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Appendix A.l: Policy for Quality Review of Machine Components 



1. 

2. 

3. All vacuum component drawings must be reviewed and approved 
by the Vacuum Group. 

4. All magnet drawings must be reviewed and approved by the 
Electronics/Power Supply Group. 

5. All supports must be reviewed by the Alignment Group. 

6. Installation drawings are to be reviewed by the installation 
technician supervisor. 

7. All drawings of hardware to be installed in one of the 
machines or tooling to fabricate hardware must be reviewed 
by the MOSG Design Group Supervisor before release to the 
MFD, Purchasing or Document Control. The review will be for 
overall quality, completeness, and conformance to drawing 
standards. Drawing revisions need not be reviewed unless 
they reflect major design changes as defined above. 

a. 

9. 

Design projects for any of the SLAC machines (SPEAR, PEP, 
LINAC, Damping Rings, BSY, Arcs, and Final Focus) shall be 
reviewed by the Machine Operations Support Group (MOSG). 
A formal design review shall be held for major projects and 
shall include consideration of: 
A. Engineering factors - stresses, thermal problems, etc. 
B. Design factors - function, alignment, I&C interfaces, etc. 
C. Fabrication - tolerances, materials, etc. 
D. Installation plans 
E. Schedule and budget 

All final designs of new components and major design changes 
that affect the function or installation must be approved by 
the respective MOSG area engineer and the area operations 
manager (Accelerator Department). Installation and assembly 
drawings must be signed by the area engineer. 

During the fabrication of components, MFD will maintain a 
file of prints which will be marked to indicate problems 
found and changes made in the course of the job. All changes 
must be approved by the responsible design engineer. These 
marked prints will be returned to the respective design 
group supervisors. The supervisors, along with the project 
engineers, are responsible for insuring that "as built" 
changes are made to the drawings. 

During installation of components, MOSG technicians will 
mark prints with "as installed" information. These prints 
will also be forwarded to the Design Supervisors for 
drawing revision. 
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CKNERAL DRAFTING INSTRUCTIONS 
PROJECT ENGINEERING STANDARDS 
STANFORD LINEAR ACCELERATOR CENTER 

March 29, 1988 
PREPARED by 
Checked by 
Standards Group App. 

SCOPE 

Purpose 

This document describes requirements for drafting practices and shall 
apply to subcontract and formal project drawings. 

1.2 Exceptions 

SLAC Prototype Format drawings to be used by "in-houseV1 shop services 
need not conform to these requirements except where specified in SLAC 
DS-016-110-10. 

1.3 Consulting 

Drafters shall consult with their supervisors when in doubt or in cas- 
es not covered by this standard. 

u Additional Drafting Standards 

For additional drafting standards in specific deciplines, refer to the 
following: 

1. DS-016-110-04 - Mechanical Engineering Design and Drafting 

2. DS-016-110-05 - Electronics Engineering Printed Circuit Board 
Design and Drafting 

3. DS-016-110-06 - CADD System Design and Drafting 

File:Gendraft DS-016-110-01-R 
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APPLICABLE DOCUMENTS 

The latest issue of the 
standard to the extent 
precedence in event of 

following documents shall form a part of this 
specified herein. SLAC Standards shall take 

conflict among SLAC Standards and Documents 
listed under paragraph 2.2 and 2.3. 

2.1 SLAC Standards - Design 

Document No. Title 

ARCHITECTURE 

DS-011-200-01 Building Concrete 

DS-011-200-02 Building Masonry 

ELECTRICAL 

DS-013-140-01 

DS-013-210-01 

DS-013-220-01 

DS-013-230-01 

DS-013-230-02 

DS-013-320-01 

DS-013-320-02 

DS-013-320-04 

DS-013-410-01 

File:Gendraft 

Plant Facilities 

General 

Service Voltages 

Equipment Phasing 

Wiring Identification 

Conduit Identification 

Receptacles and Plugs 

Wiring Methods - Fixed Installations 

Wiring Methods - Portable and 
Temporary Installations 

Motor Control Centers - 
Controls and Starters 

DS-016-110-01-R 
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DS-013-410-02 Electric Motors 

DS-013-610-01 Light Intensity Values 

ELECTRONICS AND MICROWAVE 

Wiring 

DS-014-110-01 

DS-014-110-02 

Identification Coding, Insulated 
Hookup Wire 
Color Designation, Multi- 
Conductor, Paired Comm. Cable 

Equipment 

DS-014-200-01 Indicator Lights 

General 

Color Code for Resistors DS-014-710-01 

DS-015-300-02 

MECHANICAL UTILITIES 

N 

Identification of Piping 

DOCUMENT CONTROL 

AP-041-300-01 Document Control Procedures 

DS-016-110-10 SLAC Prototype Format 

DS-016-310-01 Engineering Document Numbering System 

2.2 SLAC Fabrication and Process Standards 

FP-022-110-02 Painting Standards for Buildings and Surfaces 

FP-022-110-03 Minimum Requirements for Paint Finishes 

FP-022-110-04 Identification and Marking of Metallic 
and Non-Metallic Surfaces 

FP-023-100-01 Welding of Metal and Metal Alloys 

File:Gendraft DS-016-110-01-R 3 of 12 
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FP-023-100-02 

FP-023-100-03 

FP-023-100-04 

FP-024-100-01 

FP-024-100-02 

FP-027-100-01 

FP-027-100-02 

FP-027-200-01 

FP-027-200-02 

FP-027-200-03 

FP-027-200-04 

FP-027-200-05 

FP-027-200-06 

FP-027-200-07 

FP-028-100-01 

FP-202-631-14 

2.3 Industrv Standards 

DOD-STD-IOOC 

ANSI-Yl.1 

ANSI-Y14.1 

ANSI-YI4.2Mx 

ANSI-Y14.3 

ANSI-Y14.4 

File:Gendraft 

Soft Soldering for Electronics 

Welding Aluminum Vacuum Systems 

Welding of OFHC High Vacuum Systems 

General Heat Treating Standards for Steels 

Heat Treatment for Aluminum 

Plating Standard for Corrosion Protection 

Chemical Film Treatment of Aluminum 

Metal Degreasing 

Surface Cleaning of Stainless Steels 

Surface Cleaning of Aluminum 

Surface Cleaning of High Carbon Steels 

Surface Cleaning of Low Carbon Steels 

Surface Cleaning of Copper 

Surface Cleaning of Magnesium 

Mechanical Engineering Safety Inspection - 
Pressure and Vacuum Vessels 

Fabrication of Ultra High Vacuum Components 

Engineering Drawing Practices 

Abbreviations for Use on Drawings 
and in Text 

Drawing Sheet Size and Format 

Line Conventions and Lettering 

Multi and Sectional View Drawings 

American Drafting Standards Manual - 
Section 4 - Pictorial Drawing 

DS-016-110-01-R 4 of 12 
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ANSI-Yl4.5M 

ANSI-Y14.6 

ANSI-Yl4.6aM 

ANSI-Yl4.13M 

ANSI-Yl4.15 

ANSI-Yl4.15a 

ANSI-Yl4.15b 

ANSI-14.17 

ANSI-Y14.36 

ANSI-Y32.2 

ANSI-Y32.4 

ANSI-Y32.9 

ANSI-Y32.16 

ANSI-Z32.2.3 

ANSI-Z32.2.4 Heating, Ventilating, Air Conditioning 

ANSI-C37.2 Electric Power System Device 
Function Numbers 

ANSI/NFPA-172 

File:Gendraft 

Dimensioning and Tolerancing 

Screw Thread Representation 

Screw Thread Representation 
(Metric Supplement) 

Mechanical Spring Representation 

Electrical and Electronics Diagrams 

Interconnection Diagrams Supplement 

Interconnection Diagrams Supplement 

Fluid Power Diagrams 

Surface Texture Symbols 

Graphic Symbols for Electrical 
and Electronics Diagrams 

Graphic Symbols for Plumbing Fixtures 
for Diagrams Used in Architecture and 
Building Construction 

Graphic Symbols for Electrical Wiring and 
Layout Diagrams Used in Architecture 
and Building 

Reference Designations for Electrical and 
Electronics Parts and Equipment 

Graphical Symbols for Pipe Fittings, 
Valves and Piping 

Fire Protection Symbols for Architectural 
and Engineering Drawings. 

DS-016-110-01-R 
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2.4 OTHER 

AIA American Institute of Architects 
"Architectural Graphic Standards" 

AISC American Institute of Steel 
Construction Publication "Manual 
of Steel Construction" 

ACI-315 American Concrete Institute Publication 
"Manual of Standard Practice for Detailing 
Reinforced Concrete Structurestt 

AWS-A2.1 Standard Welding Symbols. 

REQUIREMENTS 

u 

1. 

2. 

3. 

Format 

Size - Approved sizes are "A". "B", "C". "D". "Et', ttFtt. and "R" 
roll. Use of "A" size and "R" size drawings is discouraged. 
Roll size shall not exceed 36" in width nor 12 feet in length. 

Drawing Numbering - Numbers shall be assigned to drawings per 
AP-041-300-01 and DS-016-310-01. Numbers shall be stenciled in 
space below title block. Letter and number heights shall be 
l/4" on all drawings except 5/32" on "A" and "Bt' sizes. 

Titles - Titles of drawings shall be stenciled in vertical, bold 
face within title block. Lettering heights shall be 3/16" on 
all drawings except 5/32" on "A" and "B" sizes. *Minimum infor- 
mation shall be as follows: 

Definition Example 1 Example 2 

;: 
Project Beam Switchyard Klystron Gallery 
Associated System AC Electric Services Vacuum System 

C. Subject Coaxial Cable Layout 6" Valve 

* Abbreviated titles shall not be used unless approved by 
drafting supervisors. No two drawings containing the same base 

File:Gendraft DS-016-110-01-R 6 of 12 
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document number shall have identical titles, except in the case 
of multiple sheet drawings. 

4. Lettering and Line Work - Lettering and Line work shall be capa- 
ble of clear reproduction during microfilming per ANSI Yl4.2M. 

5. Notes - Drawing notes shall be indicated in the following man- 
ner: 

NOTES 

1. CLEAN AND DEGREASE 

E.ll 2. STAMP P/N XX d 2 

3. TEST PER ST-XX 

See Fig. 1 for preferred locations of notes. Numbers, enclosed 
by a 3/8" or l/2" dia. circle and a square, shall be used for 
"flagging" special notes applying to specific areas of a draw- 
ing. A corresponding symbol shall be placed near affected area. 
Use of arrow leader shown above is recommended. 

6. Re isions - 
K 

Sequential numbers enclosed by the triangular symbol 
3 shall be used for indicating revisions on the face of the 

drawing in area where the change occurred. The corresponding 
number shall be placed in revision box under ItREV" column and 
change description and-date inserted. 

Entries shall be made in the revision block as follows: 

REV DESCRIPTION DRN. CHK. APP. DATE 

Dim. 5/8'was l/4'; VP HYI 
Deleted Note 1 

4/13/m 

7. Drawing sequence - Next assembly or next associated drawing 
shall be noted directly above title block, e.g., NEXT ASSEMBLY: 
SA-190-184-01. (Revision indicator is omitted from all refer- 
enced drawings.) 

8. Orientation - All plant arrangement or installation plan views 
shall have "North Arrow", North direction always to top of sheet 
or to right side of sheet. Beam direction shall be indicated 
when showing portions of the'Accelerator. 

File:Gendraft DS-016-110-01-R 
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Example 

BEAM DIRECTION 

10. Scale - Drawing Scales shall be per DOD-STD-IOOC. 

11. Abbreviations - All abbreviations shall be per ANSI-Yl.1. 

12. Welding Symbols - Welding Symbols shall be per AWS A2.1 

13. Views and Sectioning - Views and sections shall be per 
ANSI-Y14.3. 

3.2 Drawing List 

At the beginning of a given project, a tentative drawing list shall be 
prepared showing assigned drawing numbers and exact titles of drawings 
required to complete project. Allowance should be made for insertion 
of additional drawings as required. Drawing list shall be up-dated at 
end of project and shall become a formal document with an assigned 
document number (See Fig. 3). Drawing List number and title shall be 
first item listed. 

3.3 Material List 

All assembly and subassembly type drawings shall include a material 
list. Assembly material lists shall tabulate only subassemblies, 
parts and fasteners that are required for final assembly. Items not 
required for final assembly, and previously listed on subassembly 
material lists shall not be repeated. Subassembly material lists 
shall tabulate only required parts and materials. A Material List 
must be placed on the 8-l/2" X 1l"'M.L. form (Fig. ) or on the face 
of the drawing (Fig. >. (See Fig. 4). 

File:Gendraft DS-016-110-01-R 
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3.4 Checking 

Drawings shall be checked by a checker designated by a drafting super- 
visor prior to release for review and/or approval. Checkers shall use 
the following colors: 

I. Red - to be used for deletions. 

2. Green - to be used for additions. 

3. Yellow - "Leave as is". 

4. When checking has been completed, check prints shall be reviewed 
and approved by the responsible engineer, affected drawings 
revised, check prints returned to checker and tracings signed 
off. 

5. When checking has been completed on markup prints, the markups 
shall be reviewed and approved by the cognizant engineer, 
affected drawings revised and signed off, and the markups 
returned to the checker. 

3.5 Completed Drawinps 

Drawings, when approved, shall be incorporated into the document con- 
trol system in accordance with AP-041-300-01. 

3.6 

1. 

2. Revised drawings 

Policv for Archiving Manual and CADD Produced Drawings 

Original Drawings 

a. No original drawing,(RO.CO) will be accepted into Document 
Control for storing unless it contains (I), the Designer/ 
Drafter's name, which may be printed; (2). the Checker's 
full signature; (3),the Engineer's full signature, and 
(4). the full signature of the responsible person in the 
Approval block. 

a. For revised manually produced drawings, RI, R2, etc., the 
signatures will remain as is in the main title block area. 
The Revision Block area will require the Drafter's ini- 
tials as well as the Checker's and the Approver's ini- 
tials. 

File:Gendraft DS-016-110-01-R 
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b. For CADD produced Original drawings (CO). there will be no 
pen or pencil marks on the face of the drawing, other than 
the signatures as described in la, above. 

C. For CADD revised drawings (Cl.C2,etc.), the only permissa- 
ble pen or pencil marks on the face of the drawing will be 
at the Revision Block for Drafter/designer, Checker, and 
Approver initials. The Title Block signatures may or may 
not be signed but will be typed in by the CADD designer/ 
Drafter. 

DRAFTING CATEGORIES 

u Machine and Electra-Mechanical 

The method of drafting to be used shall be per ANSI Standards (Refer- 
ence Page I). 

1. Tolerances and Dimensions - Dimensioning shall be per ANSI- 
Yl4.5M. All assemblies and weldments shall have their overall 
size dimensioned for reference purpose. 

2. Screw Threads - Thread and hole call outs shall be per 
ANSI-Y14.6. 

3. Surface Roughness - Finish call out shall be per ANSI-B46.1. 

4. Item Call Out - Items on the face of an assembly or subassembly 
shall be identified by the appropriate material list item number 
enclosed in a l/2" diameter circle with an arrowed leader point- 
ing to the item, e.g., 

File:Gendraft DS-016-110-01-R 
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4.2 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

4.3 

1. 

2. 

3. 

Piping 

Piping Detail Sheets (isometric) - Drawings showing piping de- 
tails shall be shown on "B" size sheets and shall include a 
material list per Figure 6. Details shall be drawn in isometric 
form. 

Piping Layout - Drawings showing installation of complete sys- 
tems conform to Figure 7. Piping layouts are comparable to a 
mechanical top assembly drawing. 

Piping Diagrams - See Figure 8 

Section and Details - See Figure 9 

Instrument Piping - See Figure 10 

Dimensioning - Layouts and details shall be dimensioned to the 
nearest foot -inch. e.g., I'-10-l/2" or 6'-9". In cases where a 
dimension is less than a foot, it shall be indicated as: 6" or 
2-l/2". 

Symbols - Piping symbols shall be per ANSI-Z32.2.3. 

Electrical/Electronic 

Symbols - For schematic and wiring diagrams, 
per ANSI-Y32.2. 

symbols shall be 
Component reference shall be per ANSI-Y32.16. 

For architectural type electrical drawings, symbols shall be per 
ANSI-Y32.9. 

Schematic Diagrams - Drawings showing circuitry shall be 
arranged top to bottom, or left to right. Power or signal input 
shall be located at the extreme top or left on drawings, with 
output flowing toward or terminating at the bottom or right hand 
side, 
II). 

leaving the extreme right hand side open for notes (Fig. 

Equipment Drawings - Assembly or part drawings of equipment, 
chassis, or components shall conform to Paragraph 4.1. 

File:Gendraft DS-016-110-01-R 
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4.4 Architectural 

Drawings and symbols shall conform to American Institute of Architects 
"Architectural Graphic Standards". 

4.5 Structural 

Detail drawings shall conform to American Institute of Steel Construc- 
tion "Structural Steel Detailing" and "Manual of Steel Construction" 
(Fig. 12a and Fig. 12b). Concrete structural drawings shall conform 
to American Concrete Institute "Manual of Standard Practice for 
Detailing Reinforced Concrete Structures" (ACI-315). 
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Appendix A.3: Quality Assurance Practices for the Survey and 
Alignment Group 
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Alignment at SLAC can be broken into two basic methods: that 
which produces coordinates with redundant observations and that 
which does not. In Method I observations are taken and then 
mathematically adjusted to produce best estimates for point 
coordinates. Method II entails the direct observation of 
calculated offsets using surveying instruments and optical 
tooling scales. The main aspects of quality assurance are 
discussed below: 

1. Controlling Quality 

Method I relies on redundant and independent observations, 
which are reduced as a group in a least-square adjustment. 
The result is not only coordinates but also statistics 
describing the quality of the whole survey and of each 
individual observation. This data can be analyzed using well 
established statistical methods, to determine if the data 
conforms with the requirements. 

Method II, which will be gradually replaced by Method I, 
has no such statistical basis for error detection. In all 
cases check observations are taken to detect errors in 
measurements and calculations. In many cases extra reference 
marks are provided on instrumentation which provide 
independent checks. These are used whenever available. 

2. Corrective Action 

In Method I, blunder detection programs are utilized which 
flag possible erroneous observations for further 
examination. If no obvious problems can be found the 
offending data is reobserved. If the observation procedure 
is flawed, steps are taken to evaluate this and implement 
the necessary changes. 

In Method II, calculations and observations are checked 
until a cause for the problem is found. After it is 
corrected, procedures are examined and corrected as 
necessary. If possible, further checking procedures are 
established. 

Observational, computational and checking procedures are 
evaluated for both methods after failure occurs. If changes 
are warranted they are instituted immediately, if possible. 

3. Worker Motivation 

In both cases, an organized effort with clearcut goals and 
purposes must be maintained. The workers are motivated by 
not only an understanding for the need of quality assurance 
but more importantly by their pride in a job well done. This 
feeling can be fostered and maintained by a staff which 
approaches a project or problem in a systematic and logical 
manner with realistic short term and long term goals clearly 
stated. 

19 



4. Evaluation of Effectiveness 

If the program is working, standardized methods have fewer 
problems with better results and less time expended, and the 
workload of old problems is kept to a minimum. 

Alignment and surveying methods can be presented for 
evaluation, including computational as well as observational 
methods. Also, paper as well as computer records of past 
projects can be examined for proper form and corrections of 
ongoing problems. 

20 



Appendix A.4: Examples of Documentation In Production 

Shop Traveler Document (1) 

SLAC Metal Stores Work Order (1) 

Daily Time Report - Light Fabrication Shop (1) 

Vacuum Lab Traveler (1) 

Vacuum Process and Testing Traveler (1) 

Job Description Form - Fabrication Shop (1) 

Job Card, Plating Shop - Vacuum (1) 

Job Card, Plating Shop - General (1) 

Overtime Request - Mechanical Fabrication Shops (1) 

Transport Box Specification - Plating Shop (1) 

21 



(CICI EARLS IN CHARSE 

Pqe No. 2 
01/zoiee 

JOB/TASK ROUTE SHEET 
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=::=====I=============== 
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Aserble into Job - No sub-assentlies 0 Due Date 02/29/66 Est Finish 02/17/86 

Sea, lark Task Qtj Tile Estimated 
#a. Center Operation Description Qty To 60 U/H To 60 Start Date Com5ents 

____ ____________________ _______--__-________---------- ------ ------ --- ------ -------___ ______________________________ 

0150 LIGHT FAD. RACK. PF 241-315-K-CO 1 1 EA 1.5 02106/66 WE PART TO REQUESiOR 

015G LIGHT FAB. flACH. 

0170 LI6tiT FAB. EACH. 

0160 LIGHT FAR. MACH. 

0190 LIGHT FAF. MACH. 

0200 LIGHT FAY. RACH. 

0210 LIGHT FAF. tlACH. 

0220 LIGHT FAE:. MACH. 

0230 LIGHT FAB. NRC%. 

0240 LIGHT FAB. HACH. 

0250 LIMT FilB. HRCH. 

0260 LISHT FAB. tlACH. 

G2iO LIFHT FA6. MACH. 

__ 
G23G LIGHT FAI;. tlACH. 

RXLE,RDLLER 

PF 241-316-16-CO 
LE!‘ER,CRlHP 

1 

PF 241-316-17-CO 
AR!l,TENSIOII AD’UCT Y .!a. 

PF 241-315-la-CO 
YDKE,CRIW 

PF 241-316-I?-CG 
AXEL,SFOOL 

I 

SA 241-315-?G-CO 1 
ELOCK,RKLER 

PF 241-3!5-21-CO 
ROLLER 

1 

PF 241-316-22-CO 1 
FRA?lE,i?O’Ji!T! N6 

Pi 241-316-23-CO 
FUARD , SF’OOL 

2 

F’F 241-316-24-CO 
CAP, ROLLER 

I 

Pi 241-316-25-CO 
BRAC”?T ‘A’ ,KOTOR PI 

PF 241-316-25-CO 
BRACKET ‘R”, r,oTos 

PF 241-316-27-M 
BRACKET,t!TG. PLAiE 

Pi 241-315-28-CO 
SLEEVE,EUSHIWG 

1 

1 

1 EA 

I EA 

1 EA 

1 EA 

1 EA 

1 EA 

1 EA 

2 EA 

1 EA 

1 EA 

2 Ed 

1 EA 

I EA 

2.G O?!G?/66 GIVE PART TO REQUESTOR 

1.5 G2/09!88 GIVE PART TC REQtiESTOR 

6.0 G2!09/68 GIVE PART TO REDUESTOR 

1.G 02IlGl66 GIVE PART TO REQUESTOR 

1.5 02/!0/66 6IVE PART TO REQUESiOR 

1.0 G2/10/66 HAT. ORDERED,GIVE PART TO 
REQUESTOR 

3.0 G2111166 61VE PART TO REQUESTOR 

4.0 G2!11/83 OIVE PART TO REQUESiOR 

1.0 G2/12/66 61VE PARi TO REQUESTER 

0.8 G?!l?/BB GIVE PARi TO REQUESTOR 

1.5 G21!2/96 61VE FA9Tc TO REQUESTOR I ” 

3.0 02/12/89 6IVE PART TO REQUESTOR 

1.0 021!5168 6IVE PART TO REQUESTOR 
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. 

SLAC METAL STORES 

Work Order 

ISSUE-CUTTING ORDER 

Account No. Date 

Group No. Metal Stores 

23 



DAILY TIHE REPORT DAK: ____-_-----___ 
-------- 

LIGHT FABRICRTION 

NAflE: _________________ i _________________________________ STAFF NO.: ____________________ 

VmTI@N _____________ SIR _____________- FWXML _____________ fmwt ______________ -------------------------------------------------------~------------------------------ 
JOB NLMBER PRINT OR SKETCH NMBER ITEH NO HOURS ! CO!tP. 

..__________----.__-------------------------------------..---------..---------..---------. 

. .______________.._______ --- ------ ---_-- ---- ------- ---- -- ..-- - ------, .-_----___.,_------_-. 

.,__-_______----_,_------ --- ---------- - ----- ------- ------. . ----____-..-----____..---------.. 

. ,______________.,_____ -----_-__--------_-__-------------..---- -----..---------,.-------- -.. 
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VACUUti GddU‘p 
SItj 13 GROUP 03 

TRAVELER SERIAL: 

BLOC 031 EXT. 2021 

‘, This traveler contains information about vacuti group assemblies and parts. Please fill it out 
: completely atid log the information in the traveler log book. 

or part while .it is being processed, 
Keep this traveler with’the assy. 

‘r. 
or when it gets placed in storage. 

2 -- 
-. 

. 
DESCRIPTION OF PART: DATE RCVD: . . 

QTY : 

PROJECT NAME: 

PART PRINT #: PART ID; 

WORK ORDER: 

34lGINATOd/PROJ~CT ENGR: PH.EXT.I 

TECHS: 

I \SSEMLY INFORHATIO:~: Write in date, tech initials, information requested, etc. 
S IGX-OFF: ,. 

YATERIAL: MACHINED: 

JISUAL INSPECTION: QC: 

-LEANING: 

3P.X I NG : 
I’ 

-K CSK I: 

kL ,I: LK CHK II: 

3? c;UT( Note temp, fragile parts, time, pressure, etc. Remember to make a plot 
42 PURGE and fi 11 out bakeout logsheet and give it to the project engr.): 

‘WPDO’rlN : VENT: 1 

I 
IT’-‘;3 SPECIAL INFORtiATlON TO BE NOTED: 

ILELTRONIC TESTING: 

IALI’RATION: 

IL I t :WENT: 

:O,“.:.?.ENTS: 

SUPESV I SOR 5 I GN-OFF: OATE: 

lf assy/part is complete, fill in completed assy date and description of parr: section of this form. 

\f assy/part is removed from from lab to be insta’lled, write date removed: 

.- ;y/part is stored, indicate where stored: 

ssy/part is removed from lab to go to another shop, indicate what shop: 

da c2 removed : removed by whom: 

Once assy/part has been removed from lab, make a copy of this traveler, file the copy in the trav- 

ei?- log book and LEAVE TiilS TRAVELER WIT% THE ass-f/part! Thank YOU. 

25 



V.ACUU,M GROUP ” 
BIN 13 GRP 03 ,. 
BLDG 031 

.-- 

‘EXT: 2021 
: TRAVEL-El% 

‘_. 
.,ll outside groups. requesting work from the vacuum group, please fill out the upper 
portion of this fo’rm. -. ., I 

DESCRIPTION OF PARTS: QUANT ITY: 

1, 

PART PRINT,!: W.0.R: 

PROJECT NAME: 

REQUESTER/ORIGINATOR: 

PHONE EXT.: 

GROUP : 

8KfvERNfb!TE 
DATE SUBMITTED: DATE REQUIRED: 

: 

OPERATION TO BE PERFORMED BY VACUUM GROUP: 

INSTRUCTIONS: (Note temperature, baking time, delicate parts, acceptable leak check rates, etc: 

I-- -This portion to be completed by the vacuum group - - - - _ - _ _ 

TECHNICIAN: VISUAL INSPECTION: 

DATE STARTEB: DATE COMPLETE: 

SUPERVISOR SIGN-OFF: DELIVER TO (PICK-UP BY): 

NOTES: (Leak check data, weld notes, remarks for shop, problems, etc.) 

Once processing is complete, please make a copy of this traveler for your superqrisor, and 
I-s.?ve this docuncnt with the part. 

26 



_. 
FABRICATION SHOP 

JOB DESCRIPTION FORM 

JOB # 

FABRICATING SHOP 
_ 

JOB SUBMIlTED BY 

DATE REO’D. 

EXT. PAGE l- 

DELIVERY TO OR NOTIFY EXT. PAGE l- 

WORK ORDER NO. DATE SUBMITTED 

NO. 
REO’O 

DRAWING NUMBER OESCAlPTlON 

PARTS&MATERIALS SUPPLIED BY REQUESTOR I 
J 

ABOVE DRAWING NUMBER 
ITEM NO. 
ON OWG. OESCRIPTION 

AOOIT. INFO: 

27 



1 FOR PLATING SHOP USE ONLY 1 

JOB CARD PLATING SHOP 

TAG NO: 

TIME BY 

I/ 

SUBMITTED BY: EXT. DATE: 

DELIVER TO: EXT. BLDG: 

ACCOUNT NO.: W.O. NO. 

EXPLANATION OF WORK: 
I 

a. DEGREASING ONLY 

b. CLEAN FOR VACUUM 

c. TYPE OF METAL TO BE CLEANED 

d. TYPE OF BASE METAL TO BE PLATED 

e. TYPE OF PLATING DESIRED 

1. THICKNESS OF PLATING DESIRED 

g. APPROXIMATE TIME REQUIRED 

h. ADDITIONAL INSTRUCTIONS OR REMARKS 

28 



PLATING SHOP JOB CARD 

FOR PLATING SHOP USE ONLY 
, 

TIME BY 

SUBMITTED BY: EXT: DATE: 

DELIVERED TO: EXT. BLDG: 

ACCOUNT NO: W.O. NO: 

EXPLANATION OF WORK: CHECK GROUP 

a. 

b. 

c. 

a. 

e. 

f. 

h. 

DEGREASING ONLY 

CLEAN FOR VACUUM 

TYPE OF METAL TO BE CLEANED 

TYPE OF BASE METAL TO BE PLATED 

TYPE OF PLATING DESIRED 

THICKNESS OF PLATING DESIRED 

APPROX. TIME REQUIRED 

ADDITIONAL INSTRUCTIONS OR REMARKS 

CRYOGENICS------- n 
ELECTRONICS------ n 
INJECTION LAB---- D 
MECH. ENG.------- I 
PEL-----a---e--v- 0 
spm-------- ----- 

D 
ssn------------- 

tl 
TUBE SHOP-------- n 
VACUUM GROUP----- n 
WELD SHOP-------- n 
OTHER: 

il 
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MECHANICAL FABRICATION SHOPS 

Employee Name 

OVERTIME REQUEST 

Hours To Be Charged to W.O. 
Worked or Acct. No. Job Description 

-- 

Date O.T. 
Worked 

SUPERVISOR: APPROVED BY: 



From: CLEANING AND PLATING SHOP - MFS Department 

TO OUR CUSTOMERS 

To prevent the possibility of damaqe, we would like to suggest that 
you transport parts to be cleaned in fiberglass tote boxes. These 
boxes are very durable and can easily be cleaned before loading them 
with your cleaned parts. 

The sizes listed below will fit our storage shelves and are recommended. 

LEWIS "STACK-N-NEST" TOTE BDXFS 

PRICE OF BOXES PRICE OF COVERS 
(1-19 quantities) (each) 

Code # SN 1610-5 - 16" x 10" x 5" deep 

Code # SN 12-6 - 18" x 12" x 6" deep 

Code # SN 1812-8 18" x 12" x 8" deep 

Code # SN 2217-10 22" x 17" x 10" deep 

$9.32 ea #CO 1610-l - $6.28 ea 

11.31 ea #CO 1812-l 6.53 ' 

12.94 ea #CO?Ol3-1 6.53 ' 

19.62 ea #CO 2217-l 10.66 " 

TOTE BOXES ARE AVAILABE FROM: 

Advanced Handling Systems of Northern California 
526 Laurelwood Road 
Santa Clara, California 95051 

Phone: (408) 988-1833 

COLORS AVAILABLE ARE: GREEN, GRAY, BLUE, AND RED. 
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Appendix A.5: Examples of MOSG Installation and Removal 
Procedures 
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9-4’ ACCELERATOR SECTION INSTALLATION PROCEDURE 

Robert Rs Wurster 
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9.4’ ACCELERATOR SECTiON INSTALLATIDM 
PROCEDUREMANUAL 

(REFER To DRAWING ID 23f3-010-513 
ID 902-675-52 WI 
SA 750-2 14-05) 

1) Assemble all tools required per ACCELERATOR iNSTALLATIUN 
TOOL LIST. 

2) Verify that the sector is under N2 purge. IA sintered bronze 
exit should be provided-) 

31 Verify 7’ location of downstream accelerator support belly 
band- (The distance from center of welded mount to center of 
belly band on the light-pipe will be the same as the distance 
between end support centers an the 94’ acceleratur section 
being installed.) 

4) Fit belly band to light pipe and install hardware finger-tight- 
(This will allow adjustment in 7' if necessary.) All hardware 
will be secured during alignment process- 

5) Install alignment mounting hardware finger-tight. 

6) Verify serial number and orientation of 9.4’ accelerator 
section to be installed- 

7) Place (stongback) locating tool *l on light pipe just 
upstream of belly band- 

8) Place (stongback) locating tool *2 on light pipe at upstream 
end of installation location. NOTE: GREAT CARE MUST BE 
TAKEN TO INSURE THAT THE LOCATING TOOLS ARE LEVEL AND 
CENTERED SECURELY ON THE LIGHT PIPE. 

THE FOLLOWIING PROCEDURE WILL REQUiRE ULTRA-CLEAN 
CONDITIONS AND THE USE OF CLEAN GLDVES (WHERE NOTED)- 

9) With fail ready, remove upstream eyelet peel-off from 
accelerator section to be installed and foil OWY exposed 
vacuum- 

l#l Place 9.4’ accelerator section on locating tools as far down- 
stream as possible, using accelerator lifting fixture and the 
large hoist- SEE NOTE. 

34 
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111 

121 

131 

141 

15) 

161 

171 

181 

NOTE: IT MAY BE NECESSARY TO REMOVE BLANK FLANGES FROM 
BOTH THE INPUT WAVEGUIDE AND THE 9.4’ ACCELERATOR INPUT 
TRANSITION TO ALLOW THE REQUIRED AMOUNT OF ‘Z’ 
MOVEMENT. FOIL. BAG AND TAPE OPEN FLANFES. 

Remove foil and lint-free from upstream eyelets, place 
engagement ring on upstream accelerator section (properly 
oriented with scribed arrow up and pointed downstream) and 
roll 9.4’ accelerator section upstream as far as possible 
(eyelets touching)- NOTE: Some rough alignment using 
strongback alignment tools may be required to allow 
engagement of ring- 

Secure alignment hardkvare between 9-4 accelerator end 
supports and light pipe mount/belly band- 

THE FOLLOWING STEPS REQUIRES THE USE OF CLEAN GLOVES. 

While wearing clean gloves, install waveguide load with 
I clean gasket per Wareguide Flange Assembly Procedure. 
NOTE: 2 BOLTS UN EACH FLANGE ADJACENT TO EACH UTHER 
WtLL BE INSTALLED 3ACKWARDS TO ALLOW CLEARANCE FUR 
FUTURE INSTALLATIONS GEE DRAWLNG = LB-902-635-52 RO 
Note 2)s 

install Waveguide load sheet metal support bracket- Safety 
wire lgad to support. 

Align 9.4’ accelerator section. (TO f3E PERFORMED EIY THE 
PRECISION ALIGNMENT TEAM.) 

install load transfer blocks between 9-4’ accelerator section 
and upstream accelerator section. Brass shim washers must 
be inserted between load transfer blocks and accelerator end 
supports (on the upper bolts only)- 

Che:ck alignment of upstream accelerator section and adjust 
as required. (TO BE PERFORMED BY THE PRECISIQN ALIGNMENT 
TEAM-) 

When alignment is campleted, remove all strongback locating 
tools 
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19) Weld eyelet joining the 9-4’ accelerator section ~ytifh the 
upstream accelerator section- Inspect weld twice- 

20) Remove foil from input waveguide flange and accelerator 
input transition flange- 

PRCKEED 1MMEDiATELY TO NEXT STEP 

21) Using hardware on the vacuum manifold ‘Y’ supports nearest 
the input waveguide pump-out, align the input wavquide 
flange and the accelerator input transition flange- 

THE FOLLOWING PROCEDURE WILL REQUIRE ULTRA-CLEAN 
COMDiTiONS AND THE USE OF CLEAN GLOVES_ 

22) Using clean gloves and gasket, secure Skarpaas flanges 
betwsen 94’ accelerator section and input waveguide per 
Waveguide Flange Assembly Procedure- 

23) Fit a QE magnet support belly band at the downstream end of 
the 9.4 accelerator section per drawing f5 238-060-59. 
Insta!l hardware finger-tight. (NOTE: Hardware will be 
secured during the alignment process.) 

24) Downstream accelerator sections must now be realigned in 
‘Z’ (Tfie dimension between ‘A’ input and ‘C’ input I ‘8’ input 
and ‘D’ input must be returned to original settings taken 
during the Accelerator Removal ProcedureS) 

TYPICAL GIRDER 
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FOR QE/BPMQ INSTALLATION, REilQVE EYELET PEEL-OFF FROM 
DOWNSTREAM END OF 9.4’ ACCELERATOR SECTION, FQiL OVER 
EXPOSED EYELET AND PROCEED IMMEDiATELY TO STEP 25 OF 
THE ‘SLC INTER-GIRDER EPHQlQUAD INSTALtATiQN 
PROCEDURE’ AND COMPLETE THAT MANUAL- 

RETURN TO STEP 25 OF THIS MANUAL AFTER COMPLETION OF 
THE QE/BPMO INSTALLATION PROCEDURE MANUAL. 

25) Align entire girder. (TO EE PERFORMED BY THE PRECISION 
ALIGNMENT TEAM-) 
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ACCELERATOR SECTION REMOVAL PROCEDURE 

Robert R- Wurstm- 

March 12, 1356 
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ACCELERATOR SECT1UN REMOVAL PROCEDURE 
(REFER TO DRAWING A5 771~001-~1) 

Assemble all tools per ACCELERATOR REMOVAL/INSTALLATION 
TOOL LIST- 

Tag demagnitizing power plug (located at the last fiat rack 
in each sector) ‘OUT OF SERVICE’- Date and sign tag- 

Tag and turn off power supply to any and sll magnets l beam 
line equipment located within the designated work area 
{girder, sector, etc-)- NOTE: The superrisor at sector 10 (Ext- 
2133) will take responsibility for this step- 

Tag ‘OUT OF SERVICE’ and shut off all supply coaling H20 to 
accelerator sections, magnets and beamline equipment to be 
removed- Date and sign tag- 

Tag ‘OUT OF SERVICE’ and shut off all return H20 from items 
in previous step. Date and sign tag- 

, Label all electrical leads on magnets and beamline equipment 
designated for removal- Disconnect leads. 

Cut demagnitizing jumper wires between accelerator sec- 
tions to be removed or modified. 

THE FOLLOWING STEPS COVERTHE PROCEDURE FOR EACH 
ACCELERATOR SECTION TO BE REMDVED- 

Tag (with location information} and disconnect pipe union at 
the valve on return header- Drain H2Q away from beam pipe 
into container for disposal- (THERE 1s DNE (1) RETURN LINE 
FROM EVERY OTHER INPUT WAVEGUIDE AN5 EVERY OTHER 
WAVEGUI5E LOAD WiTH THE ORDER OF OCCURENCE CHANGlNG 
EVERY GIRDER- eg- Input, Load, input, Load -- Load, Input, 
Load, Input etc.) 

Tube cut or hack s%w return flex line at the waveguide load 
or input wave guide leavjng % length of straight pipe and an 
elbow an the flex. 

Place loose flex line in a safe storage area until time for 
reinstallation. 40 



Accelerstor Removnl cot-id 3 

11) Tube cut or hack saw supply line at accelerator allowing 
enough lead-out pipe fw easy solder reconnection but not so 
much so as to cause an inconvenient protrusion while 
handling accelerator section. Drain H20 away from beam pipe 
into container for disposal- 

12) Secure supply flex line away from beam pipe. 

13) Cut water jumpers between accelerator and waveguide load, 
andfor waveguide load and input waveguide, with tRe latter 
cut being made reasonably close to the input waveguide. 
(This will allow clearance when removing the accelerator 
section.) 

14) Cork, bag and tape all open H20 lines to prevent accidental 
contamination of vacuum systems. 

15) Verify that the sector is vented and under N2 purge- (A 
sintered bronze exit should be provided.) 

WHERE AN ‘A’. ‘3’. OR ‘C’ SECTlON IS TO BE REMOVED AN 
ACCURATE MEASUREMENT IN ‘Z’ MUST BE TAKEN TO INSURE 
THAT ACCELERATOR SECTIONS MOVED FUR THE PURPOSE OF 
CLEARANCE ONLY. BE RETURNED TO THEIR ORIGINAL POSITIONS. 

FOLLOW STEPS 16 OF THIS MANUAL. 

WHERE ONLY THE ‘5’ SECTION ES DESIGNATED FOR REMOVAL ON 
A GIVEN GIRDER PROCEED TO STEP 13 OF THIS MANUAL- 

(MEASUREMENT iS NOT REQUIRED). 

16) Using a 100’ tape, measure the distance between ‘A’ input and 
‘C’ input (from side of input waveguide transition to side of 
input waveguide transition) and record- Repeat for n i3’ input 
to ‘5’ input dimension and record- ACCURACY IS iMPORTANT 
TO A TOLERANCE OF +I-- 1132 inch- (SEE DRAWING BELOW.) 

TYPICAL GIRDER 



Accelerator Removal con’d 4 

17) Cut the wire that secures the load to the sheet metal support 
bracket. Remove support and store for future installation- 

18) Remove all but twg (2) bolts (opposite each other) from the 
waveguide losd to accelerator flanged connection- 

THE FOLLOW’tNG PROCEDURE WILL REQUiRE ULTRA-CLEAN 
CONDiTiONS AN5 THE USE OF CLEAN GLOVES (WHERE MUTED). 

13) With fail, blanking flanges and blank gaskets ready, remove 
the load and foil both the accelerator and the load- 

PROCEED IMMEDIATELY TO THE NEXT STEP 

20) While wearing clenn gloves, install blank gasket and flange 
on both the scceler%tw and the wareguide load. (Refer to 
FLANGE ASSEMBLY PROCEDURE.) 

FOR REMOVAL OF ACCELERATOR SECTIONS BEGINNING A GIRDER 
(‘A’ SECTKIN) OR ENDING A GIRDER (‘5’ SECTION), 

COMPLETE STEP =7 THRU =24 IN THE 
‘SLC INTER-GIRDER BPMO 8 QUAD INSTALLATION PRDCEDURE.’ 

PROCEED TO STEP 21 DF THIS MANUAL UPON COMPLETION OF 
THE AFGRE MENTIONED STEPS- 

FOR REMOVAL OF ALL OTHERS (‘B’ & ‘C’ SECTIONS) PROCEEI) TO 
STEP 21 OF THIS MANUAL- 

21) Wash down accelerator eyelets and surrounding we% using 
ethyl alcohol or equivalent- 

22) Cover any nearby magnets, campcments, etc. that metal chips 
could damage- 

23) Remove the four (4) bolts that surround the welded eyelet, 
securing the accelerator end supports- 

24) Remove four (4) bolts, tag etnd remove the tap castings of the 
accelerator to waveguide suppdrt (to allow access)- 

25) Using a hand held cutting burr (pencil type), carefully 
machine eyelet. Cut just deep enough to separate eyelet 
using a degreased knife and B small ball-peen hammer to 
assist. ( -070 inch has been set as a standard depth of cut-) 
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Accelerator Removal con’d 5 

WHERE ONE (1) ACCELERATOR SECTION I5 TO BE REMOVED, TWO 
EYELETS MUST BE CUT- WHERE TWO (2) ACCELERATOR 
SECTIONS IN SUCCESSION ARE TO BE REMOVED, THREE (3) 

EYELETS MUST BE CUT. ETC. 

26! After eyelet is separated, deburr the outside edges of the 
eyelet using a degreased file (6-8‘ flat)- 

27) Cover each eyelet with fail after deburring ta prevent 
accidental contamination of the vacuum system. 

IN DRDER TO REMOVE AN ACCELERATOR SECTION, ALL 
SECTIONS LOCATED DOWNSTREAM WITHIN THAT G:RDER MUST 
BE SHIFTED DOWNSTREAM TO ALLOW THE DISENGAGEMENT OF 
THE ALIGNMENT RING LOCATED BETWEEN SECTIONS. 

IF THE ‘5’ SECTION IS SLATE5 FUR REMOVAL, (BEING THE LAST 
SECTION ON THE GIRDER) ONLY ii WILL MOVE, ALLOWING THE 
REMOVAL OF THE RING BETWEEN SECTION ‘5’ AN5 SECTION ‘C’m 

IF THE ‘8’ SECTION IS SLATE5 FOR REMOVAL, SECTIONS ‘C‘ & 
‘5’ MUST BE SHIFTED DOWNSTREAM AN5 THE RlNG BETWEEN 
SECTIONS ‘8’ W ‘C’ REMOVED- THEN SHIFT SECTION ‘B’ DOWN- 
STREAM AN5 REMOVE THE RfNG BETWEEN SECTlOWS ‘A’ & ‘8’. 

28) Place (strongback) locating tool *l under the downstream 
end of the accelerator section to be removed and the 
downstream end of the accelerstor section immediately 
upstream (WHERE THE ‘B’, ‘C’ OR ‘5’ SECTION IS TO BE 
REMOVED)- 

23) Place (strongback) locating tool *2 under the upstream end 
of the accelerator section to be removed and both ends of any 
sections located downstream within thst girder- 

30) Carefully align and level all locating tools before proceeding 
to next step. NOTE: GREAT CARE MUST BE TAKEN TO 1NSURE 
THAT THE LOCATING TOOLS ARE CENTERED ON THE LIGHT PtPE 
(30 INCH DIAMETER ALUMINUM W’ELDED PtPE) AN5 FIRMLY 
SUPPORTING THE ACCELERATDR STRONGBACK. 

31) Remove alignment hardware securing the accelerator 
sections (to be moved and/or removed) to the light pipe. 
Retain hardware for reinstallation. 

43 



Accelerator Removal con’d 6 

NO ACCELERATOR SECTIONS SHALL REMAIN ON THE LOCATING 
TOOLS UNATTENDED 

32) Loosen four (4) each bolts securing the strongback alignment 
end plates (on the section to be removed) with the 
compression blocks located between two (2) adjacent 
strongbacks %s follows: 

‘A’ section - dcrwnstre%m end of section only. 
‘8’ section - both ends of section- 
‘C’ section - both ends of section- 
‘5’ section - upstream end of section only. 

DO NOT AT THIS TIME REMOVE ANY BDLTS OR BRASS SHIM 
WASHERS. 

33) Make a foil basket under the eyelets of the accelerator 
section to be removed. (This is a safety measure to prevent 
the accidents1 dropping of the engagement ring locsted 
between accelerator sections within a girder.) 

343 ,Locste % screw-jack between accelerator section tft be 
REMOVED (downstream end) and the section(s) to be MOVED. In 
the cese of a ‘5’ section, locate the screw-jack et the 
upstream end- 

35) Remove loosened bolts and brass shim washers from 
compression blocks between %ccelerator sections- Document 
location of shims for future installation. 

36) Remove all but the top bolt on the input waveguide to 
accelerator flanged cclnnection on the section(s) to be MOVED 
(if any) and the section(s) to be REMOVED- 

37) Wrap a large quanity of fail loosely around the flange(s) as 
the last bolt is removed. This will retain the gasket between 
the flanges and serve as a cushion during the (re)moving 
sequence- 

THE FDLLtlWfNG PROCEDURE REQUIRES THE USE OF CLEAM 
GLOVES (WHERE NOTED). 

38) With one 11) person (in clean gloves) holding a degreased 
scribe tool, and % second person operating the screwjsck, 
slowly separate the eyelets (APPROXIMATELY 114 INCH) until 
the engagement ring can be seen- 
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Accelerator Removal con’d 7 

33) Carefully insert the point #f the scribe into one of the holes 
on either side of the ring while continuing to jack the 
accelerator sections apart- As s##n as the ring can clear the 
step that it is resting on, stop jacking snd rem#ve the ring- 
NOTE: (THIS SHOULD BE NO MORE THAN A 3{4 INCH 
SEPARATION.) 

OBSERVE AN5 MARK ORIENTATION, BEAM DIRECTION (AN 
ARROW ON TOP POINTING DOWNSTREAM) AN5 LGCATION OF THE 
RING. 

40) Wrap the ring in lint-free and f#il- Label with the l#cati#n 
and place in a zip-lok plastic bag. 

41) F#il #ver all exp#sed vacuum (eyelets)- 

IN THE CASE OF THE ‘A’ SECTION, A TEMPORARY ALIGNMENT 
SUPPORT IS INSTALLED BETWEEN THE ACCELERATOR AN5 THE 
STRONGBACK APPROXIMATELY FOUR (4) INCHES FROM THE 

.UPSTREAM END-THE STRONGBACK ISTHEN CUTJUST UPSTREAM 
OF THE SUPPORT. THIS ALLOWS THE LASER ALIGNMENT PLATE 

TO REMAIN ON THE GIRDER- 

42) Place % -030 inch (spproximately) sheet of stainless steel 
between eyelets. Lift out the accelerator section(s) slated 
for remrtval using the Accelerator Lifting fixture and a large 
engine hoist 

USE EXTREME CAUTION- 
50 NOT BUMP EYELETS OR FLANGE FACES. 

43) As s##n as the accelerat#r section is clear of the light pipe, 
place in a transport tote and secure. 

PROCEED IMMEDIATELY TO NEXT STEP. 

44) While wearing CLEAN GLOVES, blank #ff the accelerator input 
transitian flange and the input waveguide flange!. (Refer ta 
FLANGE ASSEMBLY PROCEDURE.) 

45) Carefully remove the foil fr#m the eyelet(s) to be deburred 
(both on and off the light pipe) and while wearing CLEAN 
GLOVES carefully plug the accelerat#r aperture(s) with 
lint-free- 
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Accelerator Removal con’d 8 

46) Deburr accelerator ey;elet(s) using a degreased file- 
MITE: TAKE CARE fWi- TO SCRATCH THE COPPER FACE OF THE 
ACCELERATOR END OR BUMP THE LINT-FREE PLUG. 

47) Cover eyelet(s) with foil- 

4%) Vacuum up ~11 metal chips. THlS MUST BE A THOROUGH JO%s 

4% Remove foil and while wearing CLEAN GLOVES carefully pull 
out the tint-free plug(s). Watch for any evidence of metal 
chips. 

THE FOLLOWING STEP REQUIRES ULTRA-CLEAN CONDlTIONS AfiiD 
THE USE OF CLEAZli GLOVES- 

50) View apertures and 1st three (3) ncceterst#r cavities using er 
clean %woscopee NOTIFY SUPERVISOR OF AMY CtlNTAMlNATlDIY. 

51) FOIL, BAG AH5 TAPE ALL EYELETS (BOTH DN AN5 OFF THE 
LIGHT PIPE). 

52) Use furniture dollies to transport section(s) to B design&Ed 
site far removal by crane. 

53) Any sections that are remaining on the light pipe should be 
moved back upstream and resecured with the alignment 
hardware. 

NO ACCELERATOR SECTIOM SHALL REMAIN ON ‘THE LOCATING 
TOOLS UNATTENDED- 
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Appendix A.6: Example of a Weekly Status Report (MFD) 
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1lHLC SIRlUS RLPORI 
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Quality Assurance Policies and Standards in Klystron & 
Microwave Department 
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Appendix B.l: Quality Assurance Procedures for Incoming 
Materials 
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a.) This section refers to general Q.C. procedures for 

raw materials (e.g. copper bar, stainless forgings, 

stainless tube and pipe, cupro nickel sheet, etc.) 

used for Klystron Component manufacturing 

b.) TRACEBILITY: 

All incoming materials are assigned a lot number, used 

for Internal traceability. This number has the form 

Kxxxx.YY, where XxXx is an assigned number unique to 

the manufacturerer's heat lot number, and .YY is a 

number used to distinguish between separate bars, 

sheets, tubes, etc, of the same heat. 

All pieces are stamped or labeled with the lot number 

upon receiving. Traceability Is maintained through- 

out manufacturing processes and vendors return 

finished parts identified with appropriate lot 

number. Components are serialized during mechanical 

inspection, and at that time the lot number is 

recorded us.serial number along with other data on 

the mechanical Inspection report. The lot number 

is also recorded on the shipping order, shop order 

log. receiving Inspection cover sheet, and dally 

shipping report, which allows various cross checks 

in the event of error or omission. 

c.) TESTING 

Ali incoining materials are SUtjeCZed %fi acczptancc 
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tests. These tests vary depending upon material 

type 2nd zpplicaticn, but usually ccnsist of 

independent chemical analysis and metallographic 

examination. Samples for testing are cut when 

material Is received and are identified with the 

assigned lot number. Test results are accumulated 

in a file established for each lot number along with 

copies of the manufacturers' test reports and 

certifications and copies of the purchase requisition. 

This file is then consulted prior to issuing material 

to verify acceptance. 

Tests are performed on some specific materials of 

importance are as follows: 

I.) COPPER 

Copper currently being used In SLAC klystorns 

Is purchased from Hitachi (through Copper & 

Brass Sales). The material is oxygen-free 

electronic grade certified to ASTM F66-82, 

Metallographic Class I. 

Chemical composition must conform to ASTM F68, 

Table 1 (copy attached). However independen: 

chemical analysis is not currently part of our 

acceptance procedure. The contaminant of most 

concern is oxygen. At the start of 5045 

production, quantitative analysis for cxygen. 

was performed on many'copper samples by 

by different ; -bs Ij; t.F, $ b:cGnS+ :;~te~,'; result.,5 - - . . 
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We feel that metallographic examination is a 

reliable method for determining the presence 

harmful levels of oxygen. Metallographic 

examinations are performed on eight (8) 

samples taken from each copper bar. Samples 

are cleaned, flred at 950 degrees centigrade 

for twenty (20) minutes in.Hydrogen, polished, 

etched, and examined at 100x. Samples must 

conform to ASTM F68, Metallographic Class I. 

The most common cause for rejection is porosity 

(usually resulting from oxygen 

contamination). 

2.) STAINLESS STEEL: (Sheet, plate, tube, bar 

and forgings) is purchased from a variety of 

domestic and foreign mills depending on price 

and availability. The acceptance criteria as 

indicated below vary somewhat depending upon 

the application within the tube. Forgings or 

vacuum melted material Is used Instead of 

wrought forms whenever the major work direction 

of the wrought form could result In elongated 

defects which coincide with the direction of 

a possible leak path. In addition, vacuum 

melted (specifically, consumable electrode 

vacuum arc remelted) material is used for all 

stainless components near the cathode heater 
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which are in a more crtical position relative 

to potential outgassing. Type 304L is used 

in all locations except for the focus electrode 

and focus electrode support cup, which are made 

from 317L vacuum melted. 

Samples of each piece of stainless purchased 

for use in klystrons (excluding some external 

parts, water fittings, etc.) are sent to an 

independent test lab for chemical analysis. 

Carbon and sulfur are analyzed by quantitative 

techniques, other elements by spectrographic 

analysis. Chemical composition must meet 

chemical requirements listed in the applicable 

ASTM specification and compare with chemical 

test reports supplied by the material 

manufacturer. 

The material used for the focus electrode 

and focus electrode cup is type 317L modified. 

It is a non-standard grade and has the 

following composition. 

Aluminum 
Carbon 
Chromium 
Cobalt 
Columbium 
Copper 
Manganese 
Molybdenum 
Nickel 
Phosphorus 
Silicon 
Sulfur 
Titanium 

(Al) 
cc> 
(Cr> 
(Co> 
(‘3) 
(Cu> 
(Mn) 
(MO) 
WI) 
(P> 
(Sl) 
(S) 
(Ti) 

0.02% 
0.014 

20.43% 
0.14% 
0.11% 
0.30% 
1.55% 
4.09% 

i9.a3% 
0.022% 
0.26% 
0.005% 
0.01% 
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Vanadium w 0.09% 
Zirconium (Zr> 0.005% 
Alloy Type 317L Modified 

Also metallographic examinations are performed at SLAC of two (2) 

or more samples from each piece of stainless steel used in the 

klystron (excluding external parts). The .incluslon content of 

the steel is rated in accordance with ASTM E45-84 method D. For 

the more critical klystron components such as anode housing, 

anode plate, cathode parts and window flanges, the maximum allo- 

wable inclusion content Is as follows: 

Type A B C D 

Heavy 1 l/2 1 11/2 1 

Thin 1 11/2 1 1 l/2 

These requirements are usually met only by vacuum melted 

material. 

For less critical parts, those exposed to vacuum but not in high 

temperature or high field areas, the maximum allowable inclusion 

content is as follows: 

A B C D 

Heavy 1 l/2 2 1 l/2 2' 

Thin 2 21/2 2 2 l/2 

3.) CUPRO-NICKEL 

A good grade of 70-30 cupro-nickel has 

has been purchased from Amax Special 

Metals Division and also from a European 

source through Copper 8t Brass Sales. 

CUpTO-nickel is used Tar all the 
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welding eyelets. 

Samples from each shipment are sent to 

an independent test lab for chemical 

analysis. The following is the chemical 

compostion of recent samples.from copper & 

brass sales and Amax: 

C&B 

AL 
C 
Cb 
co 
Cm 
Fe 
Pb 
Mn 
Ni 
P 
Si 
S 
Ti 
Zn 

.005 x .OOl 

.076 .025 
_ .020 NA 

.005 .OOl 
70.9 69.5 

.005 NA 

.005 .OOl 

.37 NA 
28.9 30.3 

.002 .003 

.02 .005 
,006 .002 
.02 .OOl 
.oa .OOl 

Both of these chemistries are acceptable 

for klystron use. 

Test welds and test brazes are performed on 

cupro-nickel samples to verify weldability 

and brazeability. These samples are then 

mounted, polished, etched and examined at 100x. 

Possible causes for rejection are excessive 

porosity or inclusions, poor braze wettability 

(high contact angle), porosity or cracking in 

weld. 
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Appendix B.2: Summary of QA Activities During Different Stages 
of Tube Manufacturing 
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I. MATERIALS 

A. Certification required. 
B. Chemistry tests performed as required. 
C. MetallOgra@hiC .tests~~performed~as're~ired. 
D. Materials numbered for traceability. 

II. MANUFACTURING 

A. Engineering drawings required. 
B. Process documentation. 
C. Mechanical inspection of parts with traceability numbers. 
D. Travelers used. 

III-TUBE ASSEMBLY 

A. Detailed assembly drawings required. 
B.'All parts traced and logged. 
C. Manufacturing parts required for assembly. 
D. Travelers used. 
E. Strong supervision required. 

IV.BAKE PROCESSING 

A. Detailed manufacturing rates required. 
B. Computer controlled bake processing: 
C. Equipment maintenance schedule. 
D. Travelers used. 

V. MECHANICAL ASSEBlBLY 

A. Manufacturing notes required. 
B. Extensive final inspection. 
C, Travelers used. 
D. Strong supervision required. 

58 



Appendix B.3: Quality Assurance in Klystron Manufacturing 
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MANUFACTURING COMPONENTS: 

a.) This section refers to general QC procedures used 

for all manufactured klystron components, excluding 

windows, HV seals, cathodes, and electromagnets. 

b.) MECHANICAL INSPECTION: All incoming fabricated 

components must pass mechanical Inspection prior 

to being placed in inventory. An Inspection report 

Is written for each lot of parts received and this 

report is retained in a permanent manufacturing 

and Inspection history file. 

Parts which have an electrical function are 

inspected 100%. Mechanical parts, fittings, 

water Jackets, etc. are sampled. If 

discrepancies are found in a sample the lot is 

Inspected 100%. All descrepancles are noted on 

the inspection report and the affected parts are 

rejected. In some cases parts may be held 

pending possible MRB action. 

c.) MATERIAL REVIEW BOARD (MRB) 

If a part has a discrepancy vhich is judged 

to be minor or not affecting tube performance 

or life, it may be presented to the MRB committee 

for disposition. The committee consists of the 

production manager, tube engineer, manufacturing 

manager, and QC supervisor. The committee decides 

whether the parts in question vi11 be used as Is, 

reworked. or scrapped. Discrepant parts not 
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brought before MRB are either reworked or scrapped. 

Reworked parts are reinspected. 

d.) TRACEABILITY: 

All parts are given a Serial number or lot number 

when inspected. This number is recorded on the 

inspection report along with material lot number 

and inspection data. The part serial numbers are 

also recorded tube number during assembly. Thus, 

given the tube number, complete data Including 

component inspection reports, discrepancies, 

material test reports, etc., can be obtained. 
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Appendix B.4: Quality Assurance Procedures in Klystron Testing 
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Klystron Testing operations are governed by a set of Testing Notes that cover all 
procedures associated with klystron processing and data accumulation. All operators are 
familiar with these notes, and use them in processing tubes. Each tube is deIivered with 
a travel folder from manufacturing which contains the history of the tube as it proceeded 
through the manufacturing process. The pulse transformer tank to which the tube is 
mated has undergone a set of quality assurance checks and pulse modulator testing before 
being delivered for use with a tube. The tube is mated to a focus magnet which has a 
separate quality assurance check program, is dressed with plumbing according to a written 
procedure,*and the tank is filled with oil from a carefully monitored oil processing station. 
A final inspection of the completed tank-tube assembly is conducted by the mechanical 
group supervisor. Tank, magnet, and assembly information is added to the tube folder. 

The tube assembly is installed in the 1 psec test stand, the installation is inspected 
by the assigned test stand operator, and the tube processing commences according to the 
processing notes. On completion of initial 1 psec processing, the tube is moved to a 3.5 

, psec test stand for final processing, and a full power, 180 PPS heat run. Various data 
logging sheets are used to record each test, and the results. Performance of the tube as 
recorded by the operator is reviewed by the shift supervisor. All data sheets are kept in 
the tube travel folder. Any unusual or non-spec performance of a tube is brought to the 
attention of the shift supervisor, andd then to a tube engineer. A program of additional 
testing is agreed on, and the new procedures are carried out. Most of these additional 
procedures are documented in the Testing Notes manual. 

When a tube has completed all prescribed tests satisfactorily, the data is presented to 
a tube engineer for acceptance. The tube engineer may request additional testing, or sign 
off on the tube for Gallery use, sometimes with some limitations which are noted on the 
data card that goes with the tube- Tubes that are rejected are sent back to manufacturing 
for autopsy, and possibIe rebuilding. 

The standardized data taken for each tube is entered into the SPIRES manufacturing 
data base, a tube card containing operating settings is attached to the tube, and the 
traveler folder containing all manufacturing and testing data is filed in the master klystron 
file. The tube is moved to a storage area and is available for Gallery use. 

The overall operation of the Test Lab testing facility is summarized in the morning 
report which is distributed and discussed at the daily 8:30 AM management meeting, These 
discussions sometimes generate additional engineering ana operational meetings to solve 
problems as they come up. On a weekly basis, a report of completed testing operations is 
generated, and used to update KlystroD Task Force master data files. 
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Appendix B.5: Documentation Process for a Single Part (Anode 
Housing) in Klystron & Microwave Department 

B.5a: 

B.5b: 

B.5c: 

B.5d: 

B.5e: 

B.5f: 

B.5g: 

B.5h: 

B.5i: 

B.5j: 

B.5k: 

Material Specifications 

Material Certification and Testing 

Part Purchase Requisition to an Outside Vendor and 
Machining Specifications 

Part Inspection and QC Reports 

Tube Manufacturing Reports 

Tube Assembly Reports 

Tube Bake Processing Reports 

Klystron Test Reports 

Failure Reports 

Part Non-Conformance Report 

Engineering Change Order 
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Appendix B.5a: Material Specifications 

Specifications for Stainless Steel (2) 

Other Specifications for Materials: (not included here) 

Standard Specification for Forged or Rolled Alloy-Steel Pipe 
Flanges, Forged Fittings, and Valves and Parts for High- 
Temperature Service, ASTM A 182 (p. 93-106) 

Standard Practice for Determining the Inclusion Content of 
Steel, ASTM E 45 (p. 61-73) 
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II. Staililess Steel 

a.) General: 

Stainless steel (sheet, plate, tube, bar & forgings) is purchased from a 
variety of domestic & foreign mills depending on price and availability. 
I'he acceptarlce criteria as indicated below vary somewhat depending 
upon the application within the tube. Forgings or vacuum melted 
material is used instead of wrought forms whenever the major work 
direction of the wrought form could result in elongated defects which 
would coincide with the direction of a possible leak path. In addition, 
vacuum melted (specifically, consumable electrode vacuum arc remelted) 
material is used for all stainless components near the cathode heater 
which are in a more critical position relative to potential outgassing. 
Type 3W4L is used in all locations except for the focus electrode 
and focus electrode support cup, which are made from 317L vacuum 
melted. 

b.) Chemistry 

Sampies of each piece of stainless purchased for use in klystrons 
(excluding some external parts, water fittings, etc.) are sent 
to an independent test lab for chemical analysis. Carbon & sulfur 
are analyzed by quantitative techniques, other elements by 
spectrographic analysis. Cnemical composition must meet chemical 
requirements listed in the applicable ASTM specification (attached) 
and compare with chemical test reports supplied by the material 
manufacturer. 

'I'he material used for the focus electrode and focus electrode cup 
is type 317L modified. It is a non-standard grade and has the following 
composition. 

Aluminum 
Carbon 
C 11 r 0 m i u m 
Cobalt 
Columbium 
Copper 
lvlanganese 
Molybdenum 
Nickel 
Phosphorus 
Silicon 
Sulfur 
Titanium 
Vanadium 
Zirconium 

(Al > 
(Cl 
(Cr) 
(Co 1 
(Cb) 
(Cu) 
Wn 1 
(PI0 1 
(Ni) 
(PI 
(Si) 
(S) 
(Ti) 
(VI 
W-1 

D.W2k 
W.Ul4B 

2B.446 
Id.14% 

Gi.ll% 
15.306 
1.556 
4.Id9% 

is1.8;% 
U.B22G 
W.21i% 
c3.WId5% 
W.ldi% 
W.Q9k 
W.OU!I% 

Alloy Type 3i7/&odified 

c.) Metallographic Testing 

SLAC performs metallographic examinations of 2 or more samples from 
each piece of stainless steel used in the klystron (excluding external 
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parts). 'l'he inclusion content of the steel is rated in accordance 
with AS’I’M E45-U4 method D (attached). For the more critical klystron 
components such as anode housing, anode plate, cathode parts atld 
window flanges, the maximum allowable inclusion content is as follows: 

Type A = B C u 

Heavy 1% 1 1% 1 

Thin 1 1% 1 1% 

l'hese requirements are usually met only by vacuum melted material. 

For less critical parts, those exposed to vacuum but not in high 
temperature or high field areas, the maximum allowable inclusion 
content is as follows: 

A E C L) 

Heavy 1% 2 1% 2 

Thin 2 2% 2 2% 

rhoto-micrographs are attached illustrating some of these conditions. 
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Appendix B.5b: Material Certification and Testing 

Material Purchase Requisition (1) 

Request for Order Shipping (1) 

Laboratory Certificate - Anamet Laboratories, Inc. (1) 

Materials Characterization (1) 

Test Photographs (1) 

Material Certification - Western Forge & Flange Co. (1) 
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PURCHkE REQUISI~N, 
‘. 

I 
STANFORD UNIVERSIT? * 

1.. 

STANFORD LINEAR ACCELERATOR CENTER 

earson/LEvy 1 30 1 2433 KLY 108A 
4uthorlzat10" Req'n. oara Oate Required 

._ 05-08-85 10-01-85 
:wnt Title ) ACCOUnt NO. [Work Order NO. 

(4 08-7030-6 
:ific Oekfy Point Object Budget Approved By 

:lys./Mfg. 
Approval 

Or&-O-ate 
- ._ _ _ . Re;luisiii.n -N-& - -- - 

i 
“’ II 7‘4094 -c 

Expedila lnwect~an Required A- Terms. 

OYes gg(No OYer DNo 
CZd&& 

Reporting Cods _;. . . ‘i. .’ .i’ . 

:. Levy .I IfBusiness Services Onlv)l 
, 

es Requisirion I&&e Hazardous Material7 OYes ~NO + Must Be Checked Equipment is a RLplacement 
Special Handling or 

Explosives q Lasers 0 Radioactive Mat’l. OX-Ray Equip. 0 Toxic Corrosive. or Flammable Item 
Packaging Requirement 

Mat&l r-l 

Refer inquire. To 02575 Sand Hill A* 

Buyer 
Telephona Aurhorizarion Purchasing 

Vendor Name 

. . 

I I-J, 
Oelivery Date Ship Via F.O.B. Confirming To Terms P.O. Number 

Den. 6hlP R 

: . . 

an No Ouantity Unit Itemlrl Not Available in SLAC Stores 0 CdmPlete Description of Materials Estimated Cost 00 NOT USE 
Lross I-orged JU4L VaCIJUITI WC Kemelted Lyl~nders, KOU 

Machined as follows: 
4 , 

1 100 ea 8 7/8” OD x 6 318” ID x 6 518” Long 8$363 .OO 36,300.OO 
I I 

NOTE: 1) Certification of conformance to ASTM A182-F, and act al chemical 
test reports traceable to the mi II heat lot number, must accompany 
each shipment. 

2) Send additional copies ot certlt~cations and test reklorts Via U? 
Mai 1; Attn: Irwin Levy, Bin 30. , 

J) A11 pieces to be trom the same material heat lot. 
4) Heat lot and billet number to be.stamped on each piece. 
5) final inspection and accepr;ance will b t t bLHL Menlo vat-K, 

CA. Non-conforming materials,~ill be Fe:ect.iz. ' 

c- 
.z! 

6) All tOleranCeS + l/lb" .U” (@lJJ + U" - l/lb" (IUJ 
7) Maximum allowable inclir:i&?'cont&t rating'shall bei 

TYtJk .,'I' ,.\.,HlN HtHVY 7. * A 1' L \-," 2 
B 1 l-i 1 
C 1 b 2 
IJ 1' 

as defined in ASTM E-45,%ethod "D". 
1 

.z z 

8) No welding or other repair permtted. 
9) Recommended Vendors: 

-7 I I 

) Coulter St 1 \I 4-bS3 2'12 
i1 Viking Met~~l;gC?~:~~ Steve: G-800-648-3768 
cj, Western I-orge & t-lange, BiTT;~7Zl-~~ 

I I 
.v’I. Contract No. If Other Than “515” 
:, Suoqer;ed Vendors @low. 

Remarks: 
In6~nn I 

‘REF: Housino. Anode PF-700-867-42 

;rc?g-373 

PURCHASING CHOICE Previous REQ: 9460 : 

Requisation No. 

. 7409’4 -I: 



. : . . . 

.sdE~uEST F6R.i RETURN .THI 5 ‘0 EXPEDITING - Bin 1 

‘5~1pplHG ORDER .-: ’ ., . . 

Anamet Laboratories Inc. 
2827 Seventh St. 
Berkeley! CA 94710 

. I 
'. -. 

_. : : 

. . . _;‘: --I 
~CIAL INSTRUCTIONS FOR ORlGlNAToR: . 

A. cQNTA,NS NQ HAZARDOUS MAT’L (X$$TATEhlEN7 01~ R’:Q’N ( ) VERIFIED BY ___,. UNLESS CHECKED BELOW. 
( ) EXPLOSIVE ( ) LASER ( 1 RAOloACTlvE ( IFLAMFBLE ( I poISONOUS ( )COXROSIVE ( )x-RAYEQUIP: 

( ) OTHER RESTRICTEO MATERIAL NOT LISTED/SPECIFY: 

, 
8. ( ) ‘,ELICATE,FRAGILE MAT’;-SPECIFY. 

C. ( ) FOR NON-GOVERNMENT USERS ONLY-.Ai&rlNT OF INSURANCE REQUESTEO. 

.a. .“.COIT”ACI IQ. 

US 511370-MB 
t-; no. FOR cw=s. . 
:I 

1 

2 

3 

4 

““ll 

Quantitative analysis for‘carbon 
and sulfur (leco) emission 
spectographic analysis. ' 



LABORATORY CERTIFICATE 

Anamet Laboratories, Inc. 
ANALYTICAl. 

CHEMICAL 

METALLURGICAL 

2827 SEVENTH STREET . BERKELEY. CALIFORNIA 94710 . 14151 841-5771 HIGH TEMPERATURE 

APPLIED RESEARCH 

PHYSICAL TESTING 

February 14, 1986 

LABORATORY NUMBER: 266.86 P-0. No. U.S. 51'1370~MB 
Req. ho. 64501G 

Acct. No. 12-0871 
S.C. No. 04126 

SUBJECT.: 

MARK: 

Four Metal Coupons for Chemical 
Analysis 

'K911.1 & K911.2; 304L V.M. Forged 
Cyl., K922; 3G4L X-Forged Sample, 
X923; 1 l/4" Dia. 
Disc.' 

304L Stamping 

DATE SUEMITTEG: 
REPORT TO: 

February 7, 1986 
Stanford Linear Accelerator Center 
2575 Sand Hill Road 
Menlo Park, California '$4025 

Attn: bob Hoshida, bin j0 

Mark: K911.1 

Aluminum 
Carbon 
Chromium 
Cobalt 
Columbium 
Copper 
Manganese 
Molybdenum 
Nickel . 
Phosphorus' 
Silicon 
Sulfur 
Titanium 
Vanadium 
Zirconium 

(Al) 
cc> 
(Cr> 
(Co> 
[Eb,’ 
CM;) 
(Mb) 
(Ni) 
(F) 

KS) 
(Ti) 
(VI 
(zr) 

0.006% 
O.OC9% 

18.96% . 
0.27% 
0.02% 
0.34% 
1.21% 
0.49% 

10.65%' 
0.022% 
0.41s 

(0.002% 
<0.005% 

0.12% 
<0.005% 

CHEMICAL ANALYSIS 

k911.2 

0.,006% 
0.013% 

18.go% 
0.26% 
0.02% 
0.35% 
1.22% 
0.52% 

10.72% 
0.024% 
0.40% 

<0.002% 
0.005% 
0.12% 

<O.OOS% 

Kg22 

o.oog> 
0.014% 

l&.01% 
0.05% 

<0.005% 
0.47% 
1:60% 
0.22% 

10.56% 
G.022% 
C-50% 

<0.002% 
0.007% 
0.05% 

<G.O05% 

k523 i 
d.OG5% 
0.025% 

lb.613 
0.10% 

<0.005% 
0.16% 
1.57% 
0.24% 
9.02% 
0.025% 
0.29: 
O.Olb> 

<0.005% 
0.05% 

<0.005% 

Alloy Type jO4L jO4L 304L jO4L 

These tests were performed in accordance kith the purchase order. 

Ftespectfully submitted, 
ANAME LABORATCRIEC, INCCfiPORATED 
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EY 22 - G/a- 
E. A. Foren;an 
Manager, cuality Control . 



Bd-d w $i&& CHARACTERIZATION J-7-H 

Sample Date 6 

Submitted by Bob Hoshida Account No. oB&o~& /u'd- 

phone Ext. 2433 Sample No. 

Analysis to be performed: 

0 IR 

0 Emiss. Spec. 

0 SEM 0 
EDAX 

0 P-Probe 

0 ESCA 

0 
(JZs~ 

0 Metallograph 0 0 Inclusion 0 Microporosity 
Auger 

0 RBS 

0 Other 

Results: 

Analyst: Mount No: 

Reported: Date: BY 

L Channel: Phone Memo Other 
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2 
ITEM NO. 

:us,. P.O. NO. DATE REC’O REC’O BY SAIESMAN PARTIAL Cl 
RESALE w 

PO us 4!3rpggm 7/30/@ mall DF COMPLETE a lAX/\BLE 1 1 RPQ 3713 NON T*X*BcE i I 
I DESCRIPTION I PRICE AMOUNT QUANTITY HEAT NO. 

3. 6% 68 RUGS CROSS FORCXD & RidA TO PIN: 
8-7/8' O.D. + .0&O - .OOO 
6-3/a" I.D. -I- ,003 - ,069 
6-5/a" Long + .06o - .ooo 

~182 F-304L VAR. 
KtTH INCLUSION 
RATXtlO PER 

64278 

INVOICE 
DATE INVOICE NO. 

PACKING LIST 

WORK OHDER NO. 

SANTA CLARA, CALIFORNIA 

DATE WANTED 

T.I.N. #94-1022981 ELN #62819212 CARRIER FOB 

u’ 

: 

1 

Stanford Llncar Accelerator CorWr 
P.O. Box 4349 fl 

Ll 

VPF Trk Dsst 
Bum 

: 
2575 3shd HIill !jixid CARlONS 1 WT. SHIPVIA 

i 
Stanford, CA C&305 Scnlo Park, CA $4925 

CHEM. 8 PHYSICAL MARX NO. 
: 

Attnr Accts Payable 
; WIFLANGES W/IN”. 

TE’RMS: NET 3o FROM DATE OF SHIPMENT 

lfter 30 days SERVICE CHARGE is compured by o PERIODIC RATE I%% per monih which is 
ALINllAl PFRfFNTAGE RATE nf lR%. 

CIA1 FOR SHORTAGE 
WITI- 5 DAYS AFTER R 

BE MADE 
OF GOODS. 



Appendix B.5c: Part Purchase Requisition to an Outside Vendor 
and Machining Specifications 

Part Purchase Requisition (1) 

Specification - Machining Lubricants (1) 

Specification - Machining, Polishing, &burring (1) 

Part Drawing, Anode Housing (1) 
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7 . 

!3TANFORD UNIVER3-W 
. .&ANFORD LINEAR ACCELERAioA CENTEH I 

C%V (6) 379~65!xl 
t4 = e (6) 227-7040 

HOI2 (6) 943-9204 

,’ 

P :- cb 

94384 -E 

w3.3nmea6l JadslIhuJo6t6-se 
REQUESTOR (RETURN TO DEPT. AFTER ORDER PLACEMENT) 
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REV. DESCRIPTION DRN. APR DATI 

R4 RLV/SLD .$ REDRAWti Hi;. '%bbc $L pi7ji 

The following list of lubricants is approved for use In machining and fabricatfng components which 
will become part of a high vacuum system. 

Relton A-g 

Tap Hagic 

Tapmatic I1 

Tapmatic 12 

Rapid Tap 

Trim Tap 

"Pearl" Kerosene by Chevron Chem. Co. 

"Tool Saver" by Do All Corp. 

Cutzol EOM 220-30 

Sunnen Han-852 Honing Oil 

Vytron Concentrate 

Rust-Lick G-25-J 

wheelmate #203 

RD2-195 

Dip Kool 868 

Dip Kut 819H 

Ho Sul X6871 

Kool Mist X88 

Cimcool 5 Star 40 

Ctmperial 11011 

Haloform CH-40 

Aqua Syn 55 (G-C Lubricants Co.) 

Dip Kool 862 

Trim Sol 

Trim 9106 CS 

ClhDOL 3102 

Penwalt YDP 1131 

Cold Stream Coolant hy Johnson Hax Co. 

A ITEM 

I SCALE: 1 NO. 

IHTEAHAL CORNERS .OlS A MAX 
FRACTIONS t. 
DEC. .X 

.xx 

.xxx 
ANGLES t ALL SURFS, 4 

REFIX BASE SUFFIX 
TITLE OR DESCRIPTION CITY 

STOCK OR PART NO. 
I 

DONOTSCALEDRAWING NEXT ASSEMBLY: 

slAHrORLl LIHEIR ACcLlEnAToR CEHTIR sPEc/F/c047-/on, 



1 

Acceptable techniques end materials for use in the machining, deburcing. end 

polishing of klystron coaponents. 

I. scope 

This specification is required for the finishing of all klystron componenta 

vhlch have surfaces counnunicsting with the inside vecuum ereaa. The speci- 

fication is invoked by referring t? the specification number in the dreving 

notee. purchase order requirements. manufacturing “otee, or work instructions. 

II. Techniques 

Machining 

The preferred technique for finishing is by machining only, i.e. no 

abrasive or polishing compounds ere to be used unlees approved. All 

conmonly available cutting tools are permitted. Metal removal other 

then by machining, such as grinding, honing, EDH, them milling. etc. 

are expressly forbidden. 

Debutring 

Dcburring shall be with file. deburring knife or permitted abrasive. 

Deburting by abrasive vibrating or tumbling is permitted only if 
medium is silicon carbide in conjunction with fluids expresely permitted 

per SLAC Spec. SC-700~866~47-RO. Deburring by any other unspecified 

technique is prohfb<ted. 

Polishing 

If the surface finish requirements cannot be met by machining alone. then 

polishing with approved abreeives msy be permitted. Care must be taken 

to avofd using excessive pressure during polishing eo as to preclude 

contamination of surfaces by imbedded abrasives. Avoid any burnishing 

or excessive heating. Any evidence of imbedded contamination will be 

ceusc for reJection. 

I- 

REV DESCRIPTION DRN. CHK APf? DATE 

RI REVISED 6 REDRAWN 88 ‘Z&Q lLTH ‘a~+ 

SCALE : NO. 

ITEM PREFIX BASE SUFFIX 
TITLE OR DESCRIPTION OTY. 

STOCK OR PART NO. 
4 

DO NOT SCALE DRAWING 1 NEXT ASSEMBLY: 

I” 

UNLESS OTHERWISE SPECIFIED 
OIMEHSIONS ARE IN INCHES 
TOLERAhCES: BREAK EDGES .OOS-.Ol: 
INTERNAL CORNERS .OISA MAX 
FRACTIONS i 

III. Materials 

e. Fluids - Lubricanta 

Cutting fluids, lubricants, wetting agents. etc. for use in machining 

or polishing ere limited to those expreealy permitted per SLAC Spec. 

SC-700-Bbb-47-X0. 

b. Abrasivee 

Abrasives for uee in polishing klystron components are limited to the 

followi”g: 

3M Scotch Brite Type S, Silicon Carbide (Gray Color) 

Type A, Aluminum Oxide (Maroon Color) 

Note: Type S ia available in ultra 

fine (500 grit equiv.) while Type A 

is available in very fine (240 grit 

equiv.). 
34 Wetordry Fabricut Aluminum oxide or ailicon carbide 

Cloth (available in 600 grit equiv.). 

DEC. .X 
.XX 
.x xx 

ANGLE¶ t ALL SURFS. 4 
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Appendix B.5d: Part Inspection and QC Reports 

Inspection Report, Anode Housing (2) 

Cover Sheet, Lot Inspection Report (1) 

Master Inspection Report in Master File (1) 
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I 131 RWARXS 

I (4) REMARKS 
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t c 
PECIAL GAUGING KETHODS: 

See Enclosed Q.C. Blueprint. ":. 1) Check all 

RED: Level "A", 100% Inspection. Per note 12. . 

YELLOW: Level "B", 10% Inspection plus lOOX+when any 
2) Check finish visually on all grooves. . 

discrepancies are found. 

GREEN: Level "C". Visual plus 1% Inspection. 

* Asterisk indicates'discrepaicies must be disposi- FACSIMILE ‘%+dE FOR IS“ .SOR, \S” 4.1-R 
tioned by full MRB. i.e. Project Engineer, AmG30 IN 80% oti RxLSkeLF ,' 
Production Manager, and Q.C. Manager. Other items 
may be disposition,ed by Production Manager or Q.C. 

h- L R 
0 E DATE 

I I 

VEtiOOR 
T V 

QTY 1 I"'""', 

* 
. . .~. ,. I ‘ ..; v 

. _ I. _ :--; . ‘- -.. 
. . 

.; . ,i . . 

. . . ::, .I:‘. .:,/,‘..’ .: . . . . . ; “.. - ._ 
I ‘. . . 
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Appendix B.5e: Tube Manufacturing Reports 

Bake Section Report (1) 

Collector Section Report (1) 

Klystron Autopsy Inspection (1) 

Window Bake and Inspection Sheets (4) 

Gun Section Report (1) 

Cavity Section Report (1) 
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BAKE SECTION 

TUBE-TYPE: a7Y 5 CATHODE-NO: 5 f -327' --SC 1 
DATE-ON : / / 15 /a 

I 
BAKt-SIN-NO: .5 

AUTO-SCHL : < 5(‘7 c/-q MANUAL-SCHL : 

AUiO-REY : 233 MANUAL- DATE : / / 

SPECIAL COMflENTS : 

DATE 

01. VENT-STN 11/5/G I 

02. VESSEL-RGH 11 1 5 1 

03. ACH-BAKE- I 11 / 6 / I ! 

04. FIN-BAKE-l f; / I/ / 

OS. START-COOL I’ / 1 z / 

II 1 $1 
.,:::~:.:i:.::::::l’~. 

06. LEAK-CHK O’r:[-& I.9 t-7 ;~~ LEA K? ‘YES / Gi.8 

07. HOT-SHOT ////3/ = E - :;;yiiiiit:i:il:i; ‘:;iiji;;gy$;~ nr N : , A/- 
.:.::‘.::‘:::::.:.:‘:;~,~,~~~~~~::ii:jij: . . . . . . .._.. . . . :_giil:,:::.:.i i .::,::: /. 

I 10. FIN-APP 111 / I$‘/ I \ 
08: /Jr 7, L E-9 J&o APP-PUMP-CURRENT: 43 y.4 

Il. PINCH-Or< 
::. :, .:;~:: :.:::: .:,i ..:.i: ,.. 
:.: :: ..:.; ::,: :.:. p. :.j.:.: . . . . ___:,;:.~.~ ..:::..:. “1’.““:.‘.‘..: _.::.: / :::.: ,..:.:,:. ,. _,_, ::..::..:: ., .:.l.:ti.i(:ii::i:.:l:i i::. 

:._::::.:~:.:.‘;:~:i::.:..:.-.:~~~ . . . . :t .:_: ..““.” ..“‘“‘:‘:‘::.::i:i:;:::::;::.~:~::,;:::,:~ ._-;;:.‘. ~.:..‘:.::::::::;<:i:h~;~.;:; 
~i~.l:l”::i:::iijpii:!iljii:jiDii~~:~~: DELIVERY 10: 

_. __ ,_ ,.,_ 
. . . . . . . . :.:. . .._ . . 

HRS-INSTI 
I L- - .- - _, \CD -’ 8 

(02-01) t7 G- (06 - 02) 

.- ~~ DAYSION-STN -’ _.. I i HRS-BAKE- I -’ ,-P ~~~ 

1 HRS-BAKE-2 -) 5Y BAKE-DISP 
1 -(05-04) .i --_- J ' , 

.. 

I 

w / -d u 

PROCESS-Cot-M-Z- 

I I 
EXPER-NO =) 

(Plr~se srparrtt numbrrs with commrr) 
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- 

t . 

- 

,. ,i. 

F 

C h 

E 

L 

II :. 

Note I For each item, don’t write the value if it is the same as the value given here. 

SEGMENT BASE DIAMETER ALPHA LENGTH 
1 so0 45 1.381 

1 
3.030 00 3.200 

2 
3.030 00 3.200 

3 
3.030 00 3.600 

4 
3.030 04 3.125 

5 : 

2.633 06 3.125 

6 
1.996 15 1.875 

7 
f 1 .OlO 15 1.527 

8 

COLL-COMMENTS : 

- 
: .:,,.... , ,,,.. ,,..,...,, , , +, ,..,,._. ,.,,,.. .:i.. >, :, . ..A... ..I. . . , z .,h’..’ II, , z.. i , , ,.I. ,i I :,, . . ,, ,,,, . ,. 

ASSEUBLY 

?EADY-DATE ./0/J ,q /& WELD-DATE ‘/6 /&A /&5 by .f2,,, 
binitials) 

SPECIAL-CHAR : 

XPER-NO : 
(Please separate numbers with commas) 
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.’ f . . _ i . . . .- . . . :. 
. - 

..-* . . ‘. . . . *. . -.. . . *. - . . _ . . _ . . . --. .‘ . _-- :. . - . -.. . .v . . ..- . _. 

-. . . - ‘. . . 
-..-- .__ . . . 

-. . . 2 -. . , -. . . . . .._ ..-. : -. 
.- - . . 

. . \ . 

w:,LL (5) -; 

. . 

*_- - * _... 
-. 

* . .Ie*.- . . ; . . . . . f - .-,’ - .: ~ -. : ! : : ._ 
. 

. . . 
- “. . . : . . . . 

. . .r . 
. . ,.. . : .: _ . . . 

Of!i\e~ ;. 88 
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SC~IS WIHDOW 
FIRAL I:IS?ECTIObt SP~=T -----------------------==----, 

----I-.-.- 1 l 

r ‘. 
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please circlt: LEFT ISSUE-DATE: 

WINDOW-NO z> a\\c CERAI-K-/-IAT => 

SLEEVE-MAT =) CA t-W-ALLIZING =>J\; Q7 

CERAMIC-EDGE => Beveled / Ott-alq*t> 

COAT-DATE COAT-TYPE =>T;r\l 

COAT-METHOD =>b-C. _ TIME/SIDE => CQEj 

COAT-PRESS 
(:.QoP-FRONT 

=> -5tlo~~ &OAT-VOLTAGE =>A. 8 /Q/ 
=> hL( Hz F.-TOP-REAR => \aq 

f-BOTTOM-FRONT=> 7! HZ F-KITTOWREAR => 1%) 

GAS-MIX => 4Q% OF F& / 60 ?&WAC 

RING-TEST-DATE => 10 / l-7 / t&; 

CENTER TEMP,UNCOOLED,6pS;tIOM\rt/W%W =) -w 
CENTER TET”~P,UNCOOLED,~~S,~OW~‘,‘&~K’~ =) m 
SLEEVE TEMP,UN~OOLED~~,‘ZKW => 55*lj 
SLEEVE TEMF,UNCOOLED64,8KW =J bwJ 

RlkG OESERVATIONS =aR\dl-iT CARFW i&&J 
POST TEST OeSERVATlONS =) 

RECOAT-DATE => RECOAT-TIME => 
RECOAT-CUURRNT=) RECOAT-RESULTS => 
h’:NOOW-COMMENTS =Ck&.k~&~~~ a4 j?rr~ 

“C 
“C 
OC 
0 c 

(min sac) 

(Pk~sc separate numbers with commas) 





SLEEVE-MAT 
CERAMIC-EDGE 
COAT-DATE => 1@& %b COAT-T’fPE Z>-pH 

COAT-METHOD =>QC. 5i$-7 TIME/SIDE => (min set 

COAT-PRESS 
F-TOP-FRONT 

:;-+-g~~ ‘;.$$-JgpE ==;g$y y 

F-BOTTOM-FRONT => IC7-7 HZ F-BOTTCh-REAR => 1\y Hz 

GAS-MIX => 40% OF Nz / (* 05% OF j.+r 

RING-TEST-DATE => \o / 122 / &b 

LOSSES,COcLED,6 ps, 1 OOMw, 106KW => 76 cl Watt3 

CENTER TEt-lP,COOLED,SpS, 1 OOMW, 109KW =J s-i “C 

CEYTER TEMF,UNCOOLED,6pS,SOMW,54KW =’ 5li “C 
CENTER TErlP,UNCCCLED,6uS,25M’rv’,27KW =’ qo OC 

SLEEVE TEMP,UNCOOLED,54KW => %gj T 
SLEEVE TEMP,tiNCUOLED,27KW =J L{( (3 0, r OC 

RING OBSERVATiONS =uwD DLVF, Eb&\ -iN?o (.C@.Nd -r&J 
POST TEST OBSERVATIONS =) 

RECOAT-DATE => RECOAT-TIME ‘=> (min .sec) 

RECOAT-CURRENT=j RECOAT-RESULTS =>. 
WINDOh’-COMMENTS => Pt?c bd+ 0 boo”C For i?j hrs 

I E%PEfi-NO => 
(please separate numbers with commas) I 
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NOTE : Example of 8 value for Pressure:-G3.2 E 

.‘.I::. * . : .  . :_ ._...-_. : ; . , :  _. 
. .A .  :  _. .a 

:_ 
i , ._,.  .  _-. .  .  ;’ 1:. .  : ,  _ .  .  .  ,  .  .  . . ,  .  

-_ 
.  .  .  . :  :  

c , , .  . .  ‘:_, ‘̂  .y  __.,.  ‘.‘.,,..,,.. , . : : :  \’ :’ ._ ‘, 

;  . ._ ‘. . I  . . :  i._ 1, 2..:“.-;... J  . . :  
*+, 

- m . . . I 
PHASE -NO 

. 

, . , , . :  4 “,. -;-I.: 
.  ‘;. _. 

.  : .  

\ 

/ 

,‘.... 

. ” 
.,, ; :‘. 

,?. ,.., .-, 
.‘.::‘I ..,.,, 

” i 
;- ., . 

.: : .,;. . 
‘. 

.” .‘, 

FE-COMMENTS=> : ’ 

CATH-COMMENTS=> :‘- .: 

&jIO&&ENTR=,f:~ -’ -..:. 

AUTO-PARdiLELL, _- 
a 

93 
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Appendix B.5f: Tube Assembly Reports 

Klystron Final Assembly Procedure (4) 

Anode Housing Assembly Sheets (2) 
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.  c  

f  K L Y S - i R b i  F INAL  A S S m L Y  P R f lCEDUF?F,.  

U y e d a /S irois Jarl. 8 5  

1 . Check  sub-assembl ies  fo r  ser ia l  n u m b e r s : 

a . In p u t &  e . R e c o m b l n e r  !? u - ? v ?  

b . G a in  / 9 .6  .:A - _  f. c- - j&-  Cpl lector  _ _  

c. O u tp u t ; 1 9 7 .  -  
g -  A n o d e  . . ,; .- . 

.:;4 .Iy- Z #  : 

d . S p litte r  stiR> g  h . Gu l l  

2.’ D'~ens ioos  ( lod icate n a n e  0 : pe rsca  d o i n g  th e  vork)  

a. 

b . 

. . . 

'd  _  

e . 

1 . 

cap  bt;Tl . 2 a  8: 2 3  d - 4 ': s - -  tu b e s  

S a z  b t>-zt. 6 a  4  6 b  dri i t  ta b e s  

Din. 2 .125’ 0 3  2 a  dri i t  tu b e  

Dim. 2 .122’ o n  2 b  dri i t  tu b e  . 

Din'. 2 .1 2 5 ' o n  6 a  dri i t  tu b a  

Dim-.  2 .1 2 2 ' cc S b  dri l t  tzb e  

3. Instal l  Hz0  jackets o n  Ca in  Sub -Assemb ly  

4. C l e a n  stack ing  m a n d r e l  vith  a c e c o n e  a n d  e th e r  

6 . C l e a n  ceran lc  r ing  a n d  p lace  o n  m a n d r e l  

6 -  . S tack Sub -Assemb l i es  o u  m a n d r e l : Check  fo r  

fo r e i g n  objects,  scratches, e tc: 

9 6  
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7. 

8. 

9. 

a. 

Note: 1. 2 people neoded, to guide pieces. 

2. All hellarc eyelets to be cleaned 

vlth ether before assembling. .- 

Input section . 

b. Gain Section (Orient colT@ctly to Irput) 

C. Output Section (Orient correctly io Cain) 

d. Eolt the 3 seccI{-us together 

tt,it Assembly vith nylon sling and place on 

"cold test" cart (2 people requkeci) 

Eolt on 2 duty *:lndo:s zrd the recozbiner sectlol? 

(3 bolCs/flznge scug fit - no: tClr@*Ue~) 

lrans~ort to Cold Test Area 

10. Have Tube Engineer indicate disposition 0: tube 

xith his signature 

Accept Reject - 

ii. - Lift hssombly from cold test cart uith nylon 
. . 

sling and place on a tube sfand (2 .people TeqUiTed) 

12. Blou off flanges vlth filtered N.2 and remove 

dnmmj ulndovs 
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. 

13.. -Install permanent windows: 

1. . Rmcord saris1 no. or nos. &WY 

b. 

C. 

cl. 

b. 

Blov off facer of vindoV(c) vith I:2 

Blov off Recozbfner flanges vith N2 

!?olt vlndov(s) in place: 

1. Install 1 stnd/ZindoY 

2. Torque nuts to 17 it/lbs sslng i lBO" 

crlss-cross FattO 

s. Use VG all~-nnent tool for slnsle :icdw:s 

14. Ingtall Collector end veld 

16. Xnrkll Collac*tor IQ0 Jackot 

t. Add the Lilting Fixture 

16. Lift A.ssaEbly from tuba cart vlth nylon slirg 

17. .vlld holiarc ayalets 

a. Gain to Output 

b. Crln to Ioput 

lb. yda $~a PULIP Ilang . 

$d, ~.blUdd-off disc OZI input 

98 

Welder: 

Welder: 

Weldei: 

Welder: 



f‘ 

p=e;e 4 
.~ooooooooooo~ooooooooooooooooooooooooooooooooooooooooooooooo~oo~~~~~~~~o~o~~o 
20. Install Gun Assembly: 

a. 

b. 

c. 

4. 

c. 

f. 

Visual check 01 drift tube for fcre<:_;n 

objecrs, etc. 

Clean anode nose v ith ether Blo-J off Focus Electrode *.-lth filtered N 2 

O r ient Gun Asseznbly  v lth Input 

Attach v lth 4 studs 

Veld eyelets 

21. Attach 8 liter ion pucp- O r ient properly  to 

leave room r 'or its  magnet 

22. Leak check Keith He Leak Detectoi 

a. Output s ide of ViEdo-J(s) 

b. Tube s lds of v lndov(s) 

23. Veld Hz0 Jackets on Cain Sectlo& 

24. .Place'tuba back on a tuba stand 

2s. Complete 'Blue Sheet' v lth Travel Folder 

26. Tnrn Tube and Travel Folder over to Bake Shop personnel 

Rcceivcd _ 

i ‘. 
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-. 
ANODE HOUSING 

SERIAZ. NO. 
-4lis$& \rk\\ 

I -. ITEN - NO. . I 

PUMPOUT RING PF-700-860-60 

HELIARC RING (short) PF-700-861-12 

HELIARC RISG (Lone) PF-700~SGl-13 

AHODE HOUSING PF-700-861-42 

ANODE HOUSING RING PF-700-867-43 

SERIAL NO. 

A//9 

G- 

/ &y26 1 

sft- d6-4 

ITM so. SERIAL NO. 
I 4 

PLWPOUT RING FF-700-860-60 @3/A 
HELIARC RIXC (short) PF-700-861-13 P 

- HELIARC RING flonsl PF-700-861-13 7f- 

aXODE HCUSIXG PF-700-86 i-L2 1 x@--SiO i 

i &DE HOUSIXG RIBG PF-700-867-43 (9-3 se4 .$I(-/7 
$“?5’. 

SXRIrV. NO. A4 -l13b l?-hkAA.FY-&2~Y ’ 
ITEX SO. SERIAL NO. 

I 

PU?IPOUT RIKG 

HELIARC RING (short) 
, 

HFLIARC RING (I&%) 

PF-700-860-60 A//q 

PF-700-861-12 : : " .G 

PF-700-861-13 ./ G 

ANODE HOUSIXG PF-700-861-42 I &j- 3t 5 

*'ODE HOUSISG RING P&700-867-43 I &4+7%7.-S.N-2Y4 

f 3F+x SERIAL NO. /+ j&l.-.gm-\ 1 

ITE?l NO. SERIAL NO. 
I 

PL?iFOUT RIKG 

iLIARC RING (short) 
L ' 

'.I PF-700-860-60 _ A./&3 

PF-700-861-12 H-t :.G 
HELIARC RIWG (lono,) PF-700-861-13 m -x-- 

A"ODE HOUSING L. 1 PF-700-861-42 .- fl-3\\ 

Ahc:)E IiCLTSINC USC; PF-700-867-43 1 A?- 354 . . 
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ASSEMBLY SERIAL NO. - - 

f- BASE c- 
CATHODE ASSY. 

PELLET 

H.V. SEAL 

ANODE HOUSING 
I %- E -m/k, I INPUT I 17s 

GAIN 

OUTPUT CAVITY WAVEGUIDE 

OUTPUT SPLITTER I s-v-q0 
WINDOW (LEFT) 

1 Jo 73" I WINDOW (RIGHT) I J/&u 
OUTPUT RECOMBINER N-7 7 
ION PUMP flm 6097 

I COLLECTOR 

TUBE NO. \ ?YPQ- 

ASSEMBLY SERIAL NO. 

BASE 
I 

CATHODE ASSY. ,sv- a6 
PELLET Jy-3aP-s‘c ---- 
H.V. SEAL -.- 
ANODE HOUSING 

, I 

I INPUT 
I 

I GAIN ( 45 

OUTPUT CAVITY WAVEGUIDE 

P 

w 7 
OUTPUT SPLITTER sI/- Y7 - -I 
WINDOW (LEFT) 
WINDOW (RIGHT) 

OUTPUT RECOMBINER -- 
ION PUMP 

COLLECTOR 



Appendix B.5g: Tube Bake Processing Reports 

Klystron Processing Check List (4) 

Processing Schedule Authorization (1) 

Klystron Bake Processing Log (4) 

Process Graphs (5) 

Tube Process Report - Station Log (1) 
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KLYSTRON PROCESSING CHECK LIST 
Revision s/8/86 -- "BAKE LIST" 

S/N & REWORK LEVEL 3490 STATIONS 

TYPE c SW5 DATE rrs-86 

_____------------------------------- 
1 INITIAL EACH STEP WHEN COMPLETED 1 
___--------------------------------- 

Station Preparation 

Check station status and maintenance list 
Ion guage spare filament available for tube & vessql 
Cooling air and heat tape switches properly set 
Station vented and logged 

Tube Preparation 

Borescope Inspected 
Input connector removed. 
All tape and foreign matter remove6 
O'rings removed 
Appendage pump orientation and bolt clearance.okay 
Appendage pump heat shield installed and ground spring 
removed 
Folder received from'tube shop 
Proper collector water jacket 
Visual inspection 

Tube Installation 

Let-up fixture purged with.nitrogen 
.Tube vented. Handle CAREFULLY 
Pinch-off flange anb'station flange visually inspected 
Tube valved-in and logged 
Filament continuity normal ir& AT 
All thermocouples working 
Waveguide blown out using high pressure N2 
Tube body not visually shorted to ground 
Bellows restraint adjusted and plate installed 
All thermocouples not shorted by visual inspection 
Heat shields on gun, input, and appendage pump 
Earthquake restraints installed 
Window pump started or leak rate < = 1mT per second 
All foreign matter cleared and base plate blown bff 
Wipe down O'ring 
Window manifold number w 
Second person visually check 
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page 2 .--------~-i------------------------------- -----y--w.-.- ----- -----__ 

Vessel Installation 

Vessel oven power cord connected (fan on Sta #5) 
Groundstrap on vessel 
Water lines connected 
Bake status switch correct 
Interlocks complete; except a r 
Vessel roughing and logged 
Schedule authorization obtained 
Paperwork initiated, folder obtained, schedule 
authorization posted, 
labeled 

summary sheet and graph 

Log tube on calendar 
Set-up fan on ion pump 
Enter tube on computer and in logbook 
Vessel valved-in, interlocks complete and computer 
normal 

Before Leak Check 

Computer prompt "LEAK", or all TC's < = 150C 
Vessel gate valve and bypass valve shut 
RGA tuned to helium 
Helium purged 
Readings logged 

Leak Check 

Vent vessel 
Log tube leak check status 
Log O/P waveguide leak status. Subsequent leak check 
needed? Yes y No 
Wait until TCg3 ( = 100 degree c 

'Remove vessel 
Vent window manifold. 
Log through window leak status 
Appendage pumps started 
Heat shields removed 
Start filament pre-stabilization 
Waveguide cover installed 
Retorqued bolts .and ,109 

Before Emission 

5 
52zz 

Hot shot complete, and fil back to operating condition 
Record appendage pump current, then disconnect 

L&2- Hook up high voltage equipment, and check visually for 
shorted tube body 
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page 3 ----_--v-w ______--_____------------------- -------------------_--- 

Set up safety equipment. Clear ladder and 
bystanders. 

End Emission 

/ +%3 
* 

Pressure & emission current OK or notify supervisor 
High voltage off (Fil. on) 
Appendage ion pump on (Fil. on) 
Log final readings with filament on 
Filament off. Tube cooling for pinch 

Before Pinch-off 

AA Bellows support properly adjusted 
$$g Rubber grommet in place 

Pinch-off tool properly centered and leveled 
Pump-out tubing oiled 
Second person checks set-up 
dog pressure before pinch-off. Must be normal 

After Pinch-off 

Log after pinch-off pressure 
Conclude computer processing and 
Leak check pinch-off 
EPOXY 
Pinch-off cup installed 
Input installed and covered 
Evalu te need for sandblasting. 
Yes -!!3x No 
Gun .ceramic resistance check 

sign out logbook 

Sandblasted? 

Q ,A x 10~ x 10 
meter megohms switch 

X vol!Ometer = ~~>uo'Ohrns 

reading multiplier multiplier 

Notify supervisor if resistance ( 1 x 10 o hm. 
Water jacket leak checked 
O/P waveguide leak checked if required. Checked? 
Yes )t No 

-2l.zdL O/P blown out using high pressure N2 and properly 

6 

sealed- 
Plastic bag over gun 
Log tube off calendar 
Final visual inspection by Mike or Chuck 
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page 4 
------------------~‘----------~.----------------------------------- 

d5.B - 
Delivery 

Tube delivered 
l%&car 

noted on blackboard; 
Person notified 
Tube delivered to Mechanical; Person notified. 
Appendage pump started and logged 7 
Paperwork complete; tube folder, processing folder 
etc. 

_____---------------------------------- 
1 RETURN COMPLFTED CHECKLIST TO CHUCK 1 
__,----------------------------------------- 
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I 

S.L.A.C KLYSTRON BAKE STATION= 3 
m  PROCESSING LOG TUBE* -=$401c$ \ DATE I I -5 -6 

FILAMENT STATION W INDOW TEMPERATURE ‘C EMISSION 'T' TUBE VESSEL INLTS COMMENTS 
TIME 

ION PUMP ION CURRENT H.V. CURRENTTAPES PRESSURE PRESSURE 

CURRENT APPENDAGE TRIAC TRIAC ‘A’ 

AMPS b/OLTS ION CURRENT TClITC2 ITC3 bVG. SET CURRENT AIR -- I 

II ;m ,n,1, 



I 

S.LAC KLYSTRON BAKE STATION” 3 
n PROCESSING LOG TUBES ?t% DATE .‘Il-K- =T% 

TTMF 1  FTI AMFNT i STATKIN i WTNflf lW 1 TEMPERATURE ‘C 1 EMISSION 1 ‘T’ 1  TUBE I VFSSFI ITN~TsIc~~~MENTS tl 





E 

I 



. 

I 0 
C 
-s 

W 

Iu 
0 
0 

Filament Amps 

1 

- 

- 

I I I I I I I I I I 1 I I 1 I I I 
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v) 
t 

Tcl,Tc2,Tc3 Degrees C  

Ii P  cn 

- 
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0 0 

- - 
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I 
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Tube Process Report 
1 STATION LOG OD: [300,303)50450349A.~L CREY-TED AT 13:16:29 OS-NOV-86 3Y PROCE 

Temperature Tube Pressure Filament 
., Step Step Start Time Step Finish Time Min Max Min Max Min Ma> 
_--- ______---m-w- -VW-------------- ------------ ------_________ _________ 

4 17:48 05-NOV-1986 09:49 07-NOV-1986 566.2 
7 09:49 07-NOV-1986 lo:25 ll-NOV-1986 474.6 
8 lo:25 ll-NOV-1986 09:40 12-NOV-1986 430.2 

11 09:40 12-NOV-1986 17:42 12-NOV-1986 428.7 
12 17:42 12-NOV-1986 22:34 12-NOV-1986 306.0 
13 22:34 12-NOV-1986 03:22 13-NOV-1986 155.8 
14 03:22 13-NOV-1986 09:OO 13-NOV-1986 24.6 
15 09:OO 13-NOV-1986 09:26 13-NOV-1986 22.9 
16 09:26 13-NOV-1986 09:58 13-NOV-1986 23.0 
17 09:58 13-NOV-1986 lo:18 13-NOV-1986 24.2 
18 lo:18 13-NOV-1986 lo:34 13-NOV-1986 24.2 
19 lo:34 13-NOV-1986 lo:36 13-NOV-1986 24.2 
20 lo:36 13-NOV-1986 lo:54 13-NOV-1986 24.2 
21 lo:54 13-NOV-1986 08:32 14-NOV-1986 23.3 

0 08:32 14-NOV-1986 08:32 14-NOV-1986 23.5 
22 08:32 14-NOV-1986 lo:54 14-NOV-1986 21.2 
23 lo:54 14-NOV-1986 lo:54 14-NOV-1986 21.8 

566.2 3.1E-07 3.1E-07 29.7 29.7 
555.3 8.6E-09 2.5E-07 29.9 30.0 
430.2 1.4E-08 1.4E-08 34.0 34.0 
432.9 1.3E-08 1.4E-08 33.9 34.1 
431.2 1.8E-09 1.3E-08 4.0 33.9 
293.6 1.5E-09 1.8E-09 3.4 4.1 
155.8 1.3E-09 1.5E-09 0.0 30.0 

24.6 1.4E-09 4.3E-09 29.8 34.9 
23.8 6.OE-09 8.9E-09 35.0 35.0 
24.4 5.OE-08 6.OE-08 40.7 40.9 
24.6 7.6E-09 9.3E-09 35.2 35.3 
24.2 6.5E-09 6.5E-09 35.0 35.0 
24.3 4.7E-09 6.5E-09 34.9 35.1 
29.1 1.5E-09 1.8E-08 0.0 37.3 
23.5 4.8E-09 4.8E-09 0.0 0.0 
23.5 1.9E-09 4.8E-09 0.0 0.0 
21.8 1.9E-09 1.9E-09 0.0 0.0 

117 



Appendix B.5h: Klystron Test Reports 

Index of Klystron Test Notes (2) 

Test Stand Summary Sheet (1) 

Tube Data Summary Sheet (1) 

Processing Data Summary (1) 

Interlock and Safety Check (1) 

Emission Check (1) 

Process Performance Data Work Sheet (5) 

Test Sheet (2) 

Heat Run Sheet (1) 

Acceptance Test Report (1) 

Final Test Data Summary (1) 

Specification Conformance Summary (1) 

Klystron Checkoff Sheet (1) 

Acceptance Performance Data Work Sheet (5) 

Stability Check Form (2) 

Acceptance test Report (1) 
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---------__--------------------------------------------------------------- 
KLYSTRON TESTING NOTE DATE 01/26/87 KTN-01 (Revision 40) ---------_---------_------------------------------------------------------ 
TITLE INDEX OF TEST NOTES AUTHOR E. LaClair 

-------------------------------------------------------------------------- 

The following is a list of material on klystron testing as of the above 
date. 
In addition, all operators are expected to be familiar with the material 
listed under "TRAINING MATERIALS." 

KLYSTRON TESTING NOTES 

TITLE DATE REVISED 

01 Rev.40 Index of Klystron Test Notes 
02 Rev.4 Load Installation Guidelines 
03 Rev.3 General Test Stand Information 
04 Rev.5 Engineering Data Graphs -,, 
05 Cathode.Cooling/Load Vat. Let-up 
06 Test Operator Skills 
07 5045 Installation/Removal 
08 Rev.14 5045 Pre-Processing (lgs) 
09 Rev-19 5045 Processing (3,5ps) 
10 Rev.5 T/L Check on 5045 Klystron 
11 ' Magnet Supply Run-down 
12 Rev.8 Round Tank Processing 
13 Thyratron Ranging 
14 Rev.2 5045 Stability Check 
15 Magnet Mating Test 
16 Rev.2 T/S Start-up & Shut-down 
17 Rev.15 ,504s Final Test 
18 Rev.2 5045 CDR/ Check/Set Procedures 
19 Epx/Mismatch Check 
20 Operating Data on 5045 Klystron 
21 Operating the CALF 
22 Klystron Aging Room 
23 Window Testing Procedure 
24 Rev.4 5045 Break Up Check 
25 Data Acquisition Procedure 
26 Rev.3 Power Balance Calculation 
27 Tube Interception Calculation 
28 XK5 Gallery Return Test 
29 Rev.1 XK5 Final Test 
30 Rev.4 5045 Gallery Return Test 
31 E/M Focusing Interlock Protection 
32 Rev.3 5045 Frequency Response Check 
33 Window Thermocouple Installation 
34 Sub-Booster Testing 
35 Sub-Booster Power Out/Drive Curve 
36 Rev.1 Barton Turbine Flow Measurements 

01/26/87 
08/21/86 
08122186 
08/22/86 
08122186 
08/22/86 
08/22/86 
10123186 
01126187 
11/20/86 
04/29/84 
01126187 
09/11/84 
12/05/86 
11/14/85 
12/10/85 
01/26/87 
01/27/86 
03104185 
04/19/84 
11114184 
02/04/85 
02104185 
11/11/85 
05/05/85 
08/14/86 
04/02/85 
04/09/85 
07/08/85 
04111186 
04/24/85 
1.1/13/85 
04/17/86 
05/12/86 
05/12/86 
08/27/86 
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KTN-01 (Revision 40) Index of Jest Notes Page 2 

MAINTENANCE NOTES 

TITLE DATE REVISED 

MN 29 Removal and Installation of 
Windows for Ring Testing 

05/23/85 

TRAININiG MATERIALS 

TECHNICAL SPECIFICATION SC-700-866-45-R3 SLAC 5045 KLYSTRON 
Performance Data Work Sheet 
Klystron Test Sheet 
Heat Run Sheet 
Radiation Check 
Power Data'Form 
Installing a Klystron Tube 
Slippery Perveance Test 
Input VSWR Check 
Stability Check (XK-5) 
Acceptance Test Report 
Thyratron Ranging 
Klystron Emission Check 
The Brazing Furnaces . 
Checking Breakdown Resistance of Pulse Transformer Oil 
T/L Check 
Breakup Check 
Scope Sweep Linearity Check 
Safety Memos' 
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KLYSTRON TEST LAB REPORT KTF - 009 

TUBE # 
MAGNET # 
LOAD # 
DATE IN 

PROCESSING DATA SUMMARY 

1 epy,KV 1 ik Amps 1 Pdr Watts 1 Pout MW I 

I 320 

I 350 713 I 367 62 \- 

STAND # 

OUT 

7 
30.3 

-3/- 5- 
//- 2 I- R-6 

Focus Current 

BUCK 

MAIN/ELMA /<j/f- 

TOP - 

WINDOW: COLOR re I. ARCING /!I FLASHING x/ 

MAXIMUM WINDOW TEMPERATURES: LEFT s/-/ RIGHT 32.= PRR /airo' 

15/MIN \ 315KV 
--T-15'M1N 

\ -3 dB \ '\ 

FAULT RATE: 

COMMENTS: - 

DISPOSITION: R/ L i&:-a 

APPROVED BY: 
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INTERLOCK AND SAFETY CHECK 

DATEJI-2 +‘T-6 -----e.--- TU=ddtk~~ TEST STAND # 07 _ 

FIL.CONTINUITY Before test d G Sm ------------- After test _____________ 

(minimum) UNITS <set 1 

WATER FLOW 
<Lou Limit) 

Tube ,,AS,GEr,,,-------LPM----~~~~-~--------- 
/TIP 

Load ---AS-_GEY --em -----do GP"'LLL&~< __________ 

XFMR ----e Flow -------I------- / 63 --e-----4- _------- 

VAC ION SUPPLIES (maximum) 
Ctifgh Limit) Tube 1 x 10-V ---I---------------- I xio-7 . 2,2d ----- ----------B-w 

7PIP 
Load-- 1 X lo-•(O-270KV --------------- j x10-6 ----- -----_------- 

7RP 
Load_-4 X IO-7(270-320KV)- JXW7 J70 --I--- -----------_------- 

7.ZIP 
FrnEI slJPPL1E8 

Kl f xan Conncc t ed / L/ LI---------- Body Connected_______---_- 

Und*r Current Amps ___ ________Polarity______Li/________ d 

Enter Focus f3rttings - -------- -&&, __-_z__ 
(Bucking) (Middle) (Upper 1 

FlM&NT 
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KTF10. 85 
5045 KLYSTRON EMISSION CHECK Tech, -2% 

STATION 07 TUBE z&q DATE d-Z&~ -- HVRTM$%Y FRTMxy& / 

PRK&-iY INITIAL I&h FINAL I, ?&. & FOCUS-zz- -LZ..- - ----- 

P 

t 

Comments: _________------------------------------------------------------ 

II. 

420- 

380- 
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STANFORD LINEAR ACCELERATOR CENTER 
WORK SHEET 

PERFORMANCE DATA 
(KTFO03) 

INITIAL (1~s) ROUND TANK ONLY 

PROC. (3.5/JS) PTT 
07 

ACCEPTANCE PT 
s+-a3. 

FINAL CDR 
&3/B’/ 

(OTHER) NEW CDR 

INSTALLED HVRTM:d7C/IC/1$ FRTM: ~&.&,J-TOTAL FRTM: 

Page No. 
-a- 

Da t e //-cq-% 



Page No. 2 STANFORD LINEAR ACCELERATOR CENTER 
WORK SHEET 

PERFORMANCE DATA 
(KTF003) 

ROUND TANK ONLY 

PTT 

PT 
/I4 

5. T- 7.?3 
CDR 

.<? /J : / 

NEW CDR 

INSTALLED HVRTM: FRTM: TOTAL FRTM: TOTAL HVRTM: 

START OF SHIFT1 HVRT_M 1 EP-MTR. _ IEP-TRUE 1 If-MTR 1 : [P-TRUE 
c7ml =;/79? 91 //.Y- I /K I 220 I$ at?(-) 

PRR +kk 
&f /-o 

TIME TUBE VAC LOAD VAC FOCUS 

fl?/fJ “O.! pa /o.L/ pa - 
/scJ 

EOLC R/E HVOC WINDOW Co Hz0 

- FLTS FLTS LEFT RIGHT IN OC 

, I 

127 



STANFORD LINEAR ACCELERATOR CENTER 
WORK SHEET 

PERFORMANCE DATA 
(KTF003) 

I’ INITIAL (1~s) ROUND TANK ONLY 

‘/ PROC. (3.5~s) PTT 
II 3 

ACCEPTANCE PT ST---- 7 - 3 5. 

FINAL CDR s3,1: ? 

(OTHER) NEW CDR 
L 

INSTALLED HVRTM: 7=,,j$ i FRTM: .-. ..I-; TOTAL FRTM: 

Page No. “2 

OPERATOR 

TOTAL HVRTM: /+, 7 
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STANFORD LINEAR ACCELERATOR CENTER 
WORK SHEET 

PERFORMANCE DATA 
(KTF003) 

Page No. (f 

Date I!-25-86 

INITIAL (1~s) ROUND TANK ONLY TUBE # 3990 
I!/ PROC. (3.5~~) PTT 

JQ 
MAGNET 

./ s-on >- 

ACCEPTANCE PT J-r-733. LOAD 
dco-46 

FINAL 

(OTHER) 

CDR 53 ia: / T/S # 
07 

NEW CDR 55~0: i 
OPERATOR 

6 ch 

INSTALLED HVRTM: FRTM: TOTAL FRTM: TOTAL HVRTM: 

START OF SHIFT HVRTM 
23,sk$7 “-G? 

Ef-TRUE If-TRUE PRR 
2?nn 1f-MYot(g y30,n /so 

TIME TUBE VAC LOAD VAC FOCUS 

,y pa w -L.ZO----- 
EOLC R/E HVOC WINDOW Co Hz0 
FLTS FLTS LEFT RIGHT IN OC 

I 

CD/? CAPA- (JnPr fi/ot s&?Prl..) 76 , A&VP &p- I 
I I I I 

L2flfi/ p se4 r/o fp &7c .5 ‘i-/he, IV25 1 , d I 
1 

I I (u cd &Jderi 4s’r) 
P 

rou A, r‘ k/P// f,wJFA !e//@,p r/eu 0n/;, , 2ri,yO: j ! I e I I I 

a?iLO l/w~JA /c +.s3% H3f .? SD/<l/ to44?+ m 7&39/P I I I 
I 

I I I 
I 

GC.30 ,75otcl/ YaYR/qk- cJ,b> I 1 I fy ,3_7,/ , 39.7 , m  
I- I I 1 I I 

II 
3130 I @- I-P, 8 ,3?.%,3i5-,7?2 

II I I I 

322?0 I ci) ,0, a p.7 ,yy-jj ,773 
I” I I I I - I 



STANFORD LINEAR ACCELERATOR CENTER 
WORK SHEET 

PERFORMANCE DATA 
(KTFO03) 

INITIAL (i/.~s) 

J’ PROC. (3.5~s) 

ACCEPTANCE 

FINAL 

(OTHER) 

ROUND TANK ONLY 

PTT // 9 

PT -;‘-I 7JZ . b 

CDR R’ * ,, ? 
.~ L. .*rr 

NEW CDR 5/ya 

INSTALLED HVRTM: FRTM: TOTAL FRTM: TOTAL HVRTM: 

Page No. 

Date 

TUBE # 3 qk 

T/S # 67 
OPERATOR &*- 



KLYSTRON TEST LAB FORM KTF-002R 5045 TEST SHEET Page# (/) 

1. Vf 
df 2 
-beam___-- 3 

Ibeam___-,-- 4. 

Abeam ( 5. Peak ) 

Abeam (Avq) 6. 
7. pk 
Vf ecus 8 

If ecus 9. 
10. Bucking 11 
11. Main I2- 
12. Upper I3 
13. Frequency 
14. PRR 
15. Tbeam(current) 
16. rrf 
17. Pd( fwd) 

Pout(fwd) 18 
19. Pout(refl) 

20. Tube Flow 
21. Tube deltai 
22. Body deltaT 
23. Load Flow 
24. Load deltai 
25. Total H20 pwr 
26. Focus Pwr(-) 
27. Real Ii20 pwr 
.-z-!?out(A”q) 28 

31. Efficiency 
32. Gain 

33. Stable Range 
34. Stable Range 
35. Glitches 
36. RF Breakup 
37. Tube Pressure 
38. Load Pressure 
39. Interception 
40. L. Wind. Temp. 
41. R. Wind. Temp. 
42. Window Color 
43. Hz0 in Temp. 
44. Power Balance 
45. Date _ 
46. Time 
47. Operator 

db 

Comments2 
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KLYSTRON TEST LAB FORM KTF-002R 5045 TEST SHEET PageAt z 

TUBE# 3 q%’ LOAD# j/b -I& MAGNET# se< TANK# /f 7 T/S# 07 _ 
5J’il’: J 

1. Vf 1 Volts1 12-q 1-r-Y Ia,2 
-z-z.f 2 IAmps 1 30.0 a.0 Q9.V - 
Abeam 3. 1 KV I ,-5w 
Ibeam 4. (Amps 1 7/ c 1 I 

1 ,;:-r 

c;” . W Q  

Abeam ( 5 Peak) JMW cu3.q fYi3 
Abeam cAvq) 6. 1 KW I \\35.3 140.8 Yk I -Ft., \id80 ;b&T 

LI L- 21 -Lb ?I? I 

(U 1924 ! ! ! 

7. pk 
---!!focus 8. 

If ecus 9. 

\ .qYY 
Volts - - 
Amps 

-< - 
I%;- 0 IS-IO 1916 I I 

10. Bucking I1 Amps - ) 
11. Main 12 Amps / /I 
12. Upper I3 Amps / / I 
13. Frequency 1 MHz Zb< Q 735 6 2STb 
14. PRR 1 Hz I w  ia0 IS I.- ’ -d< c.u< I I I 15. fbeam( current) t ps I SJd$ 5*- 3 u-7 2 
16. rrf pS 3 .‘s 7.7 3. ‘( 
17. p,j( fWd) mw ,Grl , h! 

Poutlfwd) 18. mw I I+ \ 17 d 
Po,t(refl) 19. mw \6C a-7 , otf4 

Comments: 
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STAHFORO LINERR RcCELERArOR CENrER 
HERr RUN SHEEr 
SLAC 5045 KLYSrRON 

rUBE SERIRL t dsc; 
rEST SrRW + --‘;--z: 
Eli t 5 - &IF--- 

--------L----- 

TIHE : TItiE : BERH : BEAH I PRR : RF IN : RF OUT : FRULTS _ : UINOOU KHP. : rNPur : BODY : FOCUS : ) 
HOURS : HOURS : (JOLrRGE: CURRENT: : RERO : ’ 
ELRFSED: RCrURL : kV : RnPS : HZ : nu : nu : EOLC ; HVOC 1 LEFr 

: URTER : OELTR : 
: RE : RIGHT : rEnP. : r : BUCK : HIODLE : roP 

ts 
Ld 9 : 

-------;--------:--------; --------:--------;--------;------:---;-----:-----;-----;--------;--------; --------;--------;--------:--------:--------; 

13 : 1 
---w--m ;--- -m-v-: ---e--e-; --------;--------;--------:--------;--------;--------~--------; 

14 : 
-------;--------;--------:--------:--------: --------:--------;-----;---:---;-----: --------;--------;--------;--------;--------;--------;--------t 

15 : 
-------;--------;--------: --------;--------;--------:--------:-----:-----:-----: --------:--------:--------;--------:--------:--------:--------; 

16 : I 
---v--e ;--we---:-- e--m; --------;--------:--------;------:---;-----;-----;-----;--------;--------; --------:--------;--------:--------;--------; 

17 : 
-------;--------;--------: --------:--------;----:----:------:-----;-----:-----:--------;--------;--------:--------;--------:--------;--------: 

18 : : : 
-------:--------:--------;-------I --------:--------:--------;----:-----:-----;-----; --------;--------:--------I---------:--------;--------:--------; 

19 : 
-------;--------;--------:--------:--------:--------:--------:-----:-----:-----; --------:--------;--------:--------:--------;--------;-------, 

20 : 
------------------------------------------------------------------------------------------------------------------------------------------------ 
conwtm: 
--------------_--___---------------------------------------------------------------------------------------------------------------------------- 



MAGNET NC. 80 - 5zzBdj- ----------------------- 

F:XiATION LEVELS IPU’ mF&‘ht-: 

F’OSiT13N 

I -------- 

2 ---_---_ 

i /i 

------ 

f  -- --_-- 
I  

,? 
/ , 8/c ?C I ,.w L - ..’ 

BEFOF;E F’E, &FTES F’z, 

-/ LI --------- --------- 

2 -. z 
_------.-- ---w-s--- 

/2- NL 2 
------e-w --------_ 

3 13 .--- 

--------- ---e-m--- 

_-------- -----_-__ 

_-------- ---e---w_ 

i 9 / 

-. 
,- -. 

. . 
, 

\ / 
. / 

- .- -- 

2 Illi 
v , ,’ I .’ -7 

“----j-7 

,r 
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KLYSTRON TEST LAB FORM 

STANFORD LINEAR ACCELERATOR CENTER 
5045 KLYSTRON FINAL TEST DATA SUMMARY 

KTF - 005 

DATE /6-i& - & 
TUBE # 347A I/? 

LOAD # -+/&!l TRANSFORMER # c%- 733 
MAGNET# 5 -Go< 

TEST STAND # 67 

HVRT %'- ' hrs 

FRT 764 hrs 

FILAMENT VOLTAGE /zl/ 

FILAMENT CURRENT 9.0 

DIVIDER RATIO 524”10!/ 

FOCUS(350kv) PI 7 
FOCUS(320kv) lLj* 7 
SHUNT (Y) @  - n 

SHUNT BOX LABEL v t--c 
/ 

SUMMARIZED BY& 

t ?py KV ik Amps Pdr Watts Pout MW Stbl + Stbl - 

3'1F 
I* 363 vu tu3 240 3.0 

)a 
zim”- 327 (&c, z\o 3@c, 

COMMENXS: 

Faulting: 

PO Pulse Quality: 



K*'L.Y S T R 0 N TEST LAB FORM KTF - 006 

SLAC 5045 KLYSTRON 

SPECIFICATION CONFORMANCE SUMMARY 
/ I'UBE 3 c- f? COMPLIED WITH SPECS: YES NO 

ITEM . AREA COMMENTS LOG PG. 
_. 
ew, KV ik,Amps Pdr,W Pout,MW Focus,I 

1 Pout 
315 

Pdr 
& 320 

ik 363 w v-73 PI.7 D 
350 c(l3 327 L&a I L/J 

2 PULSE STABLE RANGE + 7.6 dB - 3.6dB 
STABILITY cLo&. 

6-7 
50 db 

3 TESTS NOT PERFORMED 
PHASE 
AMPLITUDE DRIFT 
NOISE 

4 SHUNT YES - R 

SHUNT BOX LABEL ATTACHED? 4..:< 
f 

5 SPURIOUS FAST FORWARD ENERGY FAULTS (BREAK UP) 
SIGNALS -- 

I 

6 HEAT RUN 

a IONIZING j%r * 
RADIATION ,+fiou~~ 

7.5 A-uJ-42 Y . -I 1 1 INSTALLED 

INSTALLED 

IN 

ON 

MAGNET # 5-65 

PULSE TANK # \\? 

DATE: I( -ac --a D,ATA'BY: . \cTI 

REVIEWED BY:9 

COMMENTS: 
59-e 
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KTF-001 
KCY STRON T E S T L A B FORM 

----w--w- 
‘ye. - Gsec Pre-p 1 rocessinq 

Initials 

KLYSTRON CHECKOFF SHEET Tube # ,flyC, 
------a---------_ -_-------- 

__. -A 

Check Initials /--- /,_.~ Check 

I .__r-. _e-*. 
Interlock check .,--‘-Radiation 

Process to 350Kv/60- I/-----/- 

.A---- 
Process to 359-Kv/180- 'lkl 

Heat Run 

Yellow Sheet 
_--/ cl 

PWR -da&r 320Kvi350Kv El 
,A-- Summary 

_ __..r 
.- /--- -------------------______ ----------- 

psec Processing 

Interlock check Gv lw Radiation Survey 

Heat Run S-rb Process to 350Kv/60W 

El ’ 
(4 hr. minimum) 

T/L check (@ 3.5 psec) L 

El 
I 
1 
I 

Process to 350Kv/120- Sheet 
)"-;,. ;i 

: 1 Process to 350Kv/180- Process Summary 

----------------- 
Acceptance (Input water P 35.0°C. 

.Tm 

--RJQ 

Breakup check 

Stability 

Acceptance Test Report 

Rundown Graphs 

Response Check 

F-iGai - - - 
----------- 

Interlock Check 

T/L Check 

.CDR Check 

Radiation Survey 

Power Data 320Kv 

Power Data 350Kv 

-- 
T,T S 3.5piec), 

I 

El 

El 

I 

I 

------------- 

Heat Run I 

Yellow Sheet I 

Acceptance Summary I 

Acceptance Data Card I 

Hold For Acpt. Card El 

Heat Run l 350Kv El 
/120- 
Breakup 0 350Kv CJ 
/120- 
Summary Sheet 0 

Final Data Card I 

Shunt Box Label I 

Tank Data Card 0 
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STANFORD LINEAR ACCELERATOR CENTER 
WORK SHEET 

PERFORMANCE DATA 
(KTF003) 

INITIAL (1~s) I ROUND TANK ONLY 

I PROC. (3.5~~) 1 

ACCEPTANCE 

INSTALLED HVRTM:GT/, F 
, *’ 

PTT ) 

CDR ] 

; 

I LOAD 

I T/S # 
I 

OPERATOR ..J cc 

FRTM: ,~,~,i~q, C, TOTAL FRTM: TOTAL HVRTM: 

START OF SH IFT HVRTM EP-MTR Ef-TRUE 
CTCL 12.3 12. z I ‘3 %  

If-T#UE 
‘L’ 27. L: 

TIME TUBE VAC LOAD VAC FOCUS 

9.7 pa ‘/i. Y pa / d,y’ 
EOLC R/E HVOC WINDOW Co H20 

--- ‘FLTS FLTS LEFT RIGHT IN “C 

0 7/\ ~Qy/ 
,n 

~w&;.#, (’ >,/ .#- 1 ,y , 1. .’ 
I 

&’ . I I I I I 1 
: I 
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STANFORD LINEAR ACCELERATOR CENTER 
WORK SHEET 

PERFORMANCE DATA 
(KTFOO3) 

I I FINAL 

I I (OTHER) 

Page No. s 

Date //--J:<% 

TUBE # 35?7&- 
MAGNET 5 -GL( 

LOAD I;!/fi-: .b 
3 

T/S t 07 

OPERATOR Jcr- 

INSTALLED HVRTM: FRTM: TOTAL FRTM: TOTAL HVRTM: 

[START OF SHIFT HVRTM Ef-TRUE 
c 71’6 27ypf7 EP-;;!s /z-7/ I f-MTR If-TRUE PRR 

2.7, 0 2q.G 179 

TUBE VAC LOAD VAC FOCUS I‘ I 
EOLC R/E HVOC WINDOW Co Hz0 

,-> w ‘/z-L‘ w / 4 7 ‘FLTS I I FLTS LEFT RIGHT IN OC 
TIME 

, 



STANFORD LINEAR ACCELERATOR CENTER 
WORK SHEET 

PERFORMANCE DATA 
(KTFO03) 

INITIAL (1~s) 

PROC. (3.5~s) 

v ACCEPTANCE 

FINAL 

(OTHER) 

1 1 ROUND TANK ONLY 1 TUBE # 

PTT 

PT 
/T-- 733 

CDR 579L@  ,‘I 
NEW CDR 

INSTALLED HVRTM: 2779-t FRTM: &7 Ig*o TOTAL FRTM: 

Page No. -ii!L5 

MAGNET 

LOAD 
/7xD-& 

T/S kr s= *F 

OPERATOR EL 

TOTAL HVRTM: 

START OF SHIFT HVRTM Ef-MTR Ef-TRUE If-MTR If-TRUE 
13-o 0 27 81. j’ /2-z 2Lj.o PRRl 5-o 

TIME TUBE VAC LOAD VAC FOCUS I I 
EOLC R/E HVOC WINDOW Co Hz0 

.L pa ‘,q-0 pa - iv.7 - --- FLTS I I FLTS LEFT RIGHT IN OC 
1 I 

t 

I I I I I , I 
I I 

I I I I I I 

I I I I I I 
I _ 
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.STANFORD LINEAR ACCELERATOR CENTER 
WORK SHEET 

PERFORMANCE DATA 
(KTFO03) 

INITIAL (1~s) ROUND TANK ONLY 

PROC. (3.5cls) PTT 
‘/ 9 

,/, ACCEPTANCE PT 
St- 733. 

FINAL CDR r/ye: / 

(OTHER) NEW CDR 52l/n : / 

Page No. 

I LOAD 
I /3LO-Y I 

INSTALLED HVRTM: 277.$t,s FRTM: TOTAL FRTM: TOTAL HVRTM: 
jy, 8 

START OF SHIFT HVRTM Ef-MTR Ef-TRUE If-MTR If-TRUE PRR 
2300 T?H,I; ‘2. c? 2 9. 0 29. 0 /rjo 

TIME TUBE VAC LOAD VAC FOCUS 

pa ‘3 w .2&l-.--- 
EOLC R/E HVOC WINDOW Co Hz0 

‘FLTS FLTS LEFT RIGHT IN OC 

I 

I I 1 I I 1 I 
I I I I 

I I I I I I 

! I I I I I 
I I I I I I 

I I 1 I 1 1 
I i I 

! 1 I I I I 
I I I I I 

I ! I I I I 
I I I I 

! I 1 I 1 I 
I I I I I I 

I I I I I I 
I I I I I I 

1 I I I I , 
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STANFORD LINEAR ACCELERATOR CENTER 
WORK SHEET 

PERFORMANCE DATA 
(KTFOO3) 

I I (OTHER) 

I 1 ROUND TANK ONLY 1 

CDR 92% 

I NEW CDR 
I I 

Date //-ad 6% 

I T/S ## I 

IOPERATOR 1 ~g 

INSTALLED HVRTM: FRTM: TOTAL FRTM: TOTAL HVRTM: 

START OF SHIFT HVRTM Ef-MTR 
3797.7 

Ef-TRUE If-TRUE PRR 
070 ci /l. YL /z .J 

I f;FTR 
‘I XT, .Y 23;. 3 /y/lj 

TIME TUBE VAC LOAD VAC FOCUS 

o.z- Cra ‘6.2 w ____ Id 7 
EOLC R/E HVOC WINDOW Co Hz0 

‘FLTS FLTS LEFT RIGHT IN “C 

;ql,i l-/ 
;’ , , I 

-+ I d* .&-< , J- 1 ;. :. ! I 1 I I I 
I 

I I I I I I 
I I I 

I I I I 1 I 
I I I 

I I I I I 1 
I I I I 

I 1 , , I I 
I I 

I I I 1 1 I 
I I I I 

1 I I I I I 
I I 

1 I I I 1 I 
I 

I I I I I 1 
I I 

, I I , , 1 

I I f I I 1 
I I I 

I I 1 I 1 , I I I 

I I I I I I 
I I I 

1 I I I I I 
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KTFOl4 STABILITY CHECK FORM DATE /'-z g-- @  
5045 KLYBTROW 

TECH. A?-- 

Beam voltage (circle on*) 270 315 350 

0pthlNlm fOCU8 11 - 12/Y-7 13 - PRR 'i?d 

Saturation drive (Peak) 757. Set input HZ0 tamp at 35.00 C.(*.5o) 

Pulae width 3- 5- pa Peak Power Out Y>- 3 HW 

Body Interception O- % % 

DESCRIPTION OF PULSE: (Instabilities, type, percentage of pulse, etc.1 
------------------------------------------------------------------------- 

Stable from: t 2 to - 3 db. 

Saturation: 

8 Hum c0-I 
-----------^------------------------------------------------------------- 

At Max Stable overdriven condition (t & db) 

8 HumLO" 
-------------------------^-----------------~-------------------------------- 

At Max Stable underdriven condition (- 3 db) 8 AH LG., 

8 Hum 01% 
--------------------____________^_______--------------------------------- 
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KTFOl4 STABILITY CHECK FORM DATB fi-2y-w 
5045 KLYSTRON 

TLCH. 3-b 

Beam voltage (circle one) 270 315 320 

Optimum focus Il- 12 /N. f x3- PRR /kc, 

Saturation drive (Peak) 3 27W Set input HZ0 tamp at 35.00 C.(t.50) 

Pulse width 3-q pa Peak Power Out 6c-O XW 

Body Interception 1.Y 8 

DESCRIPTION OF PULSE: (Instabilities, type, percentage of pulse, etc.) 

Stable from: t 2- to- 3 db. 

Saturation: 8 m ro-1 

8 Hums"-l 
--------------------______________^__^__--------------------------------- 

At Max Stable overdriven condition (t z db) 8AM O-- 

8 Hum Lb-) 
----------------------------------------~-------------------------------- 

At Max Stable underdriven condition (- 3 db) 8 m 4 0-i 

8 Hum c O-l 
------------------------------------------------------------------------- 

Comments: / c e/J 
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KTF000. ATE STANFORD LINEAR ACCELERATOR CENTER 
ACCEPTANCE TEST REPORT - 5045 KLYSTROH 

TIJBEJqqa MAGNET 5 0~ 5’ -----e-w -------- --e--m-- TEST STAND 7 _----w-- 

,/- TECH. FL- REVIEWED BY ------------w--- --------------e-M__ DATE 11-2 s - c6 --w------m 

----==============================================----------------=------ 

DRIVE ATTN. z6-<b FIL E./2-/ FIL 1.3-d ------ 

PER /co FOCUS VzlL/ FOCUS I/4/-7 

BEAM F’ULSE LENGTH 5. (ys ----- RF PULSE LENGTH 3’rys INPUT H20 TEM@<cwoC- 

--------============================================--------------------= I I I I 
1. BEAM VOLTAGE KV 315 / 320 350 

2. BEAM CURRENT AMPS I I 363 Y/ 3 

3. PERVEANCE JJ’K I / 2-00 2- 0 0 

4. TUBE PRESSURE PA \ ! / a- 7 oa 7 I 

5. AVE. DRIVE PWR. niW 
\ 

1’ 
!’ *7u .z/& 

6. LOAD FLOW GPM 
\ 

; 
; /qd /Lf-/ Y--- 

7. LOAD a-i- oc 
\ ! 

i' I 5-j'- 7 % / 

8. TUBE FLOW GFM 
I; /sg 20-O 

9. TUBE AT OC ; 17-j /F- .? 

10. BODY h-i- oc i 
i I 

u-l -ir o-3G- 

11. WINDOW TEMP.L/R OC II “/-y /+/j- 7 Y)-3 1 L/3-3 

12. PK. BEAM POWER MW 1 ! I //6- = ,Y”1-6 

13. AVE. BEAM POWER KW / I //Y-4 t43- 1 

14. PEAK DRIVE WATTS i ’ I 947 32 7 

15. AVE. RF OUT KW i 
i 25. ti- 404 

’ 16. FEAK RF OUT MW I I 97-3 ,3 S- 0 

17. TUBE WATER FWR- KW I 

18. TOTAL WATER PWR KW i \ ‘/4-J jY6.0 

19. FOCUS POWER KW I .I 3- 0 7 3-q 

29. EFFICIENCY % 
i \ 

qo- 7 LjY+ “I 

21. GAIN db ! \ f’q- 2T 5-l-4 

22. BODY INTERCEPTION % 
I 0. IT- r.“l 

23. F’OWER BALANCE % /- 42 -0. I 
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Appendix B.5i: Failure Reports 

Trouble-Failure/Modification Report (1) 

Window Inspection Data Sheet (1) 

Klystron Failure Report (1) 

Reject Klystron Tube Inspection (1) 

Autopsy Report (1) 
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SYSTEM NO. 
hxk$K 

STANFORD LINEAR ACCELERATOR CENTER 

CONTROL NO. 84 
Lf. 

TROUBLE-FAIlURE/MODIFICAllON’ REPORT No. 3-m 
?rtOueLE OeSERVEO - 04s IWE OBSERVED LOCAIION - SIAIION TZFERENCE No. 

f ’ 
t /$’ i 198 7 

I 
//CT 0 

MONTH DAY YEAR 24 HaJR SYSIEM 
/I- 3 

PRIORITY CODE: 

cl EMERGENCY Q  ROUTINE 0 MODIFICAl ION/ENGINEERlNG CHANGE 

ROUBLE DESCJIIPIION: . 

COMPONENT 

FILA HV 

REMOVED INSTALLED SYMBOL 

Ssrbl No. Mfg. Serial No. Mfg. 

IAIE COMPLETED W E  COMPLEIEO 
: ’ 

a 

i I 198 - -. 
MONIH DAY YEAR 24 HOUR SYSTEM 

ACCELERATOR COPY #l 
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WINDOW 

Tube Number: . .;T 

Right Window Number: _ . 

Insj?ected By:: p-V 

Blow off Rec;'d, 

r-e -- -7:~ Pzrkicles Found 

Sgots Founti 

Eold Window 

Rstukn to Tube Shop 

PtrtiCU~zt~s Recovered 

(Yes/No) 

(Yes/No) 

Insg7ection Number: i2K3 

The Inspected: -- 

Left Kindcw 



KLYSTRON FAILURE REPORT 

TUBE 3~q,. TANK L MAGNET _.$-ob? 

FROM STATION id-3 ELAPSED FRTM m ELAPSED HVRTMZ 8 id 

RtIZASON FOR RETURN (FROM TROUBLE REPORT): 

PRIMARY RESPONSIBILITY: KLYSTRON D. MAGNET q , TANK D cl 

PREVENTIVE ACTION: 

FAILURE CODE m SIGNATURE DATE 743 -87 
COPIES: TUBE-WHITE; TANK--BLUE:DEi?RER--PINK:DEPI: FILE-YELLOW:CLOSEOUT-BUFF 



Re.ject Kl vstron Tube Insoection 
Tentative date tube is to be opened 2 . ,C - 77 02~~ 

i Confirmed by Garwin, Hoyt, etc. &. t, C-hdN 
Tube No. 344pL Type .<&6 

Gun Date 
Serial NO. %?!$+sc Type i t%AdDu ;cic 

.vacuum Firing &,~~/757’k T&M v/ <zn 

’ RF Firing Duration 62 Hrs . 
Final Pressure (HOT) 9.7E-6 Torr 

W indow Data 
Serial No. 22;;: Type &-9pq 
Brazed in Horizontal cf Be7 1 Furnace’ 
Sleeve Mat’1 /’ 4 

Ceramic-Sleeve. braze alloy 35-65 
Sleeve-Housing braze mat’1 . 58-50 
Type of coating 7;: &-&4/k Method used B.C. X&Y- ‘6 
Cleaning method 7 i;ieEl;;: r Chemical l ,. 

----- dthcr (speci Fy) 

W indow temps _ during operation at various power levels. 

f;ake Data 
Date on bake Date Pinched-off /I/ 
Max temp. For his ‘* ‘/Zf -. 
Pressure ~LQ- 7 Torr and Emission Current 76 Ill2 Q 1 kv 
Pinch-off pressure LE$ 3 

Plans 
Rework 

Change Window 
Other (specify) 

Scrap 
Ion Pmp 

Authorized by 
. COlkt0~- 

Test Data - -- - _..- - --- --c - ---- .-m ._-- _. . - . 
R SlJiMARY Operating E, * I, 

Ik Pout pk Pdr Input VSWR Gain Eff Hul6 AM 1: Fault/ Missed Ef -* AIk, ..I W ir:c 
Amp Mw w W/O w DST Sat. SS ’ b ‘@ db @ db 8 hrs. Pulses @TL AE, Terr.: . 

I 
1 

I I 
L I I 

_---. 
- 

JISITION: Date: Comments/Reasons : 
hj- Lz72$4Af l/k, 87 ~,>,w & /; i/-cd? 

I 1 -- -.-- 
150 



- 

AUTOPSY REPORT 

ZNSPECT 
7 

jmell of C.ZkQ: Strong (Sl d Weak (WI 13 Absent (AI C 

;omments : 

*-3/L Lthode No: frz 774--5t CZeon: l!r Mottled: YE 

:omments : 

Tocus Electrode: Many: (Ml n few: (F-1 c 
Arcs Tiny: (Tl m  Heavy: (lfl C 

Arcs on Radius Cues) I (No1 C 

Arcs on Outsade (yes) 0 (no1 c 

'omments: /y -Euc, 7, A/k AdO c-/-i- Ly &nL/I/ hecs 

S.S. li0usin.q: Arcs : FTfi=H 0 Or YTfMH C 

Ceramic Standoff Condition H.V.S. # Lz-/j'j 

CZeon (Cl D Puncture (PI D Breakdown (8) 

Zomments: #-L&d#;Aua-MdU * m-4 

II\ 
Rr*rcx4: -- w "PLYJ 

ltnode Nose Many Tiny (MT) m  M=ny Heavy fMH1 G 

bating Light (L 1 m  

Zommentst 

3eam Interception 

F.E. - 

Measurements: Measurements: =I =I .fy3 .fy3 

.b) a .b) a 

cl /2m cl /2m 

3un Alignment: 

to/z Lb / l TIR Concentrici 

, a$6 <I: R 

Parall 
",OOlZ 

*m/2 fOlP / /%?A &-A 
' zotat Indicator Runout 

Zomments: 

!ccommendations for gun assembly a 

iignature: 

'Icnse check one of the foZZowing 

'A/J Reprocess and reuse on n 

tube and or use on tube 

B/j Use as is on next availab 

on tube No. 

ther Notes: 



Appendix B.5j: Part Non-Conformance Report 
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NON-CO~~CE REPORT 

KLYSXON TUBE SHOP 

Name of person who first detected the problem. 

Non-conformance part (Cognizant engineer) 

Steps taken to keep this problem from re-occurring 

Part used in tube # %l%k/ 
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Appendix B.5k: Engineering Change Order 
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CHANGE ORDER NO. 0 254 

TITLE GASKET. TUBE SEAL 1 DATE 10-78-87 

IDWGJSPEC. N0.x -700-758-01 R5 NEXT ASSY / 
/f h ,n DATE I,/z/K.z. ORIGINATOR M.Regan 

W.O./ACCT. NO. &?--8/ 3c- 2 i 
1 APf’ROVAL +&j’ $‘7,//,-. , . 

1 DATE REQUIRED 

REASON FOR CHG: J MFG. 

DESIGN CHG. I x TUBE/SERIAL 

ICORRECTION I .Y/ 

I DOCUMENTATION * 1 1 FINAL 1 DATE 

IOTHER I I 
DESCRIPTION PLEASE MAKE THE FOLLOWING CHANGES (REF ATTACHED REDLINE DWG) 

CHANGE FROM: 2. SURFACE MUST BE FREE OF SCRATCHES,DEEPER THAN .OOl. 

TO:. 2. SURFACE MUST BE FREE OF SCRATCHES,NICKS OR IRREGULARITIES. 

CHANGE FROM: 32 FINISH (BLOCK TOLERANCE) TO: 125 FINISH (BLOCK TOLERANCE) 

.ADD: 32 FINISH AND:NOTE_:Z. TO .080+.005 DIMENSION,BOTH SURFACES 

I ADD: -005 FLATNESS (.080+.005) --- 

I I 
I I 
I I 

I I 
I I 
I I 

- 

I I 

---- 

-- 

* THIS TYPE OF CHG. WILL NOT REQUIRE 

DATE COMPLETED 1 /- /7-- 8 7 By SHT. OF 
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APPENDIX C 

Quality Assurance Policies and Standards in Electronics 
Department 
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Appendix C.l: List of Procedures and Standards In Electronics 
Production 
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March 1, 1988 SLAC MEMORANDUM 

To: J. Oijala - 07 

From: F. Generali 

Subject: ELD/EPC QC WORKMANSHIP STANDARDS AND PROCEDURES USED 

The following list of documents are the present practices and procedures 
which our EPC groups use. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

SPECIFICATION 

QC-119-lOO-OO-R6 

QC-140-561-OO-R3 

QC-140-697-OO-RO 

Shop Handbook 

Shop Handbook 

Evaluation Procedure 

Evaluation Procedure 

Evaluation Procedure 

Evaluation Procedure 

TITLE 

Production of Printed Circuit Boards 
(F. Generali 02/24/81) 

Component Installation of Printed Circuit 
Boards 
(F. Generali 11/09/73) 

Electronics Fabrication Workmanship Standards 
(F. Generali 04/05/74) 

Printed Circuit Board Processing Procedure 
(F. Generali 04/01/74) 

Printed Circuit Board Design and Drafting 
Procedure 
(F. Generali 01/27/88) 

Outside Vendor's Qualifications to Perform 
SLAC PC Design Work 
(F. Generali 02/22/88) 

Outside Vendor's Qualifications to Perform 
SLAC P/C Fabrication Work 
(F. Generali 02/22/88) 

Outside Vendor's Qualifications to Perform 
SLAC P/C Assembly Work 
(F. Generali 02/22/88) 

Outside Vendor's Qualifications to Perform 
SLAC'Chassis, Work 
(F. Generali 02/22/88) 
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ELD/EPC QC WORKMANSHIP STANDARDS AND PROCEDURES USED page 2 

10. EPC Work Processing Forms 

a. 

b. 

C. 

d. 

e. 

f. 

g- 

h. 

i. 

EPC Job Completed - Customer Review Sheet 

Printed Circuit Job-Flow Sheet 

EPC Labor Cost Estimate Sheet 

ELD/EPC Job Order Sheet 

Suggested Documentation & Prototype Unit Revision Job-Flow Sheet 

P/C Board Estimation Sheet 

Job Order Additional Charges (Customer Approval) Sheet 

CNC EPC Standard Drill Tool Number Sheet 

Engineering Change 

11. QC-034-lOO-Ol-R3 

12. FP-027-lOO-Ol-Rl 

13. Ds-016-1l0-01-~6 

14. DS-016-310-Ol-R12 

FG/jbn 

Copies: M. Allen 

Request Sheet 

%X/Quality 

%&Z/Plating 
Protection 

Control Worlunanship Standards 

Standard for Corrosion 

SLAC General Drafting Instructions 
(Presently under review by the SLAC 
Standards Committee) 

Engineering Document Numbering System 
(Presently under review by the SLAC 
Standards Committee) 
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Appendix (3.2: Examples of Documentation in Electronics 
Department 

Customer Feedback Report (1) 

Engineering Change Request (1) 

Electronics Department Job Order (1) 

Additional Work Request (1) 

P/C Job-Flow Sheet (1) 

Revision Summary Sheet (1) 
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OFFICE MEMORANDUM . STANFORD UNIVERSITY . OFFICE MEMORANDUM l STANFORD UNIVERSITY . OFFICE MEMORANDUU 

DATE: 
To : 

FROM : F. Generali - Elect. Fab. Shop 

SUEJECT: Job Order # 

After you have carefully analyzed the above subject job order 
which our shop has just completed for you,. I would greatly appreciate 
your comments of the findings. 

The information given, will aid our shop in personal job satis- 
faction; to better understand our customers' needs and to perform a 
better job in the future. 

EXCELLENT ( GOOD ( POOR ( 

SPECIFIC COHMENTS: 
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ENGINEERING CHANGE REQUEST 
STANFORD UNIVERSITY 

STANFORD LINEAR ACCELERATOR CENTER I 

EC 

I Page 1 of _______--_---_-_---------------- ----f---------------------+------ __ 
3SGINATOR EXT. DATE ORIG(GROUP): 

I 
W/O-No 
ACC.No ------------------------------------+---------------------+--- 

REQUEST DATE 

I 

PRIORITY 1. 
2.1 

TO(GROUP): JOB ORDER No 
3 ----------------------------t--------~---------------------+--- 

NOW IN PROTOTYPE: Y N INOW IN PRODUCTION: Y N ----------------------------------+------+-------------------~--~ 
Recommended CHANGE Y -N By Resp. Engineer: _____-__--------- ----------~~-~-~----------~-~~~~-----~~~~-~~ 
AUTHORIZED BY: ____-------__---- -------___------------------------------------- ___ 

SYSTEM TITLE: 

APPLICABLE DRAWING NUMBER: 

REASON ENGINEERING CHANGE REQUIRED: 

DESCRIPTION OF CHANGE: 

INTERNAL USE ONLY: .ASSOC. DRAKINGS 
AFFECTED AREAS (DISTRIBUTION) DL 

~~ 
COORDINATION (SUPV) E SI 

DESIGN/DRAFTING [ $J'p"y ; ML OTHER 
-P/C DESIGN 
-PRODUCTION/ iii 

VMUFACTURING (SUPV) ________________--_-____________________--------------------------------------- 
l-lATl? COMPT,: !COI%'L BY: IENG ACCEPT: 
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ELECTRONICS DEP~RTXEXT JOE ORCL,? 

____________-_---__------------------ 
Job title 

_____________-__-__-------------- 
. 

iiipne-, a-/cri~inatar r‘-L=?sion Ccord cc& u-l L-u- 

_____________-_-_-___ --- .---_-- - 
iciti ic strtrrs cde R&d dzte Rc_s'-, dzte 

P: 1 A: 1 R: 
________________----_ _------ -- 
dpcrovz5 i_n_sz.ectec - @sntj-ty 

I -I I 
Ecurs es5 

AC* n&er 

Shcp cede 

JO number 

al s PI E I I I 

IX5 nuker 

Pricrity 
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Date: 

TO: 
EPC Customer's Name 6i.n # 

FROM: 
EPC Group Supervisor Bin a" Phone u" 

SUBJECT: 
EPC Job # Job Title Drawing B 

This is to inform you that additional charges have been imposed on your work order 

P for the following reasons: 

1. 

2. 

3. 

Additional work requested by 
originator. 

Additional work which was not forseen 
during initial estimate. 

Systems or process problems. 

(Specific Problem) 

TOTAL 

Please review this form, return to the above group.supervisor with your comments, 
and sign so that we may take the appropriate action. Thank you. 

/7 Continue the work. - 

Originator's Comments: 

D Stop all work. 

-- 
Customer's Signature - (Date) 

cc: F. Generali 
B. Barrera 
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P/C JOB-FLOW SHEET 

3B NUMBER ACC. NUMBER 

PROCESS 

ILMS ENCLOSED 

YLARS ENCLOSED 

PTICAL PROGR. 

/C DRILL TAPE AVAILABLE 

NNER LAYERS 

AMINATE 

TkwJ*L 

FIRST ARTICLE 

AND/CLEAN 

TEP I 

HOTORESIST 

TCH 

3LD PLATE 

OLDER-REFLOW 

RIM 

OLDER MASK 

ILKSCREEN I 

SPECIAL INSTRUCTIONS 
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PHOTOFAB. REC. DATE 
I 

DUE DATE 

DATE 

FINAL 
INSPm 

BOARDS QTY 

SINGLE 0 BD. THICK 
SIDED 

DOUBLE // BD. THICK 
SIDED 

MULTI- 
LAYER D BD. THICK 

SPECIAL // BD. THICK 
MATERIAL 



t 
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APPENDIX D 

Quality Assurance Policies and Standards in Plant Enqineerinq 
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Appendix D.l: Quality Assurance Plans and Policies of 
Different Groups in Plant Engineering 

Quality Assurance Plans: Electrical Engineering Group (2) 

Plant Maintenance Shops (1) 

Design Drafting Group (2) 

Architectural/Civil/Structural 
Group (2) 

Mechanical Group (1) 
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QUALITY ASSURANCE PLAN IN ELECTRICAL ENGINEERING GROUP 

PLANT ENGINEERING DEPARTMENT 

The work performed by this group can be broadly divided into three 
categories: 

1. New installations by outside subcontractors. 

2. New installations or modifications by in-house personnel. 

3. Maintenance, trouble shooting, etc. 

Each category is described below. 

1. New installation by the Subcontractor: 

a. The drawings and specifications are prepared by an 
engineer/designer assigned to the project. Whenever pos- 
sible or whenever it is very critical, the design is 
checked by another engineer. They are reviewed and 
approved by the group leader. 

b. During construction engineers make frequent field inspec- 
tions to check for compliance with drawings and specifica- 
tions. 

C. Subcontractors are required to perform testing, e.g. hipot 
and megger witnessed by the engineer. 

d. After the job is completed, a functional test is performed 
to ensure proper operation. 

e. "As built" mark-ups are returned to drafting. 

2. New Installation by In-house: 

a. A work order is prepared by the engineer with an engineer- 
ing sketch that describes the work to be done. This is 
sent to PMS. The work order and sketch are reviewed and 
approved by the group leader. 

b. The engineer makes site visits to explain the details to 
the electricians assigned to the project. 

C. Hipot and/or megger tests are performed by the electri- 
cians and witnessed by the engineer. 

d. After the job is completed a functional test is performed 
to ensure operation. 
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e. "As built" markups are returned to the Drafting Depart- 
ment. 

3. Maintenance: 

a. Trouble calls are received and attended by the shop (PMS). 
Engineering support is provided as needed. Electricians 
are supervised by their supervisors for safety and quali- 
ty- 

b. Preventive maintenance items are scheduled and performed 
whenever manpower and shutdown of equipment are available. 

C. A new computerized system is being developed which will 
help in keeping precise records and better planning. 
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QUALITY ASSURANCE PLAN - 
PLANT MAINTENANCE SHOPS 

Carnenter 

SLAC has two journeyman level carpenters, one carpenter laborer, and 
two journeyman level job shoppers. 

All the carpenters are familiar with SLAC policies, safety programs, 
and building codes. 

They can handle all carpenter related needs. All work orders are 
reviewed, estimated, material ordered, and coordinated by the Carpen- 
try Supervisor. Small jobs are checked at least once, while in prog- 
ress, and checked with the requestor on completion. Larger jobs are 
checked at least daily. 

Paint Shop 

The paint shop has three painters. One man works in spray booth 
painting electronic racks, panels, and stains items that come from the 
carpenter shop. The other two men do mud, tape, and paint offices, 
hall ways, rest rooms, or anything that can be painted with rollers or 
brushes. 

Labor Pool 

The labor pool has five people plus a supervisor. They cut weeds, 
clean up around the site, move furniture, dig trenches, drive the bus, 
and deliver materials. 

Mechanics 

The Mechanic Shop has seven journeymen. Two work full time on heavy 
equipment, diesel powered equipment, two pettibones. two diesel pow- 
ered forktrucks. tractors, a backhoe, a flatbed trailer, the Letour- 
neau, and generators. One man is on long term loan to IR-2 doing 
steel fabrication work. The other four men do metal fabrication jobs, 
crane repair, installation of HVAC units and duct work, earthquaking 
of equipment, removal and installation of pumps, overhaul of pumps, 
installation and repair of fans, and test runs, and preventive mainte- 
nance of M.G. sets. 

All jobs are estimated and priorities are set. Most of the mechanic 
jobs are short term. The supervisor checks the jobs at least daily. 
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Quality Assurance Plan, Design Drafting Group, 
Plant Engineering Department 

The primary responsibility of this group is to provide design and 
drafting services for new facilities and for modifications to existing 
facilities which are engineered by the Plant Engineers. This may 
include estimating. material selection, take-off and ordering, sched- 
uling, calculations, and field inspection, as well as drafting on both 
new and existing drawings. 

A secondary responsibility of this group is to provide design and 
drafting service to other departments either in our own shop or to 
provide personnel to work in their areas. This shop also provides ref- 
erence help to others for buildings and underground utilities for the 
various facilities type drawings. 

A Draftinn Standards 

1. The SLAC general drafting standards, DS-016-110-01 is the 
reference for all disciplines. It outlines the general 
rules to assure that titles, numbers, and formats are sim- 
ilar for ease of understanding. 

2. Specific other SLAC standards are used for various design 
and construction procedures within the different disci- 
plines. 

3. Specific industry standards, such as ANSI, AIA, AISC, etc. 
are also used where applicable.(SLAC standards are cur- 
rently being revised and will include CADD standards. 

B Design and Drafting Accuracy 

1. This is accomplished by checking between the designer and 
the squad leader or another designer of the same disci- 
pline. 

2. 2. The final check and acceptance is by the cognizant 
engineer. 

C Drafting "As-BuiltVt 
After completion of construction, markups are usually returned 
to drafting when major field changes occur to assure decent ref- 
erence drawings later. These are stockpiled to be accomplished 
during slack time and when funds are available. 
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QUALITY ASSURANCE 

Document Control and Offset Printing 

Document Control 

A. Inspect incoming documents to be sure they comply with 
Document Control Procedures, AP-041-300-01, which calls 
for standards: 

1. Document has all authorized signatures. 
2. Correct format for new document and for revision. 
3. Titles and numbering. 

B. Inspect keypunched slave card. 
1. Adequate information for identification. 
2. Process cards in correct sequence. 

C. Microfilming. 
1. Check microfilm on densitometer. 
2. Process cards in correct sequence. 
3. Visual check of duplicate aperture card. 

D. Keypunch aperture card. 
1. Process cards in correct sequence. 

E. Eardcopy. 
1. Visual check for quality copy,too dark, too light, 

clean copy. 
2. Distribute to correct department. 

F. Blueline duplicating. 
1. 100% inspection for quality of copy, within acceptable 

limits. 
2. Distribute to correct department. 

G. Processing engineering document requisitions. 
1. Withdrawal of original tracing from vault. 

a. Authorized personnel only, signature required 
on preprinted card. 

Offset Printinq 

A. Visual - random check for quality product. 
1. In proper sequence. 
2. Correct reproduction size- 
3. Quality image from master material to paper. 
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Qualitv Assurance Plan 
Architectural/Civil/Structural Group - Engineering 
Plant Engineering Department 

The primary responsibility of the group is the planning and design of new 
facilities and modifications to existing facilities. As such, the primary 
output is of a service nature; producing drawings, specifications, design 
reports, calculations, cost estimates, schedules, and other engineering 
support. The quality of the services is not easy to determine since the 
primary product 15 a service, rather than a specific object like a piece of 
equipment or other fabricated component. However, the quality of the ser- 
vice can be judged by the end resultant: for example, a well-constructed 
building accomplished within budget and on schedule. 

A. Construction Inspection 

1 . Engineers make daily field inspections during construction (not only 
civil, but mechanical and electrical as well) to check for compliance 
with drawings and specifications and to insure that construction is in 
accordance with codes and standards. 

Recently implemented policy is use of daily inspection reports that 
are kept in project and contract file. 

2. Test cylinders are made for ready-mixed concrete and sent to lab for 
testing to insure strength of concrete. .Reports are retained in pro- 
ject file. 

3. Soil testing laboratory is hired to test compaction and backfill on 
larger project3 were engineered fill is required. Reports are 
retained in project file. 

4. Mill certifications are obtained from supplier for structur31 steel 
and steel reinforcing bars to check for composition and strength. 
Submittals for products are obtained from subcontractors and suppli- 
ers. Shop drawings are checked for compliance with design drawings 
and concept. 

5. Structural steel is checked at random for bolt torque and weld 
quality. 

6. Electrical and mechanical engineers make required tests on their 
equipment and installations also. This is not covered herein. 

8. Drawings, Specifications, & Ca!culations 

1. Checked by responsible engineer and another engineer for compliance 
with DOE design criteria, other codes, standards, and accepted engi- 
neering practice, and for errors, omissions, and clarity. 

2. Reviewed,and approved by Group Leader. 
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C. Feedback/Correction 

1. As the job progresses, specifications and drawings are updated and 
filed to document changes or other corrections, some of which are due 
to errors or clarifications not found during the design phase. These 
are used a5 references on future, similar jobs. 

2. Cost data and schedules from previous projects are used as a database 
for determfninq costs and schedules for new projects. Improvement is 

needed in this area. 
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Quality Assurance Plan - Mechanical Group 

Purchasing: Group leader signs all requisitions over $1000. 

Engineering: Crafts support: - Agreement with remaining 
engineer and/or crafts 
supervisor. 

Design: - Review of drawings and specs by other 
engineers. 

- Periodic review of design as it is 
being developed. 

Formal sign-off of drawings. 

Written cost estimates for all work orders over 
$2000 required. 

Crafts: Surveillance: - On site work (sporadic supervision of 
major shutdowns/problems, none of 
minor shutdown problems). 

- Purchases all reviewed by supervisor. 
- Written log and operation log sheets 

reviewed 100% by supervisor. 

Plumbing: - All cost estimates reviewed or produced 
by an estimator. 

- Improvements (sporadic supervision of 
major work). 

- All purchases reviewed by supervisor. 

Instrument Shop: - All cost estimates completed by 
supervisor or lead man. 

- Written log book reviewed 100% by 
supervisor. 

- On site work and improvement work 
similar to plumbing and 
surveillance above. 
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APPENDIX E 

Quality Assurance Policies and Standards in Accelerator 
Department 
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Appendix E.l: Quality Assurance in Software Engineering 

In software engineering quality assurance issues arise in the 
areas of software design, implementation ("fabrication") and 
installation. The policies and practices described here are 
those that are in use routinely in the Accelerator Department 
Software Engineering Group, but many of these also apply 
elsewhere in the Laboratory. 

Design phase involves reviews and presentations for public 
review along with written documents. The idea is to get as much 
conformity as possible with overall system architecture, design 
philosophy and general coding practice. Design specifications 
describe what the software is supposed to do, and reviews are 
to check that this will be accomplished before the final coding 
is started. Designs will have to go through this formal review 
process in order to maintain a standard software system in the 
Laboratory. Some of the documentation involved in a standard 
design review process is shown in Appendix E.la. 

During implementation the main quality assurance tool is an In- 
house Programmers Guide planned to help producing robust and 
maintainable code. Recently, a set of Coding Standard was 
implemented (see Appendix E.lb) for the SLC VAX Fortran. The 
purpose is to reduce the maintenance problem by producing code 
that is straightforward to debug and extend, either by the 
original author or someone else and to produce code that 
follows well-recognized software design principles and should, 
therefore, be less prone to errors and future problems. This 
system requires that programs be written in a standard format 
including a Standard Program Header. The header includes 
important information about the author, review process, any 
design changes, program description, etc, and thus serves as a 
logbook, traveler, and change order. 

The installation phase involves integration of new software 
into existing systems. This is normally done using 
developmental system control programs to detect and fix errors 
before releasing the code for production use. Programmers are 
responsible for their work and the way their programs work or 
do not work. The new problem reporting system points out 
problems, both software and hardware, immediately, and brings 
them to the attention of responsible programmers. 
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Appendix E.la: Examples of Documentation in Software Design 
Review 
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BPM Difference Design Review Action Items 

December 11, 1987 

Author: 
Moderator: 
Reviewers: 

Amanuensis: 

Lou Sanchez-Chopitea (LSC) 
Dave Wiser (DEW) 
Miguel Flores (MICK) 
Mark Woodley (MD w 
Tony Gromme PEG) 
Robert Sass PCS) 

Considerable discussion was had at various times on the issue of how to use colors to tell 
‘good’ differences from ‘bad’ differences which might have bad status, missing difference 
data etc. Dark blue is used for invalid difference data. 

1. (DEW) On the display, show the name of the reference orbit being used. Look at what 
the ARC people have done. Do they do TMITs differences? 

Opened: Completed: Approved: 

2. (MICK) Th ere should be two sets of limits and the same button should show different 
scales depending on the mode; difference vs. normal. 

Opened: Completed: Approved: 

3. (LSC) The title of the BPM plot is on the background. 

Opened: Completed: Approved: 

4. (MICK MDW) Need to save all of the button information from the BPMO measure- 
ment display in the config file based on where it is in the template. This is a functional 
enhancement. 

Opened: Completed: Approved: 

5. (MICK) Automated BPM setup to match the config file would be nice. This is a 
functional enhancement. 

Opened: Completed: Approved: 

6. (LSC) BPMDISP and BPMDISPV need more smarts when operating in both planes. 
Need to uncouple planes. 

Opened: Completed: Approved: 

It was noted that there is a management problem between the database and the config file 
but no further discussion ensued. 

1 
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COMMENTS ON THE SOFTWARE 

DESIGN REVIEW PROCESS 

(Steve Moore, 10/8/87) 

1. Audience 

a) technical supervisor, management type or someone responsible for the 
software under review 

b) people directly affected by, knowledgeable in or otherwise requiring 
interfaces to the software 

c) someone to act as amenuensis, maintaining a list of attendees and 
Action Items or Open Items that would be brought to a subsequent 
review.. .items to be closed off...in a smaller, less formal review 
with just the impacted parties; these Items might be one or more of 
the following: 

1) modules that must be modified 
2) any design issues that were ill-defined or incorrectly defined 
3) problems in format or style 

d) design review moderator/monitor, usually a management type or other 
person afforded respect who: 

1) paces the proceedings 
2) decides when it's time to move off trivial details (very important) 
3) determines when to table discussions for an external meeting 
4) deflects verbal abuse or other barblike comments directed toward 

the poor, hapless reviewee 
5) when it's time to quit 

e) optionally, interested hecklers and others 

2. What To Bring 

Some or all of the following, to an appropriate level of detail: 

a) Data Flow Diagrams 

These should be high-level depictions of data and information flowing 
between software that has been partitioned into single logical functions 
(i.e., MODULES) represented by balloons. These diagrams should be of a 
hierarchical nature, where peering into balloons reveals lower-level data 
flow diagrams. Control flow is acceptable where necessary, shown with 
special arrows between balloons, but should be avoided. Contained inside 
the balloons are module names or descriptive text, preferably both. 

b) PDL 

This is a language of basically simple English descriptions of what each 
module is doing, laced with basic logical constructs: 
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Only a high level of detail should appear here, with no references to 
variable names or other such trivialities. The object is to communicate 
the basic design structure of the software, and the intentions of the 
developer. A more detailed discussion would be saved for the Code Review. 

Hierarchical Charts 

These are basic structure diagrams that show who-calls-whom, by a 
simple indentation scheme. (This assumes that you've gotten to the 
point of naming names in the data flow balloons.) 

Module 

MAIN 
SUBROUTINE-1 

3 SUBSUBROUTINE- 
UTILITY-4 

SUBROUTINE-2 
SUBROUTINE-3 

UTILITY-1 

Description 
---------------------------------------------- 
main program 
initialization routine 
device initialization 
set characteristics 
the workhorse 
the exit handler 
the error reporting utility 

The listing of UTILITY* modules is optional, and can be used to enhance 
the understanding of what the parent module's function is. There is no 
need to go below the UTILITY* module, since this should have been done 
elsewhere.. .the scope here is limited to just the modules under 
development. 

d) Relevant Data Structure Definition 

e> 

This is a free-form pictorial containing the structure of any databases 
or other global data used in performing the functions under review 
( I, -without which you would not understand what the software was 
doing../, as Someone Famous once said). 

Functional Requirements Specification 

1) IF something THEN 
[ELSEIF something else THEN] 
[ELSE] 

END IF 

2) DO FOR all of something 
END DO 

3) DO WHILE something's happening 
END DO 

4) CALL {subroutine name} 

If available, this document will serve to insure that all functional 
requirements are addressed by the software design. 

3. Acceptance Criteria 

This is a basic checklist of issues to be addressed or questions to be 
answered by each reviewer. Some may or may not be relevant to the software 
being reviewed. A typical list is as follows: 
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a) are all the functional requirements being met...if not, is there are 
valid reason and should the functional spec be changed? 

b) is there adequate error recovery and/or exception handling capability? 

c) what will be the approach for testing, validation and verification? 
when will we know it's "done", ready for production? 

d) is the software easily enhanceable, modifiable, maintainable and 
expandable? (i.e., is it modular?) 

e) what kind of post-release documentation is appropriate? 

f) are all appropriate user devices supported (e.g., COWS, CALFs, W-KS)? 

g) what kind of hard limitations are being imposed inherent in the design, 
and is it justifiable? (i.e., are there arrays that are not sized large 
enough for future expansion?) 

4. Agenda 

a) brief overview of what the purpose of the software is, where it fits, 
who will use it, etc. 

b) present data flow diagrams, from top to bottom; here, the reviewers 
should make sure that the functional requirements are being met 

c) hierarchical chart is brought out for future reference, to allow 
reviewers a road map into the PDL modules 

d) PDL is reviewed for content only...style, header and grammar criticisms 
are tabled, quashed or postponed for external discussion, otherwise 
the process gets bogged down; something that's worked well is to have 
reviewers red-line their trivial comments on the listing and submit to 
the reviewee, or mail the reviewee a list of comments afterwards; the 
list of Action or Open Items will simply contain a note to the effect 
that there are objections to the format of one or more modules. 

e) reviewee is carried out on stretcher 

5. Follow-up Review 

This should be attended only by people who voiced objections to content or 
format from the initial review, to see that the Open Items are closed off. 
Hopefully, this process would go smoothly, as there would have been edicts 
handed down from above regarding trivial matters, and all that remains would be 
matters of content. Also, there would have been one-on-one meetings with 
impacted parties or those knowledgeable in these areas in order to clear up 
bones of contention or to resolve approaches to certain problems. 
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Appendix E.lb: SLC Coding Standards (VAX Fortran) 
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o a. Comments 
b. COMMON statements 
c. DATA statements 
d. Structure definitions 
e. PARAMETER statements 
f. Global RECORD statements 

Other types of statements are excluded, in particular: 
a. Executable statements 
b. Statement functions 
c. Allocation of local storage 
d. INCLUDE statements 

4. All attributes, such as accuracy, convergence, and timing, 
which control processing are specif fed as named PADAMETElts. 

5. The use of hard coded numbers should be minimized by using, 
for example , PARAMETER statements or resource management utilities 
(e.g: event flags, I/O uni t numbers). 

Commentary : 

1. A prologiheader is provided for each subprogram and contains the 
following information (see Appendix): 

a. Purpose 
b. Call fng sequence or context 
c. Inputs 
d. Outputs 
e. Assumptions 
f. Limitations and restrictions 

G g. Accuracy and precision requirements 
q h. Error recovery procedures 

External modules called 
;: PDL 

2. Every local variable is described. This Includes the variable 
name , its type, and a description of its use. Normally this will 
mean one variable per line, though similar variables may be grouped. 

3, Comments are provided to explain the intent of key decision points 
aud pa t hs . 

4. For every reference to machine, compiler, or operating systems 
unique featnres, comments are provided to that effeot. 

5. Comments are meaningful and not a repetition of the FORTRAN 
statement. 

6. Comments are indented to mntch the Indentation of the code 
being desorl bed. 

7. Any relevant comments and ports of the header are to reflect 
any modifications done to existing code. 

8. The letter “C” is used to identify full line comment statements. 
The " I " is nscd for in-line comments. 

3. A (preferably Inline) comment should be provided to describe why 
a partIculur INCLUDE file has boen included. 

Naming Reference: 
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Appendix E.2: Examples of Documentation in Accelerator 
Department 

Things Pending for Operations Support (1) 

Weekly Summary Report (1) 

Mark II Move Downtime Schedule (1) 

Control Systems Maintenance Memo (2) 

Spare SLC Equipment Memo (1) 
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05-Nov-1987 Things Pending for Operations Support 
l’rloritles nro llsted A, ll aud C for high a,+ low respectively. 
Tl,is file is SLC: rDlSK1 I CDEH.rlTClOPS~SH.DOC 
I t should be mcst up-to-dote cnolt Pr.1. cve,,i,,,q 

For tho S/D (Spcc/Dcsi~,,) colnm,, tl,” codes a,‘” as TclIowe: 
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WEEKSUM SCRIPT Al Dated 07/14/87 12:56:05 From disk WAAl91 Page 1 

WEEKLY SUMMARY 

Week of July 6 to July 10 By W. Asher b R. Anderson 

Date Problem Comments 

7/6 SO/l waveguide LCW 
0141 still drained. 

1845 

2033 

WlA won't turn on. No real problem found. 

Kl-2 focus p.s. has 
failed. 

2250 

7/7 
0045 

Kl-2 low power out. 

NDR bend tripped many 
times: 

5 NDR RF tripped on m&g 
over/I. 

2000 No output from NDR 
compressor klystron. 

7/8 
1457 

1724 

1955 

Lost PPS power at FF. 

Lost vacuum in NARC. Fixed vat. leak, 

SDR Ext. kicker off. 

7/g 
0520 

50Bl safe switch on, 
also SRBend valve not 
open. 

0800 SDR RF tripped off 
due to focus O/I. 

Many valves were closed 
which required effort 
to re-establish water 
system. 

Repaired p.s. 

Raised beam voltage. 

Spent many hours trying 
to determine cause, 
trouble was in intlk. 
card. 

Replaced remote pot. 1.4 cs 

Replaced klystron. 18 KTF 

Someone turned off 
breaker. 

Tripped on temperature 
installed fans. 

Reset. Reset MPS for 
manual valve. 

Focus p.s. was changed 

Down 
Hours 

16 PEI -k-k*** 

1.1 PEE 

1.7 LS 

fixed 

.7 LS 

8 LS 

1.5 

7.5 

3 

1 

3 

OPS 

VAC 

cs 

OPS 

cs 

Group 
T- 

- 

Follow- 
up 
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MEMO 

To: Distribution 
March 19, 1988 

From: M. C. Ross and S. Ecklund 

Topic: Control System maintenance 

During the coming months, responsibility for exchange and repair of control 
system components will shift from ‘Sector Ten Maintenance’, ‘MCC 
Maintenance’ and ‘Digital Maintenance’ to accelerator and storage ring 
operators and the Accelerator Department Controls Section staff. There are 
several reasons for this change of responsibility. The primary reason is 
that, as we begin to make luminosity with the SK, we need to bring more 
engineering manpower to bear on remaining control system problems. The 
best way to do this is to build engineering groups with full system 
responsibility extendlng from design to repair and preventatlve maintenance 
and it is for this reason that there will no longer be separate control 
system engineering and maintenance groups. 

Engineers and Technicians in the Power Conversion Group will perform 
maintenance and diagnostic functions on power supply and 
klystron/modulator systems. They are responsible for magnet and power 
supply systems, including magnet protection interlocks, up to the CAMAC 
modules. They are also responsible for klystron modulator systems up to the 
CAMAC modules. 

As a result of these changes, the following procedures will apply: (effective 
3/ 18188) 

Off Shift (Weekdays 16:00 - 08:00, Holidays and Weekends) 

1) In case of control system component failure serious enough to impact 
accelerator operation the MCC (or SPEAR/PEP) operators will carry out 
simple diagnostic tests and replace modular units. A set of system 
documents and a spares inventory will be located at MCC. Spares inventory 
appropriate for the PEP/SPEAR control systems will be located at SPEAR 
and PCR. During next few months, ‘Sector Ten’ based technicians will help 
show operators these tests and replacement techniques. 

2) If the faflure perslsts after these procedures are completed, the operator 
will call system speclallsts for telephone consultation. The system 
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specialist, if available,may be asked to come to SLACto continue work on 
the problem. 

3) If no system specfalists are available, the operator will page the 
appropriate on-call Controls Section staff member. A senlorstaff member 
(or a pair of staff members) will be on call, 24 hours/day, 7 days/week, 
from each of the Controls Section Engineering groups;Software,Hardware 
and Beam Diagnostics. The on call schedule will extend from Monday 8:OOto 
Monday 8:OO.lndivlduals who are on call will carry off-site,slx Bay area 
county pagers simllar to that carried by the program deputy. 

If ‘on call’ personnel are summoned to the laboratory on off shifts, they are 
required to sign in and out atMCC.On signing out, they are required to 
document the actiontakento solve the problem In the MCC log book. If they 
are unable to solve the problem,they are required to notifytheirsupervisor 
or group leader as soon as possible. 

, 4) In case of control system component failure not serious enough to impact 
accelerator operation, the operators will perform diagnostictests,astime 
allows, in order to properly document the problem so thatrepalrwork can 
rapidly proceed the following work day. 

On Shift (08:OO - 16:OO) 

1) In case of control system component failure serious enough to impact 
accelerator operation the MCC (orSPEAR/PEP) operators will carry out 
simple diagnostic tests and replace modular units. 

2) If the failure persists after these procedures are completed, the operator 
willcallsystem specialists to continue work on the problem. 

31 If no system specialists are avallable,the operator will page the 
appropriate on-call Controls Section staff member. 

4) In case of control system component failure notserlous enough to impact 
accelerator operation, the operators will perform dlagnostictests,as tlme 
allows, and notify the appropriate system specialists. It is the 
responslblllty of the operatorto,clearly and concisely log the problem. 
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SLAC MEMORANDUM March 16, 1988 

To: Distribution 

From: Dave Hamilton 

Subject: Spare SLC Equipment 

A stock of spare equipment that will be.used as replacements 
will be kept in MCC. This list will obviously grow as needs 
dictate but will start off with a complement of the following 
that will reside in the "GOOD MODULE" locker next to the PDP-11s. 
A section of some room will be provided so the larger scale 
spares envisioned can easily be accomodated. THESE MODULES ARE ON 
AN EXCHANGE BASIS ONLY-- A GOOD ONE FOR A BAD ONE. NO LOANS OR 
GIVE AWAYS. 

1. CAMAC Modules of all varieties. 
2. CAMAC Crates with Power Supplies attached. 
3. Multibus Cards of each type used. 
4. Multibus Crates 
5. Multibus Power Supplies 
6. A Fluke DVM and tools that are commonly needed. 
7. Special Fuses and a Fuse Puller for the ARC AC Power 
Distribution'Feeders located behind the racks in the ARC's. 

An ongoing effort has been made since the inception of the 
first SLC module to tag them with SLAC ID and serial numbers and 
to record their location each time they move in the LEP database. 
This effort will continue and will need the support of those 
changing modules, card, crates, etc. There will be a sign in/out 
sheet in the locker that will require entries to be made. The 
information required is as follows: 

1. Module Type---SAM, DAC, PSC, etc. 
2. SLAC ID #----- White bar-code # such as 160001234 or the 

older Red,Qhite sticker # such as 12345 
3. New Location of the Module. The general concept used is 

the physical location. Some of the key terms used are: 
A) NARC and SARC for the SLC ARCS 
B) S20-AL02 This meams Sector 20, ALcove rack 02 
C) S20-F5A This means Sector 20, Fiat rack 5A 
D) DR-DAC51 This means Damping Ring rack DAC51 
E) 751-R35 This means building 751, rack 35. 

4. Users Name----Your Name 
5. Loan Date---The date the transaction takes place. 

The specific slot of a module or level location of a chassis 
is not needed, so do not incltide it. 

Keep the above requirements in mind when using modules.etc. 
from the spares. 
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APPENDIX F 

Quality Assurance Policies and Standards in Research 
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APPENDIX G 

Quality Assurance Policies and Standards in Purchasinq 
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Appendix G.l: Examples of Documentation In Purchasing 

Material Acceptance report (1) 

Purchase Requisition (1) 

Stores Material Requisition (1) 
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Typed 9/17/87 Red 9/17/G 

STAfWOU2D UNPV~RSIT7’ 
SUBCOflTRACT OR 
PURCH& ORDER NO. 

STANFORD LINEAR ACCELERATOR CENTER 
r. 0. -0% .,A.. IlAN,OllO. C*L&INI* s.30, 515-s-1192 

p -‘TERlAL ACCEPTANCE REPORT 

t: :_, 

E’ 
N 

MAiUBENI CORPORATION 

.D MARBUEtiI &RICA CORPORATION/  
0 

9/13/87 
DATE RECEIVED 

4 

- 

SLD LIQUID ARGON CALORIMETER 

SUBCONTRACT NO: 515-S-1192 

PACKAGE NO. Gi-L-1/14 

.NiT WEIGHT KGS 

GROSS WEIGHT KGS 

DLMENSION X X CM GE 
MADE IN JAPAN hQ 

CR 

REWORK 0 REPLACEMENT 0 CREDIT q 
HO. REJECT WaSON FOR REJECTION 

Gross w&i&t: 94.800 KGS 

Measurement : 648.031 

AU ITEM(S) OF THIS Sii IPMENT ARE ACCEPTED AS ORDERED AND RECEIVED. 
. 

4CCEPTANCE jb 20 AU ITEM(S) OF THIS SHIPMENT ARE ACCEPTED 

REQUISITIONER _ 

RELEASE DATE F-/?-87- 

: .-:...~‘!.~.:..;.,:ii;...~~~ 

-$4ESi .SERW$E .qNLY 
; ..‘: 

; ,. ,_ 
: .“’ ‘*: .II. ” ‘:;;j..:‘: .. ~_, 1’ ,:,;:.;;,::” .,; ../ ‘* _ ‘... .,,:-:.I,.;;)~:I ” . . . 

:OR 
- .,’ ..’ ._ .i.. ._ .:,: I- ,: : 

. .VENDo.~:.N.OTIFIED;q,~~.~.GGREf~,~~ .+iJRN‘ THE REJECfEb ITEMS(S) iv -“‘. ..‘. 
,, ..,. .‘.:-‘- 

.,.,,: . . . ,’ . . . . ,. 
.:: ;’ ,.:‘{.. .: .,*- .,:, ,,I.; .-, ; .,,,. I, . ...; .:... ‘.. L..-.~~;‘: ::.: ,:::::..,-,~,~:::;‘:.-: .:;;. ‘. . . . ‘i :.- ; - DA* 

. . . ..;.: . . _ . . .I. .-. :.:.; ‘,.,. ,-:. : .: ‘1 : ,.’ .;, , . . . . . . . . . . . . ;::: ‘y’::‘. 1.1 ‘, _ . .._.. .; . ..., .,.‘. ,. : _.. 
:._ : .:_ ,.., .,. 1::. r ,. . . ,. : ; ;:‘I. :.:;. ..y.:.,“.. ._ ‘. 7. .:: ‘1.. ::;: .: -,. _. ., . . 
;i.t.. . . 9.. : ,_ ‘:.,c;’ . . . ‘) . . . ‘... : :. .:., ,1 1 ;:<.,- “ ,I, .,: ,: ..,“ 

,..;,:.. 
.;.:y: ..,I ‘,,,:.i.;: I 

~ .,*y. .., :-, 
,:, 5: :.:- ‘. ” ‘j-r j.‘,. C-Y’. ,,; :: “.~‘:l’,~.,;‘.,‘.,l:i,, ,. ,_, .,., :’ 

.:. -_ :: c- ‘. . . . 
‘,. ,:,: .._:;-__a: ..;... 

,. ‘: ; : : + t.. ,-‘.,:~.~‘.~~,.~;l ,.,- ‘.z. : ‘:.::‘- 1 .: ._ 
i...:..‘.. .,..: :._. ‘;,$,.;:.y*.,.~ ,._.. ‘.. ‘.*:,i,‘,.:;- ,..:. ‘.‘. ..:,:,: . . l.., “” : 

PROCUREMENT 

h,R” ” 37707 I, 1.71, ?URCHASINGICONTPACT AWAIM _ ec,n .^^. _“̂  ^_^ 
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PURCHASE REQUISITION 
STANFORD UNIVERSITY 

STANFORD LINEAR ACCELERATOR CENTER 
ckiiinator Bin No. Phone Ext. Group Code 

Grcus. ‘~,thorizatbn Fwn. Dab? Dale Required 

Accwnt title Account No. Work Order No. 

*ecilic DeJiiry Poinl Obiect @J&et 
Approval 2El%st%wices On? 

19 or 
uiremen 

erms 1 P.O. Number I 

I 

--i---- 

& ESTIMAT D UNIT PRICE 

REQUISITION No. 

1 05227E 



Stanford linear Accelerator Center 

Stores Material Requisition 

R% dsted by 

Bldg. 

Phone ext. 

Material For: 

Deportment 

Instructions: 
To fill your order promptly and correctly. list items by SLAC stock groups. For example, arrange by group 4&59-62-etc. 

in numerical order. All  items to be charged to some Account or Work Order number. No back orders, request considered complete 
when filled. IJse this form only when ordering 10 or more items. 

Account/Work Order No. I’ 

-_ J’ Tture of Requisitor: Issued by: Date: 

Dote: Staff No. Posted by: Dote: 

Accounting 1 Stores 1 W j Material 
(Whit., Wink) ,B!“., 
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APPENDIX H 

Quality Assurance Policies and Standards in Experimental 
Facilities DeDartment 
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Appendix H.l: Examples of Documentation in EFD 

Hazardous Experimental Equipment Committee Operational 
Approval (1) 

Earthquake Safety Committee Review (2) 

Trim Code & Cabling Procedures (3) 

SLC Cableplant Installation - Quality Assurance Check off 
List (11) 

Instrument and Control Installations- Quality Check off 
List (3) 

Procedure in Target Production (18) 
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HAZARDOUS EXPERIMENTAL EQUIPMENT COMMITTEE 

Case No.: 

Description: 

Person in Charge: 

0 them Concerned: 

Date: March 22, 1988 

Location: 

OPERATION APPROVAL 

The Hazardous Experimental Equipment Committee has approved the equipment 
named above for operation. Hazards, unique to this experiment are: 

The following restrictions apply, and a list of these restrictions must be placed 
near the apparatus, and at the apparatus control panel. 

; Follow operating procedure. 

This approval is based on 

Inspection: Inspected by 

Schematic: SD- 

Procedure: 

Drawing: 

H. DeStaebler, Chairman 

by J. Mark, Secretary 

Distribution: 
69 
84 
95 
55 
80 
84 

J. Cerino 
D. Gordon 
R. Larsen 
G. Nelson 
B. Richter 
G. Warren 

96 
55 
07 
21A 
2q 
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H. DeStaebler 55 R. Gearhart 
J. ‘Harris 84 I. Lin 
K. Lathrop 24 J. Mark 
H. Petersen 15 J. Rees 
S. St. Lorant 80 C. Prescott 



MINUTES OF THE SLAC EARTHQUAKE SAFETY COMMITTEE MEETING 
September 10, 1987, 9:30 am 

Members present: F. Halbo, H. Lynch, M. Obergfell. 
Visitors present: B. Denton, R. Haddock, DOE/SAN 

The agenda for today’s meeting was a review of the MARK II muon facade 
upgrade which was just installed last month. 

Denton provided the Committee with a sketch of the MARK II assembly 
showing the general appearance and location of the added Upper and Lower 
Facades. A copy of this sketch is attached. 

There are 4 facade assemblies, two upper and two lower, each weighing 30 
ton, for a total of 120 ton. The facades are attached to the magnet and central 
detector assemblies which weigh about 350 tons. The 100 ton top hadron absorber 
is supported by the top of the magnet assembly. Thus the total weight of this 
assembly is 570 tons. A check of Ross Johnson’s calculations indicated that he 
assumed the combined weight to be 555, ton so the committee was satisfied that 
the original calculations are still valid since the actual versus assumed weights 
ony differ by 2.7%. 

Denton explained that the isolation pads that are to be installed at the four 
corners of the detector once it has been moved into the beamline were designed 
to reduce earthquake induced input forces from .6g to .25g. His design for sup- 
porting each facade was conservatively based on the .6g, however. 

The method of holding the individual 2-ton lead blocks together was re- 
viewed next and appeared satisfactory for the lower facade. The upper facade 
is supported differently and it was not clear how the blocks are restrained in 
rotation. 

The 1: x 18’ array of 9 ea, 2’ wide, 2 ton blocks is supported by a shelf 
supported from above. The bottom of this shelf is supported vertically by two 
gussets, but there is not enough weld to prevent the shelf from swinging out in 
case of earthquake induced forces. Denton was also asked to either calculate the 
forces on the upper bolts due to rotation or to restrain the baseplate, thus pre- 
venting rotation. There was also a question about the possibility of an individual 
block rotating sideways out of the shelf. He is to discuss his solutions with us 
when we inspect the Mark II installation on the beamline before beam is turned 
on. 

There was no further business to discuss so the meeting was adjourned at 
lo:30 am. 

Distribution: 
COMMITTEE MEMBERS: OTHERS: 
49 R. Byers 22 C. Corvin 
20 F. Halbo 84 D. Gordon 
94 H. Lynch 22 J. Harm 
22 M. Obergfell 15 L. Kral 
96 K. Skarpaas 07 K. Lathrop 
84 G. Warren 15 E. McKeen 

95 J. Dorfan 

60 F. McLaughlin 
03 A. Simpson 
12 J. Rees 
60 R. Pedersen 
80 C. Prescott 
02 E.B. Rickansrud 
80 B. Richter 
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MARK II AT SLC 

Hadron Absorber 

Muon Chambers 

Solenoidal Coil 

Vertex Detector 

p-Time of Flight 
Scintillation 
Counters 

Verte.. Drift Chcmbe 

Central Drift Chcmb 

!r 

er 

5374AJ 
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FILE: TABLE CONT Al Dated 03/21/88 13:31:32 From disk ARL191 PAGE 00001 

TABLE OF CONTENTS 

BNC 
TRIM CODE FOR 
RG-59 
RG62 

HELIAX 
TRIM CODE FOR 
H5-50 UNJACKETED HELIAX 7/8 
HJ5-50 JACKETED HELIAX 718 

HIGH VOLTAGE 
TRIM CODE FOR 
RG58 SHV 
REYNOLDS TYPE C SHV 
RG-59 SHV 
RG58 10KV 
REYNOLDS TYPE C 1OKV 
RG213 20KV 
RG-214 20KV 

KELLEMS 
KELLEMS SPLIT SUPPORT GRIP LACE CLOSING INSTRUCTIONS 
KELLEMS SPLIT SUPPORT GRIP ROD CLOSING INSTRUCTIONS 
KELLEMS CABLE PULLING HARNESS PROCEDURE 

K-LOC LEMO' 
TRIM CODE FOR 
LEMO - SWISS FYXI-405 
LEMO KINGS CONNECTORS 

TYPE HN 
TRIM CODE FOR 
RG-2 13 
RG-214 

TYPE N 
TRIM CODE FOR 
RG-214 

MISCELLANEOUS 
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CABLiNG PROCEDURE CP-400 

CABLE RG-59 

CONNECTOR BN~ 59-81 

STORES #59-299-014-62 

CABLE RG-62 

CONNECTOR BNC 59-294 

STORES #59-299-014-52 

TRIM CODE 401 
I  

DIE SIZE KTH 2002 

-~~-~ 
402 

I 10.5 

406 

‘3h2 %6 1 375 1 732 

5?!5.l Yi6 I .a71 ’ -’ I 764 
I 
I 

Kr 0 .093 1 34 6 I 
407 ‘%6 0 .496 % 6 

406 4%4 % 6 .a09 1 ?L 
5 

409 2?k, 1 %6 I 

418 
420 21/ 2 1 sb 1 .600 1 ‘14 
424 3% % 6 .450 ?4,4 
425 1% 0 216 1 %2 
431 % 6 0 .366 1 %b 

1 

210 

K-GRIP SLEEVE 
\ 

CUT 1 CUT 2 
/ / 

1. Cut cable end square, slide K-GRIP sleeve over 
jacket and with jacket trim jig make cuts 1 and 2 in 
jacket. 

2 n Remove jackets to dimension “A.” flare or bulge 
back braid and trim with scissors at edge of jacket. 

d m Remove jacket to dimension “8.” 

4 l----C----- ‘OL 
m Using dielectric trim jig, trim dimension “C.” Ex- 

posed center conductor length will be equal to dimen- 
sion “D” of trim code. 

r 
3. Solder or crimp contact to center conductor. 
For captive contact connectors omit this step and pro- 
ceed to steo 6. 

6. Push K-GRIP Jr. over dielectric and under braid 
until dielectric bottoms in connector. When the “6” 
dimension in the trim code is 0, the K-GRIP Jr. is pushed 
under both braid and jacket. Teflon jackets may be slit 
axially % * in two places to facilitate entry of the K- 
GRIP. 

l Slide K-GRIP sleeve against shoulder on body and 
form hex. 
For Captive contact connectors. solder contact lo centel 
conductor and thread assembly into connector. 

37 



CABLE PULLING HARI\Id PROCEDURE 

I I 
Tape, . . --I Tape 

-4 

*Wire 

"YOTE :. 
DO NOT USE CABLE TIES 

E ON THIS PROCEDURE 

LOOP PULL ROPE THROUGH EYE ON PULLING GRIP AND WIRE IN THREE PLACES AS SHOWN, 

EACH PLACE SHOULD HAVE TWO LOOPS, CINCH WIRE DOWN TIGHT WITH PLIERS AND CUT OFF EXCESS 

BEND ENDS OF WIRE BACK TOWARD END OF CABLE AND TAPE WITH ELECTRICAL TAPE AS SHOWN, 

PLACE PULLING GRIP ON CABLE AS SHOWN AND WIRE TRAILING END WITH TWO LOOPS OF WIRE 

LACING IT THROUGH THE END LOOPS OF THE GRIP, TIGHTEN WITH PLIERS AND CUT OFF EXCESS 

AND BEND ENDS OF WIRE BACK TOWARD CABLE REEL AND TAPE WITH ELECTRICAL TAPE, THE 

REASON FOR WIRING THE GRIP IS IF THE CABLE GETS STUCK IN THE CONDUIT AND HAS TO BE 

PULLED BACK YOU WILL NOT LOOSE THE GRIP FROM THE CABLE, 

MATERIAL NEEDED 

1 Pulling Grip 
2 Cbmmo'~ Bailing Wire 
3 Heavy Dut Pliers 
4 Electrica Tape Y 
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