEST ACCELERATOR (ATA) SUPPORT

I1.A Beam Directar:

Complete the planning and preliminary design of three elements of the
electron beam director system and detail design of the Vernier
Steering ang Achromat for the LLNL Advanced Test Accelerator (ATA)
project.

The prioritized elements are: *

1. Vernier Steering
2. Achromat
3 Vacuum-to-Air Rotating Window

Work shall be performed as approved and directed by the University's
Technical Representative, and generally as descirbed in the WORK
STATEMENT (4 pages) contained in Subcontractor's Proposal No.
8400-260-20A dated February 10, 1984, (Note: this is a continuation
of efforts initiated under Part E- Beam Director of Subcontract
2700700.)

IV, LEVEL OF EFFQRT
¢ The distribution and allocation of technical and professional effort
under this Subcontract shall be approximately as follows:
TYPE OF PERSONNEL MAN HOURS (ESTIMATED)
° Task I Task 11
Chemistry Support  ATA Support
Engineer 16 767 699
Engineering Associate 7 83
. V.  REPORTS
Subcontractor shall prepare and submit the following reports to the’
Universitys,
¢
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D.

Financial Reports (Type A} - shall be submitted by the fifteenth
of each month and shall inciude all costs incurred during the
preceding month and outstanding commitments to the end of the
month. In the event actual cost data is unavailable,
Subcontractor’s menthly financial report shall contain estimated
expenditures, identified as such. Data shall be segregated and
indentified by Task., ~

Monthly Progress Reports {Type B) - shall e submitted by the
fifteenth of each month and may be informal letter summaries in
a format approved by the University’s Technical Representative.
These reports should contain a description of work performed
during the month reported and work planned for the succeeding
month. Data shall be segregated and indentified by Task.
(Subﬁontractor may elect to submit separate raports for each
Task).

Final Report (Type C) - shall be submitted upon completion of
gach Task and contain a comprehensive summary of all work
results and conclusions. The form and content of Type C Reports
shall be acceptable to the University's Technical
Representative, 1f so requested, a draft copy of the Report
shall be submitted to the University's Technical Representative
for approval prior to final typing.

Distribution of Reports

Reports shall be separately addressed and transmitted to:

University of California

Lawrence Livermore National Laboratory
P. 0. Box 5012

Livermora, CA 94550

Attention: (lntended Recipient)

Type of Report No. of Copies Recipient

Exhibit 1
S/C 4368005
2/84(2243N:

ard B i Diane Melendez

and B As Requested Technical
Representative far
Each Respective Task

¢ As Requested Diane Melendez

Subcontractor shall not distribute reports of work under this
Subcontract to any individwal or organization other than those
indicated above or an authorized representative of the U. S.
Department of Cnergy witheut prior wr\tten approval of the
Cortract Administretor.
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VI.

VII.

Interim Reports

It is understood that there will be other information exchanged
between the parties from time to time. These data may be
exchanged directly between the parties concerned; formal reporting
and distribution is not required in these cases. -

COORDINATION AND ADMINISTRATION

The University's Technicai Representative(s) under this Subcontract as
designated below, or their designee{s), shal) represent the University
in matters relating to the technical performance of the Scopz of Work
described herein. During the established term of this Subcontract,
the Technical Representatives will interpret the technical
requirements of the Scope of Work and will determine the emphasis and
direction of the Subcontractor in the conduct of the work within the
level and atlocation of effort established herein. A1l other matters
relating to the performance of this Subcontract are reserved to the
Contract Administrator. Provided, however, any technical direction
which will affect the estimated cost or time for performance of this
work shall require prigr formal amendment of this Subcontract or prior
written direction from the Procurement Manager, or his dasignee, as
provided in CLAUSE 3 - CHANGES of the Terms and Conditions, Technical
direction resulting in work outside the general Scope of Work requires
prior formal amendment of this Subcontract. :

1

Task Technical Representative

Task [ E. Lee
Task I {oleman Johnson

The University's Contract Administrator is Diane Melendez, or her
designee. A1l matters relating to the interpretation and
administration of this Subcontract shall be conducted through the
Contract Administrator, Subcontractor will direct all notices and
requests for approval to the Contract Administrator; and any notice or
approval from the University to the Subcontractor will be issued by
the Contract Administrator.

ASSIGNMENT OF PERSONNEL

It is understood and agreed that Subcontractor's key technical
personnel assigned to this work shall not be reassigned or replaced
without prior University approval, except where such circumstances are
beyond the reasonabie control of the Subcontractor.

Exhibit 1 A-26
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VIII,

Exhibit 1

HEALTH, SAFETY AND FIRE PROTECTION

The Subcontractor shall take all reasonable precautions in the
performance of the work under this Subcontract to protect the hezlth
and safety of employees and members of the public and to minimize
danger from all hazards to 1ife and property, and shall comply with
all pertinent health, safety, and fire protection regulations and
requirements (including reporting requirements) of the University and
DOE communicated to the Subcontractor,

In the event the Subcontractor fails to comply with said regulations
or requirements of the University or the DOE, the University may
without prejudice to any other legal or contractual rights of the
University, issue an order stopping all or any part of the work;
thereafter, a start order for the resumption of work may be issued at
the discretion of the University.

A-27
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SECOND AMENDMENT
to
SUBCONTRACT 4368005
between
THE REGENTS OF THE UNIVERSITY OF CALIFORNIA
and

BROBECK CORPORATION

INTRODUCTION

This Second Amendment to Subcontract 4368005 is entered into by and between
The Regents of the \University of California, hereinafter called
“University”, and Brobeck Corporation, hereinafter callec "Subcontractor”.

PURPOSE

The purpose of this Second Amendment to Subcontract 4368005 is to
incorporate the following changed documents into this Subcontract.

NOW, THEREFCRE, by wmutual agreement of the parties, the following
Subcontract documents attached hereto are made a part of this Subcontract:

Second Modification to Schedule
Second Modification to Exhibit I

A1l other terms, conditions and provision of Subcontract 4368005 shall
remain in full force and effect, except as amended herein.

In witness whereof, effective upon Subcontractor's signature acceptance of
this Second Amendment, Subcontract 4368005 is hereby amended by mutual
agreement of the parties.

ACCEPTED: AUTHORTZED:

BROBECK CORPORATION THE-REGENTS OF THE
UNIVERSITY OF CALIFORNIA

BY/ m#// BY /ﬁdﬂﬁ %=

) Warren W. Eukel . M. R. Eaton
TITLE _yico Precident TITLE ' Deputy Contracts Mapager
Lawrence Livermore National Laboratory
DATE June 26, 1984 DATE C—/!, 7 / je/
2nd Amendment A-28
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SECOND MODIFICATION TO SCHEDULE OF
SUBCONTRACT 4368005
between |
THE REGENTS OF THE UNIVERSITY OF CALIFORNIA
and

BROBECK CORPORATION

INTRODUCTION

This Second Modification to Schedule of Subcontract 4368005 between the
University and the Subcontractor amends, by mutual a;reement of the part1es.
the Schedule in the following particulars only:

ARTICLE [I1 - ESTIMATES AND FIXED FEE - delete paragraph A only and
substitute therefor:

"The presently estimated cost of the work under this Subcontract is
ONE HUNDRED SEXTY-SEVEN THOUSAND, EIGHT HUNDRED NINETY-SIX AND NO/100
DOLLARS ($167,896.00) exclusive of the Subcontractor's fixed fee. The
Subcontractor's fixed fee s SIXTEEN THOUSAND, SEVEN HUNDRED
EIGHTY-TWO AND NO/100 DOLLARS ($16,782.00). The aggregate of
presently estimated cost and fixed fee is ONE HUNDRED EIGHTY-FOUR
THOUSAND, SIX HUNDRED SEVENTY~EIGHT AND NG/100 DOLLARS ($184,678.00}."

A1l other provisions of the Schedule of Subcontract 4368005 shall remain in
full force and effect, except as amended herein.

(fﬂf«feaﬁe, £31, 774, 00)

A-29
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SECOND MODIFICATION TO EXHIBIT [ OF
SUBCONTRACT 4368005
between
THE REGENTS OF THE UNIVERSITY OF CALIFORNIA b
and

BROBECK CORPORATION

INTRODUCTION

This Second Modification to Exhibit I - Scope of Work of Subcontract 4368005
between the University and the Subcontractor amends, by mutual agreement of
the parties, Exhibit [ in the following particulars only:

SECTION 11! - TECHNICAL SCOPE OF WORK is modified, in part, in the
following particulars only:

“Task I1. C - Engineering Design and Detail for an Electron Beam Window

The objective of this task focuses on the Vacuum-to-Air Rotating
Window design study which concentrates upon the mechanical and thermal
problems of the spinning disk and jts support system. Critical design
items: gyrodynamics, balance and stress.

The Subcontractor's efforts shall be directed toward engineering
design and detail drawings for fabrication of a prototype of the
Vacuum-to-Air Rotating Window.

In conduct of this task, the stresses due to high centrifugal force,
thermal shock and vacuum loading shall be part of the design
consideration.  University acceptable combinations of material
properties, dimension and configurations shall be selected by
Subcontractor for design.  Subcontractor shall calculate bearing
friction, aerodynamic drag and turbo-molecular pumping loads to
determine drive power and parasitic heat loads. Means for radiation
and convection cooling of the rotating disk shall be evaluated.

Upon completion of the engineering design for the rotating elements,
Subcontractor shall complete the detail design for the Rotating Window
and provide a set of drawings suitable for shop fabrication as the
final documentation of this effort, acceptable to the University's
Technical Representative.

SECTION .1V "~ LEVEL-QF-EFFORT - delete as writter and substitute
therefor: -

. -30
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“The distribution and allocation of technical and professional effort
under this Subcontract shall be approximately as follows:

Type of Personnel Man Hours (Estimated)
Task [ Task I
Chemistry Support ATA Support
Engineer 16 767 1049
Engineering Associate 7 1160"

A1 other provisions of Exhibit I of Subcontract 4368005 shall remain in
full force and effect, except as amended herein.
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TELECON
DATE: February 11, 1985 File: 7300-962A

7300-976 Lo
FROM: Diane Melendez - LLN;uyvﬂ///
10: Warren ¥, Eukel I/a;

S.3JECT: CONTRACT AUTHORJZATION
1

Ms. Melendez gave verbal autharization to proceed with the long lead item
rracurement on a CPFF Contract £6551805. The tota)l amount authorized is
$83,997. This is from our proposal 7300-962A. Our consolidated Proposal
#7300-976 for $240,262 has not been approved because purchasing does not
have a requisition for the proposal.

WWE - jw

cc: K.M. Thomas

A-32



SUBCONTRACT 6551805
between
THE REGENTS OF THE UNIVERSITY OF CALIFORNIA
and

BROBECK CORPORATION

INTRODUCT ION

This Cost Plus Fixed Fee Subcontract is made and entered into by and
between The Regents of the University of California, hereinafter called
the “University® and Brobeck Corporation hereinafter called the
“Subcontractor”,

The Regents of the University of California, a California corporation,
have entered into a contract, W-7405-ENG-48 with the United States
Government, hereinafter called "Government”, represented by the Department
of Energy, hereinafter called "DOE", for the performance of certain energy
research and development work at the University of California Lawrence
Livermore Nationa] Laberatory, This Subcontract is entered into in
furtherance of the performance of the work provided for in the prime
contract.

In accepting this Subcontract, the Subcontractor agrees to perform the
Subcontract work in accordance with the following documents which
collectively constitute the Subcontract and are attached hereto and by
this reference made a part hereof:

Subcontract Signature Page
Schedule consisting of 6 pages
Exhibit 1 - Statement of Work
General Provisions dated July 1983

(Revised 6/83)

ACCEPTED: AUTHORIZED:

BROEECK CORPORATION THE REGENTS OF THE
UNIVERSITY OF CALIFORNIA

BY: 4gg;%52;255;5%?;255i4£§;/” BY: T N[ L

Warren W. Eukel M. R. Eator
TITLE: 4227'/5235? ;- TITLE: Deputy Contracts Manager

Lawrence Livermore National Laboratory

DATE: %/ﬁé /75L DATE: /3 [T
FORM RL-2365A
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SCHEDULE

ARTICLE I - SCOPE OF WORK

The Subcontractor shall furnish the necessary facilities, supplies, equipment
and personnel, except such as are furnished by the University .or the
Government, to conduct certain work generally described as the procurement of
long lead time materiais for the beam director. Subcontractor shall specify,
procure, coordinate and generally provide technical guidance during the
procurement of critical materials for the beam director project to be
performed by the Subcontractor at Jocations approved by the University and
Subcontractor's facility at Berkeley, California the nature and extent of
which are more specifically described in EXHIBIT 1 - STATEMENT OF WORK hereto,
and shall alsg deliver such materials, products, supplies and incidental
services and reports as may be set forth in said EXHIBIT 1.

The University and DOE shall have the right to inspect Government property and
the work and activities of the Subcontractor under this Subcontract at such
time and in such manner as they shall deem appropriate. The Subcontractor
shall include in all subcontracts and purchase orders under this Subcontract
involving research and development or fabrication, or where costs incurred are
a factor in determining the amount payable to the vendor, a similar provision
making this paragraph applicable to the subcontractor or vendor,

(Revised 6/83)

ARTICLE [I - TERM

Unless completely performed prior thereto or sooner terminated in accordance
with CLAUSE 14 - TERMINATION, the work described in ARTICLE I - SCOPE OF WORK,
shall begin February 11, 1985 and shall continue through December 31, 1985
which is the current period of time estimated as necessary for completion of
said work, provided that the term of this Subcontract shall continue for such
period of time as required to comply with the reporting and close out
procedures of this Subcontract. Neither party guarantees the aforestated
estimate of time and work under this Subcontract and, except as necessary to
comply with reporting and close out procedures, the term shall ceasz on the
last date mentioned uniess the University by written notice to Subcontractor
extends, at its sole option, such period for such time or times as it
considers appropriate for completion of the werk described in ARTICLE I -
SCOPE OF WORK. Such an extension of time will not be a basis for a claim of
additional fee by Subcontractor,

(Revised 2/83)
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ARTICLE IIT - ESTIMATES AND FIXED FEE

A.

C‘

Initial Estimate of Cost and Fixed Fee

The presently estimated cost of the work under this Subcontract is
SEVENTY-SIX THOUSAND THREE HUNDRED SIXTY-ONE AND 00/100 DOLLARS
($76,361.00) exclusive of the Subcontractor’s fixed fee. The
Subcontractor's fixed fee is SEVEN THOUSAND SIX HUNDRED THIRTY-SIX AND
00/100 DOLLARS (5$7,636.00). The aggregate of presently estimated cost
and fixed fee is EIGHTY-THREE THOUSAND NINE HUNDRED NINETY-SEVEN AND
NO/100 DOLLARS {$83,997.00).

Revised Estimate of Cost

The presently estimated cost of the work under this Subcontract may be
increased or decreased by written agreement of the parties.

Limit on Total Amount of Allowable Costs

Payments on account of costs shall not in the aggregate at any time
exceed the amount of estimated costs specified in the Subcontract.

Notice of Costs Approaching Subcontract Amount - Subcontractor Excused
Pending Increase

Whenever the Subcontractor has reason to believe that the total costs of
the work under this Subcontract, exclusive of fixed fee, will exceed the
estimated cost of the work then in effact, the Subcontractor shail
promptly notify the University in writing, The Subcoentractor shall also
notify the University in writing when the aggregate of expenditures and
cutstanding commitments allowable under this Subcontract, excluding
fixed fee, is equal to 75% (or such othar percentage as the University
may from time to time establish by notice to the Subcontractor) of the
estimated cost of the work then in effect. When such expenditures and
outstanding commitments, excluding fixed fee, equal 100% of such amount,
the Subcontractor shall make no further commitments or expenditures
(except to meet existing commitments) and shall be excused from further
performance of the work unless and until the University shall increase
the estimated cost of the work in accordance with Paragraph 8. above.

The University's Right to Terminate not Affected

The giving of any notice by either party under this ARTICLE [II shall
not be construed to waive or impair any right of the University to
terminate the Subcontract under the provisions of CLAUSE 14 -
TERMINATION.

Cost Information

The Subcontractor shall maintain current cost information adequate to
reflect the cost of performing the work under this Subcontract at all
times while the work is in progress and shall prepare and furnish to the
University such written estimates of cost and information in supPOrt
thereof as the University may request.

A-35
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G. Correctness of Estimates not Guaranteed

Neither the University nor the Subcontractor guarantees the correctness
of any estimate of cost or estimate of time for the performance of the
work under this Subcontract, and there shall be no adjustment in the
amount of the Subcontractor's fixed fee by reason of errors in the
computation of estimates or differences between such estimates .and the
actual cost or time for the performance of the work.

(Revised 2/83)

ARTICLE IV - CONSIDERATION

Payment for allewable costs, reimbursable in accordance with ARTICLE V -
REIMBURSEMENT OF COSTS, and of the fixed fee set forth in ARTICLE III -
ESTIMATES AND FIXED FEE, shall constitute complete compensation for
Subcontractor's services, including profit and al) jtems or kinds of expenses
not allowable under the terms of this Subcontract.

(Revised 2/83)

ARTICLE V ~ REIMBURSEMENT OF COSTS

A.  The allowable cost of performing the work under this Subcontract shall
be the costs and expenses (less applicable income and other credits)
that are actually incurrcd by the Subcontracior, are applicable and
properly chargeable, either as directly incident or as allocable through
appropriate distribution or apportionment, to the performance of the
Subcontract in accordance with its terms and are determined to be
allowable pursuant to this paragraph. The determination of the
allowability of cost hereunder shall be based on: 1)} reasonableness,
including the exercise of prudent business judgment; 2) consistent
application of generally accepted accounting principles; and 3)
recognition of all exclusions and limitations set forth in this ARTICLE
V, or elsewhere in this Subcontract as to types or amounts of items of
cost. This Subcontract recognizes that audit hereunder will be in
accordance with this subcontract and cost principles and grocedures of
Subpart 1-15.2 of the Federal Procurement Regulations (41 CFR 1-15.2) as
supplemented or modified by DOE PR 9-15.2 (41 CFR 9-15.2) including DOE
PR 9-15.205.3 "Bidding Costs" and 9-15.205-35 “Independent Research and
Development (Ik&D) and Bid and Propusal (B&P) (Closts", and as
sunplemented or modified by DOE PR 9-15.50 {41 CFR 9-15.50), in effect
on the date of this Subcontract. The audit might be performed by the
Government Agency having the preponderant werkload. = However, OOE
reserves the right to conduct its own audit of expenditures under this
Subcontract.

{Revised 9/84)

A-36
FORM RL-2365A



B.  OVERHEAD

1. Pending final audit and determination of overhead, the
Subcontractor shall be peid a provisional overhead rate, as
approved by the Upiversity from tim: to time and authorized in
writing by the University, Such provisional payments will be
adjusted to the actual overhead costs and expenses determined as
set forth in this ARTICLE V and principies herein established.

2. When actual reimbursable overhead costs have been determined
pursuant to this Subcontract, aojustment shall be made for the
difference betwsen the sum to be determined and the sum of the
provisional payments made under Paragraph 1., above,

3. Notwithstanding Paragraphs B.) and B.2 above, the parties hereto
agree that University shall not be obiigated to pay amy amount for
Labor Overhead exceeding 92,8% of direct labor, and General and
\Administrative Expenses (G8A) exceeding 30.0% of total direct cost
and Overhead, for the period commencing February 11, 1985,

(Revised 2/83)
ARTICLE VI - RIGHTS TO PROPOSAL DATA

Except for technical data contained in pages (None) of the Subcontractor's
proposal dated November 27, 1984 which are assarted by the Subcontractor as
being proprietary data, it is agreed that as a condition of the award of this
Subcontract, and notwithstanding the provisions of any notice appearing on the
proposal, the University and Government shall have :he right to use, duplicate
and disclose and have others do so for any purpose whatsoever, the technical
data contained in the proposal upon which this Subcontract is based.

(Revised 2/83)
ARTICLE VIT - GENERAL PROVISIONS

A. The Subcontractor shall comply with the CLAUSES set forth in the General
Provisions dated July 1983 as may be altered or modified hereunder and
in the ARTICLE YIII - ALTERATIONS and ADDITIONS.

8. CLAUSE 31, parag-aphs A,1, A.2, Authorization and Consent (page no. 26
and 27), shall or shall not be applicable to this Subcontract as follows:

Paragraph A.1 is [X] is not [ ] applicable to this Subcontract,
Paragraph A.2 is [ ] is not [X] applicable to this Subcontract,

C. CLAUSE 31, paragr phs B.1, B.Z, Patent Indemnity (page no. 27}, shall or
shall not be applicable to this Subcontract as fallgws:

Paragraph 8.1 is [X] is not [ ] applicable to this Subcontract.
Paragraph 8.2 is [ ] is not [X] applicable to this Subcontract.
FORM RL-2365A 037



0.  CLAUSE 31, paragraphs 0.1, D,2, Patent Rights (page no. 28 or 36), shall
be applicable to this Subcontract as follows:

Paragraph D.1 PATENT RIGHTS (LONG FORM) is [ ] is not [X] applicable to
this Subcontract.

Paragraph D,2 PATENT RIGHTS (SMALL BUSINESS FIRMS AND NONPROFIT
ORGANIZATIONS, MARCH 1982) is [X] is not [ ] applicable to this
Subcontract.

E. CLAUSE 31, paragraph G, Rights in Technical Data, subparagraphs G (page
no.43) and H (page no.44) shall or shall aot be applicable to this
Subcontract as follows: '

Subparagraph 6 is [X] is not [ ] applicable to this Subcontract.
Subparagraph H is [ ] is not [X] applicable to this Subcontract.
(Revised 6/83)

ARTICLE VIII - ALTERATIONS AND ADDITIONS

The following Clauses shall be applicable to this Subcontract:
Clause 35 Cost or Pricing Data (page no. 48)

In addition, the following Articles are herby incorporated into and made a
part of this Subcontract:

ARTICLE 38 - Foreign Qwership, Control, of Influence Over Contractor, Form LL
2358 FOEI-2 (5/83)

ARTICLE 39 - Organizational Conflict of Interest

A. The primary purpose of this article is to aid in ensuring that the
Subcontractor is not biased in the performance of the work under this
Subcontract, and does not obtain any unfair competitive advantage over
other parties by virtue of its performance of this -Subcontract.
However, nothing herein shall be construed to interfere with
Subcontractor’s right to the normal flow of benefits from performance of
this Subcontract.

B. In the event DOE, the University or the Subcontractor are of the opinion

" "that such bias or unfair competitive advantage may exist, or appear to
exist, then, (1) the University or Subcontractor will notify DOE and
supply information requested by DOE based on such potential conflict of
interest, subject to proprietary rights of others, and (2) if DOE is of
the opinion that applicable criteria in the DOE regulations, DOE or the
University upon notice from DOE will promptly inform the Subcontractor.
DOE, the University and the Subcontractor will then enter into goad
faith discussions ‘concerning whether a conflict of interest actually
exists, and if so what appropriate measures might be taken to eliminate,
avoid or mitigate such confTict.

FORM RL~2365A A-38
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Exhibit 1

EXHIBIT 1 - STATEMENT OF WORK
to
SUBCONTRACT 6551805
between
THE REGENTS OF THE UNIVERSITY OF CALIFORNIA
and

BROBECK CORPORATION

INTRCOUCT ION

As approved and dJirected by the University, Subcontracter shall
provide tschnical and professional effort directed toward the effort
specified n Part II1 - TECHNICAL SCOPE OF WORK.

As provided in CLAUSE 3 - CHANGES, the University may direct, in
writing, charges within this Scope of Work,

PURPOSE

The purpose of this work is to provide te:hnical quidamce and
engineering support to assure material acquisition and proper
fabrication of long lead time items for the Beam liirector.

TECHNICAL SCOPE DF WORK

As approved or directed by the University, Subcontractor shall furnish
all necessary personnel, materials and facilities, except as may be
provided for elsewhere herein, to conduct the Task described below:

TASK | - Beam Director Long Lead Material

Subcontractor shall initiate the procurement process to specify,
procure, coordinate and generally provide technical guidance and
engineering support during the procurement of the following material.

ACHROMAT - Permanent Magnets (1 lot)
. Housing (Tooling & Material) (1 each)
VERNIER - Conductor (1 lot)

LEVEL OF EFFORT

The distribution and allocation of technical and professional effort
under this Subcontract shall be approximately as follows:

A-33
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TYPE OF PERSONNEL MAN HOURS (ESTIMATED)
Engineer Senior 90
Engineer Designer 60

V.  REPORTS

Subcontractor shall prepare and submit the following reports to the
University:

A.

Exhibit 1

Financial Reports (Type A) - shall be submitted by the fifteenth
of each month and shall include all costs incurred during the
preceding month and outstanding commitments to the end of the
month. In the wevent actual cost data 1is unavailable,
Subcontractor's monthly financial report shall contain estimated
expenditures, identified as such.

Monthly Progress Reports (Type B) - shall be submitted by the

fifteenth of each month and may be informal letter summaries in a
format approved by the University's Technical Representative.
These reports should contain a description of work performed
during the month reported and work planmed for the succeeding
month.

Final Report (Type L) - shall be submitted upon éomp]etion of the

work and contain a comprehensive summary of all work results and
conclusions. The form and content of Type C Reports shall be
acceptable to the University's Technical Representative. If so
requested, a draft copy of the Report shall be submitted to the
University's Technical Representative for approval prior to final

typing.

Distribution of Reports

Reports shall be separately addressed and transmitted to:

University of California

Lawrence Livermore National Laboratory
P. 0, Box 5012

Livermore, CA 94550

Attention: (Intended Recipient)

Type of Report  No. of Copies Recipient
A and B 1 Diane Melendez, L-650
Aand B As Requested Dave Milani, L-544
Coleman Johason, L-544
C As Requested Diane Melendez, L-650

Subcontractor shall not distribute reports of work under this
Subcontract to any iedividual or organization other than those
indicated above or an authorized representative of the U. S.
Department of Energy without prior written approval of the
Contract Administrator.
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vi.

E. Interim Reports

it is understood that there will be other information exchanged
between the pa-ties from time to time. These data may be
exchanged directly between the parties concerned; formal reparting
and distribution is not required in these cases.

COORDINATION AND ADMINISTRATION

The University's Technical Representative(s) under this Subcontract
are Dave Milani and Coleman Johnson, or their designee(s), who shall
represent the University in matters relating to the technical
performance of the Scope of Work described herein. During the
established term of this Subcontract, the Technical Representatives
will interpret the technical requirements of the Scope of Work and
will determine the emphasis and direction of the Subcontractor in the
conduct of the work within the level and allocation of effort
established herein. All other matters relating to the performance of
this Subcontract are reserved to the Contract Administrator,
Provided, however, any technical direction which will affect the
estimated cost or time for performance of this work shall require
prior formal amendment of this Subcontract or prior written direction
from the Procurement Manager, or his designee, as provided in CLAUSE 3
- CHANGES of the Terms and Conditions. Technical direction resulting
in work outside the general Scope of Work regquires prior formal
amendment of this Subcontract.

The University's Contract Administrator is M. R. Eaton, or his
designee. A1l matters relating to the interpretation and
administration of this Subcontract shall be conducted through the
Contract Administrator. Subcontractor will direct all notices and
requests for -approval to the Contract Administrator; and any notice or
approval from the University to the Subcontractor will be issued by
the Contract Administrator.

VI1. ASSIGNMENT OF PERSONNEL
It is wunderstood and agreed that Subcontractor's key technical
personnel assigned to this work shall not be reassigned or replaced
without prior Unijversity approval, except where Such circumstances are
beyond the reasonabie contral of the Subcontractor.

V1I1I. HEALTH, SAFETY AND FIRE PROTECTION
The Subcontracter shall take all reascnable precautions in the
performance of the work under this Subccntract to protect the health
and safety of employees and members of the public and to minimize
danger from all hazards to life and property, and shall comply with
all pertinent health, safety, and fire protection regulations and
requirements (including reporting requirements) of the University and
DOE communicated to the Subcontractor.

Exhibit 1 A4l
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In the event the Subcontractor fails to comply with said regulations
or requirements of the University or the 00E, the University may
without prejudice to amy other legal or contractual rights of tha2
University, issue an order stopping all or any part of the work;
thereafter, a start order for tae resumption of work may be issued at
the discretion of the University.
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FIRST AMENOMENT
to
SUBCONTRACT 6551805
between
THE REGENTS OF THE UNIVERSITY OF CALIFORNIA
and

BROBECK COROPORATION

INTRODUCTION

This First Amerdment to Subcontract 6551805 is entered into by and between
The Regents of the University of California, hereinafter called
"University", and Brobeck Corporation, hereinafter called "Subcontractor".

PURPOSE

The purpose of this First Amendment to Subcantract 6551805 is to incorporate
the fo)lowing changed documents into this Subcontract.

NOW, THEREFORE, by mutual agreement of the parties, the following
Subcontract documents, attached hereto are made a part of this Subcontract:

Modification to SCHEDULE
Modification to Exhibit 1 - STATEMENT OF WORK

A1l other terms, conditions and provisions of Subcontract 6551805 shall
remain in full forcz and effect, except as amended herein.

IN WITNESS WHEREQF, effective upon Subcontractor's signature acceptance of
this First Amendment, Subcontract 6551805 is hereby amended by mutual
Agreement of the parties. :

ACCEPTED: AUTHORIZED:

BROBECK CORPORTION THE REGENTS OF THE
UNIVERSITY OF CALIFORNIA

BY/ZM%// BY (Y-

H. L. Halunen

TITLF%J %J’, TITLE Contracts Manager

Lawrence Livermore National Laboratory

DATE %7 /_;’;/ 758 DATE 57/0/ g7

Ist Amendment A-43

$/C 6551085
4/85(1524X:301)



FIRST MODIFICATION TQ SCHEDULE
of
SUBCONTRACT 6551805
between
THE REGENTS OF THE UNIVERSITY OF CALIFORNIA
and

BROBECK CORPORATION

INTRODUCTIGN

This First Modification to SCHEDULE of Subcontract 6551805 between the
University and the Subcontractor amends, by mutual agreement of the parties,
the SCHEDULE in the following particulars only:

ARTICLE IJI - ESTIMATES AND FIXED FEE, delete Paragraph A only and
substitute therefor: :

"The presently esiimated cost of thc work under this Subcontract is TWO
HUNDRED ~EIGHTEEN THOUSAND FOUR HUNDRED TWENTY OOLLARS AND NO/100Q
($218,420.00) exclusive of the Subcontractor's fixed fee. The
Subcontrator's fixed fee is TWENTY THOUSAND SEVEN HUNDRED FIFTY DOLLARS AND
NO/100 ($20,750.00). The aggregate of presently estimated cost and fixed
fee is TWO HUNDRED THIRTY-NINE THOUSAND ONE HUNDRED SEVENTY OG'.LARS AND
NO/100 ($239,170.00)"

A11 other provisions of the SCHEDULE of Subcontract 6551805 shall reaain in
full force and effect, except as amended herein.

15t Mod. to Schedule A-44
S/C 6551805
5/8511623%:307)



FIRST MODIFICATION TO EXHIBIT 1
ta
SUBCONTHACT 6551805
between
THE REGENTS OF THE UNIVERSITY OF CALIFORNIA
and

BROBECK CORPORATION

INTROOUCTION

This First Modification to EXHIBIT 1 - STATEMENT OF %JRK to Subcontract
$551805 between the University and the Subcontractor amends, by mutual
agreement of the parties, EXHIBIT 1 in the following particulars only:

SECTION ITI - TECHNICAL SCOPE OF WORK is modified, in part, in the following

particulars only:
Add TASK II:

"TASK I1 - Engineering:Support, Fabrication, Assembly and Bench Test
Vernier and Achromatic Magnet Assembly

Subcontractor shall fabricate, assemble, bench test, and deliver to LLNL the
Achromat Magnet Assembly and the Vernier Steering Magnet Assembly. In
conduct of this work, Subcontractor's work shall include, but is not limited
to the following:

Procurement of materials, fabrication, selection, and supervision of
specialty sub-subcontractors.”

SECTION IV - LEVEL Ok EFFORT, is hereby amended to add the following

estimate of effort:

"Type of Personne] Man Hours (Estimated)
Engineer Senior 214
Engineer Designer 398
Engineer Associated 7 (Tech) 1314"

Add SECTION IX - Materials, to this Subcontract.

"SECTION IX - Materials

Subcontractor shall detiver all assemblies to LLNL FOB Destination."

All other provisions of EXHIBIT 1| of Subcontract 45551805 shall remain in
full force and effect, except as amended herein.

1st Mod. to Exhibit 1 A-45
S/C 6551805
5/85(1624X%:30b
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APPENDIX B. REQUESTS FOR QUOTATIONS (RFQ's)
®
RFQ DATE PART(S) ?.0. AWARDED TD
4500-300-A  2-12-85 Magnet segments 086 Permag Sierra Corp.
Py 4500-300-8  2-20-85 Housing 110 Edwards Enterprises
4500-300-1 4-23-85 Segment carriers 122 Bennatt-Hopkins

4500-300-2  5-1-8% Magnet spacers, etc, 128 Accurate Mfg,
® 4500-301-3 5-17-85 Spool, coil spacers, etc 143 Diamond Toot
4500-300-C 10-1-85 Spare segment carriers 239 Diamond Tool

4500-301-6  10-4-85 Vacuum housing parts (253 (Caral, Inc,
{254 {Schrader Scientific

®
4500-300-7  10-9-85 Vacuum vessel parts 265 Jensen Prototype
Machines
L 4 ‘
|
]
®
®
B-1
BROBECK CORPORATION d



BROBECK

CORPODRATILD-N

3ap
February 12, 1985 File: 4500-38%

[rFq 4500-300-A)

Ms. Gail Fernandez

Permag Sierra Corparation
1159 Sonora Court
Sunnyvale, California 94086

Dear Ms. Fernandez:

You will recall your Quotation No. 2761 of 9-4-84 for dipole and quadrupole
magnets. You had been contacted by Mr. Francis C. Younger of our firm.
Since then, there have been some minor changes which necessitate an updated
quotation,

We are requesting a quotation on permanent magnets shown dimensionally on
our drawings:

9501734 Dipole -~ 11 sets of 16
95D1733-1 Quadrupole Double Defocusing -~

176 segments

5 sets of 16 = 80 segments
95D1733-2  Quacrupole Siagle Defocusing ~-

3 sets of 16 = 48 segments
9501732 Quadrupole Double Focusing -~

6 sets of 16 = 96 segments

400 segments

Please note that some of the quadrupoles are long and some are short.
This is described on the enclosed drawings.

The magnets are to be made of a materfal having the magnetic properties of
Crucible Magnetics “Ferrimag 78." A residual induction of 3800 Gauss and a
coersive force of 3500 Oersteds are required. The residual induction and
coercive force shall not vary by more than 2% from magnet to mazgnet and the
direction of magnetization shall be as shown on the drawings plus or minus
2 degrees. This requires that all the magnet segments shall be of the same
bztch and shall be so certified.

Please note that tha ends of the dipole segments are not orthagenal to
the sides whereas the ends of the quadrupole segments are orthogonal. ,
This will undoubtedly require special care in machining operations.

The magnetic orfeatation of each finished seqment must be clearly shown
to facilitate proper assembly in the magnet housings. We prefer arrows
showing North as {is dome in the drawings, Each zegment shall be marked

with the proper drawing number so as to assist the assembly operation.

(415) 5248664

1235 Tenth Street
Berkeley, CA US A
94710-1593

B-2



|

Please quote promptly both as to price and delivery since we are amxious

to fabricate the magnet assemblies of which these are a part.

If you have any questions, please call Mr. Younger at 524-8664,

JTG: jw

Enclosures.

Very truiy yours,

Senior Mechanical Engineer

B-3
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February 20, 1985 File: 4500-300

FOR FILE:
[ADR]

See attached mailing list.

Subject: AEQUEST FOR QUOTATION 4500-300-B
RCHROMAT HOUSING

Dear [NAME]

We request your quotation on furnishing one (1) Achromat housing per
8robeck Corporation Drawing Number 9511739,

Because of budget constraints, the work is to be performed in two stages
a5 outlined below. Each stage should be separately priced and quoted as
to required delivery time after your receipt of our order to proceed with

each phase,

Phase One - Tooling and stock procurement,

a.
b.
t.
d.

e,

Purchase aluminum stock.

Machine parting line surfaces.
Temporarily join the two halves.
Machine outside diameter to finish size.

Manufacture 211 jigs necessary for Phase Two.

Phase Two - Fabpication.

d.

Perform all work necessary to produce the fmished part per
Drawing No. 9501739, .

Prices should be based on delivery to Brobeck Corporation fn Berkeley, CA.

We would appreciate any constructive suggestions you care to make that
will, in your opinion, reduce the cost without impairing function,

(415) 524-8654

1235 Tenth Streat
Berkeley, CA USA.
94701583

B-4



;:.. Your attention 1s particularly directed to Note 3 of Orawing $511739.
This may require extra care in the machining and annealing sequence.
Please have your quotation ir!.imation to Brobeck Corporatfon by March

15, 1985.
¢
Senior Mechanical Engineer
) JTG: jw
Enclosure: Dwg. No. 9511739,
®

B-5



RFQ 4500-300-8 sent to:

[ADR] 1;

Allied Engineering Company
2421 Blanding Street
Alameda, CA 94501

[ADR] 2;

Bennett-Hopkins Company
3592 Haven

P.0. Box 53076

Redwond City, CA 94063

[ADR] 3;

Caral Inc.

578 Cleveland Avenue
Albany, CA 94706

[ADR] 4;

Edwaids Enterprises
8455 Cabot Court
Newark, CA 94560

[ADR] 5;

Numeric Machine Company

4439 Enterprise
Fremont, CA 94538

BIDDER's ADDRESS LIST
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o BROBECK

CROLRMF 20 MAPASTRILOAN

April 23, 1985 File: 4500-300

FOR FILE: See attached mailing list.

® [AOR]

Subject: REQUEST FOR QUOTATION 4500-300-1
SEGMENT CARRIERS
Dear [NAME]

[ . .. . .
We request your quotation op the fabrication and delivery of the following
items,

Item 1. 8 each Segment Carrier - Dipole #95C1737
® Item 2. 7 each Segment Carrier ~ Quadrupole, long #95C1736-1
Item 3. 2 each Segment Carrier - Quadrupole, short #95C1736-2
DELIVERY: Two of Item 1, two of Item 2, and two of Item 3 within 6
weeks ARD,

9 . Balance, 10 weeks ARO.

Please quote according to above.

Since these carriers are for the support of critical elements in a physics

apparatus, it is important that the form tolerances be met. If you have
¢ any reservations about meeting these requirements, please so indicate on

your bid.

We request your written quotation within ten (10} days of receipt of this

letter.

d Very truly yours,

®
JTG: jw

. .

‘ (415) 524.8664
1235 Tenth Street
Berkelay, CA USA.
94710-1593
®



BIDDER's ADDRESS LIST
RFQ 4500-300-1 sent to:

[ADR] 1

Allied Engineering Company
2421 Blanding Street
Alameda, CA 94501

[ADR] 2;

Bennett-Hopkins Company
3592 Haven

P.0. Box 53076

Redwgod City, CA 94063

[ADR] 3;

Caral Inc,

578 Clevetand Avenue
Albany, CA 94706

[ADR] 4;

Coast Metal Cutting Company
2500 Bay Road

Redwood City, CA 94063
[ADR] 5;

Diamond Tool & Die Company
508 - 29th Avenue

Oakland, CA 94601

[ADR] 6;

Edwards Enterprises

8455 Cabot Court

Newark, CA 94560

[ADR] 7;

Numeric Machine Company

4439 Enterprize
Fremont, CA 94538

(3006-2 Rev: 10-4-85) B-9



1235 Tenth Stresgt
Berkeley, CA USA
94710-1593

BROBECK

CrDeRIP~OsA-AT 0N

May 1, 1985 File:

FOR FILE: See attached mailing list.
(AOR]

Subject: REQUEST FOR QUOTATION 4500-300-2
MAGNET SPACERS + OTHER PARTS

Dear [NAME]

We solicit your bid on the following jtems:

Quantity Name Drawing No.
18 Magnet Spacer 9581738
1 Flange Ring 95C1744
1 Adjusting Sleeve 9501745
1 Retaining Flange 95B1746
1 Retaining Sleeve 9581747
2 Barrier Ring 9581748

4500-300

Please quote based on delivery via UPS to Brobeck Corporation in Berkeley.

Close of bidding is May 15, 1985,

Please feel free to telephone me to discuss any questions you may have

regarding these parts.
Very tru1z yours,
-/'\ Suaa
qéck . Gunn

/Senior Mechanical Engineer

J76: //

Enclosures: Drawings.

{415) 524-8664




[}

BIDDER's ADDRESS LIST

RFQ 4500-300-2 sent to:

(1l

Accurate Manufacturing Company
4770 San Pablo Avenue
Emeryyille, CA 94608

[2]

August Manufacturing Company
1466 36th Avenue
Qakland, CA 94601

(3]

Caral Inc.
578 Cleveland Avenue
Albany, CA 94706

4]

International Precision Machining
23839 Connecticut Street, Unit #5
Hayward, CA 94545

(8]
McNeill Manufacturing Company

2914 E. Seventh St.
Oakjand, CA 94601

(3006-2 Rev: 10-4-85)



BROBECK

May 17, 1985 File: 4500-301
FOR FILE: See attached mailing list.

[ADR]

Subject: REQUEST FOR QUOTATION 4500-301-3
SPOOL, COIL SPACERS, AND OTHER PARTS

Dear [NAME]

We solicit your quotation on the following parts (drawings enclosed):

GROUP A
Number Name Qty
95-$1707 Spool 1
95C1708 Locknut 1
95B1717-1 Clamp 4
9581717-2 Clamp 4
95C1723 Power Slange 1
95C1724 Cooling Flange 1
9581727 Spreader 1
9581729 Terminal 1

Since somewhat different machining capabilities are involved, we would
apprec.a.> a separate quote on:

GROUP B
95c1712 Y Coil Spacer 1
95C1713 X Coil Spacer 1

Close of bidding is May 31, 1985, Please quote separately on either, or
both, of Groups A and B, State terms and conditions and include delivery
to Brobeck Corporation via UPS.

I amavailable to clarify any aspect of the drawings. We would appreciate
your comments and suggestions as to how to improve the cost or the desion
of these parts, Please feel free to phone.

Yery truly yours

ack T. Gunn
HHE ; jw Senior Mechanical Engineer

Enclosures: Drawings.
{415) 524-8664
1235 Tenth Street

Berkeley, CA US.A,
94710-1593

B-12



BIDDER's ADDRESS LIST

RFQ 4500-301-3 sent to:

(1]
Atlied Engineering Company

2421 Blanding Street
Alameda, CA 94501

(2]

August Manufacturing Company
1466 36th Avenue
Oakland, CA 94601

{3

Caral Inc.
578 Cleveland Avenue
Albany, CA 94706

(4]

Diamond Tool & Die Company
508 - 29th Avenue
Oakland, CA 94601

(5]
Edwards Enterprises

8455 Cabot Court
Newark, CA 94560

(3006-2 Rev: 10-4-85)

B-13
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October 4, 1985 File:

FOR FILE: See attached mailing 1ist.
] [ADR]

Subject: REQUEST FOR QUOTATION 4500-301-6
VACUUM HOUSING PARTS

Dear [NAKC]

e
We solicit your bid on the listed vacuum housing parts. All parts are to
be certified leak free when tested with a helium mass-spectrometer leak
detector and must be scrupulously clean for high vacuum service. AlT seal-
ling surfaces mest be protected so as to be free of scratches and nicks.
¢ CLOSE OF BIDS: October 14, 1985,
SCHEDULE REQUIREMENTS: Parts needed b November 6, 1385.
Please bid each item separately. We reserve the right to award bids on a
° piece-by-piece basis. Telephone bids are encouraged. We welcome any sug-
' gestions which wi1l make these parts less expensive without compromising
their performance.
Drawing No, ~ Name Qty
9 951772 Cover Plate 2
§5C1771-1 Pumpout Sponl i
95C1771-2 Pumpout Spaol 1
® 451770 Spool 1
95D1769 2 Port Tank 1
. 95C1724 Cooling flange 1
e 95C1773 Port Cover 1
Drawings are enclosed for bid purposes only.
Very truly yours,
]
415) 524-8664
. " Jack T. Gunn
1235 Tenth Straat Senior Engineer
Berkeley, CA USA.
947101593
]
B-16
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BIDDER's ADDRESS LIST
RFQ 4500-301-6 sent to:

i1]

Accurate Manufacturing Company
4770 San Pablo Avenue
Emeryville, CA 94608

2]
Caral Inc.

578 Cleveland Avenue
Albany, CA 94706

(3]
Diamond Tool & Die Company

508 - 29th Avenue
Oakland, CA 94601

(4]

McNeill Manufacturing Company
2914 E. Seventh St,
Oakland, CA 94601

(5]
Schrader Scientific Company

2976 Arf Avenue
Hayward, California 94545

(6]
Jensen Prototype Machines

940 Lemon Street
Martinez, California 94553

(3006-2 Rev: 10-4-85) 8-17
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QOctober 9, 1985 File: 4500-300

FOR FILE: See attached mailing list,

‘a [ADR]
Subject: REQUEST FOR QUGTATION 4500-300-7
VACUUM VESSEL PARTS
Dear [NAME]
e o N
We solicit your bid on the following vacuum vessel parts. Since they
will be in a high-vacuum environment, they must be‘ scrupulnqﬂy clean,
Strict adherence to the drawing tolerances is required, particularly to
the concentricity call outs.
» CLOSE OF BIDS: October 17, 1985,
SCHELULE REQUIREMENTS: Parts needed by November 12, 1985.
Telephone bids are encouraged. We weicome any suggestions which will make
these parts less expensive without compromising their performance.
. .
’ Drawing No. Name Oty
951777 Platz 2
: 9581778 Spool 1
)
95B1779 Bearing 1
9581780 Bar 2
® 95C1774 Flange 1
95C1773 Cover Plate 1
~ 95Ci775 Adapter Plate 1
Py 95C1776 Bolt Ring 1
Drawings are enclosed for bid purposes only.
Very truly yours,
]
{415) 524-8664
o Jack T. Gunn
1235 Tenth Sirest Senior Engineer
Berkeley, CA US.A.
9470-1593
L

JTG: ju
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BIDDER's ADDRESS LIST
RFQ_4500-300-7 sent to:

[

Accurate Manufacturing Company
4770 San Pablo Avenue
Emeryville, CA 94608

2]

Allied Engineering Ccmpany
2421 Blanding Street
Alameda, CA 94501

(3]

Bennett-Hopkins Company
3592 Haven

P.0. Box 53076

Redwood City, CA 94063

[4]
Caral Inc,

575 Cleveland Avenue
Albany, CA 94706

(58]
Diamond Tool & Die Cumpany

508 - 29th Avenue
Dakland, CA 94601

(6]
Jensen P.ototype Machines

940 Lemon Street
Martinez, Califarnia 94553

{3006-2 Rev: .0-4-85) B-20
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APPENDIX C. PURCHASE ORDERS

A1l purchase orders from the achromat and vernier design-and-build
project are included here, in numerical order. The purrchase orders are

listed in Tables 9-1 (achromat) and 9-3 (vernier) in §9.0, Volume I,

NOTE: The achromat is Job Number 300 (Account 2500-300) and the

vernier is Job Number 300 (Account 4500-301).

C-1

® m_-__ BROBECK CORPORATION J



'@ WILLIAM M. BROBECK A ASSOCIATES

)
kL ITEMS PRINTED IN RED MUST
BE FILLED IN BY REQUISITIONER

PURCHASE REQUISITION
é 2&% é;é?am o b v |misposmon
N DOR ot 579
DATE NEEDED
ADDRESS - TYPE P.O. & MAIL
A5 - FS
SHIP VIA ORDER WIRED
ATTN. OF - LoFDER TELEPHONED
DATE PROMISED | MCEQUNT TAKAGLE | TERMS F0.6 DATE
$00-Fof Yrlw|  H-2p —_— A
wen | ouantiry | DESCRIPTION {USE SEPARATE REQUISITICN FOR EACH VEHDOR) “.NTI'MAEET,EE Fafi NE‘gHgN;'T TataL
L1 4 ;/744%&‘”» Zo ot 13, 1&
@ NulcV o/ 2acde /
z/é)- V =] ﬂlﬁj A
Y. /1/.1‘ ot
| . ;f a{,;[
,/7 424/4_/7 //4;-4;74 y.
&
v
@ H 4 ;""'/
N / | i } 47 /
AR ]ef' 'f/)'/ .
v rl" T [ . ¢
fc o 7
/
&
SALES TAX
ESTIMATED TOTAL VALUE OF ORDER MUST BE STATED BY REQUISITIONER » § / F. 77
Suggested Sources PEHVERTO
AEQUESTOR
Q7 L7
p Pur dor N PURCHASING / ) m,‘v P B
: APPROVED A
i LR
BA-XI (REV 179}

ACCO L(J:NgS PAYABLE



PURCHABE ODRDLR NUMDLR

080

THIB NUMBER MUBY APILAR
ON ALL INVOICER, PACRAGER

(PER TELEPHONE QUOTATION OF $600 PER

BROBECK CORPORATION LoPY
viJBS TENTH STREET » BERKELEY. CA 94710 ¢ (415) 524-8664 Ship 1o PURCHASE ORDEJL
e . w ar ]
; PERMALL'VER INC. . BROBECK CORPORATION
1844 North Keystone 1235 Tenth Street
Burbank, CA 91504 Berkeley, CA 94710
e |_w _
. Harry Walker ({213) 849-4543 s UPS
Mg At FEOTISED MCOuRT ':'lul-; TR0 ro.n ALQUEsToN
2-20-85 3-15-85. 4590-301 || C.0.D. Advance Brobeck | TG
ATRE 20, (  QUANTITY Y DI!CIIPLl_O_u URIY PRIEE RIYCMSION
@ 1. | 2000 | feet| Aluminum Conductor Alloy EC-0 or 1100-0. $600/10f  $600.00
0.020 inch X 0.250 inch cross section.
After slitting, to be carefully deburred and then
insulated with electrical grade anodizing 0,002 inc
thick. To be wound on coils reels not less than
] 6 inches inside diameter, Minimum length to be
‘ 100 feet,
Transportation charge
.. ¢.0.D, charge
TOTAL 5 628.60

L]
HARRY WALKER ON 2-19-85),
RESALE NO.: SR CH 21-140517 -
|
[ ]
IMPORTANT
TERMS AND CONDITIONS ON THE BACK OF THIS ORDER ARE
MADEA PART OF THIS ORDER. SELLER AGREES TO THESE
[ CONDITIONS BY ACCEPTANCE OF THE QRDER.
rial and will dall N 4 v
scknaviedsy et f e grds o s mateil snd vl ks Wiomnt, wcrsraing o daltes pro BROBECK CORPORATION
y corrections in prices 12 ba I.ldluud by vendor and m-nplnitd b! noLe .r wepiasation. Pricss omitted
n orlxinal ars te be inscrtcd o 1 ke vn -~gloal are madr & part of BY
thia wrdor Lo which sellor screes by uﬂsul\tl ol thir nﬁul
M, Moshtagm
VENDOR BY
U] — c-3
WHITE" Vendnr BLUE: Regquevor GREEN: Pmyea File YELLOW: Vendar Acknawicdpement PINK: Purchasing Shipping GOLD; Aveouming



PURCHASL DRDER NUMDER

086

THIE NUMBER mudY APAtam
ON ALL 1NVOYCES, PACRAGES

BROBECK CORPORAT!ON C_nﬁ AND BMIPFING FAFIII.V
2 o BERKELEY. CA 94710 » (415) 524-8664 D
3 TENTH STREET » BERKBLEY. © wpw  |PURCHASE ORDER
o I ar 1
+  PERMAG . BROBECK CORPORATION
1159 Sonora Court 1235 Tenth Street
Sunnyvale, CA 94086 Berkeley, TA 94710
_I
L Alan Dawson _l..I.T, v UPS
by BATE FROZIALS ACCOURT risaLe g o5 PEBUSATON
8-10 weeks bl Bt
3-1-85 Need by 5-1-85 | 4500-300 =30 L Gunn
Twne. [ _amastivy o _nl‘_._u:M LT PRICE gITEREION
1. 176 |[segments per Drawing 95D1734 per Quotation #2870, 2-22-85|$75.86 [$13,351.36
2 B0 | segmerts per Drawing 9501733-1 per Quotation #2871, 2-22 | 56.86| 4,548.80
kN 48 | segmerfts  per Drawing 95D1733-2 per Quotation #2872, 2-22 | 47.39| 2,274.72
4 96 segmerlts per Drawing 9501732 per Quotation #2873, 2-22-85| 56,86 | 5,458.56
TOTAL $25,633.44
RESALE NO.: SR CH 21-240517
IMPOETANT
TERKS AND CONDITIONS GN THE BACK OF THIS ORDER ARE
MADE A PART OF TIi15 ORDER. SELLEK AGREES TO THESE
CONDITIONS BY ACCEPTANCE OF THE ORDER.
\ % acknowledge recsipt of your order fer abave materis! snd will make shipment acooreing l‘nh::l:;:‘n :'n. 'BROBECK CORPORATION —

cerractions o

Any
m.‘:‘r.ii:nlu";hi:h xiier opreey by accepiance of bl order.

VENDOR BY

br vandar, C

oo ocwed, Acceptanes of this drder implies agresments 3 prives and
this orders “mu [T tnlir:ui by vendor and sccampaniied b7 mete of explanation. Prices emitued
ary cadt & part of

un e

inocrted on this ackny

WHITE: Verdor

BLUE: Regquextor

GREEN" Prnjext File

c-4

YELLOW, Vendor Achnowledgement

Y Qriginal sianed by:
Kenneth M. Thomas

PINK: Purchaung'$hipping GOLD, Acowring



‘o WILLIAM M. BROPRCK & ASSOCIATES, -

o‘, r

RESEARCH-DEVEL . MENT - ENGINEERING ( 04 WA mor v
' FOR o8 A mvolcts, paCraats
INDUSTRY - BUSINESS - SCIENCE h—

1235 Tenth St Berkeley, CA 94710 (415) 524-8664

~

EDWARDS ENTERRRISES

B455 CA30T COURT

NZWARK, CALIFGENIA 94560

URCHASE ORDER NUMBER

110

PURCHASE ORDER

SHIP AND BILL TO
1235 Tenth Street
Berkeley, CA 94710

e L P. Breiddach _
SHIP VIA
M MTL FIRELES ACCONRY FEBALE he i ] LO.D. RROURITOR -
APRI1 1o, 1985 Sk 25, 1955 4540=300 W | NEF 30 DAYS JAL, Ca
ITEM NO. | SBANYITY .13 DESCRIPTION ARIT PRIER RTTIRBION
1 1 %a Achromat housing assewhlv, Pesm Director,
L per Broleck Corporatieon Draving nuuber 95J'73" ey 2
Copy of Quote Artached RS K P N
ot
L

TOTA] AMOUNT OF PURCMASYE ORME'. | . . . [522,0050,00

IMPORTANT
TEAMS AND CONDITIONS ON THE BACK OF THIS ORDER AR
MADE A PART OF THIY ORDER. SELLER AGREES TO THESE
CONDITIONS BY ACCEPTANCE OF THR ORDER.

A!nhin recelzt of yeur srder for abave material and will make skipmont sccording ts h"'mm WILLIAM M. BROBECE & ASSOCIATES

ud by nets o .
this ~ouwiedrmaal by vender, Coatitins oo erigtaal are isde & bt of  go OTY  losh bl ehl, sl

-

fecow ting

AnotHdd vAbcD MIOOVCY . QLRLAND 268400




" WILLIAM -M~BROBECK-=8&=ASSOCTATES -, 121

A RESEARCH-DEVEL MENT.ENGINEERING

BROBECK

rOR
CGRPORATLLY INDUSTRY - BUSINESS - SCIENCE
1235 Tenth St. Berkeley, CA 94710 (415) 5248664

N N

. ESTERK PIPE & ENCINEERING
455 YCCLHITE AVENUE

.

URCHASE DORDER NUMBER

i THID NUMBER MUST APPEAR
. OH ALL INVGICES, PACKAGES
AND SHIPRING FAFERD,

PURCHASE ORDER

SHIP AND BILL TO
1235 Tenth Street
Berkeley, CA 94710

SAN FRANCISCO, CA 94124
e L N
SHIP V1A
0 PATE PRCHISTR aczount 1ot | T ros  Napwmrony 3[n . 9
NAY 7, 1,63 KAT 31, 1995 | 45¢5-3m7  |% SET 30 JACE U

ITER NO. BEANTITY mr PESCNIPFTION NIT PRICE FITRENSION
e 1 1 Ei. Lchromat Jeam Tube == Lrawinp # 55C 1757 1,294 | 1,794,800

2 2 Es. Achromat Water Manifcld -~ Prawing # 93C 1743 45 930,10

FOR FESALR
RESALY NO. KR

Sk cr 21-140517

TOTAL AMOUMT OF PURCHAST BFDER 2,426,07
* .
e
¢
Qe
IMPORTANT
TERMS AND CONDITIONS ON THE BACK OF THIS ORDER ARE
. MADE A PART OF THIS ORDER. SELLER AGRIES TO THESE
CONDITIONS BY ACCEPTANCE OF THE ORDER.
receipt o Y i will make sMpmint to delivery WILEITM M BROBECK & ASSOCIATES
ﬁhu"d.u. o a8 ATM?&?H Irp.lh mtl'-‘a )d.z"z dixonnts m - . . .
rorrections 'I: ?.I“I;: Ml::“ My v:nlﬂ Il““)lllli‘ by aets :.f upl-ldun.::‘.lm mln: BROZECH EO.'.P TRATION
T oy whieh maller Agreas by nccapiance oF Ui arders el - A A
. vmma BY ANOTWIE GARCO PRGDDCE - GARLAND 268000

C-6




URCHASE ORDER NUMBER

THIE NUMBEN MUNT APPRAR
ON ALL INVQICES, PACKAGES
AND BHIFPING PAPERE,

o—WILLIAM M. BRORECK &- ASSQCIATES .
o ¢  RESEARCH-DEVEL MENT ENGINEERING

A TATATY

e INDUSTRY - Busmsss SCIENCE

1235 Tenth S1, Berkeley, CA 94710 {4]5) 524-8664 PU‘RCHA"SE ORDER

Q- 7

BENNETT-LOPKINS CORPORATION

4

SHIP AND BILL TO

can - I 1235 Tenth Street
a2 A4 Rl
3597 AAVEN AVEWUE berkeley, CA 94710

BEOSUST CITY, CA 94002

e L _l
SHIP VIA

BAYR DATE PROMIBUD ACCOUNT 'Iul.lll-'l° TRRNS ro.n RIgupavom

LAY 7, 1eAE 10 ¥E-LS 4555=300 Z LIT 30 Foo, 1™

IVEN MO, | QuawYi?Y oute DESCRIPTION UNIT PRICE EXTENSION
¢

1 9 tol seiromit Seprent Carrler — Drawing ? 95C 1737

: 8 a torrosat Secpet farrier ~==Prawing * 95C 1736-1

: 3 b achzemat Soucent Tarrier -- Pravins . 95C 1736-2
L 4

T RPEALE
TESALT B0, 3R Ch 21-140317
‘@
4 TITA_ MOV 07 RGO BELT. $5,378.00
e
L
[ )
IMPORTANT
® TERMS AND CONDITIONS ON THE BACK OF THIS OBDER ARE
MADE, A PART OF THIS ORDZR. APLLER AGRIZS TO THESE
QONDITIONS BY ACCKPTANGE OF THE ORDIR.
lvlﬂn receipt of your syder for sbove material and u;m maks sipment unn.l: to dalivory oy pre- WII.IJAM M. BROBETK & ASSOCIATES

arde
food cm this stel, or a3 Deted. Acraptance of this onls: [m Afreats tv s s AT,
ior S s Bl K S Sl bl T e L fane
on
IL.'.,..;.. tu which aeller agTess by sccepiance of this erder. are . Y [ . '
. st
VENDOR BY
ANOTNER UAREO PRODUCT . OANLAND 2688Q0

C7

. Aol



URCHASE ORDER NUNEER

® WHALIAM M. BRORECK & ASSOCIATES ) wrd 120 kew

RESEARCH - DEVE}‘ MENT - ENGINEERING K THIS NUMBER MUST APFEAR
Yo .

QM ALL INVOICES, PACKACLS

- Yo
Ln.km\ AND SHIPPINDG PAREARS,

4 oy e R
T B INDUSTRY - BUSINESS - SCIENCE

1235 Teath S1, Berkeley, CA 94710 {415) 5248664 EPURCHASE ORDER

Q- T E
. . ACLUAATT MulUFACTURTNG CO. lﬁ%"%"—m
antl treet

4770 S&3 PALLO AVENTE Berkeley, CA 94710
SITIYVILIL, CA 94628

M L |

AT is> il £IP V1A
uTr DAYK PRONLIZD ACCOUNY T:'I.IIL.!‘ Tims ro.s. I‘Ju.llrnnq 5.
LAY 1, 157F JUSE 7, 1985 | 4540-37¢ % KET 30 e yort

YK NG, | GRARTIVY L1133 ﬁﬂ:llmon ARIY PRICE KXY RESION
el 1€ L Mapjet Spacer Draving No. 9581738

L 1 L3 Flange Ring ; 95C1 144

3 i o Adjusting Slecve " 95¢1745

4 1 R Retalpidg Flange " 95B1746
®> 1 ia Retaining Sleeve * 95B1747

L 2 Za Barrier Ring " 9581748

PO RASALT
Oq FISALF P17, §. 07 21-167017
TOOAL &TNT L7 BELATT OILY $361.10
Lot

)
®
]

IMPORTANT
TLEMS AND CONDITIONS ON THE PACK OF THIS ORDER ARE
WADN A PABT OF THIS OPDER. SELLER AGREES T0 THESN

®
I CONDITIONS BY ACCEPTANGE OF THE ORDER.
sl sad will mak.
Wi wisdge Tecaipt of your ordey for absve matsri Aﬂlmtﬂhﬂmm WIMHTBARZQ?‘%SK&ASSOCIATFS

wrier, ot sa Meted. Aceaptance of this ardec Laplies ssTements to S
m:ﬁuméwgtuhmuuwnl..,muudnmd’?mnuu-.rn.-m: N A
aciginal ars inserted acknewladgment by vondes. Canditions o1 eriginal wads a part 4 . -
Uity oréar tu Which selior navess by scceptanca of this erder, ! et I ot
. J ’
YENDOR BY
AMDTREN DANCO FOBOCT - GARLAND Z84000

C-8




. WILLIAM M. BROBECK & ASSOCIATES

ALL {TEMS PRINTED IN RED MUST
BE FILLED IN BY REQUISITIONER

PURCHASE REQUISITION

L ‘;NDOR < PR i.:nJ Lo w) 139 v |oisposimon

v

rooness _ASOCIATED  shfimmiiad GATEREEGED s

] SHIP VIA ORDER WIRED
2o Sic

ATTN. OF &sb l ‘ QORDER TELEPHONED

DATE Fnour COUNT TAXAS, TERMS ¥FoB DATE

4 }7 12 54f0- 3D ves (a0 NAs . 5/”', /fr

mEM|  ouastity | uwit DESCRIPTION {USE SEPARATE REQUISITION FOR EACH VENDOR) DAL PREE | toar anDe | ML U TotaL

AS (03 ¢7d 34¢.0
® 2 _SPRiNC
9
i
vl
\ v ud
® RESALE M. 5 R E
(] L LA A MoSIT RSSY
1 v ¥ T Uld
¢ [~/
[1/ A}
LETaN
- |
LN
T
0 //,é - / [\r
! e
' /)
]
SALES TAX |™—
ESTIMATED TOTAL VALUE OF ORDER MUST BE STATED BY REQUISITIONER + § 37J 2J

Suggested Sources

’ DELIVER TO

. AEQUESTOR 3— t“ G" NN




¢ WILLIAM M. BROBECK & ASSOCIATES

7
\LL ITEMS PRINTED IN RED MUST

BE FILLED IN BY REQUISITIONER

PURCHASE REQUISITICN
Q We —Turst bV pivs £ T et £ gt |9 7 v [oisrosiTion
NDOR L T J A 7 M 120
- i - - ATE NEEDED
ADDRESS il £ o fo o Fr loe TYPE P.O. & MAIL
I A T s G
i, y ” 1/ ] v ORDER WIRED
1 4 ) s A 4
ATTN. OF +2 T = ORDER TELEPHONED
DATE PROMISED ACCOUNT TAXAGLE. | TERMS FOB. TATE
‘/')‘/‘:-}u‘ YES “&f ':\.) PR
mew|  ouanmry | umir DESCRIPTION (USE SEPARATE REGUISITION FOR EACH VENDOR} TeTaTED e A TOTAL
/ / rmhnsjw;.L Bule & ASC eq.)
‘2 ! fanh?___(d‘\ 1 %ﬂw_a
b | . '_ﬂ?uf: IJ & mﬂa
¥ ya & o * 25D173y
5 . 4-’1 i Clocns .f_ﬁ’ & M?) 5=
i< - @ . Ssia/726
Lo puil S
ST
-~ ﬁ/
24
L ’}13 ;
2
AR Sl o
RN S\/\'
A X
ARy BN VSO |
&
SALES TAX
ESTIMATED TOTAL VALUE OF ORDER MUST BE STATED 8Y REQUISITIONER -+ SJ {‘C o
DELIVER TO
Suggested Sources
. REQUESTCR —
L S
Q Previous Purchase Order No. PURGHASING S m“_
APPROVED I i DATE
BA-30 (REV 170}
]

ACCOUNTS PAYABLE

C-10



® WILLIAN=M.=BROBECK ~& =ASSOCIATES - " 31

Q. "

PURCHASE JRDER NUMBER

RESEARCH -DEVEI MENT- ENGINEERING THIS MUK SEN MUST APREAR
roR : B e
INDUSTRY - BUSINESS - SCIENCE

1235 Tenth St Berkeley, CA 94710 (415) $24-8664 PURCHASE CRDER

To
oy J— H
. TRAVLIS FLATING SHIE AND BlLE TO
e 1235 Tenth Street
755 = 7th Street Berkeley, CA 94710
Ual.lan?, Ch 54607
e n
L Racdy lewia _
SHIP VIR
BATK MTE MCED ACCOUR? llll: TERES ro.s ARQUESTOR
fy 71, 1033 Jame 7, U85 |aseaaaor X9 m S0t fum
TTEN RO | FRANTITY ”my OERCRIFTION ANLT PRick LETENRION
¢
1 I piaces | Lemls 27' long ¢f ' x L0200 Alue, Conducter.
Conductor to be Riack Anodiced 301 - 002 thiek
»lectrical gra-_.
Zenducter furnished hy 3robec. Corporation.
* Price fncludes $650.00 tocllug charge, Teolins

vecores property of Hrehech Corperation upon
cortlatien,

wxeese coaductor will be returred to Probect Corn.

Fag REIALE
RzSALT 30, Sk 19 21-140517

s
~1

/7,7-3»

TOTAL AYDUNT 0% PUTTHASL JRUET so—

IMPORTANT
TERME AND OCONDITIONS ON THE BACK OF THIS ORDER ARE
MADE A PART OF THIS ORDER. SLLLER AGRRES T0 THESE
QONDITIONS BY ACCEPTANCE OF THE ORDER.

-unn-uammter.wnuuuumuummam mtl::bwvmm ﬂiﬁﬂH.EROBECK&ASSOCIATES

el i
[ muhm-lu.huum.m_..lm R
lnuﬂduahu:llwhd.linthv dar. Conditfons su erigina] are made » pari of BY 1,
T

ANOTWER HARED PRGOUCT . CAELARD 300400

¢-11



o WILLIAM M. BRORRCE & ASSOCIATES - gyje [“ |

RESEARCH.DEVEL MENT-ENGINEERING THIE NUMBER NUST APPERR

ON ALL INVOICES, PACKAGES
rOR AND OHIPBING PAPERA.

INDUSTRY - BUSINESS - SCIENCE - S—
1235 Tenth St, Berkeley, CA 94710 {415) 524.8664 PURCH.ASE ORDER
SHIP AND BILL TO

DO P P '
e Q, r I
. + T 1235 Tenth Street

T Berkeley, CA 94710

SHIP VIA
Tk NTE PIOEDY ACCONSY } | BEsaiR | vRame ro.h AdEsTos
y " ™| 0
mraco. | QuANTITY [T DEECRIFTION . wuT raiet EXTRNSION
® & 2 in 1 FEpoxy dispenser -- & az. size 516.99 | 599.5
: Catalog No. 7341421
§% Sales Tax 5.97
® Shipping Fee _—
135,35
‘@
®
[
®
IMPORTANT
9 T¥RMH AND CONDITIONS DN THE BACK OF THIS ORDER ARK
MADE A FART OF THIS ORDER. SELLER AGRERS TO THESE
QONDITIONS BY ACCEPTANCE OF THR ORDER.

&lﬁnmdmr-dlrhrchwmuddm'ﬂlﬂcﬂmuwﬁu‘ﬂMm WILLIAM M. BROBECK & ASSQCIATES

VENDOA BY ANOTHER DARCS MIGOUCT . DAKLAXD 2€0€00




WILLIAM M. BROBECK & ASSOCIATES

ALL ITEMS PRINTED (N RED MUST
BE FILLED IN BY REQUISITIONER

. PURCHASE REQUISITION
PO,
@ o L ’jf, < v P v |oisposimon
ADDRESS = DATE NEEDED TYPE P.0. & MAIL
] SHIP VIA OADER WIRED
ATINOF Lo s v
7= i ~TORDER T5* EPHONED
@ Fromisen ACCOUNT TAXKOLE ] TERMS L) DATE
- - - —_ _—
Yoo -0 |1 4o 0D Tl
ITEM | QUANTITY | yNIT DESCRIPTION (USE SEPARATE REQUISITION FOR EACH VENDIR] ESTIMATED | estuaten | NETUNT | 7 rore
i o - g ; Y
/ / el //J —LI//YJ_ZA_/ 'Zf.'l_gﬂ A}é 7 J “ 4{f

ra

)
. /f,:)///lj' )

/,?/_;/“-,( yr)...?.dw‘-'ﬂd""

257 Ao tea EL )
o s A Ifﬂ o fo
794 § oo
0

@ l/,a‘&jt.f— ‘ [/ﬁﬂ -

=1
A, / | b
Yy
A a0/
) I i
®
¢
SALES TAX .
ESTIMATED TOTAL VALUE OF ORDER MUST BE STATED BY REQUISITIONER = § I/ yj
Suggested Sources DELVERTO
REQUESTOR 77
i —i . 0 PURCHASINGZ 7 .7 |DATE
. Pravious Purchase Qrdar Np. A )/_ ,}TE_(
v ) APPROVED .- 77| oAt

8A-20 (REV )-8

o

ACCOUNTS PAYABLE
¢-13



PURCHASE ORDER NUMALA

® 143
BROBECK CORPORATION  cgry. a3 v cay Peveme
1135 TENTH STREET « BEP..KELEY. CA 54710 {415} 524-8664 Ship o PURCHASE ORDER
+ DIAMOND TOGL CO. . BROBECK CORPORATION
5085 29th Avenue 1235 Tenth Street
Qakland, CA 94605 Berkeley, CA 94710
_
i. L ATTIN: Don Holz 'J.l-_- A
nure BATL PROMIAID ACCONRY ':‘m.: L+ ] [Z XN aEevistren
June 3, 1985 5 wks ARQ 4500-301 X{ 1-10 N-30 Qakland JTG
Iregpe | evawevy | omr DESCRIPTION §RIY pRICT ErTERLION
¢ GROUP A -~ Spool, etc,
1. 1 ea | 95C1707 5 810 |$ 310
2. 1 ea | 9501708 298 298
3. 1 ea | 95B1717-1)
o 4| 1 | e [omnrz] Lot 105 195
5. 1 ea | 95€1723 485 485
6. 1 ea | 95C1724 410 410
7.. 1 ea | 9581727 120 120
° 8. 1 ea | 95B1729 . 437 437
. GROUP B - COIL SPACERS '
9, 1 ea | 95C1712 g.r 500
10. 1 ea | 95C1713 &' 848
[
TOTAL $ 4,403
e PRICES PER QUOTE BY DON HQLT -- COPY ATTACHED
F0B: Oakland
1-10 Net 30
- DELIVERY: 5 weeks ARQ
®
IMPORTANT
TERMS AND CONDITIONS ON THE BACK OF THIS ORDIR ARE
MADE A PART OF THIS ORDER. SELLER AGREES »p THESE
. OONDITIONS BY ACCEPTANCE OF TUE ORDER,
o S b T R S TR ST IS BROBECK CORPORATION
- 'd-:l;duu:u‘:h.:ﬂll:r'::r‘:hu:mvmn of this "‘::ndu- m“ temses e By Ori gipal_siaoned by:
K. M, Thomas
VENDOR BY
Py C-14
WHITE: Vendm BLUE: Requent GREEN: Prayect File YELLOW: Vendor Acknowledgement PINK: Purchuving ‘Shipping GOLD. Accounuinp



URCHASE ORDER NUMBER
REE n

-¢ WILLIAM M. BRORECK & ASSOCIATES

RESEARCH - DEVEI m'r ENGINEERING
Bed ok INDUSTRY - BUSINFSS SCIENCE

COLPCATIYE 1236 Tonth S Berkeley, CA 94710 (415) 5248564 LURCHASE ORDER

..,l_ B

THIS NUMBCR WUST APPEAR
N ALL INYOICES, PACKAGER
AND BHIPRING PAPERS.

\
J

L e nLUE T MAIITACTTRING €O. HIP_AND BILL TO
7 Cp 1235 Tenth Street
4775 SK. PLRLO AVE, Berkeley, CA 94710

DIRTVLLE, CA 94600

° L -

SHIP VIA
TR BATE PRCKISED ACCOURT SESALE | TERNN o REQUESTON
i |
NS I SAN BN JUur 24, 1035 4340-370-21 | % NET 30 TaS J. T, (77
ITEE RO, | QRANTITY ENIT OESCRIPTION BNIT PRICE EXTRRSION
L 1 A schremat Element Measuriny Fixture
S &7°4=1, ghects 1 & 2, {Quautitles as noterd
on rrints., FPrirts alrsady at Accurate
¥OR RESaL
® PF3ALL }’-;'. SO 21-142%7
TOTAY AMOINT OF PLRCHATT o $1,6800.00
10T
‘@
¢
L
L
t
IMPORTANT
TERMS AND CONDITIONS ON THE BACK OF THIS ORDER ARE
@ MADE A PART OF THIS ORDER. SELLER AGRERS TO THESE
QONDITTONS BY ACCEPTANCE OF THE OROZR.
W e s L £ O e Ao
b s o B e b ' T it
'Nn.niﬂ luu:hlt:l aellar agrew by Acteptance t5ln onder. ) o part ’?z /, .
. B BY ANOTWEE YARCO FRODOCT - CAKLAXD 288600

C-15




FURCMANE ORDER NUMUIW

 WILLIAM ‘M. BROB °K' & ASSOCIATES

RESEARCH - DEVELO}-MENT - ENGINEERING THIS NUMEEN MUST APwEan
A0SR FOR { Pt T

CCRPORAT LA INDUSTRY - BUSINESS - SCIENCE

1355 Toath St Bk, GA. MOTI0. (818 $740664 PURCHASE ORDER
® Q, r 7
. ngP AND BILL TO

PRGALUSTER, INC.
1235 Tenth Street

) c: o‘l .
1844 X, KEYSIONE AVE Berkeley, CA 94710
BURBAN, CA 91504
o L. Heney Waller |
SHIP VIA
mrg DATE PRORISZD Actouny nm.:. TR ro.N RrQuTITOR
JUiE 13, 1248 JnT 30, L93S 4540301 N-30 J. T. Gga
e no. | _evanvrey oary GESCRIFT 3 iy parct greension

200 | Fe. Junénun Conduetor 0,250 010 x .020% ,002

Ananealel, Rounfed edges, free of burrs,
e ao. Ancdiza

TOR [oTALE
RESALL N, 8P O 21-14)317

'Y | TOLAL ANOINT OF PO [T
‘i TAI0 CRBLL COUTLUS TELTPUOCT ORRTE THIS AT
Do N DIFLICATS
] T
A
L

IMPOBTANT
TEEMS AND CONDITIONS ON THE BACK OF THIS ORDER ARE
MADX A PART OF THIS ORDER. GELLIR AGREES TO TERIE

L
. QONDITIONA BY ACCEPTANCE OF THE ORDER,
Idtimd!-lninhrlhnnumlnd'ﬂlnhmn-luﬂn::h m WEW&ASSOCIATES

P eriar, aatel, Acceptance of thin aniet implis arTeemsats
m:#&-&‘ﬁuﬂ;mhu‘lﬂ'mhmarﬂ;mxudhm-fnhum Fli!...“'g“& "
frinal Inseried sckmewisdgmont r. Conditiows .,.L'.. ande -
m-‘nmru":u‘:ldhrun:wmdtmom'f - & part BY /f‘l _,r./.‘
o
R BY ANgTHER RANCD MIODYCT . CAKLARE 204000




® WILLIAM M. BROBECK & ASSOCIATES

LL ITEMS PRINTED IN RED MUST
BE FILLED IN BY REQUISITIONER

PURCHASE REQUISITION
o EN- N FROITIAE Al otz TSV /4T v |oiseosition
Y g ATE NEED
apoRess — /L LEAIN ST DATE NEEDED TYRE P.O. & MALL
3 T2 nls Z PP
flaud Lol 2 (4 p - Ty ORDER WIRED
"TTNADF e B L ST
-7 ORDER TELEPHONED
OATE PROMISED » ACCOUNT TAXABLE } TEAMS FQB RATE”
. A b L e
&% 4/~L'~.50l~° A-30 72
GEM{ QuUANTTY | uNiT DESCRIPTIQN (USE SEPARATE REQUISITION FOR EACH VENDOR) S TATED T | NET UNIT TOTAL
, ./ 'Man._ut ,)“ gln_ . Fayh
f g /
pelch H 529051 shad [3 71
=1 o N 7
| ]
e
o
! 2 \‘ lt
. _[_; Py y -
| o & /
=~ N
L B
SALES TAX
ESTIMATED TOTAL VALUE OF ORDER MUST BE STATED BY REQUISITIONER —+ § Q;[’ /)
.Suggesled Sources DELNERTO I S
REQUESTOR — _
- 7 6' e
& Previous Purchasa Order No. P“"C”‘S'NG// /ot DT;TEA e
' APPROVED L4 CATE

.BA’SD {AEY 1-10)

ACCOUNTS PAYABLE
C-17



WILLIAM M. BROBECK & ASSOCIATES

«LL ITEMS PRINTED IN RED MUST
BE FILLED IN BY REQUISITIONER

PURCHASE REQUISITION

mﬂ Lle [last, (orrr o b 7= v |oisposimion
vE DATE NEEDED
ADDRESS TYPE P.0. & MAIL
.i Ve OAOER WIRED
ATTN. OF U P S DRDER TELEPHONED
@FRTE PROMISED | AGGOUNT TAXABLE | TERMS Foe DAYy )
7 7-% ol -Z0) | e A2 D WANTE e
me|  quawty |t DESCRIPTION (USE SEPARATE REQUISITION FOR EACH VENDOR) UNIT ERIGE | TOTAL PREE| "min T ToTAL
"i 2 'l'n St /1:1’;ﬂn l'/q:.n,::'/‘ : '3 S0 n:; Y
Z /437K ¢
L Z
|
. |
®
¢
SALES TAX
ESTIMATED TQTAL VALUE OF ORDER MUST BE STATED BY REQUISITIO 3 Z )
< " | PELIVER TO
Supgested Sources | _ T (
REQUESTOR
) J P
y Previous Purchase Order No. _: “HASING AL OAT.E’ o
h f\rpnovzn l,/ =+ DATE :
BA-30 (REV 1:70)
L

ACCOUNT. PAYABLE

c-12




! PURCHASE REQUISITION
mon Ll /3 C Fre=CACK G.‘V/Z//]A// o) /72 v |DiSPOSITION
ADDRESS DATE NEEDED TYPE P.O. & MAIL
P ORDER WIRED
? /I/ s f{// d )
ATTN. OF -/ﬂj 7 L/; '/- . / S OROER TELEPHONED
@ DATE FROMISED ACCOUNT TAXABLE, | TEAMS FO8 DATE s
- b . » - !
700 _|gige ol | - Jo T
em| ouawnry | ywiT OESCRIFTION (USE SEPARATE REQUISITION FOR EACH VENDOR} ESTMATED | ESMATED | MELMT TOTAL
oL M S0/ WY
o 3/90K 3}
La i G gr
7 a7
»
®
.
| .
' 1
SALES TAX
ESTIMATED TOTAL VALUE OF ORDER MUST BE STATED 8Y REQUISITIONER -~ § /é j /Q
—
Sugyested Sources DELIERTO B C...-
REQUESTOR ,__
L i -
‘ i ; Pravigus Purchase Ordar No. PURCHASING / / / . DA;E_ o
APPROVED 7 DATE

L]

WILLIAM M. BROBECK & ASSOCIATES

ALL ITEMS PRINTED IN RED MUST

- 1E FILLED IN BY REQUISITIONER

BA-20 (REV 1-79)

ACCOUNTS PAYABLE

C-19



——~ - PURCHASE ORDEA MHUMBER
C (3 ane 18255,

- THIS NUMEIA MUST APPRAR

BROBECK CBR)PORATION ' hsiiineay rsean
1235 TENTH STREET © BERKELEY. CA 947(0 # (415) 524-8664 Ship to: PURCHASE ORD_E_”&
L . To | ar ]
. PERHAG CO. -
1159 SONORA COURT
SUNNYVALE, CA 94085
) L JL |

BATRE BATE PO DD ACTONNY ':.IIIL: 7R e BLOPEITOR
JULY 11, 1985 asq00 X7 | ww J.T.GONN
IYEN PO, | DUANTIPY e PEBCRIFTION WRIY Pt TXTEWLIDN

)

Rework 64 permanent magnet segments by

remyving 0.0015" as dfscussed én meeting

of Jyly 1}, 1985. 4,00 | $296.00
[ 3
‘@
®
[
]

IMPORTANT
TERMS AND CONDITIONS ON THE BACK OF THIS ORDER ARE -
MADE A PART OF TIiIS ORDER. SELLER AGREES TO THESE
' OONDITIONS BY ACCEPTANCE OF THE ORDER.
s aslpowiedge recelnt of petr erder for abeve matarinl and will make shipment » debivery . K :
P e o e AT
W i ot o Tt S G0 % WS SV py My pATC L
VENDOR BY

. WHITE: Vendnr BLUE: Reguesior GREEN: Project File YFLLOW: Yendor Acknowledgement PINK: Purchasing/Shipping GOLD. Acowunting

c-20




(I S IR

i.‘“ -

BROBECK CORPORATION

! 1235 TENTH STREET « BERKELEY, CA 94710 + (415) 524-8664

Ship to:

ar

* ELECTRICAL SPECIALTIES C0,
SAK FRANCISCO, CA

¢ L

589-9611  Mike JL

.

PUNCHASE ONDER NUMBLN
el ] 3 ke

THIS NUMSER MUBT ARFEAR
OM ALL INVOIGER, “ACRAGES
AND SHIFRING WABEFE.

PURCHASE ORDER
——

_

SKIP ViA
e MATI FROBIEDR ACCOTOT AEBALY TR raL EEAUREYOR
v | m
July 11, 1985 4540-300 X ‘ c.0.D.
IPRE WO, | emaARYITY mrr DESCRIPTION - WAIT PRICE RITENRION
®
1 |2 J|ea Spﬁois (1011b each) of Magnet wire - 18 Gage
Ba¥den type 3076 or 8050
@ 1.96 per Pound 38,20
®
Sales tax
C.0.D. & POSTAGE
‘®
e
®
9
IMPORTANT
TERNS AND CONTITIONS ON THE BACK OF THIE ORDER ARE
MADE A PART OF TIIS ORDER. SELLIR ACREES T0 THESE
® CONDITIONS BY AGCEPTAYGE OF THE QRDEE.
TRLTL AT S T A el e Lot SR RORECK CORPORATION
LR S e S L B INE y gle Mo b, b
VENDOR BY
. WHITE., \ BLUE: Reguesior GREEN: Project File YELLOW: Yendor Acknowledgement PINK: Purchusing‘Shipping GOLD: Accounting

¢-21




- .‘.—-q-mn:-’pt_vngw”'.J’:«_‘u'wu‘nﬂ,'mvc“-\vm-ﬂrf-‘nh"ﬁ‘:'w“w:"@mmmlm-

: PURCHMARE ORDER NUNSER
® —= , : ) 195 Chg. Orcer 4
BROBECK CORFORATION Sngut msicts macrasts
. 1235 TENTH STREET * BERKELEY. CA 94710 ¢ {415) 524-8664 Shi PURCHASE ORDER;I
* To r "WF_ _1
‘ PERMALUSTER, INC. BROBECK CORPORATION
; 1644 N. Keystone Ave, 1235 Tenth Street
- Burbank, CA 91504 Berkeley, CA 94710
. L | — J
ATT8: Hepry Walker 213/844-2543 wirys _ UPS
[ 1144 I.Afl HORIES AZOBURY ':"llll.l° TRRES B ;’B;ck HIRUESTOA
11-25-85 12-7-85 4500-301-20] X | tet 20 Broc| o
Minwo ] ety ] b DESCRIFTION aIT Pmce RITIRLION
® 1. | 200 | ft. | Aluminum Conductor 0.250 ¢ .010 x .020% 0002
Annealed, rounded edges, free of burrs
TOTAL AMOUNT OF PURCHASE ORBER $625.67%/Lot.
[
SEIPMENT MUST BE MADE WITHIN 5 WORKING DAYS OF THE
RECEIPT OF THIS ORLER AND, IN NO CASE WILL IT BE
ACCEPTED LATER THAN 12-10-85.
‘®
£.0.D. SHIPMENT YILL NOT BE ACCEPTED CN ANY CONDITIONS.
®
®
L
IMPORTANT
TERMI AND CONDITIONS ON THE BACK OF THIS ORDIR ARK
MADE A PART OF TIiIS ORDER, SELLER AGREES TO THE3YR
. QODITIONS BY ACCEFTANCE OF THE ORDER.
e s o a Bekn Lemmpiancs T this et (2. iRt 15 icen 434 st o, / /BROBECK £ORFORATION
Q"m%ﬁﬁﬁa“.&?% :m:':.‘dc-.zsm e i wh 0 Aoy e
K. M. THO'AS
VENDOR BY
. WHITE: Vendor BLUE: Requestor GREEN: Projert File YELLOW: Vendor Acknowledgernent PINK: Purchasing'Shipping GOLD: Acawniing

c-22
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WILLIAM M. BROBECK & AS30CIATES

L L ITEMS PRINTED IN RED MUST
BE FILLED IN BY REQUISITIONER
PURCHASE REQUISITION
mﬂ et Y I s P A W WP (= why 197 v |DISPOSITION
ADDRESS - OATE NEEDED TYPE P.O. & MALL
SHIP VIA QRDER WIRED
ATTN. OF ORDER TELEPHONED
.DATE PROMISED ACCOUNT TAXABLE | TERMS FOB OATE
o |wln 5 A
wEM | cuanTY | um DESCRIPTION (USE SEPARATE REQLISITION FON EACH VENDOR) ESTIMATED | ETIMATED | MERSRT TOTAL
£l ero|Fo | Cou (103 &
®
* "
;A
il
1]
—
¢
]
L]
SALES TAX
ESTIMATED TOTAL VALUE OF ORDER MUST BE STATED BY REQUISITIONER = § [{7®)] w
Sugpested Sources CELIVERTO
AEQUESTON  wer ’
Py TN a7 7 e L
revious Purchase Order Np. FURCHASING oATE
APPROVED DATE
BA0 (REY 14T9)
[ J ACCOUNTS PAYABLE

€-23




WILLIAM M. BROBECK & ASSOCIATES

ALL ITEMS PRINTED IN RED MUST

BE FILLED IN BY REQUISITIONER

PURCHASE REQL/ISITION
. 3
Rrs S : P.0
Q}R Ve ’/L‘. /l/ Hygalle €0 NO. D 2 /4 ¢ |Disposimion
ADDRESS DATE NEEDED TYPE PO, & MAIL
P VA ORDER WIRED
j 7 ey SRRy e
ATTN. OF /. s Fieied ORDER TELEPHONED
- VBT FROMISED 'ACCOUNT TAXABLE TERNS FQ.B. DATE
L4oac-Rof [ /g G mt) =/
iTeM| quantiTY | bt DESCRIPTION (USE SEPARATE REQUISITION FOR EACH VENDGR) fATMATED [[ERTMATeD | NELCET ToTAL
AVAR VNN oling Lo | fihy | oo
® L5 Lot
&
) N b\ g !—
] (.L I t ya
) : o
IS -
)
VY AN
L
9 N
. L
. SALES TAX —
ESTIMATED TOTAL VALUE OF ORDER MUST BE STATED BY REQUISITIONER + § /£ 1))
UELIVER TQ
Suggested Sources
.“_ REQUESTOR :" I ( Uires
PURCHASING f . DATE
ravious Purchage Orgar No ¥
’ APPAOVED (2 DATE

BA-20 (AEY 1-70)

ACCOUNTS PAYABLE

c-24



WILLIAM M. BROBECK & ASSOCIATES

N

iLL ITEMS PRINTED (N RED MUST

BE FILLED IN BY REQUISITIONER

PURCHASE REQUISITION
_ @m HERRIHGTON-OLSON Y 2z |« oo
" apDREss__ 769 22nd Street DATE NEEDED TYPE P.O. & MALL
Oakland, CR - §-10-85 ]
I ORDER WIRED
ATTN. OF Hand delivery X | 0ADER TELEPHONED
| rore ACCOUNT TAXADLE | TEAMS FOB, OATE
_9-10-85 4500301 gle)  cash Bt
irem|  auantty | umr DESCRIPTION (USE SERARATE RECUISITION FOR EACH VENDOR] EITITED | ERIMATED | N TOTAL
1. Phatographs $ 221,25
&—
o
F
®
®
SALES TAX
ESTIMATED TOTAL VALUE OF ORDER MUST BE STATED BY REQUISITIONER = $ 201 5c
_Suggested Sources PELIER D
® REQUESTOR
WW \\WA DATE
4 a Pravious Purchgse Qrder No. iste i gad o
APRROVED T Y ) / BE

BA-30 [HEV 1-79)

ACCOUNTS PAYABLE

C-25




‘e WILLIAM M. BROBECK & ASSOCIATES

ALL ITEMS PRINTED IN RED MUST

BE FILLED IN BY REQLISITIONER X

PIURCHASE REQUISITION
%n Dﬂ n (; d (1" [’ /f \ <<‘ gt ﬁ!_;‘zs v |DISPOSITION
DATE NEEDED
ADDRESS ) ) _ TYPE .. 8 MAIL
SainMileo S =e0 | L £
er = SHIP VIA ORDER WIRED
Al
ATTN. OF = X, | 0RDER TELEPHONED
DATE PROWISED ACCCUNT TAXAGLE | TERMS 708, L
J-ts fC | Hve-3p/ ||w| C 0D, iy s
weM| ouaNnTY | uwrC DESCRIPTION (USE SEPARATE REQUISITION FOR EACH VENDOR) GAIT PRIER | totar phrw | MERUNT TOTAL
. ]
J Lot |ea] Slanless St ee] Soo
'Y 2ad Capscraws
’ / V e —
G =4t X' il 7
_Flys De/tve;)/—(/f]-s 2 1.2
° collecT  TOPD, '
I ___\‘:L\tk: v
Nl ﬁ?mf
RV W
— ]
e
o, 1]1 L g UJ
SALES TAX | 7.
ESTIMATED TOTAL VALUE OF ORDER MUST BE STATED BY REQUISITIONER - § /C L7
Suggested Sources PELVERTO J R 6— V. o0
REGUESTOR .
. it
PURCHASING /. JORTE
@ Previous Purchgge Order No. J:‘/_/) s Iy,
APPROVED B TaTE

B 1(REV V.79)

ACCOUNTS PAYABLE
C-26



> PUNCHASE ORDER NUMBER

- — el 7 224
BROBECK CORPORATION - ouas vclcry ucwdoes

. 1235 TENTH STREET » BERKELEY. CA 947%u » (415) 524-8664 Ship t: PU'R'CHASE ORDE.:E.

° . o ar 5

. ACCURATE MANUFACTURING €O.
4770 San Pablo Ave,

Emeryville, CA
1
A Art Hels'imn “].,.li,...!. Gunn will pick up. -
' v BAYX PROCLEED - -m-l. TEN 0.k [T 1T
9-12-85 4500-301.24 ‘i‘j N-30 JTG
ITEE PO, SEANTITY [ 113 Bm_' BRIT PRICE EXTESR) 08
° 1, I 1 e ?ggrgrg; Egcﬁgnagemier $ 1,035,00
Delete S{lver Plating
®
PER GELEPHONE QUOTE 9-12-85
o
0 RESALE NO. SR CH 21-140517
'y #*CONFORMATIONOGNLY
DO K0T DUPLICATE
)
9
IMPOKTANT
TERMS AND CONDITIONS ON THE RACK OF THIS ORDER ARE
MADE A PART OF TH!S ORDER. SELLER AGREXR TO TADIE
. CONDITIONS BY ACCRPTANCE OF THE 0RGER.
M P, e A T e, Gl S S o B gy *mw“# IEAIVIISY e
me . Thomas, President
VENDOR BY
. WHITE: Veador BLUE: Requestor GﬂE.ENI: Progect File YELLOW: Vendor Acknowkdgemen PINK: Purchasing 'Shipping GOLD: Accrunting

¢-27




PURCHABE ORDEA NUMBER

N n -3
Yl | " 225
BROBECK CORPORATION ’ el ety s
1235 TENTH STREET » BERKELEY. CA 94710 # (415) 524-86%4 hip o PURCHASE ORDER
i “l‘o r ar =
+ ACCURATE MANUFACTURING €9,
4770 San Pablo Ave.
Emeryville, CA
L JL -
Art Westman siewn J, GHNE WILL PICK Lip
TR DAY FasENE ADCeERT I‘.I-IIM; T O ra.s rtanEsTOR
9.12.85 9.22-85 4500-301.24 | X N-30 -—- JTC
froe po.] “swanyivy oy DEACRIPTION it pnct trtension
» 1|1 ed Founting Plate $975.000 § 975,00
Orawing o, 95E1716A e
(you already have this drawing)
.8

RESALE NO: SR CH 21-140517

®
WHCONFIRMATION ONLY®**
DO NOT DUPLICATE
®
IMPORTANT
TIRMS AND CONDITIONS ON THE BACK OF THIB ORDIR ARD
MADX A PARY OF THIS ORDIR. SZLLYR AGRERS T) THESZ
. OONDITIONS BY ACCEPTANGE OF THE ORDER.
acknév ladgs reseipt of your crder (or adsve matarinl snd will Cmks shingmt - delivery
‘““‘:h.'%nm.uucév:u"::mm Mn".::.uumm [
AL el kv saatacanca. o ihis oréer - thaet g
VENDOR BY
. WHITE: V'uﬂlr BLUE: Regressor GREEN: Propet Fike YELLOW: Vendor Acknowiedgement PINK: Purchastng'Shipmng GOLD. Acvoummnp

¢-28




WILLIAM M. BROBECK & ASSOCIATES

ALL ITEMS PRINTED IN RED MUST

BE FILLED IN BY REQUISITIONER X

“1 PURCHASE REQUISITION
um _M MA 150 =— (-A 1 tl .—m/L (, P'o" 29 v | DISPOSITION
" L oR 7 P - + r/, V4 NO. 2 d
" aooress L0 2 x A4 90 DATE NEEDE PEPD. 8 AL
() Scpl 19~ 3
—L A’(} “!‘“ 3 qLos 4 7 SHIP VA z QRDEA WIRED
. . - 6. -:"‘J et
ATTN. OF VA // J—t il — UF—S ORDEA TELEPHONED
" @) OATE PROMISED ACOOUNT TAXABLE | TERUS 708 7 Toare
Trii— 2 ( Jﬂ!g.bm L 22 ‘Z{
mem] ouawnty | uwr DESCRIPTION (USE SEPARATE REQULSITION FOR EACH VENDOR ETHATED |Sowaten | O ToTAL
et 1l Mo /‘,7'.1,,\. -y FKr -
4 e A Piis
° B S121K2 / AP P daim = ar iy
o5 Beng X LG40 [4 ) Il
21 2 ] Al f]...-y e & T. l..u oz )
-« o MEES "//” 7 al ﬂr‘ — T ot 7% i
o /Vt# e oo X Ug3e wall | LU | Fre T
: : r
o bl s
A
-2' Io (TN FVJL--’FU TN !?)FJ_ES l»*r'%ﬁ q,-. -./ '
' 7 A IR £ I
| E Ui # U2k 171 L5 | B0
i g e 1T b !-’ﬁ*. < v LSS ,l Iw'}’/) 17 /'/
—tr et -+ = a7 - 7 -
s Tees— B iy TKIA 4L S—tf | jFT
. -
éL ‘(_ = | L}hllvr\ ﬁl‘u YA Fy LSS . : "', .-"f) . ‘I‘j . !'/ 1',-*
;e B3I A B (r_{ LAaT | T
L [i
.L 2 len TZ/I‘J- F{T“ 5 ,IZ LN : {LJ&// -
R -t j,‘f- i ot ]
MJ;/'{ C‘ hg"ft-r— ﬁ::’;!l‘)'"’"C r"ﬁ ;, gﬂ_ﬁ_
7“}7 E . —
/
‘ Ty S 1) V7T aa 24
() 7 4 R ridd B
SALES TAX
ESTIMATED TOTAL VALUE OF ORDER MUST BE STATED 8Y REQUISITIONER + § | -.&% @9 £7
Suggested Sources F)!a et Pl\ G—pa—dd G Jr r ceEe JJ (cuin
. 1 | . L . rL.,.\ 3 FEQUESTOR [T :
3 l i 'I;lo\ - o PRCraanG ¥ A nlm-:/ /[ —
APRROVED /’7’ DAT/E —

BA-30 {REV. 1\10)

e REQUISITIONER

C-22




WILLIAM M. BROBECK & ASSOCIATES

¢
) ALL ITEMS PRINTED IN RED MUST
BE FILLED IN BY REQLISITIONER
PURCHASE REQUISITION
% N LONG FILMSLIDE SERVICE w23 ' |oisposmon
ADDRESS i DATE NEEDED TYPEP.O & MAIL
9-17-85 i
SHEVIA OROER WIRED
ATTN, GF JTG plick up QRDER TELEPHONED
. @S Prowsts ACCOUNT TAXADLE ] TERMS 700 ATE
4500-301-26  |"®| % | €.0.0. __|8-17-85
mem|  ouantty | uwir DESCRIFHION (USE SEPARATE REQUISITION FOR EACH VENDOR) UEN,}";,.’,EE ToTAL pRige | ML AT T0TAL
1. Films $57.51
L
- @
.
SRR
L 1/ 7 J 5 yi l}/
771 T
* Ly
" ' T / -
¢
SALES TAX
ESTIMATED TOTAL VALUE OF ORDER MUST BE STATED BY REQUIS!TIONER = 557 3
Supgested Sources DELVER TG
. ' . | REQUESTOR
J. T. GUMN
Previaus Purchase Ordar No. PURCHASING . DATE
K APENONE IXL- —W'BS'
./ ”

BA-30 (REV 1-10)

¢ ACCOUNTS PAYABLE

€-30



¢ WILLIAM M. BROBECK & ASSOCIATES

ALL ITEMS PRINTED (N RED MUST
8E FILLED IN BY REQUISITIONER

PURCHASE REQUISITION

%on _13 AN/ S@ A ’ ( Q. . ! L33 | v |oseosmon
/ DATE NEEDED
ADDRESS / TYPEP O & MAIL
. )‘/ X ad. C} ? 2 5
4 YT Ty ORDER WIRED
ATTN. OF 4 1) /7 S X | orpen TELEPHONED
L ACCOUNT [A TAXABLE | TERMS FOB. 7T
-2/l A - 30 ARy
iTem| ouswmiy | uwr 0ESCRIPTION (U5E NEPARATE REQUISITION FOR EAGH VENDOR) UNE I,'f“,';t,l ,:!55 ToraLpRcE| NELWNT ToTAL
f 70
’ b [ 2a \/U({Anji EJ O Kimg § - 29.570
. @ nl L pa / ’

as [apker #£ 5 569
AELM/MMJN L2 =70

C_QnFn-m.na Tt/vf/?/\an £
f"'JUlr %/7 r I p‘n-\'u#b—l\/
Vg B4 ~ //

s

.DC; f\/r L Dup L AT £

Pad bon ,Z’ Ly

¢
@
- SALES TAX
ESTIMATED TOTAL VALUE OF ORDER MUST BE STATED EY REQUISITIONER - § - 9/ [
DELWVEATO/
o Suggested Sources veRTo ] [ (;l L i Iy
REGUESTCR ¥
Py r/ G" VLAY
(‘ Provious Purchass Order No. PURCHASING DATE
APPAOVED DATE
BA-30 (REV 1-79)
®
ACCOUNTS PAYABLE

€-31



PURCHALE QROEA NuMELR
* — _ - 236
. * SMis KUMBER WUST APPEAR
BROBECK CORPORATION S ey
1235 TENTH STREET « BERKELEY. CA %4710 » (415) 524-8664 Ship o PURCHASE ORDER
oW, ar 1
WESTERN PIPE & ENGINEERING CO. BROBECK CORPORATION
1485 Yosemite Ave. 1235 Tenth Street
South San Francisco, CA /24 Berkeley, CA 94710
b Keh-Fretdnan  622-6464 'J_‘%m Brobeck Corp. will plek up -
BATE TE MESLLD ACTRUET ARBALE rismn ras Ll k-1
9-25-85 10-11-85 300-26 '"]r N-30 JT6
e e | esanvTy t [T BEACRIFT N surepmes | efTougce
® 1. 1 e Achrorat Beam Tube $£00.00 $300.00
Brobeck Drawing 95017528 (enclosed)
Sales Tax 6.5% 52.00
TOTAL $052.00
L
‘®
® CONFIRVATION ONLY
*D0 NOT DUPLICATE®*
™
@
IMPORTANT
TERMS AND CONDITIONS ON THE 8ACK OF THIN ORDER ARE
MADE A PART OF 11118 ORDER. SELLER AGRERS TO
. QONDITIONS BY ACCEPTANCE DF THE ORDER-
Q“f-".,.":;“.‘.".-‘*“’,‘.‘.-'f SR Bl et S R L, ) RO i g
erigins o b faerad 20 1M bkosvidrntn by s, Condicn o srgaal o mate ¢ 3 o8 gy L""‘Tﬂ M e
VENDOR BY
o WHTTE: Vendor BLUE: Requestor GREEN: Progs: File YELLOW: Vendor Acheowledpement PINK: Purckoung Shippang GOLD: Acvaniing

-2




PURCHANE ORDER NUMBER

- r
X Ly t- 7 h
/ s \._f‘, THIE NUNBER MUST APPRAR
BROBECK CORPORATION - Sue srivsins Torten
‘ ° 1235 TENTH STREET » BERKELEY. CA %4710 » {415) 524-8664 ip 1 PURCHASE ORDER
s, ™ ar 1
+ PERMAG SIERRA CORP. BROBECK CORPOPATION
1159 Sonora Ct. 1235 Tenth Strect
Sunnyvale, LA 94086 Rerkeley, CA 94036
&
Ak'aﬂ Dawson 408/738-1080 —ju,;\m ups —]
MR BAyy PESMLIETD ACCSREY nu.u..l‘ I j X1y DranESTON
9-26-85 ’4500-300—28 Y‘l s J16
[inmc.| swary |y —_DESCRIFTION T hnct | unmmios
e L 2 Assy | Short Quadrupole Assemblies -~ Brubeck Drawing 47.39 |$1516.48
: No. 9501733-28
This is 32 segments,
2. 1 hssy | Dipole Assembly 75,86 | 1213.76
o a Brobeck Drawing No. 95D17848
_ This s 16 segments,
DRAMINGS NOTED ABOYE ARE ENCLOSED.
L . $2230.24
6.57 Sales Tax 177.47
® TOTAL $2907.71
e CONFIRMATION OHLY
D0 NOT DUPLICATE™*
®
NOTE: Previous Purchase orders 086 and 182.
IMPORTANT
TERMS AND CONDITIONS ON THE BACK OF THIS ORDER ARE
MADE A PART OF TH!S ORDER. SELLER ACREES T0 THESE
' QONDITAaNE BY ACCEPTANCE OF THE ORDED.

me iy ke o ag ekt e T i Sl ke st aering o daitry proe- / / BROBECK coar?mos
1.

Wu‘?mmm:ﬁmun- T oaaan, o1- Gancditiens on thask s g &W”‘-']fl"— L1
&Ennefﬁ M. Thomas, President

. WHITE: Yexdor BLUE: Requesior CGREEM: Proga File YELLOW: Vendor Acknowledgerient PINK: PurchasimgShipping GOLD. Acvauniing

C-33




SV F, R ST ST T e Y S Y wap e T SR e i Ay

07

S

v

RS AL T VPN Bl Y ST T BT L

)

PFURCHASE OROER NUMBER

3

THIB NUMBER MUST APPRAR

BROBECK CORPORATION g4 1, MroeEk pacvaser
1238 TENTH STREET o BERKELEY. CA 94710 » (41%) 524-8064 Shi o PURCHASE ORDER
™ [ ar 'T
DIAMOND TOOL COMPANY BROBECK CODRPORATION
5085 29th Avenue 1235 Tenth Street
Oakland, CA 94609 Berkeley, CA 94710
L. s34-7050 L s -
T WTE PG ‘acoaent s Treses T var | nimosron
October 1, 1985 Nov. 1, 1985  [4500-300-30 X | N-30 JTG6
fraiwo.]_ewanviry [T . DESCRIPTIOR wart paice ETIEE O
1. ] 1 e Segment Carrier Dipole
Drawing No. 95C1737B
2 2 ca Segment Carrier Short Quadrupole
Drawing No. 95C1736-28
LoT $1,626.00
SALES TAX 6.5% 105,69
TOTALLLOT $1,731.69
NOTE -- Drawings enclosed
IMPORTANT
TIRMS AND CONDITIONS ON THE BACK OF THIS ORDER ARE
MADE A PART OF THIS ORDER. SELLER AGREES TO THERE
QONDITIONS JY ACCEPTANCE OF THE ORDER,

srtection] o prices te be

acknew! sl of order for abee trrial and will make sb L aCeRrR b delivary
&-uﬂ.unxm&ﬂ&?ﬂm mplioa mu-:mmmﬁmm

dicaiad by vehder il accwmipatiod b7 Boto of explasation, Prices smite~!
nundhn-Whuu-r.Mm:-:uw-n-m-md
by aoveptancy af this etier.

BLUE: Requetor GREEN: Propn Fike YELLOW: Vendar Acknowledgement

C-34

/ ROBECK con76mnon
BY ’{’17‘- [ Mausa—

— Renneth W, Thomas

PINK: Purchaing Shipmag GOLD: Accaymung



http://Iii.hu%20tW,%20mwmtOtv%20la%20orto-%20t.%20to%20Hadk%20tiMer%20ui%20nwuM%20if%20HU%20.%5b%20utUiutlta.%20Plrito%20ialt�=l�Will%20in%20u%20b�%20tnaud%20��%20lUi%20MtuwMnul%20H%20m*r.%20C��ill�Mi%20�%20trlitul
http://Iii.hu%20tW,%20mwmtOtv%20la%20orto-%20t.%20to%20Hadk%20tiMer%20ui%20nwuM%20if%20HU%20.%5b%20utUiutlta.%20Plrito%20ialt�=l�Will%20in%20u%20b�%20tnaud%20��%20lUi%20MtuwMnul%20H%20m*r.%20C��ill�Mi%20�%20trlitul
http://Iii.hu%20tW,%20mwmtOtv%20la%20orto-%20t.%20to%20Hadk%20tiMer%20ui%20nwuM%20if%20HU%20.%5b%20utUiutlta.%20Plrito%20ialt�=l�Will%20in%20u%20b�%20tnaud%20��%20lUi%20MtuwMnul%20H%20m*r.%20C��ill�Mi%20�%20trlitul

® ” \} 'uncnuzl:qc(s;nu NUMEBER
BROBECK CORPORATION THIB NUMBCR KUET APPEA

1235 TENTH STREET * BERKELEY. CA 94710 ¢ (d15) 524-8564 Ship 10 PURCHASE ORDE_BJ,
] o To r~ T [ B

. MDC CORPORATION BROBECK CORPORATION
23342 Cabot Blvd, 1235 Tanth Street
Hayward, CA 94545 Berkeley, CA 94710
JdL il
¢ L oz v UPS
374 FAY] PEORINDD ACCouEY T.ﬂw Iy [A X8 OV ESTOR
10-1-85 4500-380-30 ]R’ N-30 J16
I7Ia wo | veaarny Y DEICRIFTION sar? mict SETERAIon
° ! 1 ea Centzring Ring #X200-CR $5.000 $ 5.00
2 1 es Clamp #X200-C 15.00] 15.00
3 8 ea | 0 Ring - Viten #K200-0 5.00 | 0.0
® 40,00
Sales Tax 6.5% 2.60
TOTAL $42.60
‘@ T
]
@
[
IMPORTANT
TEZM8 AND CONDITIONS ON THE BACK OF THIS ORDER ARE
MADE A PART OF THIS ORDER. SELLER AGRIES T0 THESE
DONDITIONS BY ACCEPTANCE OF THE ORDER
[ ]

|y ,
fnom W{mn g
i

ste

. WHITE: Verdor BLUE: Requestor GREEN: Pregn File YELLOW: Vendor Acknowlcdpement PINK: Purchauing Shipping GOLD: Acomanng

C-35




WILLIAM M. BROBECK & ASSOCIATES

ALL ITEMS PRINTED IN RED MUST
BE FILLED IN BY REQUISITIONER
PURCHASE REQUISITION
o B 2y §€ A / C o oV o/ v |bisposimion
ADDRESS J,T/ oo W Witon Aue. [owefee TVPE PO, & WAL
Haywird F45us _[6-20
ATTN. OF . /Bed 3¢ 7=-1900 sae U FS S
i - CADER TELEPHONED
L ACCOUNT TAXABLE | TERMS OB DATE
1ifra b | a0, @ml 30 R I
mem| auawniry DESEAIPTION (USE SEPARATE REQUISITION FOR EACH VENDOR) SSTMATED | EATMATED | NETeRT ToTAL
i é Lo, \_/-;j(qa.annL jSlnn ¢ 5‘?’:' 'B{L.RO
@ ' rJnmPnﬂlnnJ/ly TAL
sapme as’fParker 1
e 5-5¢9 " and £V
copmponnd MU A-70
. /
al T le| 0 Ainys Parken Y i
t# 2-~palfNezy =70 37 Fus
3 5 o 0 Amn,f i /ja #‘R h | e Lf't/ 7x.c0
# £=-Usg V- 75" Bl
P 4
L I £a Oﬂm.’( -FJU—_‘_-P (l_f’ 15 £ 230
. #A‘-Quu-—&’?);7—25 f l
| T : /
51 Y 2. JOR) g s 7,"-“[;(_4 w2 l’f’l (ry
AN (280 B=3y . oL
' . AN/ 17241
. (j./:z\ )(M . b ik I
N N IRy G - e
[%4 / - }0 5 L~
o 1/ [
L I'd > /UV""” ,_"-,_._
VA SALES TAX 2

v
ESTIMATED TOTAL VALUE OF ORDER MUST BE STATED BY REQUISITIONER = §

PV s

DELIVE )
). Gunn

Suggested Sourees
] AEQUESTOR
- J Gunn
Previoys Purgh: rder No 13 3 PURCHASING oATE
u T 5
APPROVED DATE
BA-20 (REV 1-T)

ACCOUNTS PAYABLE
(-36



g v

PURGCHASE ORDER NUMBEP

\) THIB NUMEER MULT APRIAR

BROBECK CORPORATION o AL varcin, pacaacty
1235 TENTH STREET » BERKELEY. C4 94710 » (4135) 524-8664 Ship to PURCHASE ORDER'
."II"!n [ ar ]

. MDC CORPORATION BROBECK CORPORATION
23342 Cabot Blvd. 1235 Tenth Street
Heyward, CA 94545 Berkeley, CA 54710
e I JdL _
wir via_ PG
[ 3¢ 8 PAYE PROBISED [ ] 7::’“; TINS res. [ 011, ]1]
10-3-85 Hov. 4, 1985 [300-30 314 N-30 JT6
ETEE #0. | SRANTITY mir DERCRIPTION ware Paics eTressien
® 1.| 2 ea Vacuum Feed thru
#0BF-50 size 172" : $100.00 $ 2G0.00
2.] 1 ea Vacuum Feed thru )
§0BF-75 size 3/4" 100.04 100.00
300,00
6.5% Sales Tax 15.50
THAL $ 312,50
‘®
L |
[
o
IMPORTANT
TENM3 AND CONDITIONS ON THE BACK OF THIS GRDIR ARE
MADE A PART OF THIS QRPER. SELLER AGREES TO THESE
° CONDITIONS BY ACCEPTANCE OF THE ORDER.
g of aniay for abevs material snd wil make ki t & dalivery
ST aEs T
':-—-Mw";u; Mallar agreda by Bcsaptance o (ks srésr: - e L T RS L SR T e w—
T
VENDOR BY
® WHITE: Vendor BLUE: Regquestor GREEN: Project File YELLOW: Vendor Arknowledgement PINK: Purchusing Shipping GOLD: Aco.uning

C-37




BROBECK CORPORATION

1235 TENTH STREET « BERKELEY. CA %4710 » (415} 524-8664

Ship to:

PURCHASE ORDER NUMBER

THIP MvMBER MUBT APPRAR
OH ALL INVQICES, PACKAGKS
AND ANIFPING PAFERS.

PURCHASE ORDER

(-38

' .. T [ ar 1
+ (MEGA ENGR. INC. BROBECK CORPORATION
Box 4047 1235 Tenth St.
Stamford, CONH. 06907 Berkelsy, CA 94710
@ -
{ 503) 359-16€0 —!uLu;m UPs
un CATE PRI, IBRURD, | Mosasr i T o YRR
10-4-85 10-31-85 301-24 l Pre-pay 2% disc. JT6
TORN 90 |_weantiiy ™ DESCIIPTION Wy et ivcasica
® 1. 12 ed Thermocouple Insulators #ORX1814 -6" long $ 6.001 § 72,00
27 prepay discount 1.44
TOTAL $ 70.56
&
(From 1984 Catalog, Pg. B-12)
L
|
»
J
IMPORTANT
TERMS AND CONDITIONS ON THE BACK OF THIS ORDER ARE
MADE A PART /7 THIS ORDER. SILLE® AGRELS TO THISE
. OONDITIONS BY ACCEPTANCE OF TAE ORDSR,
R e et 1 2 . nﬁ:’ T :"&.’.ﬂ :":""""" sciavtng o defrec m /suonacu cqnsom}lor\
m’."mﬂum-&.:uaﬁmim-:’m@"r bl X Sl 2l et BY/4/ Ll B g
Renneth M. TRomas
YENDOR BY
o WHITE: Vendor BLVE: Requenor GREEN: Proxd File YELLOW: Vendor Acknowledgement PINK: Purchasing'Shipmng GOLD: Acvuunning




WILLIAM M. BROBECK & ASSOCIATES

ALL ITEMS PRINTED IN RED MUST
BE FILLED iN BY REQUISITIONER

PURCHASE REQUISITION
Q D..ln((; (L,) S'Ci’ew A /;;/Zg rno’ p YTy v |DISPOSITION
aooREss & 2.5 ,/h t‘/'J‘ { p1af ﬂ £A n/ DATE NEEDED TYPE PO. & MAIL
S S M'J r £ 0, Cal {: - 5,{3/; QRDER WIRED
ATTN. OF 295 =4.700 Tng U/% CQROER TELEFHONED
@FATE PROMISES ACCOUNT TAXARLE | TERMS FOB. v um
127y 301 - 23] Vel 30 | W%,
TEM| QuanmiTY_| uNT DESCAIPTION (USE SEPARATE REQUISITION FOR EACH VENDOR) EwateD | EsTaaren | NERWMT | Torw
Pideo |e | 575 S8 wia sk L. (O
Y 7 1 L7 %0
2 25 o '%-”/Y z” /‘/'\—1[':@1 -5 S - 2500
gl 20 [e | 3462  foa \ S5 23.20
5l 50 | /v X} / e 55 1.5
.(-, 16 |=q _;./,? -/ A/u?‘«: SS 325
7 | A LL"‘-H))( AH; S S f.'?&"
Rljee |8 | &- uox/ Seek U HSSS 7
G| o0 |2 /—zzgu/ Y ss IS,
JO S | an V'—lé){[ 7 # 12.9¢
Q@ - .| ‘-1 Mt ss 32.30
: -
/477 z
9
Conbivwp., Tfl"‘lﬂr.‘-nf't[ 0“JPF /64
D, Ml Doales e
& 7/ s
&
b & JBALES TAX 158
ESTIMATED TOTAL VALUE OF QRDER MUST BE STATED BY REQUISITIONER - § ’/J q. 5{; | 3.2

_Suggested Sources

DELIVER TO

= ~

REQUESTOR

Q Prgvious Purchase Order No

PURCHASING

v

APPROVED

£18-30 (REV. 1-78}

ACCOUNTS PAYABLE

€-39




o~ Al

BROBECK CORPORATION

o, et e e
PURCHASE ORDER NUMBLA

252

THID NUMBER MUAY APPKAR
0N Akk IWVOICES. PACAAGES
AND BNippind PARKRE.

1235 TENTH STREET » BERKELEY, CA 94710 o (415) 524-8664

Ship to:

@, -

+ QAKLARD VALVE COMPANY
2487 Estand Way

ar

PURCHASE ORDER
T

BROBECK CORPORATION
1235 Tenth Street

Pleasant Hi11, CA 94523 Berkeley, CA 94710
® JL J
L g UPS
MATE BATE PEORLSED AT ':.llll-l TENNS [f* 8 KTeuEITOR
10-14-85 Needed: 11-1-85 |4500-301-25 p(' 1% - 10; Net 30 J16
e | wnavivy wy_ DRIERIPIION CTI [y
® 1.} 8 ea ; Swagelock Unions Stainless Steel 3/16" $6.55 (¢ 52.40
55 300-6
6.5% Sales Tax 3.41
o TOTAL $ 55.31
‘®
0%1 1
4 ' . y" i
, ‘3 5 \ L."\" (J
DONFIRVATION ONLY gz r
e ** 00 NOT DUPLICATE ** W
i -
® NOTE: Application for Credit with
Credft References attached.
@
IMPORTANT
'TERMB AND CONDITIONS ON THE BACK OF THIE ORDER ARE
MADE A PART OF THIS ORDEIR. SELLER ACREES TO THESE
. QONDITIONS BY ACCEFTANCE OF THE ORDER.
saimawiedgs twssint ol pese erdor for sbons matrisl and Wil maks shipment t dalivory BROBECK N
CGCEmEErEEEaTEEs OO0
oiier G which sller agress by ncoepttnes of thls srén.

QREEN: Project File YELLOW: Vendor Acksowiedpement

C-40

BLYE: Requesior

PINK: Purchiing ‘Shipping

"be ste, EXec. vecettary

GOLD: Accuunnng




P U IR L T <. [ P . N
' PURCHASE ORDEN HUMUER

¢ ~ ) 253
BROBECK CORPORATION : S el ]
ELEY. CA 94710 * (41%) 524-8664
. 1235 TENTH STREET » BERK Ship te PURCHASE ORDE‘E!
e To 1 r_ —7
» CARAL INE, BROBECK CORPORATION
578 Cleveland Ave. 1235 Tenth St,
Albany, CA 94706 Berkaley, CA 94710
o ATT?‘L!‘ Bob Sand 'j.);m Brobeck Corp. will pick up
144 MATT PROULI MCCOYRT " .88 ftenisTOR
10-15-85 11-6-85 4500-301-25 If' "N J16
mewa] et 1w “mcHvTon [T T T
e 1|1 ea | Two Port Tark - Orawing No. 95D1763 $2750.0p  $2750.00
$2750,00
, 6.5% Sales Tax 18
. TOTAL §202€.75

DRAVING ENCLOSED.

PRICES PER BID IN RESPONSC TO
" RFQ 4500-301-6 DATED 10-4-85.

]
L ]
®
IMPORTANT
SEEMS AND CONDITIONS ON THE AACK 4F THIS ORDER ARE
MADE A PART OF TH!S ORURR BELLXR AGREES 10 THESE
. QONDITIONS BY ACCEPTANCE 0T THE ORDER.
ashyse! [r—r ecdar for above materinl gnd will mabe ‘I-t » umn
v .ﬂ.“-'uf-,n-mm-.: this arde. Lwplies ngreemenw Mo BECKCO RATIO?\
corvections (n prios ts b kadisayd by vemder and sevsmpanion b7 Boty o
orimal are 1s be inoeTtod em this peimewledgment by vender. Condiuams oo -Hdnlnn -nl BY -
wrisr W which miler agrees &y aetaptants of this srier, MIL«[/T/
Kenneth IT Thimas
VENTOR BY
. WHITE: Yenoor BLUE: Requenior GREEN: Praga File YELLOW: Vendor Acknowledgement PINK: Purchaing ‘Shippng GOLD: Actwgnung

-41
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}
b

—_

BROBECK CORPORATION

s Y
»

PLURCHABE ORDER NUMALR

254

Tril NUMBER MUBST APFEAR
OM ALk INVOICES, PAGRAGED
AND ANIFPPING FAPLRS.

1235 TENTH STREET ¢ BERKELEY. CA 94710 # (4(5) 524-8664

’ Ship to: PURCHASE ORDER
bl
e T ar i
+  SCHRADER SCIENTIFIC BROBECK CORPORATION
2976 Arf Avenue 1235 Tanth Street
Hayward, CA 94545 Bekkeley, CA 94710
e L J
AT"L— Bob Schrader SHIP MIA 111 pick un
[ 3} Tt MOENTE AccosnT r::lu; TEoS r.ea.o. [ neswrsTdR
10-15-85 11-6-85 4500-301-25 P( N-30 JT6

] i [T DESCRI Tiow [T TTveRsion
e 1 2 el Cover Plate - Dwg. No. 95C1772 $95.00 § 150,00

2. 1 ea fumpout Spool - Dwg. No. 9501771-1 435,00

3. 1 ea Puspout Spocl - Dwg. No. 95D1771-2 435,00
8 4 1 = Spool - Dwg. No. 85D177% 791,00

5. 1 =) Cooling Flange - Dwg. No. 95C1724B 220.50

6. 1 ea Port Cover - Dwg. Mo, 95C1773 125.00
‘ 215€.,50

6.5% ¢ les Tax 142.17
TOTAL b 2333.27
®
ORAWINGS ENCLOSED,
PRICES PER BID IN RESFONSE TO

. RFQ 4500-301-6 DATED 10-4-85.
L

IMPORTANT
TERMB AND CONDITIONE ON THE BACK OF THIS ORDER ARE
MADE A PART OF THIS ORDER. GELLER AGRE®S 70 THEID
OONDITIONS BY ACCEFTANCE OF THE ORDEID

IROBECK CORPORATION

R o g i
L 7[" SIA e

aeevmpaxied by nais of axplanatisp, Pricw emitied
+ Conditions on original are made & pan of BY

?
|
|
i

enne . omas
VENDOH BY
. ) .
WHITE: Vendor BLUE: Requesor GREEN: Projea File YELLOW: Vendor Acknowledpement PINK.: PurchasingShipping GOLD: Acoounting

£-42




N

PURCHASE OROEN NUNMEER

255

(-43

: ‘ i ) THIR NUNBER MURT APPEAR
BROBECK CORPORATION v i
235 TENTH STREET « BERKELEY, CA 4710 « (415) 524-8664
' s |PURCHASE ORDER}
@ r r M
. JENSEN PROTOTYPE MACHINES BROBECK CORPQRATION
940 Lomon Street 1235 Tenth Street
¥artinez, CA 94553
® L John Jensen -J_.l;m Brobeck Carp, will pick up, -
sare BATE PRON 3D ALODWRY ';'Ilu; 1,1 ros. WOMIELTO Y
10-17-85 11-14-85 4500-300-30 Net 30 JTG
[renso. | suantiry [T — PLICRIFTION suy peict LATENS 0N
. 1. 2 ea Plate No. 95B1777 $130 |$ 260.00
2, 1 ea 8pool No. 9581778 160.00
3. 1 ea Bearing No. 9583779 $0.00
4. 2 es Bar No. 9581780 55 116.90
5, 1 ea Flange No, 9501774 680.60
® .| 1 e | Cover Plate o, 951773 140,00
7. 1 ea Adapter No. §5C1775 405.G60
B, 1 ea Bolt Ring MNo. 95C1776 270.00
. . 2115.00
' §.5¢ Sales Tax 137.48
. TOTAL §2252.08
L]
® DRAINGS ATTACHED.
Awarded per bid submitted in response to
RFQ 4500-300-7 dated 10-9-85,
9
IMPORTANT
TEENS AND CONDITIONS ON THE BACK OF THIS ORIZR ARR
MADE A PART OF THIS ORDER, SELLER AGREZY TO THESH
CONDITIONE BY ACCEPTANCE OF THE ORDEB.
[ ] -
e mmﬁmxﬁ Eﬂu.%:.ﬁ.“ﬁ;%”; /4 anscx.com’omnon
w»%-m:.m‘ud%:&.-"h' o erigtaal ere waie s purt of RY !
VENDOR BY
. WHITE: Vendor BLUE: Requesar GRELN: Proxat File YELLOW: Vendor Acknowledgemest PINK: Purchusing’Shipping GOLD: Acawrting




FURCHASE ORDER NUMALR

° ) 259
BROBECK CORPORATION ano BN ireine PAPERY,
1235 TENTH STREET  BERKELEY, CA $4710 » (419) 5248664 Shi o PURCHASE ORDEE-
' o “
. HERRINGTON-OLSON HAND DELIVERY
769 22nd Strest
Oakland, CA 94612
o L ss2-05m AL peLtvery .
MY MTE nERALE b re.s. RESVESTOR
10-22-85 10-22-85 4500E30BEs B ™ | "c.0.0. JM
srempo | swasviry 1] BERCRIFYION WRIT PRIER aTENNte
1. - , -300-
. Photography Print% \S4500 300 30)>
511des =1012) 34.61
TOTAL {Tax 1ncluded) § 325.98
o

®
®
IMPORTANT
TERMS AND CONDITIONS ON THE BACK OF THIS O2DER ALE
MADE A PART OF TIIIS ORDER. SELLER AGREES TO THEIER
OONDITIONS BT ACCEPTANCE OF THE ORDER.
]
acknewinigs reesipt shurt material aad will maks shipment w dulivery ¥ ‘
Tl tedar, et ek, Aosoptanms of thin seatt LMpieS AETOOMDIS 1 POICHS Mo oy . DBRODECK CORPORATJON
e "l."w lmghrmh#m:ﬁ:ﬁhﬁmmmd I Vs ol
f#&%mdbmﬂmumr— ’ - :
VEIOR BY
U] WHITE: Vendnr BLUE: Requestor GREEN: Projeat File YELLOW: Vender Acknowledgement PINK: Purchaving’Shipping GOLD: Acoweting

C-44




WILLIAM M. BROBECK & ASSOCIATES

ALL ITEMS PRINTED IN RED MUST

BE FILLED IN BY REQUISITIONER

PURCHASE REQUISITION
@ sl Vﬂu/f: ,/ 5— 77 p[)(-; s 28 3 7 |DisPosIton
ADDRESS _&@_&zx__w DATE NEEDED TYPE P.O. & MAIL
> v E5
p %— Py ORDER WIRED
ATTN. OF Tapr2tE Pl =4lo0 (U/ c FERDER TELEPHONED
ODA"E PROMISED ACCOUNT TAXABLE | TERMS FOB DATE
=22 || A - 30 Winer Ceata | 16 Loy 5%
mem| ouawmity | uni OESCRIPTION (/SE SEPARATE REQUISITION FOR EACH VENDOR) EETOED | ESTATED NET LNIT TOTAL
(1 Z e | Brs Pl fhee E0% | 4419
8 Se~bHO - &
2| 4 £or 7 Cranieroz L 1222
<L Erl
A=
[ )
ol gs_glo—‘ (® 15.55
£253
e I
®
2% 23
F?’ ir 8 Y /o2 l/t( - \
® fnt - ST
I \‘._f/
gob[”
12 T
]
®
SALES TAX
ESTIMATED TOTAL VALUE OF ORDER MUST BE STATED 8Y REQUISITIONER —+ § - PE5]

Suggested Sources

AEQUESTOR

DELIVER 10 ="

VZM r;' ';,
i PURCHASIN DATE
é Pravigus Purchase Order No. URCHASING
‘ APPROVED DATE
BA-30 (REV 1:79)

ACCOUNTS PAYABLE

C-45




WILLIAM M. BROBECK & ASSOCIATES

ALL ITEMS PRINTED IN RED MUST

BE FILLED (N BY REQUISITIONER
PURCHASE REQUISITION

Qﬂon [ Dae pr 277 & oy =71 ¢ |oisposmion
. o~ . o ey DATE NEEDED
ADDRESS 7 Z_, Rud ‘. 2 sic L TYPE P.O. & WAL
- o, 7L £ E
P =Ly 22, £ 5 <
!'7( _-,(lg & 4 ('d SHIP VIA ORDER WIRED
SIS Do~ Sy )
ATTN. OF ! 774 ORDER TELEPHONED
. DATE PROMISED ACCOUNT TAXABLE ﬁs FOBA DOa
2 -2 M| w20 | 5. oo a s
meM| quantme | uwir DESCRIFTION (USE SEPARATE REGUISITION FOR EACH VENDOR) AR TOTAL

{| G¢ | £n| SocwlET AP Lhp Sepewr | | Z7H
&322 Haeeg =%

2| 0 | a| Moy Mo LAp Sleys RATE

Sl SRR Z Y by 2T

®s [ o0 [ Hew Mo CapScecw | A%

e . X ZV;/,,; e 7

L p |Ea) Her Mo Che cpEes Aric
g - o g dey 227

Sl \Ca| Frar skl YVid oy -/ 177

CCl it [Co| Frar et o 27| A |47

T s 1wt My 4ty e 2L giy| s 4T

Ol sty 1Mo Mw vy -2 <i7 | -4 |2%

9| g [fa {Loce Usur® Vg Tof | Y |OZ
77 —

b ] Oj 5
o 72 | IZ] M4
' “F? sagsTAx | 19D

ESTIMATED TOTAL VALUE OF ORDER MUST BE STATED BY REQUISITIONER = § A ‘{’ e

DELIVER TO —— " _—
Suggested Sources iy sEL T
REQUESTOR
. — -—
' attl /t}/ o /Té
1 \ Pravious Purchase Order No. PURCHASING oare
: _ APPROVED DATE
L
BA-X) (REV -7
4 REQUISITIONER

C-46



WILLIAM M. BROBECK R ASSOCIATES

\LL ITEMS PRINTED N RED MUST
BE FILLED IN_BY REQUISITIONER

PURCHASE REQUISITION

Q ko v |oisrosition
VENDOR NBC:TE NEEDED
=4
ADDRESS 2N Sy 1 g 7 ” / TYPE P.O. & MAIL
ST ar Foud YT . A4
et / SHIP VIA ORDEA WIRED
ATTN. OF M@é’ﬁ—@éﬁ—— U p f 4/@ ORDER TELEPHONED
eDATE PAOMISED ACCOUNT TANABLE | TERMS F.0.B. ATE
st S Ff~ 24 7| L, 77 0 Ay o0
EM|  QuaNTITY | uNm DESGRIPTION (USE SEPARATE REQLISITION FOR EACH VENDOR) DAY PRICE | TOTAL e | MET uHIT T0TAL
L1200 15 | by (= Vo8 e~
o— L= f= {4
L)
®
)
¢
SALES TAX )
ESTIMATED TOTAL VALUE OF ORDER MUST BE STATED BY REQUISITIONER = § /=27 ¢ /I~
val
Suggested Sources e "ﬁ:z:/
REQUESTOR
.*‘* - i :1 o~ gr;’
e Pravious Purcnase Ordat No. PURCHASING OATE
. APPROVED DATE
BA-30 (REV -TD)
®

ACCOUNTS PAYABLE
C-47




WILLIAM M. BROBECK & ASSOCIATES

¢ - ALL ITEMS PRINTED IN REC MUST
BE FILLED IN BY REQUISITIONER

PURCHASE REQUISITION

//’./ﬁ L W :31 273 v |pisposmon
ADDRESS DALE NEEDED TYPE P.O. & MAIL
/” ﬁZEZﬁ%’! 67 .‘—'4 Wg
j + SHIP VIA CADER WIRED
TTN. OF __4_;;’ V771 & é’g& g M2 4’ 2
ATTN. = o ', _ORDER TELEPHONED
DATE PROMISED ACCOUNT TAXABLE | TERMS FOA DATE
, -
s T2 | € o -2 /«:f/ﬁ -~
mev| ouawrimy | uwr DESCRIPHON (USE SEPARATE REQUISITION FOR EACH VENDOR] rree |ETMAIER | MELAT rota
(| Uy | Lege Curce L/ERANEEL  TZrbe
®
®
7/
i .7
4497
f Fa
Yy
3
SALES TAX
ESTIMATED TOTAL VALUE OF ORDER MUST BE STATED BY REQUISITIONER ' § 25070, €€
Suggested Sources DELNERTQ, e W P
REQUESTAR C/ /4 77
PURCHASING & y‘re
AFPROVED 7 DATE

BA-30 (AEV 1-70}

® ACCOUNTS PAYABLE
C-48



WILLIAM M. BROBECK & ASSOCIATES

.

LL ITEMS PRINTED IN RED MUST
BE FILLED IN BY REQUISITIONER

PURCHASE REQUISITION

:g' ’ 2 5 Z / | DISPOSITION
ADDRESS '/jdc::/ ﬂ__-r;/ A <Z DATE NEEDED TYPE P.O. & MAIL
. Dz 2 AL
SHIP VIA ORDER WIRED
ATTN, OF /I . W, .
o il il QADER TELEPHONED
@FATe FrowisED ACCOUNT TAKABLE | TERMS FOB. OATE
Gty LS 2= 29 o] sir: 2o Yoo Ard ez G D
S
TEM| QUANTITY | UNIT DESCAIPTION (USE SEPARATE AEQUISITION FOR EACH VENDOR) | SIVATED | ETMATED| MERE FOTAL
4 ( er U
JL P Er IS LY R o
77 | = g g i — g wry
‘QJ 4 eT —=2
L ! W,
AT AP L2,
At O 7’
> 7 haminl S S £ SR
Eanl T~
)
®
@
L
SALES TAX
ESTIMATED TOTAL VALUE QF ORDER MUST BE STATED BY REQUISITIONER = §  /, _ﬁ_

DELIER TO — y /7

Suggested Suurces [ 1/%9
® AEQUESTOR __,
/ / o
Pre ous Purchase Ordar N URGHASING 7 rer s o
"uous Purchase Crdar No.
ARRRCYED DATE
BA-30 REV 1-79)

ACCOUNTS PAYABLE

C-4¢2



WILLIAM M. BROBECK & ASSOCIATES

' ALL ITEMS PRINTED IN RED MUST
BE FILLED IN BY REQUISITIONER
PURCHASE REQUISITION
i‘iil’%n :g' 7 |Disrosition
ADDRESS —- D0, Box 2831 DATE NE;;EDS TYPE P.O. & MAL
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-.‘ APPENDIX D. ORAWINGS: ACHROMAT
A complete set of as-built drawings for the achromat is included in
this appendix.

L
Dipole Assembly 95C1751
Quadrupole Assembly 9501750
Trim Coil Assembly 95C1740
Water Manifold 95C1743
Achromat Assembly 95J1749

[ ] [nterface & Vacuum Test Assembly 95017381
Focusing Quad 9501732
Defocusing Quad 9501733
Dipole 9501734
Segment Carrier - Quad 95C1736
Segment Carrier - Dipole 96C1737

| ) Magnet Spacer 9581738
Housing 9541739
Manifold Fitting 1/2" a581741
Manifold Fitting 1/4" 9581742
Flange Ring 95C1744
Adjusting Sleeve 9551745

) Retaining Flange 9581745

‘4 Retaining Sleeve 9581747

Barrier Ring 9581745
Beam Tube 9501752
Vacuum Transition Flange 95C1774
Adapter Plate 9501775

P Bolt Ring 95C1776
Diaphragm Plate 95R1777
Adapter Spool 9581778
Bearing 9581779
Alignment Bar 9581780
Downstream Mounting Plate 9581782
Spacer 9581783

e Stud 9581734
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APPENDIX E. DRAWINGS: VERNIER
A complete set of as-built drawings for the vernier is {included in
this appendix.

Coil X3 - Xg 9501705

Coil ¥Y; - Yg 9501706

Coil Assembly 95E1710
Installation 95J1728

Coil Spool 9501707

Lock Nut 95C1708

Cooling Coil 95C1709

Y Coil Spacer 95C1712

X Coil Spacer 95C1713
Interface Flange 95£1714
Downstream Mounting Plate 95E1716
Manifold Clamp 9581717
Manifold Fitting 1/2" 9581718
Manifold Fitting 3/15" 9581719

Supply Manifold 9501720

Return Manifold 9501721

Magnet Power Input Flange 95C1723

¢ Magnet Cooling Input Flange 9501724
‘ Water Supply Connector 9581725
Water Return Connector 9581726
Spreader 9581727

Magret Power Termipal 9581729

2-Port Exp. Tank 95D1769

Tank Spool (50 cm) 9501770
Pump=-out $pool 9501771

Cover (8" Port) 95C1772

Cover (12" Port) 95C1773
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. APPENDIX F. MAGNETIC MEASUREMENTS REPORTS, LAWRENCE BERKELEY LABORATORY

This appendix contains data provided by the Magnetic Measurements

Engineering Group at Lawrence Berkeley Laboratory (LBL). Their report on

o the measurements of the individual magnet segments is included in its
entirety. This is followed by excerpts from their reports on measurements
of the quadrupole assemblies, dipole assemblies, and the vernier steering

. magnet. Full data reports are available from LBL upon request,

L

®
o

__ BROBECK CORPORATION J
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INTRODUCTIDN
The purposa of this Engineering Mote is to document messurements
and sarting conducted by the LBL Magnetic Measurements Engineering Group.
This work was undertaken to provide a basis for selectively distributing 367
permanent magnets among 17 beam=-line elements for the LLNML Advanced Test Ac-
calerator (ATA) Beam Directeor. The measurements described in this report
fall into the following three categories:
I Calibration measurements for the Magnetic-moment Mescure-
@ent and Sarting System (MMSS),
In Measurements for determining the accuracy and reproducibil-
ity of the MMSS, and

11D Measurements and sorting of 3867 ferrite magnets - Results.

Measurements of strength and quality of the beam-lime elements will be the

subject of a separate report.

COORDINATE SYSTEM
To simplify descriptions af the MMSS we introdure twe coordinate
systems and define rotational error terms. Figure 1 represents a cross sec—

tion of a pair aof coils, coaxial on the z-axis and lacated symmetrically wikh

respect to the origin of a cariesian coordinate system. We defire the angu-

lar errars rall, pitch, and vaw as rotations about the z, %, 2nd y axes ~e3-
pectively - counter clockwise as viewec from the positive axis taward the
origin. Figure 2 shows . secand cartesian coordinate system (primed) for a
typical magnet tested. The origin of the primed coordinate system is af the
centroid of the magnet. vy’ is nmormal to the large rectangular base farmad
by b2 and el; and +y’ is directed as shown in figure 2. The 2z’ axis is par-
allel ta edge el. The ¢’'~axis is directed outward from the trapezoidally
shaped end marked with an arrow signifying the easy axis (¥ magnetizatian?.
=~

+x° is defined such that %' N'?‘ =z, i.8., such that the coordinate syst

LI L Y [ata
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FIGURE 1. - i X“

A magnetic dipole () et the origin of &
sartestan coordinate system: centered ch @
.Hatmhohz coll pair; the axia! separation {Az)
oquals the mean radius of the coil bundie (R )

FIGURE 2.

Rapresentative magnet--ATA beam director

m o r
- H
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I. CALIBRATING THE MMSS
- X
.. We have shown, for a pair of identical, coaxial coils whose cammon
r
¥ axis is defined as the z-axis of a cylindrical coordinate system with its

arigia widway between tha two cails, that Equatian | describes the equiv-

@ alence of two ratios: 1) the ratio of axial magnetic moment at the origin to
magnetic flux linking the coils, and 2) the ratio of current in the cails to
the magnetic intensity at the arigin.

® 10,0, /V(mz) =1/ Hp(@,8,8,1) = M1 / B,(@,0,8,D)

v L
*
R.‘ (L + Zo/ F.‘h) /7 n [metersl (1)

where:
(] m (2,2, = (axial,z, component of) magn=tic moment at the origin CWbmi
'W(m,'_) = magnetic flux linkage due to m,(@,@,@) CWbl
I = zurrent flowing in each coil [A]
r'. Hz(@,m,@,l) = (axial,z, component of) magnetic intensity at the origin
et due to 1 [A/m]
(- EL(@,IZI,GJ,I) = Ly HZ(W,G,D,I) = magnetic induction corresponding to H
° 71 ‘
M = permeability of frae space = 4'1'1‘@.1 [Henries/ml
n = number of turns in each ceil Cdimensionless]
® i, = mean radius of the identical coils [ml
+/-1 = locations of coils Cml

(]

The last sxpression in equation 1 describes the geometry of the coanial

¢ coil pair. For Helaholtz geometry Z, = R,&/Z, so (1 + Za /R:):/!' ~1.398

'

® 4[4_‘_"
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We calibrated the sensitivity of the MMSS coil pair to magnetic mo-
ment at the origin by determining the ratic (I/F{i@,@,ﬂ,l). Figires I and 4
illustrate the principles invulved in the derivation of Eg, 1. Table I des-
cribes the equipment used. We measured current with an accuwracy of @.1% by
means of the current manitoring shunt. We measured Bz<m,@,m,ll with the
swarch-cull and the electronic integrator . The ceil/integrator combimation
was calibrated with the Flun-Standard%

In praparation for calibrating the MMSS we verified the ratio aof
flux-linkage produced by the flux-standard to %he turns area of tne search
cail (ang‘L/ nEﬁ?ﬂﬂ' Using a Nuclear Magnetic Resonance (NMR) magnetao-
meter as a standard for magnetie induction and the LBL standard roference
magnet as a transfer device, we varified that (gﬂﬂqg/ nﬁ&avi 15 the same
value {to +/- B.2%) as when it was first determined about 15 years ago.

We concluded that cur calibration of the MMSS was accurate to 0.Z24.

Table 1 Equipment Used For Calibrating the MMSS

Device Dascription DOE # S/N etc.
Search Coil LBL, nA = 11.82 m Dt
Flux Standard LBL Drwg. # SV4944

Flux = 0.85499 [V secl 42.05
Integratar LBL Drwg. No. &V1743 SN 1

R = 44.4 [kOhmsl, C = B.1 [(MF],
Attenuatar = 10.0 :

Dol keithley Mad 177 ' SN 16945
Fower Supply Elec. Prad. Shop Mad 49385
Shunt Leeds Nerthrup Co. AEC # B2Y
DvmM2 kKeithley Mod 177 S/N 1@444
MMR Control Unit LBL Drwg. No. 1&V¥111F1 B/ 22
NMR Amplifier LBL Drwg. No.l1&V112F1 S/N 27
MMR Frotie LBL Drwg. No.l&V1IIZFL R. 4 S/N 175
Magnet LBL Reference Magnet (Fermanent?

"BIG EERTHA" Eﬁ: 6.243 k6 @ 21 Deg C
Miniscape ALS Fad. MS 215 S/N 1973
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| FIGURE 3.
&  POWERED COILS  DERIVATION OF H()

=3 2= Unit Vector in

| +2 Direction
L A do
'- 0 n Turns/Coll
. nl 9

G I Origin —» —
' : / ,‘) i Hz |
* | -2,
n Turns/Coil
®
. Hy(2nl) = H(2nl) - 2
. 2n IR 2d9

a-{o 4n(R2 + 232
° - nl
o Ru(1 + (Zo/Rp)¥?

* Ramo, Whihnery and Van Duzer, "Fisids and Waves in Communications  Elactronics™ (1967, p. 110
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~ FIGURE 4.

DETECTOR COILS DERIVATION OF y(m)

2 = Unit Vector
‘ in +Z Direction
4
\ ’
+2 n Tums/Coil

n Tumns/Coil

w(mA0.0,0) =2n (j B - ds
2 Rm myx(@22-r)

dr 9
oho 1o AT T

=2n

(1]
nmz

TR+ @R

* Doic, Nelson, “Point Dipoie Approximation fox the Magneic Fieid of & Solenod”
LBL Eng. Note MT 253 (1976), Eq. 1.

% & Neison, Lae, "Proposal {or Measuring and Softng Permanen! Magnet Biocks”
LBL Enp Note MT 346 {1865}, Appendx A
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il DETERMINING THE ACCURACY AMD REFRODUCIRILITY Z5 THE MMSBS
To measdre the accuracy and reprgoducibility af the MMSS, we made
{in addition to the calibration measurements discussed previously) the fol-
lowing toests:
i. fero resolution tests - aeasurements of the noige lavel of a comp-
lete measuremant sequence without a magnet installed in the pasi-

tioning fixture,

2 ceproducibility tests - comparisons of repeated measuwrements of

three companents of magnetic moment of the same magnets,

vl

translation tests - measurements of the three components with the

magnet trapslated § cm along the %, y, or z axes, and

4, rotation tests - measurements of the three components with the mag-
ne%et the arigin, but rotated 188 milliradians about the x, v, or

? auis.

The zero resolution tests were made without a magnet in the posi-
tioning fixtura, The reproducibility tests were canducted with two magnetsl
one with its easy axis (of magnetization) along the #-~axis (s/n 105813) and
tne oth@ayith its easy axis along the y-axis (s/n LD30B3). The transla-—
ticn t2sts wers conducted with magnet s/n 102003, The rotation tecsts were
conducted with magnet s/n 4@3253. The results of these tests are represented
in Tables 11 - V.

Since magnets have been reworked, i.e., demagnetized, 4gtound tao fit
into suli-assemblies, and remagreltized, the magnitudes of magnetic mament
ar2 not of interest. for this reason we present the test resulis in te »s
af percent of m:v'(the magnetic mament amplitude in the %'y’ plane. For the
reader’'s convenience we define terms used in Tables 11 - Y below:

(:t4y42) coordinates of Helmholtz coil-pair

roll rotation about the z-axis
pitch rotatian about the x-anis
yau rotation about the y-axis
i ¥,y yor 2" (ceordinate of) magnet
my mey Mys Orf mg”{component of maaneti: moment, [Maxwell cml)
4 .85 less than 9.05 % of (m(r
Glossary af Terms used in Tables If



&

Tatle IT1 Summary of Izra Resolution Tests
{mzasuramentz with no maznet in the pasitioning fiutureld

Quantity Tadulated-—-——me——wme—m—— ! Magnitude % of (12008, Mauwell c;m)mi
5 HH_—___—;é_;l;aaurEment A«er;;e ! “;—;?é;_

18 Measurement Standard Deviatioﬁ - ' B.;GJS

Haximum Deviation (fram zevrol | . +/- 2.87

e e — s e s -

'
i

i

i

L% m‘,)’; m""" = m}
S/N of Magnet Component Tabulated
Mty Std. Dev. [% ma.A
- [Max cml B mr, ml,
197083 11890 .85 .08 @5
El 125213 l1igat .16 .82 )

Table IV The measured effects of Translation Errors (5/N 12320T)

Table I1I Standard Deviations of 10 Measurementz of Each Buantity

(moment ) delta m; ¥}’ delta m
component (i) delta ¥ delta y‘ delta z
measured
; u! +0.0@1 +0.01 +@.82
+0.02 Q.22 +2. 81
! 2’ 2.09 ~D.@2 2.28

Error Terms Tahula‘irit__?
tZm/cm 5 m,,=|m_+ ;5 118981
rrk'.” K7 g ta nl

[ Arloied

Tagle V The Measured Effects of Rotational Errors (S/N 4@SZ33

(mament) delta’ m} delta m; delta mp
i companent (i) delta roll delta pitch delta yaw
. measured
“ { .85 L .05 Rg
y' < .@5 -8.77 -2.462
z < .05 .05 .25

Error Terms Tabulg
L% Mg, 100 ar 5w, = m‘f+ Ty 15274 Max

Cind




' I1r MEASURECMENTS AND SDRTING OF 747 FERRITE MAGNETS -~ RESULTS

Test Eguipment
Fiqure 5 is a block diagran of the MMSS. Table VI lists specific
equipmont used for measuring 67 magrets for the ATA Baam Director. Both
the data acquisition and soriing codes are saved on a total of 1@ floppy
discs. Hard copies af directaries (af) and source listings (for) programs
’ and subrouvtines on the floppy discs are filed, in LEL Engineering Data Hook

4
MME Eaok 3% &%1-C.

-
COMPUTER
®
FIGURE 5. wignetc-moment mapsurernent and sorting »
ystem
(MAMSS) schematic diagram
*$ince Bevatron pulsing l:nduced a significant vertical field at the Tocation of the
° MISS, we rotated the coil pair 90° so the z-axis was horizontal as shown in Figure 1.
Table V1 Eguipment List
® evice Description DOE 4, 5/M =ic
Coil Fair (ea) I775 turns # 29 AWG, Bm = 363 [ml Nene
fositioning Stage LEL Frecisicon, Special Furpase Nene
Foeitioning Fixture LEL Frecision Cube S5"x5"x5" Aluminum None
Fluy Standard LEL Drwg. # SV49%4, Flux = ,B5499 [V secl S/N 4Z.85
® integrator LEL Drwg. ¥ 6V176%, & = 46.4 {kOhms) s 1
C=D.1 (§Fd1, Atten. = 190.@
0 Data Acguisition % HF Mod. 3421 A DOE S325:28
Contral Unit
Computer LSI 11/23 DOE SIZ221%(Ey:



Page 11 of 18

®

®
‘ Test Procedure (Minimizing Rotational Error Effect)
Computer generated “prompts" instruct the operator to move the pos-
P itioning fixture a total of 2@ times for measuring and recording flux-
linkage. Changes in flux-linkage (carresponding to 180 degree totatiaons of
the fixture abaut the y-axis of the coil-pair caordinate system) are extrac-
P ted from these data to determine three orthogonal components of magnetic
moment .
For each measurement sequence, magnet identification and raw data
® are saved along with the calibration constants needed to calculate magnet-

Wic mament from flux=linkage. At the end of the measurement segquence the
-~ program computes and displays information fram which the operator may eva-

luate the data set. At any time the operator may restart or cancel the

®
measuresent sequence. At the end of a measurement sequence, the aoperator
has ‘the option of saving or not saving the crevious data, recalibrating,
repesting measurerents of the same magnet, measuring & different magnst, ar
e
terminating the data set (closing the file).
e
o
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A significant feature of our test-procedure/processing-algorithm is

.that it minimizes the effects of misaligament of the pas’ ianing stage with

respect to the Helmholtz coil-pair coordinate system (see figure 5). Outer
surfaces of the positioning fixture (a precisian cube) malting with tha hor-
izontal and vertical surfaces of the positioning stage determine the orien-—
tation of the magnet under test. Misalignment of the positioning stage
introduces systematic angular ertors which we have defined as rall, pitch,
and yaw. We developad a measurement sequence and data ruaductian scheme that
effectively cancels errors due to systematic pitch and yaw. (Because af the
tylindrical symmetry of the coil-pair roll doesn’t contribute significantly
to measurement error.} In oprder to illustrate the procedure we first, write
Equation 2 that describes the flux-lincage of one af the specified fiuture
positions (for other positions the equations the equations have the same
farm), Next, we approximate th2 cosine terms by 1.0@, assumming roll, pitch,
and yaw are small and reduce Eq. 2 to Eq. I. Equations 4-a ~- 4-d represent

the flux linkages due to the 4 arientations of the positioning fixture for

determining the %' component of magnetic moment.

E(I} = n cosipitch)cos(yaw) + mrsos(rnll)sin(pitch) + TZEDS(FOII?Sin(Yaw) ()
E(3) VoAt mr;in(pitch) + ngin(yaw) (3

E(2) = E{3) ~ et mr§in(pitcﬁ) - msintyaw)  (4a)

E(3R ~ +m‘,+ mr§in(pitch) + ngin(yaw) (4b = 3

E(S) = BI7) v oem mrgin(pitch) + mz?inlvaw) (4c)

E(&) ~ +m",- ”’réi“‘PitEh’ - mzﬁ_in(yaw) {4d)

Simultaneaus solution of equations 4a -4d yields a value for mﬁ, while can-~
celling the other terms. Table VII indicates the orientations of the posi-
tioning fixture during a measurement sequence, and suggests the way the data

are combined ta determine three companents of magnetic moment,
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Table VII MMSS 20 Measurement Sequence Diagram

Viaw L y' 2z’ 1st Moment total
of Diff (component) drift
Cube
1 - - st e e o ot et o R e e e e e e
2 1 up # ~ >} )
3 2 up ~ 4 EX1 )
4 1 up * ~ » \ Mx’ = )
=] 1 down ¥ v (} / G* (EX1+EX2)/2 )
) 2 down v EX2 )
7 i down =+ v < )
8 3 up - * } H
e 4 up ~ . ¥ EY1 )
10 Ju * ¢ Ny s \ DRIFT/
11 3 down v * > / G (EY1+EYZ) /2 / SECOND
12 4 down v . <12} EY2 )
13 3 down v * 7 )
14 S up ~ > *} )
15 & up -~ < . EZ1 )
14 5 up > * \ M2' = )
17 5 down v 4 * Gx(EZ1+EIZ) /2 )
18 & dawn v 3 . } g22 7 )
19 S down v <€ * )
DEFINITIONS OF TERMS %SYMEOLS
TERM DEFINITION LUNITS]
t
I Sequence Number [Dimensionless]
Mi’ i~th component of Magnetic Moment (Maswell cml
it =, ¥y, aor 2’
EX1 E(My ) + E(MMz") * SIN(YAW) vl
EX2 E(My*) « E(Mz’) % SIN(YAW vl
EYi E(My’) + E(Mz’) # SIN(YAW) vl
EYZ E(My’) ~ E(Mz") * SIN(YAW) vl
E£21 E(Mz ") + Ei{My ") * SIN(YAW) vl
EIZ E{Mz') - E(My") * SIN(YAW) vl
2] Multiplier ta covert pot- [Maxwell cm / Volt]
antial tao magnetic moment
SYMEOL (NOMINAL) DIRECTIDN
IN COIL-FPAIR CDDRDINATE SYSTEM
* -2
. +z
v -y
> +x
< -
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Te;t Results
f. We measured a total of I4&7 magnets for the ATA Beam Director.,
v
A One ar more data sats far each of these magnets are filed in a Magnetic
Measuwrements Engineering Data Boudrond on Floppy Disks. Diraectories of
e these Flappies and & (measurement % pracessing) leg are included in each
bool:.
Figure & is a copy of information printed while measuring magnet 1,D.
L 3QL217. Figure 7 is a copy of one page of sarted data that includes magnet
I.D. 3@1217. The sorting program uses "RT Sort" to search data files and to
arder recards by selected criteria, The 347 magnets .we measured were classi-
] fied into 4@ subsets like the two shown in Figure 7. Within each subset we

sorted the magnets in order of decreasing magnitude of m*?’.

Table V111 is an updated version of the Test Summary Table from ref-
t 3 erence 2. (At the time of publicatian af reference 2, dipoles had nat been

£ measured.)

% .
h' Appendix A (distributed with the Nogv. 85 status report; availapte
® on request) Lists the gorted results of measurements of T48 magnecs.
Appendix B (a;ailable on request) is a record of the blocks selec-
ted for installation in 19 bgam-line elements (dipoles and quadrupoles).
® Francis Younger of Brobeck Corporation selected the magnet blocks for each
element and produced the list represented oy Appendix B.
Appendix C (not faor general distribution) will document the measure-
® ments of 8@ magnet blocks to be kept as spares. These blocks have not been
measured (they were recieved at LBL on 85 November 27).
¢
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SAMPLE DATA SET

DATA TRKEN DN 23-JL-0%

DATA SET AD2:0723C8.ASC

MAGNET SI2E: 3
MAGNET ORIENTATION: 01
MAGNET MUMBER:1 217

AT 15:2%150

BEG ERD avE  DIF
EX Cwolta) ~b. 57655 -5.57786 -6.57721 0. 00131
EY Cvolts) ~0. 04146 -§.04172 -0, 04239 0.00228
E2 I[valtsld [ B D 8. 80485 B, B%A8 B.80144
T lowg C2 22.745082 22.75700 22.7%100 0.912080
drift tev/spcond) 0.86819
nx ny " Ny THTALY
EMaxece) [Mazeca) [Maxecm) [Ma:swcm) [deg)
-22530.71 -14%.89 ' 19.46 22931.18  -179.43
Pr PY Fl
CXomkyr}) Ly (Mrviy [Z{Mavi)
~-100. -1, e.
1 Elapsad Integrator Elapsed Integratar
Time Fotential Time Potential
1) {Seconds) w1 L1l [Seconds] (4]
H | K] e.e030 2 B.S 3.28920
3 13.7 ~3.288%8 4 9.4 3.28700
S 26.1 1.2680810 & 32,2 -3.2902%
? 38.8 3.28720 B ab. 8 2.02057
9 54.3 -0.02D24 10 b62.1 0.02147
11 5.6 8.02157 12 77.8 -0,0225%
1z as.7 2.87281 i¢ 94.4 a.80az28
1% 181.8 2.80580 14 18,4 2.a2a50
17 115, -2.80314 1B 121.6 0,0244%
1% 125.7 ©.epcez Zp 136.2 2. 21448
FACTOR = .45
HELMMOLTZ RADIUE = 2.347
HELMHDLT2 TURNS =  377%.020
BLFS SENSITIVITY =  B.@54957
AVERAGE CALIBRRTION = :B.727840

GOap
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FIGURE 7.

SAMPLE SORTED SUBSET

eenmacn—HAGNETIC MEASUREMENTS ENGINEERING=s—~=r==r=
ammmmamn-=MAGNETIC MOMENT SORTING FAGE ¢

MAGNETE 4,185 INCHEE LDNG WITH EASY AX1S DF 160.8 DEGREES
MAGID nry THTAXY nz DATE TIHE
[Max-Cm) [Degraex)  (Max-Cnl

T 3T _Dezsi,  ~i79.6 2e. 23-JU-85 182058

27545, 176.1 -147. 23-JuL-85  13:84:01
w7 ., ~176.9 204, 19-JUL-AS  15:07:08
381149 22634,  ~179.5 179, - 12-JU-83 12t 52146
3oice 27583, -177.4 =212, 18-JUL-85  18:58:32
301155 22751, =173.8 334, 23-JUL-8%  14:02:18
L1177 22883, 179.2 =271. 12-JUL-B3  1X136:26
381193 27%¢7.  ~179.5 414, 18-JUL-B5  11:15:29
301209 22933. ~178.9 -89, 18-JUL-85 @9:44:356
381129 22934, -170.8 354, 1-JU-85  13:48326
Ipi1sl 22969, 178. 4 387. 12-JU-B5  11:38:51
321185 a3eTL.  ~178.4 11et. 12-JUL-83 151181
381145 222588, 178.1 -139. 28-JUN-85  16:09:87
321145 222598, 1786.2 =139. 28-JUN-85  16:13:47
31201 222853, -177.4 =223, =JUL-B5  14:22152
381153 22778@. 173,46 52, o1-JuL-85  10:15:22
381137 222815, -174.9 24%. 28-IUN-88 15:18115
321193 22071, -178.% 424, 81-JUL-85  13:20:31
301129 222992, -178.8 e B 28-JUN-B5  14:01:43
3185 2SS, -178.3 1896. 12-JU-85  (4:55:35

MAGNETS A. 185 INCHES LOMG WITH EASY AX1S OF 1335.@ DEGREES
HAGID ney THTAXY Mz DATE TINE
[Mar-Cal [Dagrassl  (fax-Ca)

w78 22372, 135.8 ~109, 12-J-85  13:40:59
302144 Z%Bb, 136.8 149, ZI-IW-83 13:99:77
302138 22609, 132.7 =393, 19-JUL-82  13:1118%
318 22614, 134.5 =126. 12-3-85 15:85: 40
302218 27429, 131.4 =222, 23-JUL-85  135:34:07
3R0162 22659, 1218.3 9. BI-AUG-83  11:51:1Q
382154 22658, 139.2 77 23-J -85 14:07:01
Q2R 22793, 14,9 96, 23-JUL~B5  15:06:30
302194 o287, 125.2 . 91-JuL-B3 I129:28
Ipli7@ 22878. 174.1 S&6. 22-AUG-9%  1Zi22:30
302207 a921. 134.2 77 B1-JUL-85  14:28:30
Jecise 22951, 135.6 ae. 19-JUL-ES  13139:47
J@e21%8 222%8T. +7.9 ~399. 28-dN-B5 153537
J0T14a T22802. 13¢.9 . @1-J -85  Q9s14: 2T
TOT146  2TT4%e. 138.° 147, e1-JuL~-8%  99:Ba:ls
3B21%4 227680, 139.4 5. 21-JUIL=-BY  12:20:14
JeTI6T 272647, 133.7 . 12-JU-8% 11124:82
IPo138 0 222922, 138.7 79. 19-JW-8% 13352126
327138 220900, 135.8 a7. 20-Jun-8% 14112022
392178 220992, 141.0 -49, 12-J0-8%  12:34:54
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i .(Erc‘ue-:l:) Number Aver aqe Standard Volur= Average
W e, No. measured  mopent deviation magnetizatio
1t [ gy 1 T 2 CMy )
! [Maxwell cm) EZﬁy 1 le- 1] 18" Bauss]
QEN1733-1 28 22426, 1.40 & 509 T 423
[ SD1735-2 47 % L1336 a.72 .3@4 3.431
PE01732 96 22725 .87 &b, 609 3.438
501734 144 19913 1.28 1.421 3,909
® Table VIII Summary of Magnetic Moment Measurements
* One magnet block (Drwg., No. 95D1733-2, S/N (@6QQ4) was damaged while

being reworked. Its magnetic {moment m,, (1060@&) = 36B2Z [Maxwell cmll
was not included in the average % standard deviation dats in Table YII
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‘0 INTRODUCTION

@ Ed Lee requested that the LBL Magnetic Measurements Engineering
(MME) Group measure the characteristics of the ATA Baam Director Achromat
Focusing and Defocusing Quadrupole Magnets (Brobeck Company Drawing
Numbers 95D1732 & 95D1733). Each magnet is fabricated from sixteen
oriented-grain-ferrite permanent-magnet-blocks, arranged in a circular
array to form a permanen? magnet quadrupole. There are sight such

® arrays with a length of 12.63 cm and two arrays with a length of
5,315 cm. OFf the eight "long" quadrupoles, four are designated
“focussing” quadrupoles (1F, 3F, 4F & 5F) and four are "defocussing”
gquadrupoles (2D, 6D, 7D, 8D). The beam tube aperature radius of the
permanent magnet quadrupoles is 1,42 cm.

e We have meanured the atrength, and azimuthal orientation of the
quadrupoles. Also measured and analyzed are the error harmonica and the
dipole content of the quadrupole field. The original data is stored in
MME Log Book #78@A and on floppy disks MG385, MME315.

@ 2.0 HARDWARE -

The hardware used to measure the ATA Beam Director Permanent
Magnet Quadrupoles was the MME small quadrupole system.

The search coil drive mechanism used was one of the Magnetic
¢ asurements Group standard systems and is documented on LBL drawing 17M3273.
is drive operated one of the Magnetic Measurements Group's standard search
coils, known as the HILAC coil #5. The parameters of this search coil are
documented in the subroutine SCDSC3. Our =tandard data acquisition hardware
(Search Coil Switching Module, V/f Module and NIM 3 Channel Up/Down Counter),
and monitoring and control units were used. Details of the hardware used and
® a block diagram detailing the system interconnactions are given in Table 1 and

Figure 1 respectively.



MAGNET

COMPUTER
MEMORY

CLOCK CALENDAR

LINE FRINTER
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CRT CONTROL TERMINAL
FLOPPY DISC DRIVE
HARD DISK DRIVE
WINCESTER CONTROLLER
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ATA PERMANENT MAGNET QUADRUPOLE HARMONIC ANALYSIS HARDWARS
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ATA BEAM DIRECTOR - PERMANENT MAGNET QUADRUPOLE
BROEECK DWGS 95D1732 AND 95D17433

DEC LSI 11/73, S/N SG14285641
CAMINTONN 1 MBYTE RAM 8/N 2155
DIGITAL PATHWAYS, TCU-5@DYR, 3/N 16574
DEC LA 120, DECWRITER III, DOE 519478
EPSON FX-185, DOE 534943

GRAPHON GO16@, DOE 534949

DATA SYSTEMS DSD 448, DOE 519465

DEC RL@2, DOE 522851

MTI MLV11M-2, S/N 18B7F

RODIME MODEL RO 204, S/N 2403571
RODIME MODEL R@ 284, S/N

TEKTRONIX 4@51, DOE 504556

TEKTRONIX 4631, DOE 5@4505

NATIONAL INSTRUMENTS GPIB11V-1, S/N 145

HEWLETT PACKARD MODEL 34354 SCANNER,
OPTIONS @05, 109, DOE 517528

HEWLETT PACKARD MODEL 34554 DIGITAL VOLTMETER,
DOE 517459

STANDARD ENGINEERING, MODEL 3472 CRATE & PS
DOE 512846, PS S/N 2683

STANDARD ENGINEERING, CCLSI-11, DOE 524882
JOERGER MODEL IR-1 IN/QUT REGISTER, DOE 512965
BI RA 3326 DIGITAL INPUT MODULE S/N @63

STANDARD ENGINEERING PR6@04 DUAL I/P REGISTER
S/N 9383
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STANDARD ENGINEERING PR612 DUAL O/F REGISTER
B/N 0326

KINETIC SYSTEMS 3975-E)A RELAY OUTPUT REGISTER
S/N 83

LBL DWG 17M3273

BODINE NO. 766HASQ14, TYPE KyC-22T5, 2 RPM
DISC INSTR. ROTASWITCH MODEL 811-256-IBLS-TTL
ORTEC 4@1B

ORTEC MODEL 4220, S/N 2340

LBL DWG 16V1323, S/N 1

LBL DWG 16V120, S/N 1, DOE 521827

SEARCH COIL SWITCHING MODULE, WITH PREAMP
LBL DWG 16V121, S/N 1

LBL DWG 16V124-1

o ARCH COIL ARRAY & SUBROUTINE

8CDSC3
SOFTHARE

HILAG &5
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‘0 INTRODUCTION

@ Ed Lee requested that the LBL Magnetic Measurements Engineering
\MME) Group measure the characteristics of the ATA Beam Director Achrcmat
Dipole Magnets (Brobeck Company Drawing Numbar 95D1734). Each magnet is
fabricated from sixteen oriented-grain-ferrite permanent-magnet-blocks,
arranged in a circular array to form a permanent magnet dipole. There
are nine such arrays with a length of 9.00 om. The beam tube aperature

@ radius of the permanent magnet dipoles ia 1.42 cm.

We have measured the strength and azimuthal orientation of the
dipoles. Also measured and analyzed are the error harmonics and the dipole
angular deviation. The original data is stored in MME Log Book #70@B and

@ on floppy disks MG395, MME315. _

2.8 BARDWARE

The mechanical hardware used to measure the ATA Beam Director

§ Permanent Magnet Dipoles was the MME small quadrupole system adapted for
use in measuring the dipoles. The search coil drive mechanism used was
one of the Magnetic Measurements Group standard systems and is documented
on LBL drawing 17M3273. This drive operated a new search coil array,
known as the "3¢0mm.0D Dipole 2-pair search coil”. This search coil was
designed and fabricated specifically for these measurements. It and

® &= documented on LBL drawing 16V133, and it operating parameters are

qmmariaed in the subroutine SCDSC7. Our standard data acquisition

ardware (Search Coil Switching Module, V/f Module and NIM 3 Channel
Up/Down Counter), and monitoring and contrel units were used. Details
of the hardware used and a block diagram detailing the system inter-
connections are given in Table 1 and Figure 1 respectively.
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ATA PERMANENT MAGNET DIPOLE HARMONIC ANALYSIS HARDWARE

- = " . o o o o e T o T

ATA BEAM DIRECTOR - PERMANENT MAGNET DIPOLES
BROBECK DWG 95D1734

DEC LSI 11/73, S/N 5G14285641
CAMINTONN 1 MBYTE RAM S/N 2155

DIGITAL PATHWAYS, TCU-5QDYR, S/N 16574
DEC LA 120, DECWRITER I1I, DOE 519478
EPSON FX-185, DOE 534943

GRAPHON G016@, DOE 534949

DATA SYSTEMS DSD 44¢, DOE 519465

DEC RLO2, DOE 522851

MTI MLV11M-2, S/N 1687F

RODIME MODEL R 204, S/N 2493571
RODIME MODEL R® 204, S/N

TEKTRONIX 4851, DOE 504556

TERTRONIX 4631, DOE 504505

NATIONAL INSTRUMENTS GPIB11V-1, S/N 145

HEWLETT PACKARD MODEL 3495A SCANNER,
OPTIONS @295, 182, DOE 517525

HEWLETT PACKARD MODEL 3455A DIGITAL VOLTMETER,

“DOE 517459

STANDARD ENGINEERING, MODEL 3472 CRATE & PS
DOE 512946, PS 5/N 2683

STANDARD ENGINEERING, CCLSI-11, DOE 524892
JOERGER MODEL IR-1 IN/OUT REGISTER, DOE 512965
BI RA 3326 DIGITAL INPUT MODULE S/N 083

STANDARD ENGINEERING PR6@4 DUAL I/P REGISTER
S/N 8393
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1.9 IMTRODUCTION

EQ Lee requeated that the LBL Magnstic Measurements Engineering
Group measurs the operating characteristics of the ATA Beam Director
Yoraler Steering Magnet manufactured by the Brobeck Company. This
ironless magnet consists of two perpendicular dipole colles approximately
42 oa long, wound on a 2" I1.D. bore tube.

We have measured the transfar function, harmonics, azimuthal
orientation, effective axial position, and coil power requirements. The
original data is stored in MME Lcg Book #8694 and on floppy disks
M3272, MME22.

2.2 HARDWARE

The hardware secup used to measurs the ATA Beam Director Vernier
magnet was a variation of a typical setupr used for measurement of ¢
superconducting dipole. The magnet’'s inner and outer colls were powered
alternataly using ar adjustable 42 volt, 5¢ amp power supply. The asearch
coll drive mechanism used was borrowed from the Supercon Group, and drove
an obsolete Supercon Group search coll array. Our standard data
acquisition hardwars (Search Coll Switching Module, V/f Module and NIM 3
Channel Up/Down Counter), and monitoring and control units were used.

Our universal water manifold was used to provide low conductivity water
for magnet cooling. Details of the hardware used and a block diagram
detailing the system interconnectionz are given in Table 1 and Figure 1

respectively.
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ATA VERNIER DIPOLE BARMONIC ANALYSIE HARDWARE

MAGNET

COMPUTER

MEMORY

CLOCK CALENDAR

LINE FRINTER

CRT CONTROL TERMINAL
FLOPPY DISC DRIVE
HARD DISK DRIVE
WINCHESTER CONTROLLER
WINCHESTER DRIVE
PLOTTER

BARDCOPY

GPIB INTERFACE

MPX

ml
CAMAC CRATE & PS

CAMAC CONTROLLER
INPUT/OUTPUT REGISTER
CHANGE-OF-STATE HODULE
BINARY INPUT MODULE
BINARY OUTPUT MODULE
RELAY SWITCE MODULE

DP MOTOR DRIVE
INTERFACE BOX

ATA BEAM DIRECTOR - 2 DEGREE VERNIER DIPOLE
DEC LSI 11/73, §/N 5614285641
CAMINTONN 1 MBYTE RAM §/N 2156

DIGITAL PATEWAYS, TCU-6@DYR, B/N 16574
DEC LA 128, DECWRITER III, DOE 519478
DEC V7109, DOE 526336

DATA SYSTEMS DSD 440, DOE 510465

DEC RLOZ, DO 622851

MTI MLV11M-2, /N 1687F

RODIME MODEL R 284, 5/N 2423571
TEKTRONIX 4251, DOE 54556

TEKTRONIX 4631, DOE 604505

NATIONAL INSTRUMENTS GPIB11V-1, S/N 145

EEWLETT PACKARD MODEL 3435A SCANNER,
(OPTIONS O@5, 1€, DOE 517628

HEWLETT PACKARD MODEL 3455A DIGITAL VOLTMETER,
DOE 517459

STANDARD ENGINEERING, MODEL 3472 CRATE & PS
DOE §12946, PS5 S/N 2683

STANDARD ENGINEERING, CCLSI-11, DOE 524892
JOERGER MODEL IR-1 IN/OUT REGISTER, DOE 512965
BI RA 3326 DIGITAL INPUT MODULE S/N 263
STANDARD ENGINEERING PR6P4 DUAL I/P REGISTER
gﬂngigg ENGINEERING PR612 DUAL O/P REGISTER

B/N 2328
KINETIC BYSTEMS 3875-E1A RELAY OUTPUT REGISTER

8/N 83
LBL DWG 16132 (SMALL PORTABLE BOX)
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MOTOR INTERFACE

MOTOR CONTROLLER

MOTOR

SEARCH COIL DRIVE

ROT.OPT.ENC.

NIM BIN
NIM BIN PS

NIM 3 CHAN UP/DOWN
COUNTER

V/F CONVERTER
SCEM

SEARCH COIL ARRAY
DIPOLE PS

CONTROL VOLTAGE PS

PS BHUNT

INRER COIL SHONT

OUTER COIL SHUNT

DVM2

. WATER MANIFOLD

FIELD MAPPING MOTOR REVERSING BOX
LBL DWG 13W587

MINARIK MODEL TR9029 (old out B4 oct 25)
{new in B4 oct 26 1420 & labeled)

ELECTRO CRAFT CORP. MOTORMATIC MOTOR GENERATOR,

PART NO. @650 £2 372, 5/N H 03880 (out B4 oct 25)

B/N B 85002 (in 64 oct 25 1409 hours)

LBL DNG *tree????
DISC INSTR. ROTASWITCHE MODEL 811-256-1BLS-TIL

ORTEC 401B
ORTEC MODEL 4228, 5/N 2348
LBL DWG 16V1323, S/N 1

LBL DWG 16V120, §/N 1, DOE 621827

SEARCE COIL SWITCHING MODULE, WITH PREAMP
LBL DWG 16Vi21, E/N 1

LBL DWG 19M8144A-6 (1.2 OD ALUMINUM)

HARRISON MODEL 6€269A, 49 VOLTS, 5@ AMPS
S/N 118; AEC #194587

LAMBDA MODEL LP-528-FM
REGULATED P.S.; @V - 10V @ 5AMPS, 5/N B14140

LEEDS & NORTHRUP, CAT. NO. 4361, B/N 792989
2.61 OHMS, 103 AMP

EMPRO HA-25-5@
25 AMPS, 50 MV
0.002000 OHMS @ 5A; ©.902001 OHMS @ 20A

EMPRO HA-25-60
25 AMPS, 50 MV
0.602001 OBMS @ bA; ©.002001 OBMS @ 204

(USED TO MONITOR CONTROL YOLTAG' P.5.)
FLUKE 77 S/N 35970710 - BAND HELD VOM

LBL DWG 16V131
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ABSTRACT
A design of an electron beam director*has heen conceptualized and
analyzed., Its performance objecti~: is an ability to rapidly and accurately
direct a high-intensity pulsed-beam of high-energy electrons to any desired
tr2get spot within a 60 degree helf-angle come. The beam director has a
number of elements which can be separately analyzed, but which must all be
integrated to give a suitable overall design concept. The separate elements
of the design study are the following:
- Magnet Lattice
= Vacuum Rotary Joiats
- Vacum-to-Air Transition
- Vernier Steering System
~ Mechanical Mount and Slewing System
- Radiation Effects
- Size, Weight and Cost Estimate
The magnet lattice design has beer reviewed for acceptabie beam optics,
achromaticity, mechanical integrity and quality materials availahility. A
reviey of vacuum requir -ments was made with due consideration to rotary joints
in the tube, beam loss to vacuum wall causing outgassing, and feasibility of
a rotating foil mechanism at the exit end of the beam director.
Analysis of a typical mount and associated vibration was made using
slewing rates fast enough to respond to firing multiple prilses anywhere in
a 60° cone within one second. Electronic fine tuning and mechanical semsors
have been congidered for accurately controlling the beam director within the
short time period.
Radiation has been studied to the extent it affects the vacuum and
mechanical operation.

An estimate of size, welght, and cost has been made for the conceptual

design.

¥ Thig effort has been coordinated with Dr. Edward P. Lee, Lawrence
Berkeley Laboratory, and we acknowledge his valuable advice and
guidance,
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Since this is a conceptual design, unusual problems have heen
identified as areas requiring further research and development. Ihe Vacuun-
to-Alr Transition and the magnetic lattice atre two most critical areas
requiring near term effort. The success of the design ia highly dependent
on these elements.

The mechanical mounts and slewing system needs a great deal of desipn
optimization if the desired high slewing rates are to be realized. System

weight and vibration are seen as problems rhat will require a substantial

development effort.

There are no technical reasens to doubt that a successful development
can be achieved. No new materials are required. Existing technologies

can be extended to meet the identified needs of the program.
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i.0 INTRODUCTION

The object of this conceptual design study is the selection and
integration of suitable design concepts which can provide a very rapid and
accurate deflection of a high-intensity pulsed-beam of high-energy eiectrons.
The performance objective for the beam director is to accurately direct the
electron beam ta any target spot within a 60 degree half-angle cone and to
be able to rapidly redirect it te any new target spot within this cone in a
few tenths of a second. High. accuracy and high slewing rateg are required.
It i5 desirable to keep the weight and size of the beam director at a
minimm to achieve the desired high slewing rates with a minimm drive
power.

The use of a system of permanent magnet devices for bending and
focussing the electron beam is a way to minimize weight and to simplify the
design., Alternative complicated electro-magnetic systems and their
agsoclated power supplies, cooling systems and electrical connections gseem
very difficult to accommodate in g director subjected to high rotationpal

accelerations.

8ince the system must be designed to handle electrons of some high
energy yet to be determined (probably well in excess of 10 MeV), the dipole
bending magnets and quadrupole focussing magnets must have fairly high
magnetic fields. The conceptual design should approach the limits of
technology. The best available materilals and methods for achieving the

objectives of the conceptual design should be explored.

The conceptual design must provide ap exit window or transition for
bringing the electron beam out of the vacuum system into the air. It also

must have an accurate electromagnetic steering system for providing precise

-3~
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adjustwents in the final exit angla of the beam. This steering system must
he able to compensate for small aiming errors and to cancel the adverse
effects of mechanical vibrations,

The study effort was divided into three tasks:

Conceptual Design
Lieison
Final Report

The first of these tasks, Conceptual Design, consisted of selecting likely
concepts and configurations and performing these engineering calculations
required to evaluate the suitability of these concepts. The conceptual design
engineering work included the following segments of the electron beam director:

- Magnet Lattice

- Vacuum Rotary Joints

- Vacuum-to-Alr Tranaition

- Vernier Steering System

- Mechanical Mount and Slewing System
- Radiation Effects

- Estimates of Size, Weight and Cost

WILLIAM M. RROBECK & ASSOCIATED cvenamesmmysm




2.0 CONCEPTUAL DESIGN

The conceptual design for the beam director is shown in Figure 2.0-1,
This director congists of a pair of magnetic bending and focusaing systems
which are mounted and supported on rotatable structures. The direction of
defiection of the beam 1s dependent upon the orientatiom of the bending
system and the angle of bend of each system. Since each bending system is
supported on its own rotatable structure, the orientation can be continuously
changed to provide any desired resultant direction of the exit beam within
a limited cone angle equal to twice the bend angle of each system.

The conceptual design shown in Figure 2.0-1 alao illustrates the
drive aystems for rotating the two structures and certain necessary auxiliary
equipment. Most important of the auxillary items are the Vacuum=to~Air
Transition Section and the Vernier Steering System. The Interior of the
bending and focussing systems 1s held at a moderately high vacuum* by a suit-
able set of vacuum pumps. 4 high vacuum in this beam transpert system is a
necessity and, therefore, the rotary joints must be vacuum tight. Since the
electron beam must come out of the evacuated bending system and enter the
atmosphere, a suitable transition vacuum/air section is required. This
transition section has vacuum on one side and atmospheric ﬁressure on the
beam exit side. It must be nearly vacuum tight and must be provided with
sufficient vacuum pumping capability to handle any leaks which may be
inherent in the system. The transition sectlon must also be nearly trans-

parent to the high enerpgy electron beam because any significant blockage of

*approximately 10°3 torr
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the beam will cause an extremely high heat load. The heat load is potentially
high enough to melt or otherwise destroy most materials,

The final element at the exit of the beam director is a Vernier
Steering System. This system consists of electrical coils designed to give
sufficient magnetic field to bend the beam slightly in any desired direction.
This system will provide "fine tuning' of the beam exit angle and must have
very rapid response so tbat it may be ugeful in compensating for any
residual vibration in the mechanical structure.

The direction of the beam leaving the heam director is dependent upon
the rotation of the bending systeme ag illustrated in Figure 2.0-2.

Rotatjon of the upper structure through an angle a; about Axis 2 produces '
angular displacement & measured downward along a meridian through the = axis
(Axis 2. This rotation wg, also produces the @ component of azimuthal
displacement, @, about the # axis. The rotation of the lower structure
through an angle oy about Axis 1 produces additional azimuthal displacement.

The total azimuthal displacement, @, is given by

§=ay+ B=oy+tan L fsina
cos Y(cos ap + 1)

Where y is the bend angle for a single bending system.
The downward displacement, &, is given by
T ~1
=1 —sin (sin\((l+siny(l-cosuz»)
Selecting y having a value of 30 degreey gives

¢ =q; + tan -1 ( 2 (sin ay)
cos tz-1
and
0= st (75« .25 cos ap)
The value of § will vary from 0 to 60 degrees (m/3}. The value of § will

cover a full 360 degrees (2s).

WILLIAM M, BROBECK & ASSOCIATES smmmuresmmmsemmrel



—

aN

\
| - X,
l. 8/
. M
Q /’BEA

AXIST2

X2

o/

FIGURE 2,0-2 BEAM DIRECTION IN SPHERICAL COORDINATES © AND ¢

SHOWS DEPENDENCE ON ROTATION @y AND np
~8

WILLIAM M, BROBECK & ASSOCIATES smmmmssmnmmrrynand




2.1 Mapnetic Lattice

The high energy electron beam is bent and focussed by a series of
permanent magnet dipules and quadrupoles. These must be arranged to preduce
an achromatic bend and suffieient focussing to keep the beam size small
enough to avoid collisions with the wall of the beam tube. The magpetic
strength required is dependent upon the beam energy and the desired radius
of curvature in the bending section. 4 characteristic value for the bending
and focussing system is the magnetic rigidity of the electron beam. This
value can be expressed as ihe Br product where B is the magnetic fleld in

tesla and t 1is the radius of curvature io meters. The Br value may be

tound from
5
e={1 @+2u)] + 30
Where T and Wo are respectively the kinetic energy of the electroms and lts
rest mass, both in MeV, For highly relativistic electrons, the Br value
approaches a linear function of the kinetlc energy.
In order to achieve a bend with a radius of curvature of one

peter, the required magnetic field 1s as follows:

T, MeV B, Tesla
10 .035
50 .168
100 .335
200 .668
500 1,668
1000 3.335

Achieving a field much in excess of 1,67 tesla will be difficult using

permanent wmagnets; so a radius of curvature greater than one meter will be

required if a beam of energy greater than 500 MeV is desired.
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The best energy for which a beam director should be designed is
not known, but the conceptual design can, in principle, be applied to any
energy value within the range of 10 to 1000 MeV.* Without loss of general-
ity, a specific example can be selected for illustration of the basie
concepts. The specific example will use a Br value of 1.666667 tesla meters.

The general arrangement of dipoles and quadrupoles is shown in
Figure 2,1~1, where a 30° bend 1s achieved using an array of 8 dipoles and
16 quadrupoles grouped in four identical combinations or cells. 4 cell
consists of 4 quadrupoles and 2 dipoles arranged with mirror symmetry to
give a focus, bend, defocus, defocus, bend and focus. This arrangement of
elements to make up a single cell can be made to produce a 50° phase advance
per cell if the magnetic properties and {imensions are properly selected.

The combination of mirror symmetry and 90° phase advance per cell
will give this system the advantage of maintaining a tightly focussed beam
and will assure acceptable achromatirity. The total bend of 30° will have

a 360° phase advance.

A baseline design case was selected for which the dipoles
occupied one-third of the length aleng the beam path. For this baseline
cage, the dipole strength was selected to give a bending radius of curvature
of one meter and a bend angle per dipole of 3.75°. The quadrupoles occupying

two-thirds of the length had their gradient set to achleve a 9%° phase

advance.

The method of caleculation involved a dectermination of the matrix
elements for the focussing and defocussing quadrupoles and performing the
necessary matrix multiplication to find the overall transformation matrix

for a beam transversing the bending system. A simple program was set up so

*For enetgy values greater than 1000 MeV, the moments of inertia
appear to be too great to permit slewing on a useful time scale.
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that a mumber of trial calculations could easily be made and that after the
baseline case was caleulated, numerous alternative cases would be easily

examined.

The matrix analysis was made for the vertical plane so that the
dipole regions could be treated as drift spaces. The tramsport matrix
equations are then as Follows:

For focussing quads

1 .
y cos B X gin @ 2
= :
y' -K 8in 8 cos 6 yi
For drift
y 1 § 7
= X
' ¥
y 0 1 ¥y
For defocussing quads
1
y cosh 8 X sinh 8 ¥
= X
y' K sinh 8 cosh © Yi
Where K = G and® = K¢
Br

§ = Drift length

Magnetic gradient

Magnetic field

Bend radius

Length of quadrupole
Particle coordinate and angle

- WO

¥s ¥

=12~
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For the baseline case, the magnetie properties and dimensions

for the dipoles and quadrupoles were found to be as follows:

Dipoles
Field 1.66667 tesla
Radius of curvature 1.000 npeters
Length 65.44 mm
Bend angle 3.75  degrees
Quadrupoles
Gradient 123.50  tesla/meter
Length 65.44 m

This gives a total lemgth for a 30° bending section of 1,57 meters.

A variety of design approaches for the dipoles and quadrupoles
vere examined.* Designs using permanent magnets are desirable. Designs
using permanent magnets are clearly possible at the field and gradient
values required. Designs using soft iron pole tips and iron flux return
paths appear to require slightly less permanent magnet material chan de
ironless designs. However, designs ugiag soft Iron are heavier overall and
appear to present some serlous fringe field problems which are avoided in
the ironless design,

The ironless designs for dipoles and quadrupoles are based on
the design methods given by Klaus Halbach, LBL8906, His method assumes that
a linear superposition of fields is valid. This is a reasonably valid
assumption for most rare~earth-cobalt magnets and for some orlented
ferrites. An important criteria for validity of this assumption is chat
the demagnetization curve for the permanent magnet must be linear cver the
range of B values used in the design and that the value of imtrimsic

magnetization, B-H, be nearly constant over the design range.

*The gelected lattice has separated focussing and bending elements.
Lattices with combined functions were analyzed and found to be less
desirable than those with separated functions.

-13-
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Figures 2.1-2, 2,1-3, and 2.1-4 show demagnitization curves for
some rare-earth-cobalt candidate material.* 0f these, the Crucore 30 has
the highest BxH product which 13 conventionally used ad a figure-of-merit
for permanent magpets. However, the demagnitization curve is not llnear
over the entire quadrant, The intrinsic magnetization (B-B) remains nearly
constant for a while but i: drops off rather sharply above 5 k0e. The
Crucore 26 has a lower BxE product but has much better linearity than the
Crucore 30. There are other rare-earth-cobalt materials such as Crucore 18
which have excellent linearity with a high residual induction Br'

Figure 2.1-5 shows the demagnetization curve for an oriented
ferrite material, Ferrimag 7B, which has very good linearity making it a
good candidate for an ironless dipole or quadrupole of the style analyzed
by Halbach. The ferrites have much lower residual induction than the
rare-earth-cobalt materiala but they are much less expensive and they have
lower density. For an electron beam with an emergy less than 200 MeV, this
Ferrite material would be a very good candidate.

The ironless design concept for the quads and dipoles use 16
trapazoidal pleces arranged as shown in Figure 2.1-6. Each plece is
nagnetized in the direction shown with an arrow. The magpetic field in the

gap is given by Halbach as follows:

B=.9748 1afT2
!

Quadrupole "
B(r,) = 1.875 8, (1-_L
T2

Dipole

*The three materials shown here are given merely as examples of the kinds

of properties available. S§in.2 aew aand stronger materlals are coentinuously
being developed, there is no doubt that Stronger permanent magnet materials
will be available in the future.

. =14~
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QUADRUPOLE

FIGURE 2,1-6 PERMANENT MAGNET DIPOLE AND QUADRUPQLES
16 TRAPEZOIDAL PIECES MAGNETIZED IN DIRECTION
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Where B, = residual induction (from demagmetization curve)
ry = radii shown in Figure 2,1-6
Using these equations for dipoles and quadrupoles of the baseline
lattice structure having an inside radfus rj = 11 mm and using Crucore 26,*

the outside radil and weights were found as follaws:

Dipole
rp = 1.0 m
I, = 56.13 mm
1" = 65,44 mm
Wt = 5.1? kg
Quadrupole
1'1 = 11.0 mm
ry = 3548 m
1 = 63,44 mn
We = 194 kg

Ways of decreasing the weight of the baseline case were explored.
It was clear from the Halbach equations for ironless permanent magnet
dipoles and quadrupoles, that the weight of these elements depend upon their
field strengths and upon the properties of the material used. Since the
material selected for the baseline case is nearly the optimum available
material, the only practical way to reduce the weight is to lower the
magnetic fields. Loweriug the field requires an increase in the length of
the bending elements., This can be done without increasing the total lemgth
of the system if the quadrupoles are shortened while the dipoles are
lengthened.

4 variety of cases were calculated to assure that suitable beam
transport properties were retalned as the dipole lengths were increased.

Figure 2.1-7 shows the decrease in dipole weight associated with decreasing

*Crucore 26 with By = 10.5 kG, Hc = 9.0 kOe, BlHyz, = 26 MGOe and
p=8.3 g/cm3 15 used as an illustrative example., Clearly,
alternatives with greater lipeerity are available.
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FIGURE 2.1-7 DIPOLE AND QUADRUPDLE MAGNET WEIGHTS




its field, To retain proper focussing, the quadrupole strengths had to
be increaged which required an increase in the quadrupole weights. These
increases are also shown. By comparing total weights and component
diameters, a compromise case was selacted. The compromise case is nearly
at the minimum weight conditiom, but has 3 more favorable diameter ratio
than does the minimum weight case. Table 2.1-1 shows the various
properties of the calculated cases,

The values shown are f&r a 500 MeV system. Obviously, these
would not be the proper gpecific values of & diverter for an electron beam
of different energy. However, the method of calculation and the general
deaign concept is valid and can be applied to other epergy levels. For
lower emergy, it would be possible to use gystems which are shorter and
lighter in weight.,

At 50 MeV (ATA, for example), a beam diverter using ferrite
appears to be practical. Such a system could use a peak field in the
dipole of about .141 tesla and have an overall lemgth of each 30° bend of
about 1.57 meters.

The bending system using permanent magnet material requires
sufficient structural strength and rigidity to accurately hold the permanent
maghet wedges. A suitable concept for assembly of system and for support of
the evacvated beam tube is also required, Figure 2.1-8 shows a conceptual
design for this support. It comsists of two curved stainless steel shell
pieces bolted together at the midplane. This concept allows the bending
system to be assembled in two halves which are assembled around the bean
tube. This outer shell is then attached to larger frame type structure
widch transmits the dynamic loads associated with rapid slewing of the

system. An evacuated stainless ateel inner tube of about 1 mp thickness

carries the return cyrrent,

=22~
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TABLE 2.1-1 SUMMARY OF LATTICES CALCULATED
Lq L3 Gq By Weg Wry4 Ht total¥
Case No. cm cm G/cm L] kg (each) kg (each) kg

2 5.366 £.9 14000 12260 3.44 2.8} 77.43

4 5.60 8.432 13660 12937 2.98 3.07 72.19

Equal dia, 5% 5.841 7.950 13269 13721 2.57 3.42 68.48

Compromise 6 5.95 7.732 13110 14107 2.44 3.61 67.82

& Min. Wt. 3 6.00 7.632 13044 14293 2.38 3.70 67.74

' 7 6.10 7.432 12920 14675 2.30 3.90 67.94

Baseline 1 6.5G4 6.544 12350 16667 1.94 5.17 72.42

¥ U YOLEQNE ‘N MYITUM

L1 T8

*Case 5 gives equal diaweters for quadrupoles and dipoles.
**This 18 the weight of permanent magnet material.
steel shell for support and alignment will add about 45 kg.

A stainless
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FIGURE 2.1-8 SECTION OF BENDING AND FOCUSSING SYSTEM




2.2 Vacuum Rotary Joints

The bending systems for the electron director must be rotated
about their respective inlet axes in order to alter the direction of the
exit beam. There are two bending systems in the conceptusl design. Each
of these must be provided with a support structure and a means for rotating
these two structures about their axes. A rotary joint is Tequired for each
of these systems. These joints must provide accurate alignment and must be
nearly vacuum tight. It is believed that it will be impossible to provide
an absolutely vacuum tight seal, so some provision for minimizing leakage
and for vacuum pumping must be provided.

In detail, the requirements for the rotary vacuum joints are the
Following:

Permit 360° rotation.

[
.

2. Provide a good vacuum seal with a very low leakage rate.

3. Provide adequate vacuum pumping ports for rough vacuum
punping and for high vacwm pumping.

4. Maintain accurate alignment, comcentricity, and angularity,

5. Provide sufficient strength and rigidity to withstand the
dynamic loads due to 180° slewing in .3 seconds,

6. Provide electrical current path for beam tube counter current.

7. Provide support for the drive mechanism with strength for
the rotational torque reaction and for the overturuing
torgue.

The rotary vacuum joint for the upper bending section must catry
all the dynamic loads of the upper structure. These loads include the
dynamic force associated with rotation about Axis 2 (See Figure 2.0-1) and

also those assocliated with rotation about Axis 1. The rotational load due

)5
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to turnipg about Axis 2 can be nearly balanced. However, the rotation about
Axis | produces dynamic load that must be carried by this rotary joint., A
discussion of these dynamic loada will be made in the section dealing with
mechanical mounts and slewing system. Suffice it to say here that the
dynamic loads on the upper joint are much lower than those on the lower
joint because the loads on the upper joint superimpose upon those associated
with rotation of the lower structure about axis 1.

A conceptual design for the upper rotary vacuum joint is shown
in Figure 2.2-1. The lower joint will be similar but stronger. The vacuum
geal and counter current flow paths are shown conceptually. The vacuum seal
congists of O-rings with an intermediate pump-out port. The double O-ring
is for two-stage pumping, but three-stage pumping may prove to be necessary
in practice. These seals must be lubricated to minimize friction and
vacyum leakage.

The counter current flow path is through a spring loaded
contactor comnected to a squirrel cage conductor. This open squirrel cage

also permits vacuum pumping.

=26=
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2.3 Vacuum-to-Air Transition

The electron beam is transported in a high vacuum and must be
brought out of the director into the air. An abrupt transition from vacuum=
to-air is desired, A thin feil window atrong enough fo withstand the differ-
entlal pressure would provide an ideal trameition if 1t were sufficiently
transparent to high energy electrons, Most potential foil materials will
permit a very large percent of the electron beam to pas; through; however,
the very small percent of the beam energy that 1s lost in the foil will deposit
a great amount of thermal energy into the foil. If the enmergy is concentrated
by a small diameter beam, the local heating could be great emough to melt or
otherwise destroy the foil through thermal shock and spallation.

To obtain a preliminary evaluation of potential foil materials
and to illustrate the severity of the thermal problem, a simple calculation
of the heating of a wide range of materials was made. For this calculation,
the stopping range for 50 MeV electrons and the s ecific heats of zhe
materials were assumed as constants, Independent of temperature. These
caleulations were made for a one-centimeter diameter, 50 MeV beam having
35 x 103 joules per pulse (based on ATA 70 ns pulse). Table 2.3-l shows the
results of these calculatious.

As can be seen in this table, the temperature rise par pulse
inecreases rapidly with an increase in atomic number. A single pulse passing

through an aluminum foil would raise the temperature to a value more than

three times its melting point.* A simple pulse through a copper foil would

raise its temperature to almost six times its meltimg point.*

*on-lineaxity of the specific heat curve and latent heats of
melting are ignored sa this is not absolutely accurate!
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Helting Points from D-190 CRC Handbook of Chem. Physics 61st Edit.
29~

Specific Heats from Table 3-173 Perry's Chem, Eng. Handbook
Range Data from UCRL-2426 Vol, II (1966 Rev.)

(One cm diameter 50 MeV Electren Beam of 10 kA and 70 us Pulse).

TABLE 2.3-1 CALCULATED TEMPERATURE RISE FOR VARIOUS ELEMENTS.




The onlv materials which appear to have any practical value as
foll windows are those using elements with low atomic mumbers. Pure elements
guch as beryllium of carhon are obviously attractive, although beryllium may
present some special radiation problems. The high strength of beryllium and
its light weight make it especially attractive. Combinations such as silicon-
carbide or boron-carbide are alsoc reasonable candidates.

The values in the table are for heating by a one centimeter dia-
meter 70 ns beam pulse with 10 kA of current at 50 MeV. These are the values
expecred for ATA. For higher beam energy, the thermal deposition will not
change significantly. A shorter beam pulse, say 10 us will have a very
significant reduction in the heating per pulse. A 10 ns pulse at 10 k' . 111
cause one-seventh of the temperature rise of a 70 ns pulse, Reduciv- «
beam diameter will also have a significant thermal effect. Charginy the
diameter from one centimeter to ome~half centimeter will cause the tempera-
ture rise to increase by a factor of four (ignorfnmg non-linearity of the
specific heat functiom).

Taking into account the non-linearities of the specific heats and
assuming that ATA pulses can be chopped to 10 ns and focussed to 4mm diameter,
the single pulse temperature rise for carbon and beryllium are calculated te

ba the foliowing:
For beryllium AT = 6549C

For carbon AT = 1164°C
For any case requiring a multitude of pulses closely spaced in time,
the temperature rise would be excessive unless the material in the path of the

electron beam is somehow renewed or cooled. The scheme considered for the

*Taking into account the non-lineavities of the specific heat
results in a lower temperature rise tham would otherwise result.

~30=
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conceptual design 13 one in which the foll {8 rotated at a high speed to bring
a new portion of the foil into the path of the beam for each pulse. Figure
2.3=1 shows the conceptual design for the Vacuum-ro-Afr Transition Sectien.

A rotating disk is shown in the path of the beam. For a beam having a dia~
peter of less than Sum and pulsing in the frequency range from 1 to 33 iHz,

a tangential speed of the disk at the beam spot of 150 meters per sec assures
that the disk has travelled the full width of the beam between pulses. This
speed is subsonic and will not cause excessive gtress in a lightweight disk
made of beryllium.

The high rotational speed of the digk can be used to aid {n
purging air from the space around the disk, By suitable design, the
rotating disk can be made to function as a turbo-molecular pump. A suitable
roughing pump and pumping ports will he required.

Of course, there are other possible schemes for a Vacuum-to-Air
Transition Section. A larger diameter besm can be brought through a pon-
rotating foil. Such a beam can result from defocussing in the vacuum
upstream of the foil and then be refocussed after passing through the foll.
Refocussing the beam in alr or other gas at atmpspheric pressure has

potential problems which need to be studied.

At this time, the rotating foil concept appears to be a viasble

one which will add very little to the system moment of inmertia.
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2.4 Vernier Steering System

A Vernier Steering System to provide electro-magnetic steering of
the beam after it has traversed the Vacuum-to-Air Tramsition Section is
desired. This steering system will provide "fine tuning” of the beam director
to correct for vibration and small aiming errors. The total correction to be
provided is one degree, This one degree bend can be in any direction. Thus,
two sets of mutually perpendicular cailg are required. Figure 2.4-1 shows
the Vernier Steering System mounted downstream of the Vacuum—to-Air Transition
Section.

This system would be 500mm long for a 500 MeV beam and would be
capable of giving a one degree bend. This bend will require a very modest
magnetic field of 58.2 mT. A bend of one degree in a length of 500mm will
take the beam off the axis of the steering magnets a distance of 4.3mm.

Thus, the magnetic field in the steerlag system must be fairly uriform. It
vas at first thought that a four-wire aystem could be uged for the Vernier

Steering System, but it doea mot now appear that such a simple system will

provide a magnetic field of sufficlent uniformity.

The system shown in the figure uses two sets of colls which are
interwound. Each provide a nearly cosine_variation in amp-turns. Such a
variation will give good field uniformity. Figure 2.4~2 shows the coll
crass section. The coils labeled, X, operate on ome power gupply to give a
very uniform vertical field. The coils labeled, Y, operate om a separate
power supply to give a very uniform horizontal field. By adjusting the
current in each set of coils, a resultant field of any direction and magnitude
(within 1imits) ean be obtained. The steering magnet contains no maguetic

iron and can be operated at high frequency with very little hysteretic or

eddy current logses.
=33
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Horizontal deflectim :0ils x,, X,, X,, and X, require one power
supply and vertical deflection coils Y1» ¥gs Yy and Y, another

~2 x scale

FIGURE 2.4-2 STEERTNG MAGNET COIL CROSS SECTLON
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2.5 Mechanical Mounts and Slewing System

The "slewing system" refers to the structures and drive gystems
needed to point the beam. It's design and structural characteristics are
discussed here. Gyrodynamic loading calculat{ons and structural respomse
calculations are 1llustrated and described.

The prinicpal beam director mechanical subassemblies are the
two (2) 30° bending magnet arrays used to point the beam, together with the
necessary supporting structures, vacuum system elements, and drive system
elemente. Hereafter, these will be discussed as the "Axis 1 System" and the
"Axis 2 System." A4leo, in referring to the location of compoments along the
beaw line, "upstream" means towards the accelerator and "downstrean" means
towards the beam exit.

The Axis 1 System attacheg to the end of the Beam Tramsport
System (BTS) and rotates about the BIS beam line which is coincident with
"axis 1." The downstream beam line out of the Axis | System is rotated 30¢
with respect to Axls 1, and is coincident with "Axis 2," The upstream beam
line of the Axis 2 System coincides with the downstream beam lime of the
Axis 1 System, The downstream beam line of the Axis 2 System is rotated 30°
with respect to Axis 2. This general arrangement is illustrated on Figure
2.0-1. Avis 1, coincident with the BTS beam line, is a fixed datum axis.
Axis 2, coincident with the Axis 1 System downstream beam line, is tilted
30° with vespect to Axis 1 and rotates about it. The Axis 2 System "spinsg"

about Axis 2 which 1n turns "whirls" about Axis 1. The Axis 1 System

"hirls" about Axis 1.

=36=
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The Axis 2 System is supported on a multi-load bearing normal to
and centered on Axis 2, located at the downstream beam line exit from the
Axis 1 System. The Axis 2 Systcm is to be both dyramically apd statically
balanced for rotation about Axis 2. The distribution of mass and flexibility
along Axis 2 in the vicirlty of the transition section attachment may be
selected to reduce s:ructural rotation at the beam line exit. The Axis 2
System 1ncludes the transition sectiom, means to pump the transition sectiom,
drive gear and support bearing, plus associated structure and balance weight.

The Axis 1 System is supported on a multi-load bearing normal to
and centered on Axis 1, located at the dounstream beam line exit from the
BTS. This sytem may be "over balanced," to support the Axis 2 System in a
way that compensates for both structural rotation and translation of the
exit beam line at the transition section, Such .echanical "tuning" is mot
free; it is associated with increased system weight and drive power. The
Axis 1 System includes the Axis 2 System drive, means to pump the rotating
vacuun joint, drive gear and support bearing, plus associated structure and
balance weight,

Description of Calculation Strategy

Skerch DN132-165-1 (Appendix A) illustrates "pipe truss"
representations for both the Axis 1 and Axis 2 Systems. Sketch DN132-165-18
(Appendix B) is a full-scale schematic of the rotary vacuum jeint that
supports the Axis 2 System. It shows a full sized multi-load support bearing
and a general arrangement for a vacuum seal and electrical feed through.
Neither drawing represents a r<commended mechanical designi it is too early

in the design process for that. Both drawings were used as a basis for weight
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egtimates, gyrodynamic loading calculations, and structural response
caleulations. So far, only a "beam bending" type structural response has
been estimated. Each supporting truss is comprised of a circular pattern of
eight (8) pipes that surround the 30° bending magnet arrays. These pipes
terminate in welded housings. Two sets of calculations were performed for
assumed steel trusses and for assumed aluminum trusses. The axis 2 System
uged 3 inch diameter tubes with .094" wall thickness. The Axig I System used
6 inch diameter tubes with ,094 wall thickness,

Tables 2.5-1 and 2.5~2 summarize the components and weights uged
for bath. the Axis 1 and Axis 2 Systems. In this study, the Cargo compofient
welghts were not varied. The Structure compoment weights, initially for
steel, were then reduced by a factor of three ro represent an aluminum
structure, The Axis 1 System category titled "Balance, Vacuum System, Plus
Other” was variec to illustrate how the balance of the dxis 1 System affects
the translation and rotation of the transition section, and the associated
trade off with drive power.

A three (3) step process was followed in estimating dynamic

gtructural response.

1. The non-axisymmetric structures of DN132-165-1, 1B
and Tables 2.5-1, 2 were divided into several mass
stations for calculation of gyvodynamic losds versus
time. For this, the structures are assumed to be
rigid.

2. Then, the peak value gyrodynamic loads were applied
to simplified, flexible beam model representations
to calculate static structural deflections. The
first mode vibration frequency was estimated from
these static structural deflections and the model
distribution of mass and inertia.
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TABLE 2,5-1
WEIGHT SUMMARY FOR AXIS 2 SYSTEM

st'e AL

CARGO (1bs) (1bs)

Transition Section 11, 11.

Roughing Pump 50. 50.

Vacuum Pump #1 50, 50,

Vacuum Pump #2 50. 50.

Bearing Ring and Gear 73. 73,
Magnet Assembly 250.8 250.8
Subtotal 484.8 484.9

STRUCTURE

Transition Plate 42.4 14 13
Structural Tubes and Stiffeners 158.12 52,61
Base 138.00 46,00
Subtotal 338.52 112.84
TOTAL 823.32 597.54
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TABLE 2.5-2
WEIGHT SUMMARY FOR AXIS 1 SYSTEM

CARGD

Magnet Assembly

Hydraulle Drive and Motor
Axis 2 Brg Inner Pace
Base Gear

STRUCIURE

Upper Brg Support

Center L Strut Support Plate
Tubes and Upper Structure
Tubes and Lower Structure

BALANCE, VACUUM SYSTEM, PLUS QTHER

Case (1)

Case (2)

Case (3)

AXIS 2 SYSTEM
Total Case (1)
Case (2)
Case (3)

St _A
(1bs) (1bs)
250.8 250.8
125, 125,
75. 75,
753. 753.

1203.8  1203.8

138. 46.
82.5 27.5
218.33 72.78
1253.05 417,68

1691.9 563.96

-0- -0-
(1129.0)  (776.0)
(2258.0) (1552.0)

823.32 597.54

3719.02  2365.30
{4848.02) (3141.30)
(5977.02) (3917.30)

i)~
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3. The static responses were then multiplied by a dynamic
multiplier haged on the gyrodynamic load signature as a
function of time, and the natural periods of the flexible
beam model representaiions.

Calculation of Gyrodymmmic Loads

For the mon-axisymmetric structures considered here, it proved
convenient to approach the computation of gyrodynamic loads in a very
primitive way, i.e., many mass stations were set up, each identified by axis |
position, radivs mommal to the axis, and angular orientation about the axis.
The rigid body, absolute accelerations of these mass stations were then
caleculated as functions of spin and whirl kinematics. The assoclated gee
loadings were them copbined to find cross~section forces and moments,
bearing loads, and drive torques.

The calculation model for station acceleration is illustrated om
Figure 2.5-1. The assoclated component acceleration equations are tabulated
on Table 2.5-3. The derivation leading to these equations followed the
format of a similar derivation*involving constant whirl and spin velocities.

General iIntegral equations for spin and whirl kinematics are
included on Table 2.5-3. For the calculated results here, it was assumed
that spin and whirl velocities started at zerc, increaged at a comstant rate,
and then decreased at the same negative constant rate until the velocities
were again zero. This scheduling is built into the equations stated on
Table 2.5-4. The numerical results of this study assume a 180° total aople
change in 300 ms for each axis. The peak angular velocity is 200 rpm. The
angular accelerations ave % 139.6 rad per sec per sec.

In calculating Axis 2 System loads, the tilt angle, 6, was set

at 30°, The calculation imput for this system is Iisted on Table 2.5-5.

*Arnold & Mander, "Gyrodynamics and Its Engineering Applications,"
Academic Press, 1961, pp 60-64.
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Axis 1

X

FIGLRE 2,5-1 GYRODYNAMIC LOAD CALCULATION SCHEMATIC DIAGRAM

x5V,

Ly Iy

Fixed coordinate system
Whirling coordinate system; Plane 20z (20x)

Whirls about Axis 1 with angular velocity w,
o 19 the whizl angle. © is the tilt angle between Axis ! and 2,

Unit vectors along x, v, 2

Coordinates of point P that spins about Axis 2 with apgular
velocity p. B is the spin anmgle with respect to whirling
plane 2z0x.
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TABLE 2.5-3
ABSQLUTE ACCELERATION OF POINT P
IN WHIRLING xyz COCRDINATE SYSTEM
See Figure 2.5-1

a=al+ ayf +azk
2 'I,ﬂz . ] .
a) = -r{ptucosB)” coa B - %uw'sincosd - T (p + @ cos@) sin B

2 L] L]
d, = -r (prucosd) sin B - rwlsin8sinB + r (p + wcosd) cos B
' + 0 gin8

2 .
= -r (2pwtw cosB) sinBeospB -~ 0251020 - o sin®sin B

%3
Where
w = oftu'sit P = ostpdt
§ :
e = o *+ o dt B=Bo+0 p dt

For the present estimates, equal constant values were sssumed for
both whirl and spin angular accelerations.

=3
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TABLE 2.5-4
WHIRL AND SPTIN KINEMATICS

SPIN
8= o]
s Y
p = 8
p = At
t2
B = 8+ B
N
r 4
p =-B
P = B(r-1t)
t-tf .ol B = BD+B(n;-r_Z—_rf
7 4 7 %

ey

WILLIAM M. BROBECK & ATES




No..
1 ]

DN C U 2N

1

13
14
15
14
17
18
19
20
21

=
[ 's)
O 0 W~y TG D s

-
[

-12
13
13
15
16
17
18
19
20
21

Length
97.87
92.59
66,39

- 69,89

68,19
69,09
69,59
69, 09
68,19
b6, 89
55, 69
39,49
g3.89
54,19
49.59
20,07
31.15
70.19
59, 69
63.89
&5. 26

ALUMINUM STRUCTURE

‘Length
97.67
92.59

86,39
69.89
6B.19
69.0¢9
49,59
69.09
68,19
b4.89
435, 69
39,89
83. 89

68,19
42,59
70,07

31.13.

70,19

59.469
63,89

£3.26

Radius
17.80

14,90

15.40
14,29
11.19
5.18
0.55
&. 18
11.19
14.29
0.00
0.00
1.97
15.80
12.70
10.85
0, 00
20.8¢
22,40
11.50
4,04

Radius

17.80.

14,90
15. 40

14,29

11,19
+ 518
0.55
6,18
11.19
14,29
0. 00
0.00
1.97
16,80
12,70
10,85
0. 00
15. 80
17.40
11,50
A, 04

=45=

Orient. HWeight.

+0.00 11.00
+0.00 131.28
+0, 00 5.9

+24,50 6,15
+48, 55 6. 33
+73. 40 6.95
+180. 00 7.10
+286, 60 5,95
+311.45 6.55
+335. 50 6,15
+0, 00 30, 00
+0.00 225.87
+1B0. 00 10.90
+180. 00 .00
+180. 00 4,40
+180, 00 2.12
+0, 00 73,00
+180, 00 50. 00
+180, 00 50. 00
+180, 00 50.00
+0.00 125.40

"823.32 1bs

Orient. HWeight

40,00 11,00
+0.00  B5.4b
. 40,00 1,98

+24, 50 2.09
+48, 55 2.18
473,40 2.32
+180.00 2,37
+284., 60 2.32
+311.43 2.18
+333. 30 2,05
+0.00 10,00
+0.000  117.42
+180. 00 2,63
+180, 00 2,00
+1B0.00 1.47
+180.00 .71
+0. 00 73.00
+180.00 . 50.00
+180, 00 50,00
+180.00 350.00
+0,00 125,40

597.64 lbs

WILLIAN M. DROBECK & ASGOC!ATES cvmmmmymtmemmssmmme




For the Axis 1 System, the tilt angle, @, was set at 0%, Since the Axis 2
System 1s both dynamically and statically balanced, it 1s represented by a
single mass station in the Axis 1| System computations. The calculation
input for the Axis 1 System is listed on Table 2.5-6.

Static Structural Respomse Calculations

Figure 2.5~2 {llustrates the model used to estimate flexible
static load response for the entire system. The forca;Tl, Vl, and Ml' are
in the Axis 2 System which is counsidered here to be a straight beam-like
structure tilted at 30° along Axis 2. The actual Axis 2 structure on one
side tilts off Axis 2 and 1s balanced both statically and dynamically by
add{tional structure that is oppositely located. The forces TZ’ VZ’ and

M, are in the Axis 1 System pipe truss which 1s considered to be a curved

2
beap-like structure. The balance weight, Wh, exerts a tensicn on the mass

station located where the Axis 2 System attaches to the Axis 1 System at
the location of the Axis 2 support bearing. The equations that correspond
to this representation are Illustrated on Figure 2.5=3.

The lengths listed in Table 2.5-3, for the Axis 2 gyrodynamic
calculation, are measured from the intersection of Axis 2 and Axis 1. The
CG of the Axis 2 System was computed to be at 60 ins. All items located at
a length greater than 60 ins were lumped to produce end loads Tso’ Vso, and
M . All items located at less than 60 ins. were lumped into the station
at the Axis 2 support bearing.

The lengths listed in Table 2.5-6, for the Axis 1 gyrodynamic
calculations, are measured from the bottom support bearing illustrated on

DN132-165-1. 1In terms of this list, the heavy base Items 12 to 19 are
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No.

No~Joe U GIg -

=
(o]
L]

Do~ Up Ll >

TABLE ?.5-6
AXIS 1 GYRODYNAMIC CALCULATION STATION INPUT

STEEL STRUCTURE

Length
69.50

64.43°

55,30
3. 00

S56.00 -

49,00
44,70
42,00
56,00
53, 00
29.50
4.30
3.30
4.30
4,30
4.30
4,30
4.30
4,30
.50
77. 0¢
98. 50
98,50

Radius
15. 60
13.80

8. 40
13.97
20.39
23.99
24.20
23.99
20.39
13.97

4.80
25,20
24.20
24,20
25.2¢0
25,20
24,20
24. 20
24,20

4,350
12.50
30,37

30.50

Drient.
+0.00
+0, 00

+1B80. 00

$108. 36

+&£8. 58
+33.54
+0.00

+324, 46

+291.42

+251. 64
+0.00

+180. 00

+135. 00

+90. 00
+45. 00
+0. 00

+315. 00

+270.00

+225.00
+0.00
+1B0.00

+180. 00
+0, 00

ALUMINUM STRUCTURE

Length
69,50
bb. 43
85.30
63,00
54. 00
49,00
446,70
49.00
56.00
3. 00

. 29.50

4,30
4.30
4.30
4.30
4,30
4,30
. 4,30
4.30
33.50
77.00
98.50
98.50

Radius
15. 60
13.80

8. 40
12.97
20.39
23.99
24.20
23.99
20.39
13.%7

4,80
24,20
24.20
24.20
24,20
254,20
25,20
24,20
24,20

4.50
12.50
30. 37
30.50

-47=

Orient.
+0.00
+0. 00

+180.00

+10B.36
+£8.58
+33.54
+0.00

+328. 46

+291.42

+ 251, &4
+0,00

+180.00

+135, 00

+90. 00
+453.00
+0.00

+315. 00

+270.00

+225.00
+0. 00

+180, 00

+1£0. 00
+0.00

Keight
75.00
200.70
28. 63

28. 20
7.22
24.28
25.92
26.28
I7.22
26.20
B2.50
254,92
253.463
250. 489
247.87
246,79
247.87
250. 69
253.63
1BB. 10
125.00
0. 00 =e—No balance weight
£23.00

3718.34 1bs

Weight
75.00
108.70
9.54
q.490
?.07
8.76
8.54
B.7¢
?.07
¢. 40
27.50
147.72
147,29
146.321
145,37
14%.01
145,37
146. 31
187,29
ieg.10
135.00
0. 00=—No balance weight
598. 00
2365.51 1bs



prr— co— 331y |D0FEY 9 ¥ORB0ME ‘N RHYITVIM

_807_

LAY

AX

Wp

1s 1 Balance Height scrut

/

FIGURE 2.5-2 6 DEGREE OF FREEDOM AXIS 1 SYSTEM SCHEMATIC




FIGURE 2.5-3

6 DEGREE OF FREEDCOM, AXIS 1} SYSTEM

EQUATION MATRIX
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ignored and Item 22 representing 3/4 of the magnet array mess also is
ignored. These items are very heavy, mostly centered about Axis 1, and are
located at the base of the cantilever system in very stiff structure. They
will not load the Figure 2.5-2 flexible cantiliver beam system to a
significant degree. All the other items are lumped at the Axis 2 support
bearing. -

The flexible length of the Axis 2 straipht beam representation
is 61.44 ins. The flexible length of the Axis 1 curved beam representation
corresponds to a radius of 300cm (118 ims) swept over a 30° arc. The beam
crossection properties cotrespond to the sections illustrated om Figure 2.5-4.
The dimensions were scaled from the intermediate circular tube truss patterns
illustrated on DN132-165-1. All influence coefficient computations include
terms for transverse shear in addition to beam bending.

The coefficient matrices and loading vectors for imput to the
equations 1llustrated om Figure 2.5-3 are listed on Table 2.5-7 for the steel
structure, and on Table 2.5-8 for the aluminum structure. Loading vectors
are illustrated for three difference Axis 1 balance weights. The loading
level corresponds to 44 gees at the Axis 2 mass station at the tip and 19
gees at the Axis 2 support bearing.

A prior preliminary study was made of the Axis 2 System as a
3-station, 6-degree of freedom cantilever beam., That model is illustrated
on Figure 2.5-5, and the associated equation matrix is illustrated ou
Pigure 2.5-6. These early calculations are of interest only insofar as they
illystrate considerable stiffness in the Axis 2 System when it is canti-
levered from a dacum plane. Much larger deflections are calculated when the

Axis 2 System is cantilevered off the Axis 1 System because the combined
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9
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Axis 2 16 3 094 3.54] .09%

Axis 1 41,5 6 L0944 3,54 .094

Dimensions are in inches

FIGURE 2.5-4 STRUCTURAL CROSS SECTIONS FOR ESTIMATICN
. OF BEAM LIKE FLEXIBILITIES
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i 61.44

¥ 2,890 E-07
3 1.217 E-05
B 2.504 E-07
Y 8.477 E-07
Al 2,318 E-07
Al2 -3.037 E-07
Al3 -3.575 E-09
A22 1.500 E-06
423 1.995 E-08
433 6.603 E-10
Tso 10428

Vg, -18040
MoghaV 22484

I51 9803
-Vg11Vg1 -16980

M5 45496

i3 61.44

] 8.670 E-07
[ 3.651 E-05
B 7.812 E-07
Y 2.543 E-06
Al 6.954 E-07
A12 -9.111 E-07
Al3 ~1.055 E-08
A22 4.500 E-06 |
423 5.985 E-08
433 1.981 E-09
Teo 7832

“Vso ~13552
MgataVg, 15896

Ts1 6072
-Vs1+Vgy -10516

Mgy 28160

TABLE 2.5-7
STEEL STRUCTURE
MATRIY COEFFICIENTS AND LOAD VECTORS

[N

10428
-18040
22484
9803
41760
43496

TABLE 2.5-8
ALUMINUM STRUCTURE
MATRIX COEFFICIENTS AND LOAD VECTORS

7832
-13552
15896
6072
29876
28160

~52-

Matrix Coefficients
v ' 1 set

Matrix Coefficients

1 set

10428
-18040
22484
9803
100500 3 sets
45496

Load Vectors

7832
-13552
15896
6072
70268 3 sets
28160

Loag Vectors
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FIGURE 2.5-5

6 DEGREE OF FREEDOM,

PRELIMITARY AXIS 2 SYSTEM MODEL
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L 4 ® ® L] @ ® ®
Structural Matrix, Initial Cantilever Structure, Axis 2
1 2 3 4 5 6 7 8 k] 10
y; | %, vz ]9z pv3 ¢3 J vy 1M | Vo My
1 1 m¥)
2 a 1 11‘51
3 ~1 1 m2§2
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5 ~K ~1 .
dn 8 Ma¥3
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£ f — -
- o ! 1 Byy {Ya1 -
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2 10 1 -1 B Y3z -0-
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FIGURE 2.5-6 6 DEGREE OF FREEDOM, PRELIMINARY AXIS 2 SYSTEM MODEL




system is much longer and much heavier. The &xis 1 System illustrated on
DN132-165~1 does not achieve the values for "[»undation stiffness," i.e.,
Ks and Kg, necessary to limit the deflections to those previously estimated
for the Figure 2.5-5 System.

Dynamic Multiplier Estimate

Figure 2.5~7 illustrates gee load versus time at the location
of the Axis 2 support bearing. Note that the orientation of the load
relative to the structure shifts a total of 180° as the structure rotates,
with a sudden 35° shift when the angular acceleracion goes from plus to minus
whew angular velocity is at its maximum value. Such a sudden angle shift
would lead tc a mechenical impact. This means that an acceleration schedule
different from that assumed here probably will be selected. The selected
schedule will reflect a trade off where higher absolute values cf angular
acceleration mitigate the intermediate angle shift impact.

Figure 2,5~8 illustrates triangular pulse dynamic multipliers
for single degree of freedom undamped vibration systems as a function of the
tatio between pulse time and response period. Table 2,5-9 tabulates dynamic
multipliers for the structural cases studied here.

A real system will have many flexible modes. Also, the values
tabulated in Table 2.5-9 do not consider any variatioen in load orientation.
Therefere, we choose to apply a dynamic mulriplier of 1.75 to all static
responses calculated in this preliminary study.

Calculated Results

The results plotted and tabulated here indicate that slewing

system mechanical deflections cau be malntaiued within a range that cam b
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Residual amplitude
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FIGURE 2.5-8 DYNAMIC MULTIPLIERS FOR TRIANGULAR PULSE VERSUS

RATIO OF PULSE TIME TO NATURAL PERIOD
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TABLE 2.5-9

TABULATION OF DYNAMIC MULTIPLIER DATA

Dynamir Hultipliers

T(ms) t{us)
775 300
637 300
402 300

1111 300
952 300
571 300
TABLE 2,5-9

T/T

.387
AT
166

20
315
525

-58-

Triangular Pulse
xM/Xs XD/XS

TABULATION OF DYNAMIC MULTIPLIER DATA
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compensated by the Vernier Steering System., Both the Axis 1 System and

Axls 2 System can be "tuned" mechanically to limit deflection tramslation
and rotation at the transition section exit, because the magnitudes of the
tangential, radial, amd axial gyrodynamic load components directly depend
upon mass distribution. The mechanical designer has considerable control
over the distribution of mass and structural flexibility.

Refer now to Figure 2,5-2, the schematic diagram of the Axis 1
System response computations. vy wl, and ¢1 represent deflections at the
transltion section. Figures 2.5-9 and 2.5-10 show how variation in the
Axis 1 balance weight, WB’ affects the system. Overbalancing the system can
eliminate transition section translation at a cost in gystem weighc'and
drive power. Figure 2.5-11 shows a quite flat variation for transition
section angle with the tramsition section translation, This means that a
balance weight structure acting at the transition section could be positioned
to significantly reduce the absolute level of tramsition section rotation.

Table 2,5-10 summarizes calculated mechanical loadings for the
cases studied here. The Axis 2 bearing load is comsistent with the size of
the selected bearings. The large Axis 1 support bearing is oversized by a
factor of 2 for the highest load case. Structural stiffness, not bearing
load, is the reason for the large diameter base of the Axis 1 System. The
tabulated structural loads, stresses, and deflections all assume a dynamic
multiplier of 1.75.

Structural models with many mass degrees of freedom and flexible
connections, tend to have higher calculated frequencies and lower stresses

than the very simple two and three mass representations calculated here.
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Total System Weight (1bs)--

7000 E

6000

5000

4000

Aluminum Structure

3000

2000 |~ \

1000 =

I_Lllllllllllllilllll
0 0.5 1.0 1.5 2.0

Dynamic Tramslation (ins)

FIGURE 2.5-9 SLEWING SYSTEM. TOTAL SYSTEM WELGHT VERSUS
TRANSITION SECTION DYNAMIC TRANSLATION
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Drive Power (HP)

Axig 1

6000 —
5000
4000
3000
2000
1000
IIIIJIILIIILILIIIIJ
Q 0.5 1.0 1.5 2.0
Dynamic Translation (ins)

_FIGURE 2.5-10 SLEWING SYSTEM. AXIS 1 DRIVE HORSEPOWER VERSUS

TRANSITION SECTION DYNAMIC TRANSLATION
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FIGURE 2.5~11 SLEWING SYSTEM. TRANSITION SECTION DYNAMIC ROTATTION VERSUS

TRANSITION SECTION DYNAMIC TRANSLATION
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TABLE 2.5-10 SUFMARY OF ESTIMATED PEAX KECHANICAL HESPUMSES
Transition Section Lat
Structure Axis 2 Axia L Total Axis 2 Axie L Axts 2 Axis L Axis 2 Axis L Bending
Type Sys WL Bal. We Sys ME Paak Pouwar | Paak Power Brg Hom Brg Hom Stress Screes ranolation |Rotstion Frequency

1ba bs [ he hp 1t - ins ib - iom pel peL ioe Rad a.

Steel a23 -0- g in 2414 1404841 5031518 55263 eIy 0.670 0.023 1.29

1 Steel a23 129 ELot ) 111 361a 1404841 L35614) 55243 10318 0.390 a.o02s 1.52
o
(¥

i. Steal 822 2258 977 138 4age L&04841 B405642 55243 53945 Q. 112 ¢.027 z.49

Alvoinum 598 -0~ 2363 7 13529 1175634 3932001 46231 aoyzo 1.47% 0.047 0.9

Aluminum 598 776 3ial 71 2351 1175634 853279 46231 5491 0.B96 0.0a351 1.05

Alumtnum 398 1552 gy 7 312 1175634 3698641 ab231 43332 Q.324 0.055 1.75

wiLiam -
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On the other hand, the pumps, motors, tramsition section, gear drives, and

other components have increased in size since being initially selected, The
pipe truss bending model may or may not possess enough structural weight to
limit deflection modes that have not yet been calculated, such as torsional
modes, Clearly, these numerical results can only be used as a rough puide
for understanding the mechanical nature of the slewing system,

Refer now to Tables 2.5-1, 2 and Table 2,5-10. Overall stiffness
varies with structural weight and overall loading varies with the sum of
structural plus cargo and balance weights. If loading geometry and time
signature does not change, then additional calculated responses can be

estimated by raticing the values in Table 2.5-10.

[ oW W]
1+_£i'_3.
W new
_
Anew T * Aold
W W
|+ S + B
v old
L 8
Where wc, WB’ and Ws are cargo, balance, and structure weights from Tables

2,51 and 2. In the case of 2,5-2 for the Awis 1 System, the items for
"tubes and lower structure" should be jeft out of the above calculation.

The additional power requirement will also vary with the above

welght ratio equation.

CONCLUSIONS: The structural weight and stiffness will determine
the vibrational frequencies and, dependent on the slewing rates, these will

also determine the dynamic deflection.
Adequate structural rigidity can be provided to limit the
deflection of structure to a tolerable amount as detarmived by the Eollowing

two primcipal limiting criteria for tolerable deflection:
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(1) Maximum aiming erroc that can be compensated for by
the vernier steering magnet and

(2) maximum structural misalignment of the magnetic
components of the achromat.

Since the achromat can accommodate a significant (17)
variation in energy, it will also be able to accommodate a limited (1%)
structural deflection,

Increasing the stiffness of the structure requires an increase
in its weight and drive power. Since all of these imcreases very rapidly
with increasing energy, the weight and power will becdme 80 large that it

will be very difficult to achieve useful slewing rates for beam energy in

excess of 1000 MeV.
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"There will also be some gynchrotron radiation due to bending the beam in a

2.6 Radiation Effects

The main Tadiation effects are those associated with collisions

of the high energy electrons with the wall, exit foll and gas molecules.

pagnetic field. The synchrotron radiation is given by the following equation:

2 /e

U=8.85x1
r

Where U = energy loss ev/rev
W/e = energy of electron in ev

bending radius in meters

-
n

For a 500 MeV electron beam being bent through a 60 degree angle
with a bend radius of curvature of 1 meter, the emergy loss is only 922 ev.

This i3 a very small fraction of the total beam emergy. For the
very high beam currents contemplated for the electron beam director, the
total radiation from the source may amount to ouly a few joules for a:mylri-
pulse burst. The peak radiation would be in the far ultraviolet region and
would be mostly tangential to the beam path.

The radiation due to gas scatterinmg in the vacuum chambex ls
expected to be extremely small if a high vacuum is maintained in the bean
tube. At a pressure of 10_3 torr, the beam loss due to gas scattering will

be insignificant.

Radiation due to collisons with the wall of the vacuum chamber
will be extremely high if the beam is not well behaved in its transmission
through the beam director. Collisions with the wall by even a small fraction
of the heam must be avoided because an excessive amount of radiation would

be produced. Tt will be necessary to "trim" the beam upstream of the beam
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director to limit its size (in phase space) to assure that it dees unot spread
out far enough to scrape the walls. The Limiting beam radius is 5mm.

The radiation due to the beam passing through the exit foil will
be unavoidably large. It will consist of high energy x-rays with a very
strong forward distribution due to momentum conservation in the electron-
electron impacts. The x-rays will have a continuous gpectrum characteristic
of bremsstrshlung with a maximum energy equal to the emergy of the electrom.
The half-angle in the forward direction which includes all bu: l/e of the

intensity is given by
o = .65 G2 1o ¢
Where Wo = rest mass of electron
W = energy of beam
For a 500 MeV electron beam, the half angle is about one quarter
of a degree, for a low emittance beam. High emittance will increase the spread.
The total amount of radiation due to passing the beam through
the exit fojl will depend upon the foil thickness and its demsity. A very
thin foil of low density will minimize the radiation effects. For a c¢arbon
or beryllium foil one millimeter thick, the beam loss is expected to be less
than .57 of the total beam energy but it does represent a large amount of
radiation.*
Figure 2.6-1 shows the radiation loss for the beam passing through
an exit foil of either berylllum or carbon and the loss in air. This figure
shows the loss for collisions and for radiation. Clearly, rie radlation loss

increases with epergy, The loss due to collision 1s a very weak function

of energy.

*The essential point 1s that strong forward distribution assures that
the bulk of the radiation from the foll does not intersect the colls
of the vernier steering magnet, aud that this must be confirmed in any

actual design.
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FIGURE 2.6-1

BEAM LOSS DUE 0 RADIATION AND COLLISIONS
FOR BERYLLIUM AND CARNON FOILS AND FOR AIR
(Reference: Berger & Saltzer)
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2.7 Size, Weight and Cost Estimate
The size, weight and cost of a 500 MeV electro beam director
were calculated. All>these values are dependent upon the seam energy. A&
rangé of energles from 10 to 1000 MeV were considered for the conceptual

design and the concepts presented are considered to be applicable tc any

be selected and, for intermedia‘e energizs, rare-earth-cobalts of inter-

mediate residual induction may e selected.

of the energy as it must ngt only increase in length hut also in the
weight but also with the square of the offset dimension. The moment of
system. Frow the increase in dimensions and weight associated with

by at least the 4th power of the energy ratio.* Thus, the required drive

#The exponent probgbly approaches the 5th power at high energy.

-59-

energy within that range. Some simple scaling law would be desirable. For
example, it would be nice to be able to say that doubling the energy would
double the length of the bending systems and that this, fn turn, would cause

some easily extrapolated inerease in weight apd cost. Within narrow limits,

sowe sort of extrapolation based on energy ratios is reasonable because the
same permanent magnet material would be used for a limited ranmge of energies.
For beams with very high eumergies, a rare-earth-cobalt with a high residual

induction would be used, For low energies, oriented ferrites would probably

For a given permanent magnely material, an increase in energy will
Tequire a proportional increase in length and weight of the bending system.
The weight of the support system will increase approiimately with the cube
transverse directions. The moments of inertia will not oniy increase with
inertia has a strong influznce upon the design of the mounting and slewing

increasing beaw enerygy, it appears that the moment of inertla will increase

power for a glven slewing rate will also increase by at least the 4th power,
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The values given below for the 500 MeV beam director are based
on an unproven conceptual design. As stated above, within limits, these
values may be scaled up or down for different beam energies.

The results of che size, weight and cost analysis are summarized
in Table 2.7-1. The costs are the unit costs in production and do not

include development costs,

TABLE 2.7-1  SUMMARY OF SLZE, WEIGHT AND COST

Dimension Weight Cost

ITEM Meters _ kg K
Bean Bending System 3.14 length 227 152
Support Structure 3.16 x 297 10E 2700 154
Drive System - 4000™" 501
Vacuum System —-— - B1
Vacuum/air Transition .25 25 105
Vernier Steering .5 50 40
Sensors and Control —-— - 100
Total 3.89 x 2.9 Wide 7000 §1133

*  Weight of rotating structures (5600 lbs) includes upper drive motor.

** Weight of stationary portion of the drive system includes lower
drive motor, hydraulic pumps, accumulatiors and foundation
structure {8800 1hs).
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3.0 RECOMMENDED RESEARCH AND DEVELOPMENT

The conceptual design of an electron beam director contains elements
which require developmental effort. To support the development will require
research to provide basic data on behaviour of material and interactions of
the beam. There is nzed for a design and development effort associated with
many elements of the system, but some elements are more critical than others.

Single quadrupoles and dipoles using permanent magrets in an ironless
configyration have been designed and built., A long string of such elements
as shown in the conrceptual design has not yet been built and tested.

Air-to~Vacuum Transition devices as shown in the conceptual design
utilize knowm technologies but these have not been proven in the specific
application shown in the conceptual design.

Procedure for analyzing the dynamic response of structures te various
rypes of loads are well knmown, but specific structures to support a beam
director have not been sufficiently well defined nor has a complete slewing
system been designed. The brief examination of a support and a slewing system
concept indicates that a great amount of design and optimization will be
required in order to achieve a practical design. A light weight structure
with high rigidity is required if high slewing rates are to be achieved.

The steering magnets for the Verniler Steering System are of a
conventjonal design, but the tracking and control system needed to assure
that the required accuracy and vibration compensation is achieved is yet to
be developed. An additional problem associated with the design of the
steering magnet is the potentially high radiation which may eccur just down-

stream of the Vacuum-to-Alr Transitionm Section, The radiation problem 1s
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treated conceptually by simply providing enough 2perture to permit the
radiation which is directed strongly forward, to pass through without great
interaction with the material of the steering magnet. Some critical
experiments of the beam/air interaction will be required to verify this
approach.

Probably, the most critical items in the conceptual design are the
Vacuum-to-4ir Transition Section and the permanent magnet bending s&stem.
Design and development work on these two items should be started soon. Both
systems can be tested using the electron beam from ATA (Advanced Test
Accelerator) at lawrence Livermore Natiomal Laboratory.

The rotating fail approach to the Vacuum-to~Air Transition could be
built, tested and refined using presently avallable technologies. The
development of such a device would permit the running of many critical
experiments dealing with beam/air interaction. The development of this
rotary foil device will require the development of a well-balanced rotor, a
suitable vacuum pumping system and a svitable bearing system. In the final
configuration, the gyrodynamic behavicur of the device must be suitably
accounted for, but, for the initial developmen:al device, the gyroscopic
ioading of the disk and bearings can be avoided by simply testing in a
static configuration.

A permanent magnet bending and focussing system should be built for
tescing at ATA, This should be designed so that it can be rotated to
direct ‘the beam in various directions. A continuous rotation may be
desirable but not sbsolutely necessary. Discrete steps should be all right,
The main thing te explore in this design and development is the character-

istics of the permanent magnet hending system, The problems of accuracy of
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mechaniecal and magnetic alignment needs study. How reliable are the
magnetic property projections? What are unique fabrication problems?
What sort of optical aberations will occur? What are the consequences of
vibration and misalignment? Building and testing a system will provide

answers to these questions,

For the beam energy at ATA (30 MeV), a bending and focussing system
using an oriented ferrite such as Ferrimag 7B should be built. This material
will give a lower field than that obtainable with rare-earth-cobalt. The

lower field 1s desirable for a 50 MeV electron beam because it gives a

greater length of the system.
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4.0  CONCLUSIONS

In the engineering effort on the conceptual design of an electron
bean director, a variety of components and concepts were examined, and found
to be promising. There were ng techmical reasons for believing that a
suitable design could not be devised for handling high intensity pulsed

electron beams in the 10 to 1000 MeV energy range. Of course, there are

problems which must be solved, and there are limits imposed by material

properties which must Be recognized.

Achieving high slewing rates will be difficult but not impossible.
Special design efforts will be required to produce a sufficiently li:ht
weight support structure having adequate rigidity.

The most critical elements of the design appear to be the Vacuum-to-
Air Transition, the permanent magnet bending and focussing system, and the
support structure. The design of the first two of these items has a strong
influence on the design of the support structure, because the weights and
alignment requirements of these components determine the key design criteria
for the rest of the system.

Presently, availsble permanent magnet materials appear to have suitable
magnetic properties to satisfy the design requirements for bending and
focussing of the beam. Whether these materials have the required physical
strength and uniformity is not certain, but there are no fundamental reasons
why good quality control procedures cannot assure adequate uniformity nor
why existing physical propertles cannot be utilized by careful design of the

magnet support and containment assemhly.
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The aperture of the beam tubes can be made sufficilently large to insure
that the beam loss by collisioms with the wall will be insignificant and that
adequate vacuum pumping will be possible to prevent excessive beam loss due
to gas scattering. This will be necessary to minimize radiation.

The vacuum rotary points will have some leakage but, by proper design
with at least two stages of pumpingf the leakage rate can be wade tolerably
low. The joints can be made sufficlently strong to pravide adequate rigidiry
and alignment,

Radiation effects can be minimized by good design and suitable
s.ilelding. The radiation from the beam passing through the Vacuum-to-Air
Transition Section will be unavoidahly large but, at this point, the
elactron beam/air interaction may be so great that other radiation effects
may seem Lnsignificant.

The calculated size of the total structure does not appear excessively
large although rhe weight of seven tons does «em high for a 500 MeV beam.
Tt is believed that this welght may be significantly reduced after design
optimization for a specific set of beam requirements. It seems premature
to begin detailed design until a specific value of beam erergy has been
selecred.

Using a value of 50 MeV would permit the use of a much lighter
structure than would be needed for a 500 MeV beam because the weight is
expected to increase by about the third power of energy. Thus, a factor .:

10 increase in energy would require about 000 fold increase in the weight

of the support structure.

*The votary vacuum joints were initially thought to present serious
design problem, but do not now appear to be excessively difficult.
It appears that lubricated vacuum seals with intermediate pump-out
ports are viable,
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3.0 APPENDIX

DESIGN STUDY SKETCHES
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: . CHANGES MADE ON
L
“CONCEPTUAL DESIGN OF AN " ECTRON BEAM DEFLECTOR"

BY LBL PRIOR TO DISTRIBUTION

®
1. Added to bottom of Title page: Lawrence Berkeley Laboratory Contract
No. 4522410,
® 2. Page ii: Removed "5.0 Appendix"
3, Page 7: Replaced bracket on equations,
Changed equation to: 8 -%—— sin'l((l - S1n27 1+ c05u2))
®
Changed equation to: ¢ = o) + tan'l(ﬁ Ei:mTuflT)
3

4. Page 9: Replaced brackets on equation
.. 5, Page 14: Replaced parenthesis on equations
6. Page 23: Changed Wry with Wty in column 7

7. Page 37: Removed reference to Appendix--replacad with “(not included)”

two times
®
8, Page 38: Added "*" after sketch no, and included footnote at bottom
9, Page 46: Added "*" after sketch no. and included footno.z at bottom
e 10. Page 50: Added "*" after sketch no, and included footnote at bottom
11. Page 65: Fourth line from bottom, changed *increases" to "increase”
@
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APPENDIX H. BEAM DIRECTOR COMPONENTS FOR ATA TESTS (FINAL REPORT)

H-1

BROBECK CORPORATION MEEE




AW AT § AT v e e o elens Giuees e s
RN TEE RN, L T L S

National lLaboratory,

This work was sponsored by PM3-405 Naval Sea Systems Command, Washington,
D.C. 20362, under Contract No. W-7405-ENG-48 with the United States Gavern-

ment, represented by

This work was done under Subcontract No, 6551805 with Lawrence Livermore

T LN S S P

BEAM DIRECTOR COMPONENTS
FCR

ATA TESTS

Prepared for
LAWRENCE LIVERMORE NATIONAL LABORATORY

LIVERMORE, CALIFORNIA

Prepared by
BROBECK CORPQRATION
1235 Tanth Street

Berkeley, California 94710
(415) 524-8664

DECEMBER 1985
Repart No. 4500-300/301-R1

Livermore, California,

the Department of Energy.

-, o R B e AT = A SRS RS S NI T N, VST BTN SROSE CK CORPORATION
e S 10 R a1 1583



L 1

p

'®

This work was done under Subcontract No. 6551805 with Lawrence Livermore
National Laboratory, Livermore, California,

This work was sponsored by PMS-405 Naval Sea Systems Command, Washington,
D.C. 20362, under Contract No. W-7405-ENG-48 with the United States Govern-
ment, represented by the Oepartment of Energy.

umnznﬂ£400¢¥9?¥0=ﬂRé???@&?“’:z&fﬁﬁﬁﬁ“‘“

B e s et e

P IR P W A WL D v

BEAM DIRECTOR COMPONENTS
FOR
ATA TESTS

Prepared for
LAWRENCE LIVERMORE NATIONAL LABORATORY
LIVERMORE, CALIFORNIA

Prepared by
BROBECK CORPORATION
1235 Tenth Street

Berkeley, California 94710
(415) 524-8664

DECEMBER 1985
Report Na. 4500-300/301-R1

TN TANCTXRERK SN SROBECK CORPORATION EJ

b,



APPROVALS
Issue Contents Prepared by Approved by

Original v + 35 pgs, Francis C. Younger
v
///,‘ﬂ?(aﬁ %%4/ (éf?ﬂl Z Zgzm_uz;
; 7

/

N e e e S P e C BT = P RAOM 3ROBECK CORPORATION J




vy
Py

Y T e TR e R R e e T T S TR IS TR T PR

I’

Wl e

TABLE OF CONTENTS

BEAM DIRECTOR COMPONENTS FOR ATA TESTS
REQUIREMENTS

DESIGN DRAWING

MEASUREMENT AND SORTING QF P,M, SEGMENTS
MAGNETIC MEASUREMENT ON ASSEMBLIES
ARRANGEMENT OF ACHROMAT ELEMENTS

TESTS AT BROBECK CORPORATION
RECOMMENDATIONS FOR POWER SUPPLIES
RECOMMENDED TEST PROGRAM
ACKNOWLEDGEMENTS

APPENDIX

Achromat Bend Magnet Drawing List

Vernier Steering Magnet Drawing List

V"'”“""M”W_

pAGE

1
12
26
29
30
k1l
13
35
36
37
K}

BAOBECK CORPORATION 4



oy S5 7 e A A T PO S A S R QYRR 1.2 W W Vil 'M

LIST OF FIGURES

Magnetic Lattice Showing the Arrangement of
Quadrupoles and Bending Magnets {Dipoles)

Permanent Magnet Dipole

Permanent Magnet Quadrupole

PAGE

BROBECK CORPORATION Rl




T L T R T L e N S W

|

i
@

}

1

|

LIST OF TABLES

PAGE
4 1 Vernier Steering Magnet Characteristics 4
. i 2 Achromat Characteristics 5
! 3 Beam Path Through Achromat with Shown Elements 9
| 4 Magnetic Measurements Engineering 13
. : -5 Segment Series 100 -- Quadrupole #S1 -- #S2 15
: 6 Segment Series 200 -- Quadrupole #3(B-D) - #5(2-D) 16
‘ 1 Segment Series 200 -- Quadrupale #7(7-D) - #9(6-D) 17
® 8 Segment Series 300 -- Quadrupole #2(4-F) - #3(5-F) 18
9 Seqment Series 300 -- Quadrupole #6{3-f) - #8(1-F) 19
" 10 Segrent Series 400 -- Dipole #81 - #2 21
.‘ 11  Segment Series 400 -- Dipole #B3 - #B4 22
; 12 Segment Series 400 -- Dipole #B5 - #B6 23
: 13 Segment Series 400 -- Dipole #B87 - #B3 24
* Segment Series 400 -- Dipole #89 2
15 Quadrupole Assemblies Measurements Summarization 27
l 16 Brobeck Permanent Magnet Dipoles 28
° ' 17 Power Supplies and Expected Fields far Beam Director 32
’ Conmpunents
.5 ~iy=
b TR RS 5A05ECK conpormnonJ




PO v e T pr s S e aE Sa Sl LmAs o e A A A
T T T T T T T L T L L I R R R A S R S N T U

BEAM DIRECTOR COMPONENTS FOR ATA TESTS

A system for directing a high-energy electron beam had been studied
earlier and a conceptual design had been developed. Several key components

of this design were identified and targeted for verification tests using

* the high intensity electron beam from ATA, This report covers two of these
components--the achromat and the vernier steering magnet which were built

e for testing at ATA.
The achromat is a major beam transport element of the beam director.
’ It is designed to provide 2 30 degree achromatic bemd of a 45 MeV electron
® beam using a combination of permanent magnet dipoles and quadrupoles. The

dipoles provide the beam bending and the quadrupoles provide focusing to
assure achromaticity to a first order. Since higher arder chromatic
® aberration may be present, a system of trim coils is provided to permit
. adjustments in the quadrupole gradients to compensate for beam energy
variations. The permanent magnet elements are made from a relatively weak
P oriented grain ferrite magnetic material, As a beam bending and focusing
device, its most unique feature is its light weight, which i3 required to
permit the rapid slew rates needed for a beam director. Testing at ATA is
PY : expected to show the extent to which the achromat is sensitive to the space
charge associated with high intensity beams and to permit an evaluation of
the vacuum requirements for successful steering and focusing a high inten-

8 sity beam.
The vernier steering magnet is an electromagnetic device for producing

a finely controlled angle of bend for the electron beam. The device has two

e sets of coils for bending the beam. One set bends the beam in the horizantal

o .
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plane and the other bends the beam in the vertical plane., By suitably
.. energizing both sets of coils, the direction and magnitude of the bend can
be controlled, The device is designed to produce a maximum bend of two
degrees in any direction. The peak magnetic field required ‘= fairly low
e so that iron is not required to provide a flux return path. A major
requirement of the design is that it be light weight so that high stew
rates may be achieved. For the tests at ATA, the vernier steering magnet
] is installed in a vacuum tank so that the environment can be controlled.
The tests at ATA should provide answers 'to critical questions on the suit-
ability of this type of vernier steering element operating with a high

® space charge beam and/or with ionized gases in the magnetic aperture,
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f The vernier stcering magnet is designed to produce a 2 degree bend of
a 45 MeV electron beam using two orthogonal sets of coils which can he

separately energized to control the direction and magnitude of the hend

¢ angle. Table 1 lists the target specifications and shows as-built valuwes
based on magnetic measurements. As may be seen, the required current is
somewhat lower than targeted because the effective magnetic length is longer

¢ : than initially projected, The cail resistance is slightly higher: conse-
quently, the required voltage is only slightly higher than the design ob-
jective,

g

The achromat is designed to produce a 30 degree bend of a 45 Mev
electron beam using permanent magnet dipoles and quadrupoles in a lattice
structure designed to give a 360 degree phase advance. The target charact-

.. eristics for the design are listed in Table 2. The arrangement of the
dipoles and quadrupoles are shown in Figure 1 and the arrangement of perma-

nent magnet elements required to produce dipole and guadrupole fields are

¢ shown in Figures 2 and 3. The focusing characteristics are shown in Table
3.

. The magnetic strength of the permanent magnet sectors varies slightly
from element to element. Also, the alignment of the magnetic easy axis may
vary slightly from the exact location desired, To account for the varia-

. tions in alignment and magnetic strength and to minimize any adverse effect
these may have upon the achromat, each segment was separately measured for
magnetic moment and orientation of magnetic axis by the Magnetic Measurement

® Group at Lawrence Berkeley Labaratory (LBL). Using these measurements, the

. elements were sorted prior to the assembly in dipoles and quadrupoles.
3
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TABLE 1,  VERNIER STEERING MAGNET CHARACTERISTICS

COIL LENGTH
MAXIMUM FIELD
MAXIMUM BEND
DIRECTION

PROJECTED VALUE

COIL RADIUS - inches
NUMBER OF COTL TURKS

COIL RESISTANCE - ohm
CURRENT FOR 2° BEND - amp
VOLTAGE - volts
INDUCTANCE - mH

MATERTAL

WEI"HT - pounds

AS BUILT VALUES FOR 45 MeV

CURRENT FOR 2° BEND - amp
RESIST

VOLTAGE

EFFECTIVE MAGNETIC LENGTH - cm

40 ¢m
147 gauss * .5%
t 2 degrees % ,5%

XorY

X - COILS
1.5
78
. 766
22.8
17.5
1.26
ALUH
1.6

18,3
1.00
18.13
46

-4-

Y- ootis
1.25
78

736

14,0
1.15

ALIM

1.5

15.25

14,5
45
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ENERGY
LATTICE
MAGNET DEVICES

REAM TUBE APERTURE
MAGNET APERTIIRE

QUADRUPOLE CHARACTERISTICS

DIPOLE CHARACTERISTICS

ABLE 2

ACHROMAT CHARACTERISTICS

45 MeV ELECTRONS

T O SRR, '-"-'S"ML:‘-..&.E".&M_.1

(¢ B op ap B 0] x4

PERMANENT MAG.
PERMANENT MAS.

2.84 em
3.24 cm
(16 QUADS)
GRADIENT
LENGTH
R]
R
MAGNET H%
(8 DIPOLE)

R
LENGTH
R]

MAGNET N7

PERMANENT MAGNET MATERIAL

FERRIMAG
Be

He

W

‘UREV

TRIM COIL CHARACTERISTICS

COOLING

A GRADIENT
CURRENT
VOLTAFE

POV
lNDUCTANCE

WATER C
FLOW REQ

=D
—_
r—
mm
Lame b )

DIPOLES
QUADRUPOLES

0.7 GPH

PENEN SROBECK CORPORATION i

T e T A e e T e e T SO W




NG Y e et e

ﬂ u H l ' £ [ 5

i

e A A Ry s tpm g e 2 e gt nen
[ R4 SO LR Py PN R VS AP WE AL NP Y

FIGURE 1. MAGNETIC LATTICE SHOWING THE ARRANGEMENT OF
QUADRUPOLES AND BENDING MAGNETS (DIPOLES).
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FIGURE 2, PERMANENT MAGNET DIPOLE

CENTER
® OF
CURVATURE
L
L
16 PERMANENT MAGNET ~SEGMENTS
ARROWS SHOW DIRECTION OF MAGNETIZATION
o

X T e T T o i e R T T TR T A T TSR SR 0BECK CORPORATION

-7-




AT L 2 T T R R T T R mzmm

'FIGURE 3.  PERMANENT MAGNET QUADRUPOLEV
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.. The assembled dipoles and quadrupoles were also measured at LBL. The
measured dipole fields were all slightly higher than the desired 1107
| gauss. The maximum value was 1126 and the minimum was 1115 gauss, On the
o ‘ average, the fields were about 1% high; however, the effective magnetic
length was, on the average, about 3.5% longer than desired. As a conse-
quence, the optimum energy for transmission through the achromat fs 46 MeV
o rather than 45 MeV,

The measurements of the quadrupoles showed that the integration of
their gradients over their length gives an effective B' x leff from 1.379
L4 ta 1,400 Tesla, This compares with a design objective of 1,362 Tesla.
Thus, the achieved gradient x length products are about 2% high on the aver-
age. This is consistent with the error in the dipoles. The trim coils

';’ #ill provide about 4,5% adjustment in effective gradient.

The dipoles and quadrupoles were located within the achromat assembly

in such a way to distribute the magnetic errors to minimize their influence.
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ll. DESIGN DRAWING

The drawings for the vernier and achromat are listed in the Appendix,
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MEASUREMENT AND SORTING OF P.M, SEGMENTS

Permanent magnet seyments were measured for magnetic moment and direct-
ion of magnetic axis at LBL, An example of data from these measurements is
shown in Table 4, The MAGID nuwwars identify the segment and indicate its
type and position by the first three digits. For this example, the first
viree digits of MAGID indicates that these sagments are for the short quad-
rupoles and for positions 1 and 2. These positions are shown on the design
drawings, At these positions, the angles THTAXY should he 180 and 135
respectively, A§ may be seen from the table, the angles deviate significant-
ly from the desired values, It is also clear that there is a significant
variation to the magnetic moments MXY and MZ,* [deally, MZ should be zero.
It was anticipated that there would be significant variation inspite of
steps taken to minimize the scatter in magnetic properties and orientation
of magnetic axes. Because of these expected variations, extra segments
were obtained so that, through a seiection process, the best arrangement of
segments could be mad:, Segments with large deviations would be rejected.
Values of MI were generally ignoied, even though a large value would indi-
cate some fabrication error,

Using a rather simple algorithm, the segments were assigned to a
specific quadrupole or dipole in such a way as to minimize the variation
in total magnetic moments for each type of element and to minimize the

summation of vertical and horizontal components of the magnetic moments.

*The table shows some values fram early measurements which shouTd be Tgnored,
The additional digit in front of the MXY value indicates data that has been
updated,
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TABLE 4
DATA FRINTED FAOM SCRTZZ DATA FilLE: AD2+Q814CE.SRT
ap—
-------- MAGNETIC MEASUREMENTS IMGINEERIMNG==—me—w———
---------- MAGNETIC MOMENMT SCORTIMNG PAGE 1

MAGNETS 2.053 IMCHES L3NG WITH EASY AXIS 2F 160.@ DESREES

MAGTD MXY THTAXY M2 ) DATE TIFE
CiMax-Ca Legreaz] [(Max~Cml

1312829 11251, -179.9 177. - 4-AUG-383 7:52: 15

i9iaL7 112464, -179.7 -213. 14-AUG~SS 10:59:48
181041 11279, -179.1 -44, 146-AUG-95 13:11:30
181333 112€3. 17%.7 -157. 16-AUG-83 11:44:51
131225 112€8. 178.7 11@. . 14-AUG-8% 11:32:49
131Zat 11785, -178.7 24, 20-JUN-85 14:48:34
131229 211232, -179.7 193. . 21-JUN-8T  13:49::7
181@L7 21142, -179.5 ~219. 19-JUN-83F  13:.7:59
101841 211343, -176.1 45, 28-JUN-85 11:13:44
131341 211344, -179.1 -54. 2L-JUN-85 07:25:44
1213833 211351, 179.7 -153. 2@-JuN-BS  11:23:52
12109z3 211334, 178.7 114. 2@-JuN-85  14:355:17
101833 211361, 179.8 -125, 21-JUN-85 Q7:17:19

MAGMETS 2.Q@93 INCHES LOMG WITH EASY AXI3 OF 135.3 DEGRESS
MAGID MLY THTAXY M2 DATE TIME
[Max-Cml [Cegressl [Max-Cnl

182224 11220, 134.5 -128. 14-AUG-8S  11:44:83
132234 112687, 174.3 z39. 16-AUG-83F  11:49:36
132013 11337, 177, -231. 19-JUN-85  13:26&:27
122202 11331, 173.2 -282. 14-AUG-35  @9:223:31
e e DR 11287, 32, 393. Z1-JuN-835 2E:11.34
.22322 11413, 32, -481, 16-AUG-85 12114339
127042 11419, 132.6 -4g87. 16-AUG-83  13:29:39
192013 111392, .33.9 saz. 2@-JUN-3S  11:27:57
132274 211713, 136.2 356. 17-JUN-ES  14:24:23
13223+ 2LL331. 135.1 IS4, 28-JUN-85 98:47:39
1323286  Z113489. L34.6 ~123. 19-JUN-95 i3:3L:i2
122202 211403. 233.3 ~-2357. 20-JUN-83  11:20:47
132342 211342, 132.7 -432. 19-JUN-85  14:11:33
182242 211543, 132.8 ~357. 19-JUN-8S  14:17:1%
-13-
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C’ Ideally, the summation of horizontal and vertical components should be
| ' zero., Because the angular orientations deviate fram the ideal values and
the mag”>tic moments are not uniform, the vecter summations do not yield
0 | zero values,
The final assignments for segments for the short quadrupoles is shown
in Table 5. The segments for this table were presorted to eliminate those
® with the greatest deviation in angle ar moment. The segments selected have
an average magnetic moment, MXY, of 11311.9 with a standard deviation of
52.97. This is less than 0.5%. Each segment can be used in any of two
® places and in either quadrupole (S1 or S$2). The ideal positions for the
segments are those which give the Towest average vertical and horizontal
component. The segments are systematiczlly moved from pesition-to-position
.. to bring these averages to their lowest values.
The assignments of segments for the long quadrupoles are shawn fin
Tables 6 through 9, The method for selection is the same as that for the

* short quadrupales explained abave,

. -14-
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: TABLE 9
E SEBNENTS SERIES= 300 QUADRUPOLE ¥ &(3-F) QUADRUFOLE 4 8{1-F}
q 1TEN Kd. Hay n THTAXY  DEL AXY SE6. HO. KLY  BLDC.ANG  VERY.  HORIL. SEB, M. MIY  GLOB.ANG  VERT. HORIZ.
%_ 301209 22933 -1a0  -§7B.9 -256.781  30120% 2293} -.78.% -840,254 -22928.7
i 301193 22307 416 -178.5 -230.74% 301193 22907 -358.35 399.6353 22899.15
3 g 22533 20 -179.8 343.2187 - JoL217 22533 -179.4 -157.308 -22532.3%
I 361129 22934 54 -176.8 -239.781  301i29 22936 -358.8 -480.335 22930.94
3 102146 22458 147 136.% 20.21B75 302148 22656  114.4 20632.44 -9359.29 B
Jo2138 22400 -39 137,7 75.21875 302138 22400  -64.8 -20449.0 9522.41) i
302210 213 9% 134.9 -114.78) "Jo2210 22793 -47.6 -21073.1 BeBS.737 ]
102130 22951 80 135.8 -274.788 302130 22951 113.3 21979, 26 -9078.15 .
303249 22692 693 %0.7 -35.7812 303219 22692 43.7 16240.49 15848.43 L
303139 22449 49 BB.2 207.2187 303137 22449  -134.8 -15381.0 ~1637%.1 e
303211 21z -45 B9.4 -45.7812 303231 22122 4.5 15954.32 16176.85 IS
ALASR] ] 2017 -17 71.3 259.2187 30313} 22817 -133.7 -16206.7 ~13487.5 i
in4148 - 2251% 195 44.7 157.2187  lo4leB  2251% §57.2 8726, 451 -2.739.4 o
. 304132 22581 -598 45.5 93.21073 304132 22581 ~22 -BASB.99 2093s.73 _ﬂ
s 304140 22629 =114 44.6 42.21675 304140 22829 -22.9 -8805.48 20B43.50 &
' 304204 22935 -4 44.8 -218.781 304204 22955 157.3 8858.473 -21176.8 4
Jo52 22334 41 -0.5 122,217 305221 22554  -90.5 -22533.1 -i95.818 ?E
305197 22504 -101 -0.7 172.2187 305197 22504 89.3 22302.32 274.9313 ' b
305205 2239¢ &0 -0.2 Bb.218735 305205 225%0  -90.2 -22589.8 -7d.8538 g
305213 22689 -327 -0.3 1.2187% 305213 22489 89.7 22568.68 L1B.6940 &
304222 22397 -140 -45.1 79.21B?5 306222 22597 -151.b6 -8411.04 -20891.9 E
306158 22630 -193 -43.4 456.21875 306138 22630  -155.9 -9240.51 -20637. 4 A
304142 224687 142 -44.2 -10.7812 l0atd42 22807 23.3 8973.740 20836.79
304150 22747 -6 -4 -70.7812 308150 22747 23,4 9033,923 20874.16
7215 22763 534 -8d.4 -84.78i2 367215 22163 136.6 15640.17 -15539.0
307151 22122 2 -90.7 -45.7812  307i31 mm -43.7 -16261.9 13889.3%
© 367223 227464 -412 -1, -87.7812 07223 22744 133.9 16402.62 ~15784.5
3 30N 22833 -138 -71.4 -156.78¢ 307135 22833 ~44,4 -15535,0 15746.08
] JoBzlé 22545 22 -135.4 131.2187 308218 22545 67.1 20768.12 B772.799
. 308200 22535 =104 -134.5 141.2187 308200 22533 -112 -20094.0 -8441,75
a 368160 22577 109 -134.9 99.21875 308140 22371 87,5 20573,47 Be03. 425
3 308224 2262% 37 -135.7 4. 21475 300224 22629  -113.2 -2079.1 -8914.35l
§ AVERASE 22674,21 0.006454 146, 3659 154.2208 22664.75 5.380111 ~13,3538 137.1088 22487.48 ~2.32187 3.320605
g
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The assignment of segments for the dipoles are shown in Tables 10
through 14, The process for selection is similar to that explained far
quadrupoles except that any segment can be used in only one position, but
in any dipole., Thus, the allowable trade-offs are from dipole-to-dipole.
Because the segments were received in batches sufficient for assembly of
only a few dipoles, the extent of the trade-offs was limited, As was the
case with the quadrupoles, segments with large deviation were eliminated

early on and a batch of 32 segments were sorted into two dipoles each with

about the same total magnetic moment,

BROBECK CORPORATION Sl



m
[
=
55T L9 12110°98 B3 LBv51 AERO'BBY TiG'491- Cil1ULS- F0°04BCt TSIV ZHT S¥BZ°OK] 5BZZI0D 18'BBYST  39¥4INY g
LIV (2718801 L7581 fS5S0 b929Ty  STiCRY- z'gil- 120 13581 v9zete ]
928801~ 21°GEHIT 4°SEL  TRIST  gHZ9IY szrieE- 7en1- 11 99LSE  awzely s
0ZST°00E R1°ZEIST &°88 8L9S1  (eZS1h STI'9KI- begS1- (1% SE9SL ZNISER g
LYCTOMY- ¥ETULIET 9°16 QLIS E9ZSIY  SZitaBZ- 9°95I- (8- BLST  COISIy 3
L0807 2CUHT0T1 M°SH BESCE  Z9Ile : CZI'9¥- &°Z11-  B1- EiSE1  Z9IHTY g

9891011 ¥Z9ZB0T STVY  IMGT  9¥ZMIY  §/8°20 0711~ 4B- ST SRZNIE

89° 15081 19497005 &Y n01ST  CEZSIY SLEEBE 5°Th-  #] 00161 SEZEYH

292981 89047 L01 'O 8I¥CE  I9ICT¢ GEBO9 K06~ SB- BZIST  ISZEIE

£8°0LZ0T 9°CLLTT- 4°B%-  WI9S1  092Z0N STUSEI- 9759- 108 Y51 o%zzte

15°22901 9 BE0TI- 1°9v-  OIES)  WRIZIY  CB'89 BU99- L T 7 141}

d 108867~ I*IBEST- 9°Z6-  LOWST  SHZUIM SLB'18  ¥'Zy- 981 L1 eziiy

¥ ¥E9°EBE- £'L69SI- 3°V6-  ZOLS1  BSZINF  G2I'SIZ- 9sk-  BYNT IO ACZTIN

] PIITI- £OGLE01- §'4S1-  9¥EST  BSZOIN, StaZr (a1~ 1911 9MST  BSZOlY

V'ISL01- 0°GHLOT~ A°¥EI-  OFIST  ZY¥ZOTY  §/8°B¥L 9'ZZ-  S59 oRZST  Z¥ZOMN

9°T9ZCI- H¥EET90T 9°421  €9ZSV  igZeok 50°82Z »'o - £9251  5Za0K

SUIINSI- 21B°TL9- S°ZBY  SIME1 IBIs0F  €1P°I9 G- 98 9ZRS]  19Z40Y

£°15809- Z9°9£Z11 &'CEl 0G9ST  9LZEOY STII9T~ 9757 0z1-  0S9CYy  9szEOF
£UL900T- 18°6STIT 4°TET  TLEST  O¥ZBOF  GLB'LYL 9K 8 TIES1  OVZBOW i

BYY'ESH- (2°BL2SL {16 GBIET  ACZLOW SL8'€0Z £oLy 1T~ SHIST  ALZLOW

489¥1°00 6L°F0ESY L°68 [0S SEZLOF  SI8°1B1 £UsH % 58 SSIiok

{01 6L°CZBOE Z°Sk  ¥SIE1  @SZoON SLE°8E2 £(9 SII K261 BEZ90)

10°4£90F BS'96£01 £°S¢  SLIGT  #SZ90F  CLA'SIE Z-(9 £]] SLIST  §SZ90b

91°265S1 OLBS SHZ T1°1 L5551 gSzsoN S(8'16 680 Bz- L6EST  £S7S0F

PO ETHST GaE88Y L°0 L1951 ISICOV  SI9°1L  £°69  Sh- LNST f5750)

BB°&PBOT Z*BIVNI- £°B¥-  GEGGI  9KZPOP  GZI°9¥- Z°S0T  fhe-  GECCY  95ZKOb

5 $1°70001 R*BYOTE- £°C-  BEKST  ZGIYOY §9°05  Z'fN1  SAS BENST  ZSZNOb

1 298°081- 6°T09GT- 6°Z6-  ZI9S1  SE2EOP  GLI'SSI- &°(S1 960 ZZ9ST  SEILON
i LEIS°B1Z ¥'OILCY- 2°68-  ZIISY  16ZSON STI's2z- K5y 582 ZST  I5ZS0N :
a3 VOLALTI- [UATS0T- 6°4€1-  QOAST  MEZZOY  SZITIMH- 47031 OtZ-  0GAST  MELZOM {
i 0°6¥Z11- Z°6T601- §°SSI- 16551  0SZZob STE'20Z- C'BSt 95K 18961 0§ZZOW ;
o ¥'BHSET- 0018 ZIT T°ALT  0OFE1  gSZtow TAR 1 ERFATYR N (1 00951 £E2T0N &
1 9°9L9CT- SPI'80I- $°§L1- ZL951  SRZIOP  CZI'BMI- 9'8Ll- &2 L8951 4H2I0Y %
2 "IIHDH  "153A  SNYUBD1S AWM COM ‘B35 CITMOH  CIY3A  ONW'G0T9  AYW  CON 835 AW 130 AYY1N] v AW DN WAL :
WM {129 » 370410 t 114 4 30410 06+ =531¥3§  SINING1S 5
kS 5
1 01 378vl m



)

eEh Tt

G

| mrmenmnaep e e e e
s sl 0

!

1%
:
ki

=

19708~ L297101-

LO9TTRI- 9782908 2°95T
SETTIST- £07959S1 (104

BI 98581 ¥Z765ENT 8Ty
05°1L5C1 ¥1°08¥1- £°S-
FETCAL0T BTTLOTT- 1°6Y-
90§ "SLG- ¥74890T- 1724~
5706015 S°ZL01- (51~
1'60Z81- ¥FE0°Z6Z 4°8L1
C6Lh11- BSTEONOT B LET
CC0°Z4S- T3 11461 2728
SL°0660% T TTLOL +°4Y

¥97L4S5E 0287 1(8- I°1-

L5°8LSTT B°EYI05- [°¢y-
L£ot°Lay- £TIICST- @°(6-

BI59601- B 59601- SL§
£ I0L81- 9o oRET 1°6L1

GT TOSCH 11N "SC) BLYZ 6B~ STLS T4~

[ 249
85951

tysel
144
14861
00181
£91¢1
Zizgs
76¥51
£Z451
£6£61

R19¢S1

[5: 159
L1354

80581
19481

"TINOH Cl¥3n ONB'A019 AXM

8 ¢ 310414

[1:14 )14
14444

3iivly
£6Z5TH
zTEY
112411 ]
W0l
ommmo-
[1:14:10 4
18ZL0%
98770%

St 0w

89Z10¢
fazgoy

fA: 1441 §
1BZ104

‘DN *935

£°8I808- L0°vEL1Y

§3¥°L1T- B 0LgST
BZ°19801 I5°IS011
T3°CEEST ZHOZ'L0]
09°81£01 Z'BEII1-
£5L81708 ["EI1£C1-
8°zaASet- Z°0kZ11-
FUOEZCT- CAL L~
1°66B0T- £9°18101
980°6B4- 50°GoZST
92740801 09*1LL01

54°ZLL51 £0%"4L0-
&5 16ETE HU0T90(-

i90°028- ¥ PLLST-

L LLon- LUsere-

[ 39

8°0s
4]
ro
1°9-

L7e8-

BY“LBYIST ¥£86°907 Z904°ZPT 00BL100

S9LST

L1581
95451
9SI5I
214 1

#1261

it ¥4 S 14 19 ¢

67087 LE244]
£°6Lt 8zL6t
L°86 £Z35¢
&'k 09251
i'e- L6561
1°84- C09&t
£b- st
BTEET- <009

P'R9951- 10£°920- ST6L1- 599G
BNP J0T9  AxW

‘L1400 13

{

FEA * pd10

11 319Vl

6291y

BLZSTY
LLYA21 ]
LITETY
143441 ]
AR
06Z0TH
ELZAOY
zLzaoy
1LILO¥
0LZ30%

492508
Yazy ot

L9220

992ZOY

CZ10d

1£G°692- ¥ oS1-
SLBTY A9 ’°B31-
15850~ £°6gi-
L186°2L- B SEI-
TITE Tk~ £°401-
SLA9P'E 0°LII-
GIBI# 95 £ A~
La9r Ch] ¥ 04-
IS LL- ¥ 19-

CLBIY"1F ¥°99-
1667002~ &°Z¥-
£B9¥°GHT £°GY-
£399°¥st 6102~
$L89Y°B9 T°92-
189y°182 1718
{BI¥°B5Z 4°0-
SLaY’L 18l
[1: L1 R TR A 44
GLA9% 9L B°ZY
LB9¥°ZLY £ 14
199%°%11 1°89
139y 6ET 7749
res ate- 7754
837201 2788
1£6°201- 9°011

Zi(5°68- 97081
1£6°9¢Z- 07851
1L 6l- 991
1£5°505- £°951
St1£6°8- iS5t
1€6°19Z~ 1°6L1
TCS°GRI- G Bil-

‘ON ‘933 AIN 130 ATVIHL

&89
19-
414
£6¢
for-
b¥-
Zi-
irl-
sZI1-
-
SLLl-
8L~

§go01
24}
8-
198
151
bL1-
BO1

I8e-
§BE~
601
96z~
203

961

-

oy

£y

8-
1)

Aoy

4756381
89161
pEvSY
BE9S1
(551
c¥551
96451
131149
P5EGT
LI85T
19 491
00£St
p1EST
SelsT
15861
Z1L51
13251
F64G1
8LSt
£¥SI
L1851
£8£61
09281
819G
L6851
2096t
:18414
HL5T
41551
50G9Y
80581
19451
£9981
AXH
=531¥35

EELLEL)
96Z91%
08T914
SLTSTY
[724414
Bizeiy
[ {34404
PLIARY
LLTSETY
LTIy
143241 ]
CITITY
16ZTTH
pLZ0TF
06Z01Y
SBZ40Y
fLT60%
ABZa0Y
(#2411}
LRZL0V
Tezioy
98Z90%
0£790%
[4:TAs
692504
8240
:hM U1
19Te0v
tezgor
95ITOr
[4:1440 4
1BZT0%
G9Z1CH
'O W31l
SININTIS

-22-

BROBECK CORPORATION SN

-

1 Nl

O AN SR PRl €T o S I I i ot

SODATE /

v
i



§
3
Y6°5ST- ¥I99°85- TF°SZSSY ¥SBL 96T LLV°291- 1L19°CYH- GL'916G1 LOTT°SET 14657917 €54510°0 BI°0ZSST  39uyany &
i 0°G¥CE1- 5B°GSA0T 5981 b1 %41 ZIE9TY  Z1B°SHR- 0oeSI-  {¥ZI1- 1451 ZIE9Y m
COFILTI~ €9°34T1T £°6E1 :12.14) BZEIN 2197 (62~ 8°L01-  Tbl- B145% BZItY ]
BTEOTPIN #1749 ¥ 8 0L9c1 114Sty ZIG'6R1- p tgr- ool A ] sy &
87188~ SLEIICT ¥°1H 019318 LZSGIy  ZIB'801- »°951- @1 oL9s1 LTS81Y 3
TETTOYI01 SLUTSTIT 99y LLELIN o1LkEY SLB1°Ye  Iwil-  9%- 90%G1 [3421] K3
SCUOVS01 SLT0¥S01 St ZLrst IEYTY  CBI'BY G°TII-  £¢ [A414 | brAY
TLTESSST LLo°LRol 8°% 885¢t SIELy STIR (Y- 8 k- S9¢ 8954 STIL1Y
LOTOWRST LI (BL- 6°L- 09851 S0ECTY  STIB'EL- 1°¢9- Si- 09551 505EIH
99°S9801 £795071- £79%- £4251 BOLT1Y Si81°izT Ty9- s B £4251 201y
W 94 89401 0°0£010- 9°9%- 9Lzct ¥ZEZT1Y  SLB1CYET 5759~ i9- EiYA [[AYAL]
% 980°5E0~ ¥ 6L¥SI- CU04- 0avst setee SLa1°0%y G bi- f&B- 68¥51 £Z811y
m 444 10¥ [°0L0GI- §'@8- k%34 LOETE  CLBY°¥RT C 9%~ 09g-~ st tostiiy
: £°E1001- 6*11401- B'EE1-  €98CT  Z2folh SIAI'SSE (U1Z- SYT ST zzoolh
o © o 0°GEA0Y- ¥°ALL01- I°CL1-  BAZST v0L01%  £Z81°72¢ £°22- {9z~ :LY44] Je101
ﬁ 1*90¥SE~ 48E 962~ L7181 3444 Sof&0r cear 1°1- LRI~ 6L¥S1 SoLs0
m : L*TLICT~ 19¥8 625 BL1 P14 12865%  GIBU°8If 0°C 0S1- 4:284 ) 1ZLéo0r ‘
& 0 50901~ T PZOTT 4°9CT 001581 y0580% $81°0ZL 9°LL £99- 00est [Lus:01 3
4 O LRLOT~ LO°EHL0T SKT 1Y.1414 02£80F  §InITIZE §72C 41 1134 0zgaot !
VISLTTZ L4°5755T 4°6B 1£61 &ITLOY SIB1°HOZ 1°CH Bz~ gigsT 515800
FIDTLLY- TT°R0SEY S°Th 1285t £0LZ0¥  SZIB'O~ G°TH SLT1 11558 £08L0Y
TTTH1T0 S4°CI50T 278y 55161 ais90r SL81°191 £°49 8oz 65251 BILTOY
SL°L480Y [9°4BOLT S°S¥ BYSSE Zo£0k  SZIBTL2- 0°19 Tl BG51 T0S908
L1°18E8T ISL°¥82- 1°1- ¥6551 161S0¥ SIBI'9]T 114 98- Eoget 10£50%
16°P¥15T 0ZBL°9Z- 170~ Srislt LILS0F  5L01°GL1 1708 1 SHLSI LIE80V
20°SPI0T £°BLBIT- Gréb- 12951 Figv0d 2187001~ 07N 199~ 1zest 91se0¥
1 ZIT vhaL T EIBTL- bbb~ 91661 00LY0Y SE™°Y  ¥uN S#i- 7188t gy T ]
i L¥¥07IL §°C94ST- T°48- ¥BIST B8ZEOF  TIBTIW- ETIEN 8ig- Y361 [1YAY
1] 089" 16E~ £707957- 4°Tb- 16951 giggoy CT1870E1- 4251 9z- 15961 CitLos
“w §UY90LY- TS0~ 1°6ET-  19sC1 B5IZ0%  Z1B°0M- 7191 851 19551 BETIOY
o 9°0z80%~ £°T8Y11- £°981-  BLLISI 15200 I18°(S7~ 87561 9zL BLLST F1£20Y
WM L°998C1- ¥y TBE1- §74L1-  GIBGT £IL10% TIB°¥¥E- §°pL1-  Bb- G9851 15108
m €99€1-  gt-3c's omt €9951 E6Z10%  Z18°9¥1- 07090 o £9958 L6T108
m” TIHYON CI¥3A 0 BNYCADI9 ARW "ON 535 CTIMBH  *i¥3IA  PNUCE0TE AXN ‘OGN S35 AIR 138 AXUIRL 1) ATH “oN W3
mm I )78 ¥ 370414 t 189 1 370410 a0 =52143S  SIN3W93S
i FASEN 71
T ® o @
¢ ® L » ° * ) o [ ®



G Ak B NP

O
LAy

byl

9S40~

8T LIRII-
S1-31°4

arzeolt
§9°LLLS8T
S6°81501
1a¥5¥°08
Leozni-
a-aLz8(-
94801~
SY-3T°6
AL 12501

167BSEST

9" 65111
[33:1.7 e 24

b°Ces1T-
L°h1L81-

“1140H

! }Bg B 370410

(UL
S5U5P601 77981
8za51 s
89°Z¢80T ¥ 4y
8HE°89Z |
B GA0I- 9¥-
L£719851- L7488~
¥ r18907- §°55i-
Z8°BYIT1- £794T
TLTTHITT L7451
S4851 06
S0°GEANL B9y
T Lh6- L8~
0°L2901- 9°%%-
5°£05C1- £'48-
6" 91501~ L°BEN-
1£B7'78- (541~
‘1836 9NY'8078
*

fazesr

#1861
[:14: 11

[1.134¢
LS
24441
T9%51
Z1sst
{2434
1541
S6est
I9¥S1

16L51

0198y
Y8561

5968t
13 7541

AN

Te1v 007 BIL°BIL-

S1az1i-

9Lty

45551y
YOz LEY-

L3430
6582801
15951y :
00 Z£581

ERTIY
¥ 11001

SSETlY
¥IL L9~

01N
. ¥ b5L0%-

L
BT E46#S1-

geiaor
°C0L01-

1S2L0%
L9800t

ELI08
[ N: T

s¥ESON
L5951
88 LLrlT

Titror
To5° 188

158508
v bTLBIT-

oLstoy

sZ810¥
Z°Lv091-
‘ON °935  C1uON

@

SL°9IGST 1907061 B&4S 561 EBSZI0°0

178892~
ay°g9941 97911 £I561
S46°00651 9°14 SI581
9701801 T°GY £I851
bOLe ISt £°1 92361
VLI St4h- SISt
T Thysi- CoTs- 15¥58
1'28800- ¥ i1~ BigsT
L8LE7881 £7b48 19581
£8°8001% Z7ef1 95858
S8 I8LET £76B £65C1
LOTANOT L°5% gaist
657T0TT 17y P14 |
LT S e 4 J aI9s1
g°13351- £°48- f89¢1
T80T~ T°GEI-  BGLCT
1¥2°095- 81~ £5091
T143h SNYCB0TD AXW
{ )9 % 370410
mﬁ.uam<h
®

LENY ]

% PX3E]
P4 09 A
1hESTE
orcZiy
bEETLY
BILO1Y
LIT400
81808
SEtioy
agR9o0y

TLEC04
BYSHON

135109

ysZoy

E#LTOH

GZ9°%-
SI9°I6Z-
$Z9°60L-
Sigtd

| S 14
§L8°601
S0 901
g9 f1-
AN 14
et
SLL°091
Sissy
S8°01
A9 13
SIL°00
SILIT
CI9°£9-
Sig a9
1A FA
SLetell
Sig°0v
Sig oLt
GIE 158
1A
529°G6-
SLEin
§19°091-
SI9°19-
£29°11£2-
St Ive-
SL9°2a1-
SZ9085-

‘ON “035 AXW 30

1°661-
L7851~
05~
9921~
£ 48t~
92
0 18-
£16-
£°99-
0°19-
£7ey-
4 O
L1Z-

.

~3

™~
1

0O PP
R O
r] @ r~ U

-
-

1in
£heT
b5l
B 181
(AL
LTBLT-
nell-

ATY I

it
Sko-

i~
8E1-
yii-
rez-
AN
99z
8211~
-
&l
24t
r-
&6
Zrol-
1

o0t~

16~

90!
™

004

4L ET661
[X4441
£1851
azasi
Gisst
L6931
£Tpsl
94851
1551
[ 1444
ClySt
9951
L5¥51
2IEsT
61551
s
19551
7dgcs
9581
11084}
£5£61
951
99161
15161
£8E1
gregt .
OISl
iBect
¥3551
L34
S48t
S1481
15091
AlW
=531y35

39Yu3any
L4801
0959ty
2289 1)
SPESTY
a5chiy
ZrEr1Y
{5¢51Y
11101
9SCTIN
oviZth
el
bEf1ly
FCEQIY
BELOIN
£5L40
LESHOY
5780y
156800
188104
SEEIoY
¥EETOY
055908
6PESOY
L5850
Brib0Y
TLLYOY
£¥5S00
155508
eizoy
GLEZO0N
(Y441 ]
429411
‘0N §311
51M3u333

-24.

JROBECK CORPORATION

A R I T S T I T T



S B R
i

* TABLE 14

JIUENTS ERIESe 43 HMALE# 3% )
TRV My M1 TATARY JEL WXV SE3 NG, MIY GLGRNE waAT, 4Rl
WA - IR HLEE 400360 187 9.7 83.1158S -i597L.7
NN W8 106 -171.0 -325,473
0231300 15963 T8 1812 437,875
022 1578 -IST 1900 -2SNBT 402382 1STAT -134.8 -11260.0 -11065.2
03N 155 -2 1.8 -5.80
! LI WY pat R E TR N H A S LT 42 -13703.4 548,378
' ST =5 UL UnIs
0434 13438 ¥ UL 2025 04344 15698 42,7 -10510.1 1178970
® 0535 1NN BN AT KT 1N 1.6 -2033.57 (520093
3490 1SN -7 T 136123
06358 147 WO SI20 0eles  (SHTT O L9 L08TS.SE LIS
§063500 L2186 -3 6.8 341123
Q7361 15518 g0 5.8 9.2 40a6? (DM 917 1Z5U4.55 324,984
WITES 15395 b S AR YA P
¢ 48368 13383 |13 T4 MAIZE WELE 18T 13 10997.26 -1101dd
. 4085520 151%h o o3 LG
LAM BV I L0 0I5 9ISy 1348 177 09,9892 -1547¢6.8
LIPARXD B HEEH) -4 ALY 26115
LHIRY (| B M D - LKIZE 4037 1SSIT -135.8 -i0RIS1 -1HiilLg
403540 L3512 W9 -T 1505
® fan En 187 -3 423 M8 T LS 152877 -399.900
413530 153 -129 453 16D
M7 SR 3R TR 69,125 48T 1SHEB -4LL1 101417 1164358
W50 1S 122 -5 29B.125
HIY O 1WT 167 -0 70,125 M3 s 4 1078.225 13419,
UIDE7{ N oy S L WU P
L AN 1063 118 -l 29.425 M4 154SE 32 10669, 10 1097.55
430 15w ST { 9 A N P
WIS Oum -n L0 -NLENS 4B I §7 1375737 32535
HEIS0  (SB -%45 -13S.0 100370
L M 9 -I3%1 LI
45376 191 -3 -1 386,75 MATTE IS4 10S.6 ITLH -TTO,
® WeEaREE L8E27.12 0.004030 219,802 191, 3073 (535448 2L '.4c4a7.

4

*

o

L R T B A e T N T S T T Y NGy e AP SR T KIS 5RO 8E CK CORPORATION d




¢ B T T T R T o e A T T B O A S
.. MAGNETIC MEASUREMENT ON ASSEMBLIES

The dipole and quadrupole assemblies were measured at LBL. The data

on the quadrupoles is summarized in Table 15, The values of R leff shown

®
' in the table should be compared to the design objective of 1.362 for the
tong quadrupoles and 0.681 for the short quadrupoles. A1l of the units
'. ' show 2 slight offset of the SC axis. This offset translates to a superim-
posed dipole. Taking into account the direction and ~agnitude of this
offset for each quadrupole, it was possible to arrange the distribution of
o quadrupoles to minimize the beam deflection due to this very small offset,
The data for the dipoles is summarized in Table 16. The values B leff
should be compared with the design ebjective of 100996 (.1107 x .09). The
9 maximum angular error is about 1 degree, The quadrupole caontent is small
. but the sextupole content is perhaps higher than desired. To minimize the
influgnce of the sextupcie content, the dipoles were arranged to distribute
PY this component along the beam axis.
o
]
|
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TABLE 15.

QUADRUPOLE ASSEMBLIES MEASUREMENTS SUMMARIZATION

..!IATASET GUuaD  ORIENT  SC AXI® SC AXIS  E‘Leff QUAD  ALFHA D

11056C0
1104C1
1106L2
1106€3

112540
112541
1125A2
112543

i104C8
1104C9
110400
110601

110602
110603

1108R0
1108ER}

110800
1i108n1
110802
110803

1125C0
1125C1
1125C2
1125C3

1125k0
1125k
1125k2
112585

112500
11250
1125p2

112503

1106E4
11064ES

1106E8
1104E7

10

1]
8D
an
81

1F
1F
1F

IF

20
2D
2D
2D

3F
3F

aF
4F
4F
aF

SF
oF
SF

oF

&0
6D
&0
6D

S1
S1

-
P

52

Norm
Norm
Rev
Rev

Norm

Nore .

Rev
Rev

Rev
Rev
Norm
Norm

Norm
Rev

Norm
Nora
Rev
Rev

Nors
Norm
Rev
Rev

Norm
Norm
Rev
Rev

hora
dorn
Rev
Rev

Horm
Norm
Rev
Rev

Norm
Rev

Notm
Rev

OFFSET
{an)

0.14
0.15
0.17
0.17

0.0%
0.09
0.10
0.10

ANGLE
{des)

98.3
97.9
-111.¢9
-111.9

27.2
28.0
-147.6
'149.0

‘10605
=1072.0
&§7.7
b6.4

70.2
=174.7

43.2
42,8
‘35.1
=3%.0

1532.8
168,0
-178.8
174,82

2,9

22.

~141.3
f14104

15.5
85,6
'12300
~123.8

eolo
7947
115,46
-315'2

-64,4
98.1

144,9
-17319

-27-

ANGLE
(Tecls) (deg)
1,379 4.4
1,379 4.4

1.379 '17501
1,380 -i7%.1

1.387 +3
1,384 5
11388 -174.9
10383 ‘175»0

[ X ]

1.374 -176.0
1,370 =1746.0
1.376 9.5
1,377 Se4

i.381 5.
10386 -1751

1.388 S
1,388 o
t.389 -174
1.3%0 -174

1.398 5.7
1,397 5.7
1.399 -176.4
1.398 -§76.4

1,400 5.0
1.400 3.0
lv402 '17402
1,402 ~174.72

1,400 4
1,400 4
1,400 ~173
1,403 _17'10

1.3€3 S
1.383 5
1.384 =174
1,383 ~174.,50

0,498 4.6
0.6%6 -i74.2

0.594 9.7
0.492 -174.4

{des)

0,125

0.100

-0.37%

~0.250

=-0.150

-0.523

0.413

0.100

0.300

~0.025

Rleff
(aT-M)

0.221

0.083
0.083
0.056
0,054

Brobeck Carpuration
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/N

B2
83
B4
85
B6
B7
B8
B9
B1*

TABLE 16.

BROBECK PERMANENT MAGNET DIPOLES
27 November 1985

PP VIR R ek S TR S g S e Ay AR 1y - -
HE TR LA PN O Y A o i A i Wl I

*Measurement redane.

Quad, Sextupale
B leff B Dipole Dev, Relative Relative
{T~m) {T) (degree) ] )
0.01030 0.1120 -0,43 0.5 4,8
0.01027 0.,1117 -1.14 2.0 4,5
0.01028 0.1117 +1,00 - 2.7 4,0
0.01028 0.1115 +3.01 2.2 6.0
0.01032 0.1119 -0,74 1.2 5.0
0.01033 0.1124 -0.93 1.0 4.1
0.01034 0.1123 -0.32 2.4 4,5
0,01030 0,1117 -0,46 0.6 3.4
0.01035 0.1126 -1.01 1.0 2.7
0.01029 0.1119 0,96 0.5 4.8

-28-
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ARRANGEMENT OF ACHROMAT ELEMENTS

The dipoles and quadrupoles were arranged along the beam axis in such
2 way as ta minimize the effects of magnetic errors,

The quadrupoles were arranged in the following order along the beam
path:
' s2, 1F, 20, 3F, 70, SF, D, 80, Sl

The $2 and 51 quadrupoles were installed in the defocusing positions
and the 8D was rotated 90 degrees in order to use it as a facusing unit.
Tne 70 quadrupole was rotated 180 degrees to balance out fts dipole content,
Because the 4F quadrupole had the largest offset error, it was set aside as
a spare,

The dipoles were arranged alomg the beam axis in the following order:

81, B4, B8, B3, B9, B2, B, BS

Because B7 had the highest combination of quadrupole and sextupole
components, it was set aside as a spare,

The arrangement of the dipoles and quadrupoles to minimize the effects
of errors in dipole, quadrupole, and sextupole content was hased on a
simplistic attempt to balance the dipole and quadrupole vectors. [t was
not rigorous, but the arrangement, in any case, needs to be documented and

is, therefore, shown here,

9=
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TESTS AT BROBECK CORPORATION

Prior to delivering the vernier and achromat to Lawrence Livermore
National Laboratory {LLNL), the units were tested for vacuum leaks. Tn
addition to leak testing, the vernier coils were aperated at design current
in vacuum for a short period of time. Calculations show that full current
can be sustainad for up to two minutes without cooling, Since heat transfer
inside the vacuum chamber is difficult, operation times longer than twe
minutes at full current, even with the cooling water on, is not advised,
At half current, operation should be limited to eight minutes.

Test on the achromat other than leak testing consisted of operating
the trim coils at part toad. No adverse heating occurred.

Since the polarity of permanent magnet devices is fixed and cannat be
reversed by simply switching the coil leads, a polarity check using a
compass and a current-carrying tensioned wire was used at the time of

assembly to verify proper polarity for steering an electron beam.

-30-

BROBECK CORFORATION SN



- TRER e § ey e ) SR YATYY e % LG & Eee e s s ey
M L T T R e L ORI B I LD T STIRSRR .%Ltm_’?f»%muw

QD.

L)

L4 R T Ty D T S AT A L T e A R e T ST i P S N RPN B ROBECK CORPORATION A

RECOMMENDATIONS FOR POMER SUPPLIES

The power supplies and expected field for the vernier coils and achromat
trim coils are shown in Table 17. The trim coil current of 4.35 amp to
produce a gradient of 64,3 G/cm corresponds to a 4.6% adjustment relative

to the design point gradient.
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TABLE 17

FOWER SUFFLIES &ND 2RFIUTEl IELDS
FOR BEAM DIBESTOR COMFOMENTS

VERNIER GTERRING MAGNE™

X-CJILs
CONDUCTOR LENGTH
COND. RESISTANCE
CURRENT & 3z G
VOLTAGE € 20.83A

Z&% Fefd
LISE OeME

0,23 F

.3V

TS LR | B 1

Y-COILS
CUNDUCTOR LENSTH = ZZZ =EET7
CCMD. RESISTANCE = .24& OHME
CLRRENT @ 132 5 = 17.i4 A
VCLTAGE @ 17.148 = 4,22

FOWER SUFFLY

TkU FOWER SUFFLIES NEZDED

Max, CURRENT = 25 A
MAX. VOLTRGE = B ¥
REGULATION = 0.2i%

FREFER CURRENT REGULATION - FULSE BRSIS

ACHROMAT TRIM COILS

CONDUCTDRS 18 GAGE. S5& TWRNS/SLOT
CONCUCTOR LENGTH = 2400 FEET

COND. RESISTANCE = 15.0 OHMS TOTAL
CONNECTIONS ALL CODILS IN SERIES
CURRENT @ 64.3 G/cm = 4.35 AMFE

MAX. CURRENT TOTAL = 4.3 AMFS
MAX. DC VOLTAGE = &7.5 V
INBUCTANCE 6.0 m R

TIME CONSTANT = .40 m 5

FOWER SUFPLY

MAX. CURRENT = & A&FES
MAX, VOLTAGE = [J0 V
REGULATION = O, 1%

PREFER CURRENT REGULATION - PULSE BASIS

-32-
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RECOMMENDED TEST PROGRAM

The beam director caomponents require verification of their operating
characteristics at high current density where space charge and ionization
of residual gas may have significant influence on performance. The electron
beam at ATA can provide sufficient current to permit meaningful tests to be
performed. [t is desired that the beam transport characteristics of the
achromat and vernier steering magnet be measured aver a range of beam
current densities and residual gas demsities,

Because & tightly focused beam at high current can produce a current
density sufficiently great to cause physical damage to the c:-oonents if
the beam strikes the wall, it is advisable to make preliminary measurements
at low current and small spot sizes. A collimater and beam scraper upstream
of the components will be required to 1imit the beam diameter. It is also
proposed that prior to testing on ATA, tests using a low current beam from
the RF linac be performed to characterize the achromat and vernier steering
magnet, Measured characterics for the low current tests should be compared
with calculated characteristics based on the magnatic measurements and
physical arrangement;

For all of these tests, it will be necessary to detemine the phase
space coordinates of the beam entering the component and to measure these
coordinates on the beam exiting from the component. The beam leaving the
component witl be acted upon not only by the component but also will be
acted upon by ionized residual gas and by its own space charge forces. It

is detired that the component effects be separated from the ionization and

13-




.. spare charge effects. Thus, the measurements on the exiting beam should he
made in a vacuum to eliminate ionization effects, Careful planning of the

test procedures will be necessary at each stage of the testing.
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.. ACHROMAT BEND MAGNET DRAWING LIST

Achromat Interface & Vacuum Test Assembly 9501781

Vacuum Transition Flange 95C1774

Adapter Plate 95€1775

¢ Bolt Ring 95C1776

Diaphragm Plate 95R1777

Adapter Spoal 9581778

Bearing 9581779

Alignment Bar 95B1780

Downstream Mounting Plate 9581782

] Spacer 9581783

Stud 9581784

Achromat Assembly 9501749

Housing 9541739

Beam Tube 95C1752

QuadrupoTe Assembly 95C1750

9 Dipole Assembly 95C1751

Trim Coil Assembly 95C1740

Magnet Spacer 95R1738

Water Manifold 95C1743

Flange Ring 95C1744

Adjusting Sleeve 95C1745

0' Retaining Flange 9581746

' Retaining Sleeve 9581747

Barrier Ring 9581748

Focusing Quad 9501732

Defocusing Quad 9501733

Segment Carrier - Quad 95C1736

¢ Dipole 9501734

Segment Carrier - Dipole 95C1737

Manifold Fitting 1/2" 9581741

Manifold Fitting 1/4" 9581742
®
®
®
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VERNIER STEERING MAGNET DRAWING LIST

Vernier Steering Magnet Installation 9501728

Coil Assembly 95E1708

. Lock Nut 95C1710

+ Interface Flange 95E1714

‘ Downstream Mounting Plate 95E1716

Manifold Clamp 9581717

Supply Manifold 9501720

Return Manifold 9501721

. Magnet Power Input Flange 95¢C1723

- Magnet Cooling Innut Flange 95C1724

Water Supply Connector 9581725

Water Return Connector 95B1726

Spreader 9581727

Magnet Power Terminal 9581729

“) 2-Port Exp. Tank 9501769

N ‘ Pump-put Spool 98D1771

Tank Spool (50 ¢m) 9801770

Cover (6" Port) 95C1772

Coil Spool 9501707

Coil Y42 X 5 9501705

PN Coil Y12 Y5 9501706

1 . Coaling Coil 95€1709

Y Coil Spacer 95C1712

X Coil Spacer 95C1713

Cover (12" Port) 95€1773

Manifold Fitting 1/2" 9581718

0 Manifald Fitting 3/16" 9581719
1]
0

®
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