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The EBT-P Microwave System provides microwaves for electron cyclotron resonance heat- 

ing (ECRH) to both stabilize and heat the EBT-P plasma. A 28 gigahertz (GHz) system is 

required to form the hot electron annulus plasma that provides MHD stabilization to the 

core plasma. A 60 GHz system is required to heat the core plas a and will provide S Q I X ~  

second harmonic heating of the hot electron annulus. 

The proposed EBT-P ECRH system is similar to the QRNL reference aseline design of 

ORNL/TM-'blSI. The proposed EBT-P ECRH system design is a direct application of the 

existing EBT-S system configuration which has received significant testing for validity, 

The final EBT-P ECIEH heating design will evolve from this baseline design with inputs 

from the Gyrstron Development Program and the Microwave Distribution R & D prc)gram. 

Component concepts generated in the design task must be fabricated and tested in the R 
& D program, and advances or refinements in ~~~~~~e~~ ~ e v ~ ~ o ~ ~ e ~ ~  from the miem- 

wave distribution development ~ r ~ g ~ ~ ~ s  must be incorprar ted into the final system de- 

sign. The EBT-P baseline equipment c o n € i ~ u ~ ~ ~ i o n  is shown in Figure 1.0.1. 

Table 1.0.1 summarizes the principle microwave sye;tem elements and their design charac- 

teristics. Table 1.0.2 summaries the primary interfaces. The microwave system includes 20 
kilowatt (kW) gyrotrons at  60 GHz for core heating and 200 k gyrotrons at 28 GMz for 

annulus heating. The basic operating c o m p ~ e ~ ~ i ~ t  will be six (6) 60 GHz tubes and two (2) 

28 GHz tubes. PACE (Plant and Capital Equipment) procurement will include fo 

GHz gyrotrans with two (2) 68 GHz tubes procured under operations and the two (2) 28 

GHz tubes will be provided, with mounts, from the EWT-S program. Each tube is rigidly 

mounted on an oil filled tank assembly which provides electrical isolation and c d i ~ . ~ g .  All 
tubes and mounts will be located in the lower level of the torus enclosure. An extensive 

demineralized water flow system is required to provide gyrotron cooling. 

The electrical requirements of the 60 GHz gyrotron are expected to be very similar to 

those of the 28 GHz tube except for the focus magnet which will be superconducting for 

the 60 GHz gyrotron. Basically a 10 amp at 90 kilovolt (kV) beam supply, a 0.02 amp at 

40kV gun supply, and a 15 amp at 15 Vac filament supply will be required. Two 28 GKz 

1 
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~ ~~~~ 

SYSTEM ELEMENT DESIGN CHARACTERISTICS 

60 GHZ GYROTRON 
AND RELATED EQUIP- 
MENT 

28 GHZ GYROTRON 
AND RELATED EQUIP- 
MENT 

GYROTRON MOUNT 

0 MICROWAVE DISTRI- 
BUTION SYSTEM 

GYROTRON POWER 
SUPPLY 

SIX TUBES PROVIDE 1.2 MW OF CW POWER 
GYROTRON R&D HAS GREAT IMPACT ON OTHER 
SUBSYSTEM DESIGNS 
PRODUCTION TUBE DELIVERY IS A SCHEDULE PACING ITEM 
GYROTRON FOCUS MAGNET IS SUPERCONDUCTING 

R&D PROGRAM HAS BEEN INITIATED 
TWO TUBES (400 kW) AND ALL ASSOCIATED EQUIPMENT 
PROVIDED BY ORNL 
TUBES WILL BE RELOCATED FROM EBT-S 

SUPPORTS, ELECTRICALLY ISOLATES, AND PROVIDES CATH- 
ODE COOLING FOR THE GYROTRON 

MODATE THE 60 GHZ TUBE 
MOUNT IS MOVEABLE FOR TUBE INSTALLATION AND 
REMOVAL 

ORNL DESIGN TO BE MODIFIED AS NECESSARY TO ACCOM- 

SIMILAR TO THE ORNL REFERENCE BASELINE DESIGN 
MICROWAVE DISTRIBUTION R&D PROGRAM WEEDED FOR 
COMPONENT TESTING AND DESIGN 
POWER DIVIDED BY BULK AND ANNULUS TOROIDAL 
MANIFOLDS 

PER, OUTER CAVITY QUADRANT FOR EASE OF UPGRADING 

ING. SYSTEM DOES NOT INTERFERE WITH DIAGNOSTIC 
PLACEMENT. 
MICROWAVE SWITCH DIVERTS GYROTRON POWER TO A 
DUMMY LOAD 
POWER IS UNIFORMLY DISTRIBUTED FROM THE MANIFOLD 

MANIFOLDS AND WAVEGUIDE LINKS LOCATED ON THE UP- 

TO A MODE CONTROLLED SYSTEM WITH THROAT LAUNCH- 

BY FIXED-SIZE COUPLING IRISES THAT ARE READILY 
REPLACED 

GYROTRONS OPERATING 
ESTIMATED POWER LOSS IS 30% WITH SIX (6) -60 GHz 

CAVITY PORTS AND LIMITER DESIGN ACCOMMODATE UP- 
GRADETOTHROATLAUNCHEDCOREHEATING 

EXISTING ORNL POWER SUPPLY IS BASELINED 
EACH SUPPLY IS VARIABLE, REGULATED, AND HAS 
CROWBAR CAPABILITY 
OPERATION AND OPTIMIZATION OF EACH TUBE OUTPUT IS 
INDEPENDENTLY CONTROLLED 
SUPPLIES LOCATED ON A FENCED PAD 
TWO POWER SUPPLIES ARE PROVIDED BY ORNL 
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TABLE 1.0.2. GYRQTRON SUBSYSTEM INTERFACES 

SYSTEM 

INTENFACE 

GYROTRON T U B E  
PHYSICAL 
CHARACTERISTICS 

OUTPUT FLANGE 

WINDOW COOLING 

OUTPUT GUIDE 
COOLING 

COLLECTOR COOLING 

ELECTRON GUN 
C 0 0 LING 

BEAM, ELECTRICAL 

GUN ANODE, 
ELECTRICAL 

FILAMENT, 
ELECTRICAL 

BODYCURRENT 

ARC DETECTOR 

SUPERCONDUCTING 
FOCUS MAGNETS 

I'HY SICAL 
CHARACTERISTICS 

ELECTRICAL 

CATHODE MAGNETS 
ELECTRICAL 

COOLING 

RF DUMMY LOAD 
COOLING 

MOUNT & 
SUPPORT 

CQUIPMENT 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

nlCROWAV1 
DISTRIBU- 

TION 

J 

J 

GYROTRON 
POWER 
SUPPLY XYOGENIC 

VSTRIJMEN'rATIOf 
& CONTROL 

J 

J 

J 

4 

d 

J 

J 

J 

J 

J 

J 

J 

J 

J 

REQUIREMEVTS 

SIZE, WEIGHT, 
STRUCTURAL SUPPORT 

WAVEGUIDE 
CONNECTION, LOCATION 

WATER, (FC-751, FLOW, 
Ap, AT ' 

WATER, FLOW, Ap, A T  

WATER, FLOW, Ap, A T  

OIL, Ap, A T  

I, V, REGULATION, 
CONTROL, PROTECTION 

I, V, REGULATION, 
CONTROL, PHQI'ECTION 

I, V, REGULATION, 
CONTROL 

V, PROTECTION 

CROWBAR TRIGGERING, 
SYSTEM INTERLOCKS 

SIZE, WEIGHT, 
STRUCTURAL SIJPPORT 

I, V, QUENCH 
PROTECTION, 
INTERLOCKS 

HEAT LEAKS, 
CONNECTIONS, FLOW, 
QUALITY 

I, V, REGULATION 

WATER, FLOW, Ap, A T  

WATER, FLOW, Ap, A T  
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gyrotrori power supplies will be supplied from the EBT-S program, and six (6) new sup- 

plies will be required for the procured 60 GHz gyrotrons. In addition, the existing EBT-S 
28 GHz gyrotron power supplies will be provided for use with the EBT-S 28 GHz 
gyrotrons. 

The microwave distribution systems (28 and 60 GHz) will use overmoded circular 

waveguides and waveguide components to distribute the microwave power to multimode 

manifolds which in turn will couple energy to each vacuum cavity through connecting 

manifold-to-cavity links. The control of the power distribution with multiple 

discontinuities will require substantial development. When developed, the distribution sys- 

tem will be required to satisfy the criteria presented herein. 

The manifolds and manifolds-to-cavity links placement shall minimize diagnostic interfer- 

ence and facilitate ECRH * improvements and/or upgrades. 

The microwave system detailed design will be discusse 

this report. 

under the appropriate sections of 

1.1 MICROWAVE SYSTEM OVERVIEW 

The basic Title I design analysis will be presented in this document based on the following 

development steps: 

Design Criteria 

e Design Analysis 

e Supporting Analysis 

0 Schedule Details 

* A table of acronyms is provided as part of this report. 

5 
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1.2 ORGANIZATION OF THESE VOLUMES 

The subject material which has been discussed in this section will be expanded in the re- 

mainder of this volume. Each microwave system component and interface Detailed Design 

Criteria is provided by Section 3. Section 4 contains the Title I Detailed Design Descrip- 

tion of the Microwave system and Section 5 provides a synopsis of pertinent Design Analy- 

sis used to evaluate design alternatives and size the support systems. Section 6 includes 

the Schedule Information for the EBT-P microwave system portion of the program and 

Section 7 lists the reference cited in this text. 

6 
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The aim of the Title I design has been to perform sufficient analyses and preliminary de- 

sign trade studies to establish the necessary facility support sizing and insure that ade- 

quate envelopes exist for system compatibility. The Title I preliminary design task de- 

scriptions are contained in Figure 2.0.1. 

The microwave system will proceed through detailed design as shown in Figure 2.0.2. To 

minimize schedule risk long lead procurements will be initiated during Title I1 after being 

subjected to an interim design review and approved by ORNL. For Title I1 design, the 

ORNL approved preliminary design drawings and procurement specifications will be de- 

tailed; final manufacturing, procurement and quality assurance plans will be prepared; and 

final safety analyses will be performed. A preliminary microwave system safety analysis 

impact report for Title I is included in Appendix A. 

Much of the detailed design of the microwave tube and the distribution system will be a 

Task VI (operations) item, performed in the course of designing test articles. MDAC, dur- 

ing Title 11, will also prepare the final procurement specification for the ECRH power sup- 

plies and submit it to ORNL for approval as a long-lead procurement item. The ORNL 
gyrotron development specifications will be updated, as required, for use as a procurement 

specification for the EBT-P 60 GHZ production gyrotrons. 

2.1 SYSTEMS INTEGRATION 

System integration activities, namely; configuration management, interface control, and 

maintainability were initiated during Title I engineering. These activities will be continued 

and expanded upon in detail during Title I1 engineering. 

2.1.1 Configuration Management - The baseline configuration was established during 

Title I engineering and will be maintained until device installation in the facility is com- 

pleted. Specific approved design engineering changes, submitted by the Distribution Devel- 
opment Program, will provide the Microwave System configuration flexibility within bud- 

get constraints. 

7 
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Figure 2.0.1 Title I Preliminary Design Task Description 

Task Description Design Documentation 

Preliminary System Engineering System Drawings 

Basic Configuration System Drawings 

Cable Routing System Drawings 

Title I Equipment Lists Equipment Lists 

Title I Cost/Sehedule Estimates System Cost Listing/Schedule 

System Power Requirements System Drawings 

Ground System Design Features System Drawings 

Facility Requirements System Drawings 

Torus Penetrations System Drawings 
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FIGURE 2.0.2 TITLE 11 DETAILED MICROWAVE SYSTEM DESIGN 

TASK V I  SUPPORT 

0 PROTOTYPES * VERIF ICATION TESTING 

SPECIFICATIONS 
A N D  DRAWINGS 

F INAL 
FABRICATION 

IN STA L L A T l  O N  

LONG LEAD 
PROCUREMENT 

APPROVE 0 6 APPROVE 

PROCURE 
LONG LEAD 
M A T E R I A L  

COMPONENTS 134964 
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2.1.2 Interface Control - During title I engineering, preliminary interface control was 

established for the elements described in the Baseline Design Data Book (BDDB). During 

Title I1 engineering, these interfaces and their describing documentation, ICD drawings, 

shall depict detailed physical and functional interface engineering requirements. These 

drawings are used as design control documents which: (a) establish and maintain compati- 

bility between interfacing items; (b) control interface designs which would affect cornpati- 

bility with other subsystems; and (c) communicate design decisions and changes to partici- 

pating activities. 

The interface control drawings have been established to delineate, as necessary; (a) con- 

figuration and all interface dimensional data applicable to the envelope, mounting and 

mating of the items; (b) complete interface engineering requirements, such as mechanical, 

electrical, electronic, hydraulic, pneumatic, optical, etc., which affect the physical or func- 

tional characteristics of co-functioning items; and (c) any other characteristics which can- 

not be changed without affecting system design criteria. Interface drawings are categorized 

as mechanical, electrical, interconnection, configuration and installation, operational se- 

quence requirements, system switching, etc., as necessary. 

2.1.3 Maintainability - An extended maintainability analysis will be conducted 

throughout Title 11 engineering which will study and compare maintenance concepts for 

the EBT-P microwave system to define the scope of maintenance required for each oper- 

ational scenario. These concepts will address both scheduled and unscheduled maintenance 

concepts so that the microwave system duty cycle will be compatible with overall machine 

operating criteria. 

TAILED ENGINEERING DRAWINGS AND SPECIFICATIONS 

Preliminary engineering drawings and specification were generated during Title I and 

these will be finalized during Title 11. A critical item development specification will be de- 

veloped for the microwave system during Title 11. A comprehensive analysis of the final 

design will be made to ensure that the most cost effective approach has been incorporated. 

For a detailed description of the microwave system 1 & C, see Section 4.2.4 of Volume VI 
of this report. 

10 
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2.3 SCHEDULE, MANPOWER AND COST ESTIMATES 

To evaluate the program costs for detailed design, schedules necessary for fabrication, in- 

stallation, and pre-operational testing will be developed. Based on these schedules, and on 

the detailed design documentation, manpower requirements, material costs, and procure- 

ment costs will be forecasted. This data and the plans for procurement, manufacturing, 

quality assurance, installation and pre-operational testing will serve as the basis for updat- 

ing cost estimates. 

2.4 PROCUREMENTS, MANUFACTURING PLANS AND QA PLAN 

During Title 11, the preliminary procurement and manufacturing plans initiated during Ti- 

tle I will be updated and a final quality assurance plan will be prepared. 

2.5 MICROWAVE SYSTEM INTERFACE DESCRIPTION 

The microwave system interface block diagram is shown in Figure 2.5.1. Each of the re- 

spective microwave system components is broken down into their own individual block 

diagrams as follows. The 28 GHz gyrotron and gyrotron mount and support system inter- 

face block diagram is shown in Figure 2.5.2, the 60 GHz gyrotron and gyrotron mount and 

support system interface block diagram is shown in Figure 2.5.3, the microwave distribu- 

tion interface block diagram is shown in Figure 2.5.4, and the gyrotron power supply inter- 

face block diagram is shown in Figure 2.5.5. 

2.6 MICROWAVE SYSTEM PRELIMINARY SPECIFICATIONS 

The 28 and 60 GHz gyrotron development programs have produced preliminary device 

specifications which are included in Appendix B and C. The basic electrical parameters are 

listed in Figure 2.6.1 and 2.6.2 for the 28 and 60 GHz gyrotrons, respectively. 
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Figure 2.6.1 Preliminary 28 GHZ Gyrotron Electrical 
Characteristics 

* 
TENTATIVE SPECIFICATION 

TYPE VGA-80 

GYROTRON OSCILLATOR 

The VGA-8000 is a cyclotron resonance interaction oscillator. The tube produces 200 kilo- 
watts of CW power at 28 GHz. It is liquid cooled and solenoid focused. 

I. ELECTRICAL OPERATING PARAMETERS 

Electrical Operating Parameters inim urn 

Beam Voltage 70 

Beam Current 6 

Collector Dissipation - 

Gun Control Anode 20 
(with respect to cathode) 

Heater Voltage (AC) 

Heater Current 

Heater Power 

Body Current 

Gun Anode Current 

Power Output 

Efficiency 

6 
4 

37 

c 

I 

200 

30 % 

aximum 

90 

10 

700 

40 

13 

8 

96 

80 

10 mA 

I 

50 % 

11. POWER OUTPUT SENSITIVITIES 

Gun Control Anode Voltage 0.6 dB/% 

Main Magnet Current 1.5 dB/% 

Gun Magnet Current 0.3 dB/% 

Heater Voltage 0.6 dB/% 

Beam Voltage 0.6 dB/% 

17 

Typical. 

80 kV 

8 A  

640 kW 

30 kV 

9 V  

6 A  

64 w 
20 mA 

1.0 m a  
218 kW 

40 % 
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Figure 2.6.2 Preliminary 60 GHZ Gyrotron Electrical 
Char act eris tics 

* 
TENTATIVE S ECIFICATION 

TYPE VGA-8006 

GYROTRQN SCILLATOR 

The VGA-8006 is a cyclotron resonance interaction oscillator. The tube produces 200 kilo- 
watts of CW power at 60 GHz. It is liquid cooled and solenoid focused. 

I. ELECTRICAL OPE ATING PARAMETERS 

Electrical Operating Parameters 

Beam Voltage 

Beam Current 

Collector Dissipation 

Gun Control Anode 

Heater Voltage (A@) 

Heater Current 

Heater Power 

Body Current 

Gun Anode Current 

Power Output 

Efficiency 

(with respect to cathode) 

Minimum 

70 

4 

- 

15 

6 

1 

20 
- 
-I- 

200 

30 76 

Maximum 

90 

10 

700 

30 

13 

8 

96 

80 

10 mA 

- 

50 % 

Typical 

80 kV 

8 A  

640 k W  

20 ISV 

12 v 
2 A  

25 W 

20 mA 

1.0 mA 

210 kW 

40 % 
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Figure 2.6.2 Continued 

11. POWER OUTPUT SENSITIVITIES 

Max. 

Gun Control Anode Voltage 0.6 dB/% 

Main Magnet Current 1.5 dB/% 

Gun Magnet Current 0.3 dB/% 

Heater Voltage 0.6 dB/% 

Beam Voltage 
"UCC Provided Data for Title I System Analysis 

0.6 dB/% 

EBT-PO10 
Volume IV 

26 February 1982 
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3.0 DESIGN CRITERIA 

EBI-PO? 0 
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26 February 1982 

This section describes the design criteria established during Title I which is proposed to be 

used for the EBT-P microwave system. Three groups of criteria have been specified which 

are: 

Basic RFP design criteria requirements 

Title I design criteria guidelines 

ECRH heating physics design criteria guidelines. 

Additional interface design criteria which are basically design implementation criteria. 

3.1 RFP DESIGN CRITERIA REQUIREMENTS 

These requirements are amended by Title I directives are as follows: 

3.1.1 Device Systems General Criteria 

a. Basic Device 

An ECRH system shall be initially provided to supply 1200 kW (CW) of microw;mve 

power at 60 GHz and 400 kW (CW) at 28 GHz measured at the output of the tube. 

b. Upgrade Accommodations 

The baseline EBT-P design shall be compatible with the followiiig future upgrade 

options: 

1. Increase of ECRH resonant frequency to 90 GHz and installation of additional 

ECRH power. 

2. the use of separate ECRH launching positions, in the main cavity to heat pre- 

dominantly the ring and in the coil throat to heat the toroidal core plasma. 

20 
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3, Design of EBT-Y shall have sufficient flexibility so as not to preclude installa- 

tion of future upgrades such as direct ion heating, particle control (divertor), and 

alternate fueling methods to the extent practical. 

3.1.2 Electron Cyclotron Resonant Heating (ECRH) Systems 

a. Gyrotron System 

Six gyrotron systems shall be provided, each supplying microwave power of 200 kW, 
CW, at a nominal frequency of 60 GMz for bulk heating of the plasma; and two 28- 

GHz gyrotron systems shall be provided, each supplying microwave power of 200 

kW-, CW, for profile heating. The gyrotron system includes the following major com- 

ponents directly related to the gyrotron tubes: microwave tube itself, gyrotron mag- 

net and associated supply, power supply for the appendage ion pump, arc detectors, 

microwave dummy loads, distribution system window, output monitor, and miscella- 

neous wire and cabling. The microwave dummy load shall be capable of absorbing 

the full @W output power of each tube for test and calibration purposes; means for 

readily transferring each individual tube output between the torus and its dummy 

load shall be included. 

Each 60-GHz gyrotron system shall include a microwave tube, superconducting mag- 

net, each nominally rated at  1. volt and 200 amps, two main target supplies, a gun 

magnet supply, two steering magnet supplies, and two appendage ion pump power 

supply nominally rated at 3.2 kVdc and 50 mA. Helium loads for this magnet are 

estimated at  5 wattshagnet at 4.4 K and 1 literhr at 1 atm per magnet. Other 

components shall be furnished as required to accommodate a fully operational 60- 

GHz gyrotron system. 

Each 28-GHz gyrotron system shall include a microwave tube, a room temperature 
magnet consisting of four sections with a 10 V and 600 A power supply for each sec- 

tion, and an appendage ion pump supply nominally rated at 3.2 kVdc and 50 mA. 

21 

MCDQNNELL DOUGLAS ASTRONAUTICS COMPANY-ST. LOUIS DIVISION 



Microwave System 

b. Gyrotron Mount and Support 

EBT-PO10 
Volume IV 

26 February 1982 

Each tube shall be rigidly mounted in a manner that facilitates installation and re- 

moval, and provides for electrical isolation of the high voltage electron gun. The 

tube/mounting structure combination shall be located such that it does not interfere 

with diagnostic access to the torus. All heat removal systems shall be designed such 

that each tube may be operated individually (for tube testing purposes) or in combi- 

nation with the other tubes when providing power to the EBT-P device. A water 

cooling system shall also be provided which will meet the tube and auxiliary systems 

cooling requirements (such as heat transfer systems for intermediate coolants) as 

their need develops. 

All necessary 28-GHz gyrotron mounts and supports are existing and available for 

use in the EBT-P 28-GHz system. 

c. Microwave Distribution System 

Each ECRH power distribution system shall divide the total power output from all 

tubes uniformly among all torus cavities and shall provide for electrical isolation be- 

tween each gyrotron. The design shall maximize the efficiency of the distribution 

system, with a design goal of 70%. 

d. Gyrotron Power Supplies 

Power supplies to power the gyrotron tubes shall be compatible in all respects with 

gyrotron operation. Each high-voltage dc supply shall be variable, regulated, and 

equipped with a fast crowbar or other means to divert energy in the event of a fault. 

Capability for monitoring body current and protection from excessive body current 

shall be included for each tube. Each gyrotron will require beam power nominally at 

90 kVdc and 10 A, gun anode power nominally at 40 kVdc and 0.02 and heater pow- 

er at 15 Vac and 15 A. Power supplies providing the appropriate voltage and current 

will be available from EBT-S for the 28-GHz tubes. 
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Operation of each tube shall be independent from operation of all others for control 

and optimization of the microwave output. Capability shall be included for adjust- 

ment and optimization of any or all individual tube operating parameters indepen- 

dently of all others. 

3.2 MICROWAVE SYSTEM 

Gyrotron Subsystem 

e 

8 

8 

Preliminary interface requirements for gyrotron subsystem have been established in 

accordance with Figure 3.2.1. 

The six 60 GHz and the two 28 GHz gyrotrons will be located in the lower level of 

the torus enclosure. 

The tubes will be evenly located around the torus to promote even microwave power 

distribution. 

The tubes will be positioned near the walls to simplify routing of the support sys- 

tem lines and to prevent the waveguide penetration links from interfering with diag- 

nostic or personnel access to the device. 

A water flow control assembly shall be located beside each tube; however, both the 

magnet supplies and the gun regulator cabinet for the gyrotron power supply will be 

located outside the biological shield. 

The proposed layout will provide space for adding more gyrotrons in upgrades. 

The two 28 GHz gyrotron systems used on EBT-S will be moved and installed on 

EBT-P. 

The two EBT-S High Voltage Power Supplies will be weather proofed prior to de- 

livery to the EBT-P project. 

The two EBT-S High Voltage Power Supplies will be made compatible with the 

EBT-P I&C system, and the outdoor environment. 

Gyrotron Mount and Support Equipment 

The gyrotron mount and support equipment subsystem includes the gyrotron 

mount, the water flow control assembly, and the auxillary magnet power supplies. 

The mounts will be recessed in the lower floor, beneath and outside the torus, five 

feet to allow gyrotron removal and replacement. 

8 
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FIGURE 3.2.1. GYROTRON SUBSYSTEM INTERFACES 
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0 The oil-filled gyrotron mount shall support the gyrotron and magnets and electrical- 

ly isolate the high voltage cathode and gun anode from ground. 

A small submersible pump shall circulate oil through coolant tubes in the electron 

gun. 

A water flow control assembly shall be provided for each gyrotron. Inlet and outlet 

headers shall be fed from water distribution manifolds routed in recessed trenches. 

Appropriate boost pumps and regulating devices will be used to establish the re- 

quired flow rates and limit the maximum pressures to specified values. Each flow 

path will include differential temperature sensors and flow rate indicators to acti- 

vate low flow alarms and to provide data for making system calorimeter 

measurements. 

When tube operation is not desired, means will be incorporated to enable any num- 

ber of tubes to be operated independently €or test purposes. 

A close-loop FC-75 cooling system will be required for the gyrotron window cooling. 

The proposed system will be similar to the present EBT-S design. 

0 

0 

Microwave Distribution 

The distribution system shall efficiently and uniformly divide bulk and annulus 

power to each cavity regardless of mode or polarization. 

The initial design will not incorporate means to control the polarization of the inci- 

dent microwaves into the cavities. 

The basic transmission line will use Z-l/2” (6.35 cm) ID circular waveguide to trans- 

mit the gyrotron output power to the distribution assembly. In addition, the distri- 

bution-to-cavity links will use Z-l/Z!” ID circular waveguide. The link will incorpo- 

rate optical isolation (bend) to protect a series microwave window. Also, the link will 

include some means of regulating the powerflow to insure uniform power distribu- 

tion to individual cavities. 

The transmission components required to support the distribution system besides 
those mentioned include mode filters, a microwave switch, arc detectors, microwave 

bends, circular waveguide flanges, and a microwave distribution manifold. 

Preliminary estimates of the power operating range for the EBT-P device define the 

minimum to be 15 kW and the maximum to be 1.6 MW at  machine startup. 

25 
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0 The present distribution baseline design concept will use a segmented manifold in 

conjunction with adjustable irises located in the manifold-to-cavity links to insure 

even power distribution. 

Gyrotron Power Supply 

Power to each tube will be independently controlled, variable, regulated, and have 

crowbar protection and be isolated from ground. 

Control capability will allow the adjustment and optimization of all tube operating 

parameters independently of each other or other tubes. 

Each supply’s fused disconnect, primary voltage regulator, and vacuum interrupter 

will be located on the equipment pad in a secure fenced area. Also included in this 

area will be each supply’s beam and gun transformerjrectifier tanks, 480 Vac supply, 

and the 480 Vac switchgear. 

The gun regulator/crowbar cabinets will be positioned outside of the biological 
shield. 

0 

0 

9 

0 Control and monitoring panels will be located in the control room. 

3.3 EBT-P MICROWAVE SUPPLEMENTAL DESIGN REQUIREMENTS 
SPECIFICATIONS. 

Numerous design specifications and standards are listed as design critiera in the ECRH 
power supply specification. Updated procurement specifications for the 60 GHZ gyrotrons 

will reference design specifications and standards. 

3.4 ENVIRONMENTAL DESIGN CRITERIA 

All operating microwave system components will be required to work when exposed to the 

torus environment in terms of: 

a. Radiation 

b. Air Temperature 

c. Water Maximum Inlet Temperature 

d. Humidity 
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4.0 DESIGN DESCRIPTION 

The microwave system consists of four (4) major ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ s  which are (1) the 28 and 60 

GMz gysotrons, (2) the gyrotron mount and support system, (3) the microwave distribu- 

tion system, and (4) the gyrotron power sup lies. The microwave system block diagram is 

shown in Figure 4.0.1 

4.1 GYROTRON SUBSYSTEM 

The gyrotron subsystem includes the 28 and 60 GHz gyrotrons, the focus magnets, 

auxilliary magnets, ion pump supplies, and those additional micro ave compcenemsts which 

will be required €or operating the gyrotrons into a water load. Gyrotron ~ e ~ ~ l o ~ ~ e ~ ~ t  has 

progressed to the point where an output power greater than 20 kilowatts (cw) has heen 

demonstrated for the 28 GNz gyrotron and high pulse po een obtained at 

The proposed location of the ERT-P gyrotrons is in the lo er torus enclosure level. The 

proposed gyrotron layout is described by Figure 4.1.1. Additional detail is provided by the 

Title I gyrotron drawings which are included in the reference section of this report. These 

drawings have been updated to include Varian's comments. In addition, a set of Varian 

preliminary drawings have been included for ~ e f ~ ~ ~ ~ ~ e *  

Title I engineering has addressed the gyrotrois interfaces associated with the instrtmenta- 

tion and control subsystem, the facilities s ~ b $ ~ $ t e ~  interface, and the interface with other 

specific components at the microwave system. Two design support analysis were made  UP- 
ing Title I relative to gyrotron location within the torus enclosure. These analyses are 

contained within section 5 of this report. The first analysis investigates the r ~ ~ u i ~ e ~ ~ ~ ~ ~ ~  

for gyrotron-to-gyrotron separation based on magnetic gyrotron interaction due to individ- 

ual gyrotron magnetic fields. The analysis shows that 28 GHz thpu 90 GWz gyrotron-to- 

gyrotron magnetic interference is tolerable. This analysis will be updated during Title TI to 
obtain increased accuracy and more comprehensive da ta  The fields produced by the ma- 

chine magnets and the plasma currents will not produce significant magnetic interference 
for the gyrotron environment. 

The second analysis was a materials investigation conducted by MDAC Materials an 

cess personnel, in conjunction with Varian tube development people, to insure that materi- 
27 
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als used for gyrotron fabrication would not be degraded by X-ray levels present at the 

gyrotron location within the torus enclosure. 

The 60 GHz gyrotron will be similar in form to the 28 GHz gyrotron except a 

superconducting focus magnet will be used, and the tube dimensions will be different. 

Again the latest estimates, for the gyrotrons, have been supplied to MDAC St. Louis by 

Varian. 

A gyrotron setup, conditioning, and operating procedure was established during Title 1. 

The specific details are included in Appendix F. 

4.2 GYROTRON MOUNT AND SUPPORT SYSTE 

The gyrotron mount and support subsystem, must mechanically support the gyrotron 

tubes, electrically isolate the high voltage cathode and gun anode from ground, provide the 

required magnet input power for the gyrotron magnets, and provide the required cooling 

for the gyrotron and the gyrotron focus magnet. Two 28 GMz gyrotron mounts will be sup- 

plied GFE (relocated from EBT-S). In addition, the gyrotron magnets and power supplies 

will be provided GFE from EBT-S. The ORNL existing gyrotron mount design will be 

modified as required to accommodate the 60 GMz gyrotron. It is expected that only minor 

design changes will be necessary to aecomodate the 60 GHz gyrotron. 

A water flow control assembly will be required for each gyrotron. 'The preliminary ECRH 
heating and cooling requirements are addressed in Appendix D. Tnlet and outlet headers 

for the 60 GHz assemblies are fed from water distribution manifolds routed along the 

trench in the lower torus level. The inlet headers in conjunctions with individual gyrotron 

pressure regulators will be utilized to satisfy the input cooling flow and pressure reyuire- 

ments estimated in the preliminary 28 and 60 GHz gyrotron specifications which are en- 

closed in Appendix R and C. Each flow path will include pressure and flow control valves, 

differential temperature sensors, and low flow alarms. 

A heat-exchanger cooling system using FC-75 will be required to cool the gyrotron output 
window. 
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The gyrotron mount and support system will include an oil filled mount base assembly to 

electrically isolate the high voltages distributed to the gyrotron gun and catliode as well as 

to cool the electron gun. A small submersible oil pump will be required to circulate oil 

through the electron gun coolant tubes. 

In addition to the instrumentation and control interface for the ce, ling system, electronic 

interfacing will be required to monitor gyrotron eam voltage, gun anode voltage, beam 

current, gun anode current, heater voltage, heat.er current, and bo y current at the mount 

with all interface signals isolated from the gyrotron supplies. 

4.3 MICROWAVE DISTRPBUTIQN 

The principal baseline design objective (see Figure 4.3.1) for the distribution syskm, i s  to 

uniformily divide 28 GHz and 60 GHz microwave power to each cavity regardless of rno 

or polarization. The microwave power must be evenly distributed because the hot electron 

ring required in each cavity, for plasma stabilization, is formed by microwave heating. In 
addition, the high plasma absorption rates makes it necessary to feed each cavity individ- 

ually as the microwave coupling from one cavity to the next is minimal. The design and 

control of the large number of uniform power splits at high power is the most difficult mi- 

crowave task required for initial device operation. 

To supplement the technology, which will be required for the microwave distribution sys - 
tern detailed design, a separately funded R&D program has been established. The design 

of the microwave distribution system is closely tie to the progress of the R&D program. 

The proposed baseline microwave distribution system for both 28 and 6Q'GWz system is 

very similar to that currently used on EBT-S. Distribution changes are anticipated because 

of uncertainties in trying to scale EBT-S microwave results to EBT-P. Figure 4.3.2 is a re- 
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The Microwave Distribution System Will Be Similar To The ORNL Reference De- 
sign. However specific design alterations will be required to accomodate multiple 
gyrotrons, provide switching the gyrotroii output to a water load and to facilitate 
additional window locations. 

0 A Microwave R&D Program Is Required For System and Component Development 

* The Manifold-To-Waveguide Link Is Located On The Upper, Outer Cavity Quad- 
rant To Satisfy Baseline and Upgrade Requirements 

Manifolds Will Provide Gyrotron Isolation 

0 A Proposed Microwave Switch Will Allow In-Line Operation For Gyrotron Power 
Monitoring 

The System Goal Is For IJniform Microwave Power Distribution With 70% Distri- 
bution Efficiency From The Gyrotron To The Torus Sector 

a The Cavity Design Does Not Preclude Adding Throat Launching Upgrades. NOTE: 
A Modified Entry Port Will Re Required To Provide This Capability. 
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FIGURE 4.3.2a 28 GHZ MICROWAVE DISTRIBUTION SCHEMATIC 
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presentative distribution system schematic of the distribution system for the two distribu- 

tion systems. The design criteria for the distribution system requires a 70% distribution 

efficiency from the gyrotron to the torus sector. 

The transmission subsystem is divided into two basic parts. The first part links the 

gyrotron output to the distribution manifold. The gyrotron output waveguide will have a 

2.5 inch inside diameter. This dimension, €or the baseline design, will remain constant for 

all interconnecting circular waveguide to the manifold. The basic gyrotron output power is 

in the low loss circular electric modes. This section of the distribution system will use 

mode filters to damp out spurious resonances which could produce abnormally high power 

dissipations resulting in arcing or improper gysotron operation. 

Preliminary calculations have been made to provide heat load estimates to establish initial 

sizing requirements for facility water and air cooling capacities and prime water distribu- 

tion manifolds. The results of this analysis is contained in Appendix ID of this report, In 

addition, analyses were made for gyrotron-to-gyrotron magnetic field interactions, and 

gyrotron material survivability in the EBT-P radiation environment. The results of each 

analysis is included in Section 5 of this report. 

Also required as part of the first distribution section of the distribution system, will be arc 

detectors which will be compatible with the inside 2.5 inch diameter wavegcide. Optical 

detection and coupling will be the prime mechanism utilized in the arc detector design, 

however, acoustical detection has been proposed to facilitate maintenance. A remotely ac- 

tuated microwave switch would be desirable for diverting the gyrotron output power di- 
rectly to a matched water load for tube conditioning and start up. A system preliminary 

start up and turn off control procedure has been generated based on EBT-S operations. 

This procedure is included in the appendices of this report. 

The second part of the distribution assembly divides and distributes the gyrotrom’s power 

to the individual cavity section’s. The principal component in this section is a distribution 

manifold that will uniformly divide the power to identical oversized waveguides which 
transmit the power to the cavities. The loss of mode purity in the manifold distribution 

system makes any type of analysis very difficult and the system design parameters will be 

derived by a combination of analysis measurements made as part of the microwave distri- 
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bution R&D program. To insure a balanced distribution, coupling irises must be used to 

match the power output from each manifold port. 

Power is distributed, in the proposed baseline design, from the manifold to each cavity by 

a waveguide link which includes a coupling iris, a vacuum window, and a bend with 

interconnecting circular waveguide sections. Power balance is accomplished by sizing the 

coupliiig iris. The bend is required to prevent the coating of the vacuum window by sput- 

tered material. 

Future design modifications and upgrades of the distribution components are necessary to 

develop the mode controlled distribution system for polarization and coupling experiments. 

‘The baseline vacuum cavity has been designed to allow a waveguide penetration between 

the magnet wall and the plasma limiter, so that experiments requiring the launching of 

waves from the magnet throat could be performed once the mode controlled expertise is 

available. 

The Gyrotron power supply configuration is shown in Figure 4.4.1 and its interface with 

other equipment is shown in Figure 4.4.2. The general building arrangement is presented 

in Figure 4.4.3. Two 500 kcmil-per-phase input power copper cables shall be routed around 

the power supply pad in the shape of a “U” (see Figure 4.4.4) and will provide 3 phase (4) 
13.8 kV wye connected power for the ECRH power supply pad. The equipment on the pad 

shall consist of several modularized power components providing power for six 60 GHz 
continuous wave (CW) gyrotron tubes and two 28 GHz (CW) gyrotron tubes. The ECRH 
power supply equipment, including the regulators and crowbars, shall be designed and 

manufactured for an outdoor weatherproof and weathertight installation. A preliminary 

ECRW Power Supply manufacturing and acceptance test plan was formulated during title 

I and is included in Appendix E, 
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FIGURE 4.4.1 ECRH POWER SUPPLY BLOCK DIAGRAM 
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FIGURE 4.4.3 EBT-P BUILDING ARRANGEMENT 
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The Gyrotron Beam power supplies shall receive input power directly from the 13.8 kV 

“U” shaped distribution cable. The Electron Gun supplies shall receive 480 Vac input 

power from a stepdown 13.8 kV to 480 V 36 transformer and breaker assembly. Eight re- 

motely operated breakers shall enable power to be applied to each of the Gun Supplies. 

The interconnection of all the power supply equipment shall be accomplished using over- 

head cables located inside of conduit. The high voltage cable, between the gyrotron tube 

and the outdoor regulator crowbar assemblies, shall be impedance matched and spliced to- 

gether immediately outside the 8 foot thick concrete enclosure (see Figure 4.4.5). Each 

high voltage cable routed through the concrete penetration, shall have a multiple number 

of bends within the concrete to attenuate X-ray radiation through the penetration. 

Each of the power supplies shall consist of two cascaded variable voltage, regulated, dc 

power supplies and a heater supply as shown schematically by Figure 4.4.6. 

These power supplies shall consist of the following assemblies: 

Assembly Identification 

JB1 
JN1 
JB2 

JN2, JN3 
JB3 
JN4 
JN5 

JN7 

15 kV Fused Disconnect Switch 

15 kV Variable Reactor (Transformer) 

25 kV Step Start Vacuum Interrupter 

Rectifier Transformer Assemblies 

480 V Distribution and Heater Supply 

Gun Raw Supply and Rectifier Assembly 

Gun Crowbar, Modulator and Regulator 

Assembly 

Beam Crowbar, Modulator and Regulator 

Assembly* 

* The beam series regulator tube is not baselined but is included throughout this report 
for planning purposes pending identification of the actual 60 GHz gyrotron tube 
requirements. 
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FIGURE 4.4.6 CW GYROTRON POWER SUPPLY INTERFACE 
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The location of these assemblies on the power supply pad shall be as shown on Figure 

4.4.7 and 4.4.8. All the power supply equipment shall be designed for a minimum of 10 

years expected life with 20000 minimum operations. The supply shall be adjustable and 

shall be controlled by a computer system which interfaces with the supply. 

Input Power - The input power distribution for the EBT-P facility including the ECRH 
power supply pad, is still being designed by the City of Oak Ridge. The input for the 

beam supply will be 13.8 kV, 34, 60 H z  sequence A, B, C from a breaker whose nominal 

MVA rating is TBD. The specification for the stepdown transformer and its impedance 

which supplies the breaker, is also TBD. This transformer and breaker will be located ap- 

proximately 1/2 mile from the power supply pad as shown in Figure 4.4.9. The preliminary 

input power requirements are summarized below in Table 4.4.1. 
TARLE 4.4.1. INPUT POWER 

SOURCE - CI'I'Y OF OAK RIDGE TENNESSEE 

FREQUENCY - 60 HZ 
AVAILABLE SHORT CIRCUIT MVA - TBD MAXIMUM 
AVAILABLE SHORT CIRCUIT MVA - TBD MINIMUM 

303  WIRE WYE - 13.8 kV 

S'X'EtaDY STATE VOLTAGE TOLERANCE - TBD 
PHASE SEQIJENCF - A, B, C 
PHASE UNBALANCE - -t 1 % 
SOURCE IMPEDANCE - TBD $0 
INPUT BREAKER. SUHSTA'I'ION RATING - TBD 
CONTINUOUS CURRENT RATING - TBD 
MOMENTARY CURRENT RATING - TBD 
FAULT INTERRUPT RATING - TBD 
MAXIMUM INTERRUPT 'TIME - 6 CYCLES 
INPUT CONDUCTOR - (2) 500 kcmil/PHASE 15 kV CABLE 
INFERFACE LOCATION - COVER HIGH VOLTAGE FUSE DISCONNECT SWITCH 

SYSTEM X/R RATIO - TBD 
CONNECTOR AT INTERFACE - SPADE TERMINAL TBD 
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151 1 ETF0021 

151 1 ETfOOl1 

REF 
DES 

EN2 
ER2 
151-1 
151-2 
I82 
iNt -1 
IN1-2 
IN2-1 
IN2-2 
JB1-I 
THRU 
JB1-8 
J52-1 
THRU 
JB2-8 
JB3-1 
THRU 
J83-8 
JW-1 
THRU 
JB4-8 
JNl-1 
THRU 
JN3-8 
JN2-1 
THRU 
JN2-8 
JN3-1 
THRU 
JN3-8 
JN4-1 
THRU 
JN4-8 
JN5-1 
THRU 
JN5-8 
J N6 
JN7-3 
THRU 
JN7-8 
NE1 
NE2 
NE3 

NOMENCLATURE 

13.8 - 2.4 kV  INTERBUS TRANSFORMER 
GROUNDING RESISTOR 
13.8 kV  SWITCHGEAR 
13.8 kV  SWITCHGEAR 
13.8 kV  SWITCHGEAR 
PLATE RECTIFIER AND TRANSFORMER 
PLATE RECTIFIER AND TRANSFORMER 
PLATE CHOKE 
PLATE CHOKE 
13.8 kV  SWITCHGEAR 

25 kV VACUUM INTERRUPTER 

480 V VARIABLE POWER 

13.8 k V  SWITCHGEAR 

13.8 kV INDUCTION VOLTAGE REGULATOR 
VARIABLE VOLTAGE TRANSFORMER 

DELTA BEAM RECTIFIER TANK 

WYE BEAM RECTiFIER TANK 

40 kVGUN RAW POWER TANK 

GUN REGULATOR AND GUN CROWBAR 

13.8 kV : 480 V XFMR BREAKER LOAD CENTER 
BEAMREGULATOR ANDCROWBAR 

NEMA ICRH 
NEMA ECRH 
NEMA ECRH 

45/46 

MCDBIVNELL DOUGLAS ASTRONAUWCS COMPANY-ST. LOU18 DIVISION 



Microwave System EBT-PO1 0 
Volume IV 

26 February 1982 

13-5080 
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FIGURE 4.4.9 EBT-E' PO SUPPLY ELECTRICAL 
ONE L AG 

SOURCE 
TVA 
CITY OF OAK RIDGE UTILITY 

I 
69 kVi13.8 kV CMel 

NEUTRAL RESISTOR SUBSTATION 
BREAKER 

SUBSTATION 

EBT-P POWER EQUIPMENT PAD 

MDAC 
INTERFACE 

POWER SUPPLY 
SUBCONTRACTOR 

----------- 

13.8 kVM80 V 

13-4712 

48 

MCDQNNELL DOUGLAS ASTWONAUTKS CQMPANY-ST. LOUlS DlVlSRON 



Microwave System EBT-PO3 0 
Volume IV 

26 February 1982 

Each of the power supplies shall interface with the 13.8 kV “U” shaped distribution cable 

by a vertically dropped cable which penetrates the top of the Fused Disconnect Switch. 

The input power for the electron gun supply, regulated heater supply and control and aux- 

iliary equipment shall be derived from the 34 480 Vae buss using transformers furnished 

by the power supply subcontractor. 

Output Requirements 

Beam Supply - power, 900 kW, continuous dc voltage, negative 90 kV dc at 10 A. Ripple 

and noise TBD. Regulation - 15% maximum 0 to 10 A dc TBD against slow changes in 

output line. Leakage Resistance-to-ground 109 Q. 

Electron Gun Supply - power, 4 kW continuous voltage, 40 kV dc at 20mA. Ripple and 

noise .l% pk-to-pk. Regulation 0.3% for 3% line change 250V for load change from 100 

mA to 10 mA. Leakage Resistance-to-ground lo9 Q. 

Heater Supply - power, 500 VA continuous ac voltage, 0 to 120 Vac. Stabilized to zt 1 % 
against 10% line changes. 

Electrical Interface - The power supply system shall be designed and constructed to 

interface with the Gyrotron Mount. The mount contains the gyrotron tube, focusing 

magnets, a heater stepdown isolation transformer, heater metering transformers, transient 

protection for the gyrotron tube, and surge limiting resistors shown per Figure 4.4.10. 

Preliminary Power Supply Component (Description) 

13.8 kV Disconnect Switch - The 13.8 kV, 34, 60 Hz, metal enclosed, outdoor, fused 

disconnect switch shall be of compact modular design of tamper proof construction. The 

design shall include controlled access and include protection from rodents, insects, and 

weeds, with electrical and mechanical characteristics commensurate with arcing faults. 
Equipment internal to the enclosure shall be capable of safely interrupting the maximum 

short circuit current of the design rating. 
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The switch module shall accommodate top entrance and exit, by cable inside conduit, of 

15 kV, 3-conductor, shielded cables with adequate room provided for stress cone termina- 

tions. The switch shall be electrically operated from the control panel as well as from the 

computer. The switchgear shall be equipped with a key interlock which locks the switch in 

the open position and allows removal of the key in the open position. Additional details of 

the fused disconnect switch are found in the power supply specification. 

25 kV Class Circuit Interrupter - The 25 kV, three 4, 60 Hz outdoor interrupter shall 

be the step-start vacuum type with SCR solenoid drivers. The vacuum interrupter shall 

step-start only. It shall not stepoff. It shall withstand the excessive currents and numerous 

operations to which the equipment supplied will be subjected due to its load application. 

Total trip and interrupt time shall be less than 1 cycle. Also, it shall provide overload and 

short circuit protection for the equipment it serves. The step-start vacuum type interrupt- 

ers shall be mounted in a metal enclosure such that all high voltage components and parts 

are isolated from the low voltage components and operating personnel. I t  shall include a 

separate section for terminating the incoming supply line. Ready access shall be provided 

for maintenance of the control circuits and mechanical operating devices. The interrupter 

shall be provided with a counter (0-99999). Fault current interrupt rating shall be 

commensurate with available fault current through the variable voltage transformer. 

Variable Primary Power For The Beam Supply - The variable primary source for 

the beam supply shall have a minimum adjustable range of 20% to 115% as measured at  

the dc output with no load. This device shall be adjustable under load from the process 

controller. The full range of output voltage variation shall be accomplished in a time peri- 

od not less than twenty seconds nor greater than sixty seconds. The variable primary 

source shall provide continuous variation of the beam voltage. This device shall be a motor 

driven induction voltage regulator or a variable voltage transfomer. It shall be rated for at 
least 400 full-range operating cycles in a 24-hour period. In addition, it shall be used to 

regulate the dc output voltage. The process controller shall be furnished by MDAC as part 

of the computer system for controlling this equipment. 

Because the device will be subjected to repetitive short-circuit currents and voltage 
transients resulting from gyrotron arcs and crowbarring, a heavy duty mechanical drive 

mechanism shall be used. All load bearing components and gears of the drive system shall 
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be machined from high strength 

damage to the drive mechanism 

steel. Castings shall not be permitted. There shall be no 

if gyrotron arcing or crowbarring occurs at a time when 

the voltage is being varied. Using the force which results from a full asymmetric short cir- 

cuit (with rotor at minimum impedance position), shear pins and couplings in particular 

shall be conservatively designed t o  withstand the resulting stress levels. In addition to the 

electromechanical regulator, the 60 GHz tube beam supply may require an electronic series 

regulator tube*. 

Variable  P r i m a r y  Power FOP The Electron Gun Supply - The variable primary 

power source for the electron gun supply shall be continuously variable from 0 to 100%. 

This device shall be adjustable under load from the process controller. The device will be 

subjected to frequent short circuit currents and voltage transients resulting from gyrotron 

arcs and crowbarring. 

Transformers shall be designed and constructed in accordance with the industrial stan- 

dards found in the reference section of this report. The transformers shall be suitable for 

operation with the system subject to frequent short circuit conditions. 

?‘he power supply subcontractor shall protect all interfaces to prevent ground potential 

differences and to insure electromagnetic compatibility, ac power regulation, ac power iso- 

lation; and provide EM1 shielding and adequate filtering and transient protection. Each 

supply shall have a hardwised interlock system (see Figure 4.4.11) which shall be exclusive- 

ly dedicated for personnel and equipment protection. Operational monitoring and control 

shall be provided by an Allen Bradley PEC-3 process controller. The process controller 

shall provide for startup, operation, shutdown and system integration of the power supply. 

The sensors and controls for both the hardwired interlocks and the power supply process 

controller system interface shall be provided by the power supply subcontractor. The 

hardwired interlock system shall respond to discrete and analog commands from the pro- 

cess controller system. The power supply specification identifies; monitors, controls and 
commands required for the operation of the power supply system. 

* The beam series regulator tube is not baselined but is included throughout this report 
for planning purposes pending identification of the actual 60 GHz gyrotron tube 
requirements. 
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FIGURE 4.4.11 EBT-B ECRH POWER SUPPLY I&C INTERFACE 
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Detail design of the complete grounding system shall be provided during Title I1 design. 

The system shall monitor gyrotron body current by floating the entire supply with respect 

to ground and connecting the gyrotron tube and tube mount to the ground at one point in- 

side the torus area. Secondary common return lines and dc power returns shall be connect- 

ed to faraday shields and isolated from ground. The transformer cores shall be connected 

to thc ac tank ground. These connections insure that the noise generated inside of the 

tanks will return to the faraday shield rather than the gyrotron body current ground cir- 

cuit return monitor. Controls and metering lines leaving the cabinets shall provide ade- 

quate voltage isolation including feed thru components, and shall incorporate clamping or 

grounding techniques to prevent high voltage from being present on control cables or com- 

ponents. Metal enclosures shall be grounded to the electrical ground grid in accordance 

with requirements of the National Electrical Code NFPA No. 70. Connection to the Elec- 

trical Safety Ground shall he by a green insulated wire, while enclosure grounds shall be 

bare copper. Thc power supply dc return shall be isolated with the single point ground of 

the system located adjacent to the gyrotron mount (see Figure 4.4.12). Details of the 

grounding terminals, location and size shall he established after the selection of a power 

supply subcontractor during the Title I1 design. 

All high voltage coaxial cables interconnecting major pieces of equipment, shall be in- 

stalled in conduit with welded joints. All cabinets and equipment enclosures shall have in- 

ner shields connected to the power supply common so as to make the entire system double 

shielded. Power supply common and the inner shields shall be isolated from ground except 

for the single connection provided by the body-current sensing resistor. 

Mechanical and P ysical Requirements - The physical size of the equipment shall 

be kept to a minimum. Space available for installation is limited as specified herein. 

The space allocated for this installation is shown in Figure 4.4.4. A height of fourteen feet 

will be permitted for assembled equipment (including bushings). The overall dimensions 
and approximate weights of the major pieces of equipment shall be supplied by the power 

supply subcontractor and included with this proposal. In addition, the following features 

shall be incorporated into the power supply design. 

e Capacitor banks shall be mounted in air-insulated outdoor enclosures. 
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FIGURE 4.4.12 EBT-P PRESENT AND UPGRADE GYROTRON LOCATION 
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0 The power supply systeni shall interface directly to the gyrotron mount. 

All major components shall be rated for outdoor service. 

All equipment shall be air-cooled or identified with cooling water interface 

requirements. 

All gasketed joints on oil tanks shall have smooth surfaces on both sides, and shall be pro- 

vided with gasket retainers and metal-to-metal stops to assure an even and effective pres- 

sure which will not overstress the gasket. Gaskets shall maintain liquid and gas tightness 

of joints under all service and fault conditions. 

The transformer rectifier tanks shall have lifting hooks and an inspection plate for rectifier 

assembly removal. The inspection plate shall also have lifting hooks. These tanks shall also 

be provided with standard 15 psi pressure-vacuum gauges. 

All the high voltage power supply equipment shall have terminators with insulation levels 

equal to or greater than the insulation level of the equipment to which it is connected. 

The equipment shall include mounting provisions, ground pads, self cooling and a name- 

plate with complete equipment identification. A design safety factor of five shall be main- 

tained on all lifting, moving and jacking facilities for this outdoor equipment. On oil filled 

equipment, additional requirements shall include a pressure gauge, fill valve, drain and fil- 

ter valve, liquid level gauge, oil temperature indicator and a pressure relief device located 

according to standard practices. 

Size - The assembly configuration shall be as shown in Figure 4.4,4. Individual maximum 

assembly dimensions in inches shall be as shown in Table 4.4.2. 

All access doors on all equipment shall be interlocked, hinged, and removable. The maxi- 
mum door width shall be 4 foot. If additional access space is required other access panels 

shall be removable by opening the access doors. 

Weight - The individual assembly weight shall not exceed the specified weight in Table 

4.4.3. 
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The equipment shall be designed to operate continuously in an outdoor environment on a 

concrete pad. 

Environmental Conditions - The equipment shall be compatible and rated for usage in 

the outdoor environments specified in Table 4.4.4. 
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EBT-P ECRH POWER SUPPLY MAXIMUM ENVELOPE SIZE 

S E M B L E  

J B  1 

JB2 

JB3 

JB4 

JN1 

JN2 

JN3 

JN4 

JN5 

JN6 

JN7 

523 

524 

JZ.5 

JZ3A6 

JT1-8 

NE2 

NE3 

NAME 

13.8 kV SWITCHGEAR 

25 kV VACUUM INTERRUPTER 

480 V VARIABLE POWER 

13.8 kV SWITCHGEAR 

13.8 kV INIIUCTION VOLTAGE 
REGULATOR OR VARIABLE 
VOLTAGE TRANSFORMER 

BELTA BEAM RECTIFIER TANK 

WYE BEAM RECTIFIER TANK 

40 kV GUN RAW POWER TANK 

GUN REGULATOR AND GUN 
CROWBAR 

13.8 kV:480 V TRANSFORMER 
BREAKER LOAD CENTER 

BEAM REGULATOR AND 
CROWHAR* 

GYHOTRON MAIN COIL SUPPLIES 
FURNISHEII BY CUSTOMER 

GYROTRON MAIN COIL SUPPLIES 
FURNISHHI BY CUSTOMER 

GYROTRON MAIN COIL SUPPLIES 
FURNISHED BY CUSTOMER 

GYROTRON MAIN COIL SUPPLIES 
FURNISHED BY CUSTOMER 

GYROTRON FURNISHED BY 
CUSTOMER 

NEMA ECRH OUTDOOR 
INSTRUMENTATION & CONTROL 
CABINET FURNISHED BY 
CUSTOMER 

NEMA ECRW OUTDOOR 
INSTRUMENTATION & CONTROL 
CABINET FURNISHED BY 
CUSTOMER 

WIDTH 

56 

74 

49 

56 

130 

110 

110 

112 

114 

110 

114 

60 

60 

DEPTH 

44 

44 

26 

44 

61 

80 

80 

99 

86 

100 

86 

20 

20 

HEIGHT 

135 

130 

80 

135 

145 

92 

92 

95 

102 

90 

105 

84 

a4 

FIGURE 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

* The beam series regulator tube is not baselined but is included throughout this report for planning 
purposes pending identification of the actual 60 GHz gyrotron tube requirements. 
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TABLE 4.4.3 
MAXIMUM EBT-P ECRH POWER SUPPLY ASSEMBLY WEIGHTS 

ASSEMBLY 
JB 1 
JB2 
JR3 
JR4 
JN1 
JN2 
JN3 
JN4 
JN5 
JN6 
JN7 

MAXIMIJM WEIGHT (LBS.) 
3500 
3500 
1000 
3500 

34000 
23000 
23000 
23000 
6600 
4500 
7600 

TABLE 4.4.4 
EBT-P ECRH POWER SUPPLY ENVIRONMENTAL REQUIREMENTS 

RATED SERVICE REQUIREMENTS 

AMBIENT TEMPERATURE 
MAXIMUM 
MINIMUM 
24 HOUR AVERAGE MAXIMUM 

ALTITUDE (FEET) MAXIMUM 

RELATIVE HUMIDITY 

AVERAGE HUMIDITY 

AVERAGE ANNUAL PRECIPITATION 

AVERAGE ANNUAL SNOWFALL 

WIND PRESSURE 

VIBRATION AND SHOCK 

ACCELERATION 

SHIPPING 

45°C 
-4OOC 

13133 

0-100% 

STD TRUC 
DESIGN P 
SUPPLIER 

STD TRUC 
DESIGN P 
SUPPLIER 

STORAGE 

45oc 
-4OOC 

3300 

0- 100 96 

SHIPMENT 
ICTICE BY 

SHIPMENT 
lCTICE BY 

DESIGN OUTDOOR 
lPERATION CRITERL 

40' C 

30°C 

3300 

O - l o o %  

70 96 

4 FT 

1 FT 

20 PSF 

UNIFORM BUILD- 
ING CODE SEISMIC 
ZONE 2 

-30°C 

NA 
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This section contains supporting analysis which were performed to supplement the system 

analysis activities associated with the Title I Microwave System design. In each instance 

the analysis was preliminary and based on assumptions which could not be validated ex- 

perimentally. These limitations were taken into consideration when establishing the 

tolerances for interface requirements. 

5.1 28 AND 60 GHZ MICROWAVE DISTRIBUTION SYSTEM PO 
FOR EBT-P 

FLOW 

The microwave distribution system is shown schematically in Figure 5.1.1. The assump- 

tions used and the calculated dissipations were based on the distribution analysis 

contained in the MDAC proposal. Preliminax y information which was supplied the EBT-P 
program from the EBT-S program indicated that the existing miter bends pro 

nificant reflected power. The results of this analysis for the 28 GHz and 60 GHz micro- 

wave distribution system is depicted in Figures 5.1.2 and 5.1.3 respectively. The overall 

distribution efficiency (calculated) was 79% for 28 GHz and 84% for 60 GHz. Subsequent 

data from the EBT-S program has shown that the EBT-S 2-miter bend distribution sys- 

tem efficiency is approximately 70%. This would indicate that the results of this analysis 

are optimistic; however, the EBT-P facility cooling .system has been designed to 

accomodate the design required 70 % distribution efficiency with margin. 

5.2 GYROTRON-TO-GYROTRON mQvrrcm9 SEPARATION AS A FU 
TION OF INTERFERING MAGNETIC FIELDS 

The EBT-P ECRW system configuration will have gyrotrons in close proximity to each 

other. Two basic concerns which arise are (1) what is the acceptable gyrotleon-to-gyrotron 

magnetic flux density which can be tolerated, and (2) what will be the machine magnetic 

flux density affect on gyrotron operation. This analysis addressed the first of these two 

concerns. Data will be presented for the operating gyrotron frequencies of 28 and 60 GHz. 

The analysis used.is based on the assumption that if the on-axis magnetic flux density is 

known then the off-axis magnetic flux density distribution can be found by approximat- 
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COMPONENT 

GYROTRON 

ARCDETECTOR 

MODE FILTER 

MICROWAVE 
SWITCH 

CIRCULAR 
WAVEGUIDE 

MODE FILTER 

MICROWAVE 
BEND 

ARC DETECTOR 

MODE FILTER 

CIRCULAR 
WAVEGUIDE 

ARC DETECTOR 

DISTRIBUTION 
MANIFOLD 

COUPLING IRIS 

CIRCULAR 
WAVEGUIDE 

‘ACUUM WIND01 

BEND 

CIRCULAR 
WAVEGUIDE 

BELLOWS 
LAUNCHER 

FIGURE 5.1.2 
MICROWAVE DISTRIBUTION POWER FLOW 

28 GHZ 
~~ 

(FORWARD 
POWER) 

<DISSIPATION > 

(200 kW) 
- 

(1.2 kW> 

- 

t 1 . 0  kW> 

<.5 kW> 

- 

- 

<2 kW> 

<.3 kW> 

- 

(14.4 kW> 

- 

€.02 kW> 

<.13 kW> 

- 

x.06 kW> 

(9 kW) 

REFLECTED 
POWER 

REFLECTED 
POWER 

DISSIPATION 
TOTAL 

DISSIPATION 

- 

4.9 kW 

- 

1.1 kW 

10 kW 

- 

- 

1.9 kW 

.3 kW 

- 
18 kW 

- 

.02 kW 

.13 kW 

- 

.06 kW 

- 
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FIGURE 5.41.3 
MICROWAVE DISTRIBUTION POWER FLOW 

60 GHZ 

COMPONENT 

GYROTRON 

ARC DETECTOR 

MODE FILTER 

MICROWAVE 
SWITCH 

CIRCULAR 
WAVEGUIDE 

MODE FILTER 

MICROWAVE 
BEND 

MODE: FILTER 

CIRCULAR 
WAVEGUIDE 

ARC DETECTOR 

DISTRIBUTION 
MANlFOLD 

COUPLING IRIS 

CIRCULAR 
WAVEGUIDE 

TACUUM WINDOM 

BEND 

ClRCULAR 
WAVEGUIDE 

BELLOWS 
LAUNCHER 

(FORWARD 
POWER) 

<DISSIPATION> 

(200 kW) 

- 

t 1 . 0  kW> 

- 

<.3 kW> 

<.5 kW> 

<.8 kW> 

<.12 kW> 

-- 

<15 kW> 

- 

<.07 kW> 

<.3 kW> 
- 

<.2 kW> 

(18.6 kW) 

REFEECTEI) 
POWER 

REFLECTED 
POWER 

DISSIPATION 

1.2 kW 

- 

.5 kW 

2.9 kW 

- 

3.8 kW 

- 
- 

- 
__ 

._ 

TOTAL 
DISSIPATION 

2.2 kW 

- 

.9 kW 

3.3 kW 

- 

.8 kW 

.12 kW 

- 

19 kW 

._.._ 

.07 kW 

.3 kW 

- 

.2 kW 
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ing* the solenoid as a single current loop (see Figure 5.2.1). A single current loop can then 

be treated as a magnetic dipole to calculate fields not on the solenoid axis. 

An additional requirement is to derive a limitation criteria for an acceptable value for the 

on-axis magnetic flux density. From the tentative specifications for the 60 GHz gyrotrons, 

the gyrotron output sensitivity to an external magnet field is given as B extraneous < 7.7 

gauss. 

This analysis addresses the magnetic flux density produced by the main focus magnets as- 

sociated with the 28, 60 GHz gyrotrons. The basic solenoid dimensions for the gyrotrons 

are as follows: 

Operating 
Frequency (GHz) Radius (Inches) 

28 
60 

8 
9 

Length (Inches) 

10.3 
18 

* 
than ten times the coil radius. This condition was true for the cases analyzed. 

Sufficiently accurate results can be obtained if the radius distance of interest is gxeater 
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The two relationships which were used are*: 

(1) = MoIN(a2/4r3) (2 cos Oar + sin @a@) 

and (2) == MoIN[1/(4a2 +12)]1/2 

where Mo = 47r x lO-7H/M 

I = current amperes 

N = total number at turns 

a, 1 = solenoid dimensions (see Figure 5.2.2) 

r, 0 = cylindrical coordinates (see Figure 5.2.3) 

€3 = magnetic flux density (consistent units) 

ar, ab = cylindrical unit vectors 

Equation (1) is the expression which was used to evaluate the field off-axis, and equation 

(2) was used to determine the axial magnetic flux density of the solenoid. 

The plot of the magnetic flux density for the 60 GHz gyrotron is included as Figures 5.2.4. 
In addition, the operational limitation (gyrotron location) is identified for the 60 GHz 
gyrotron. 

* Plonus, M. A. “Applied Electromagnetics”, McGraw Hill, pp. 221-226, 1978. 
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FIGURE 6.2.1 FIELD ON THE AXIS OF A SINGLE LOOP 

FIGURE 5.2.2 CROSS SECTION OF LONG SOLENOID 

FIGURE 5.2.3 FIELD DISTRIBUTION 
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5.3 X-RAY EFFECTS ON GYRQTRQN AND GYROTRON MOUNT FABRICA- 
TION MATERIALS 

MDAC materials and process people in conjunction with Varian engineering made a study 

of projected EBT-P x-ray radiation effects on materials used in the fabrication of 

gyrotrons. The gyrotrons will be located on the level below the torus. The radiation dose 

level at the ceiling has been estimated to be 3.8 x 107 rads maximum. Therefore, the radi- 

ation dose seen by the gyrotrons will be somewhat lower. The following list of materials 

and their radiation resistance are given as guidelines: 

Epoxy Potting In Coils - Epoxies in general are acceptable to 108 rads. 

G 10 GlassBpoxy - The limiting factor is the epoxy, therefore acceptable to about 

108 rads. 

HV Cables - Insulation materials are being investigated. Cross-linked polyethylene, 

ethylene, propylene or silicone are candidates. 

Polyester/Glass - Glass filled polyester has radiation resistance to 108 rads, perhaps 

as high as 109 rads. 

Acrylic Resins (Lucite) - These are acceptable only to about 106 rads. 

FC-75 Hoses - MDAC is looking at radiation properties of the recommended ethyl- 

ene proplyene material. Ethylene propylene is good to 108 rads. 

Alumina or Beryllia - The formation of color centers is a possibility. MDAC is 

investigating. 

Solide State Devices 

Water hoses 

FC-75 

The results of the preliminary investigation did not provide any rationale which would re- 

quire the gyrotrons to be relocated. Investigation is continuing. 
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SECTION 6.0 SCHEDULES 
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26 February 1982 

The enclosed schedule depicts the EBT-P microwave system milestones and their time re- 

lationship to the overall EBT-P program events. The schedule also shows the time rela- 

tionship between the microwave system design tasks and the operations development pro- 

gram. Included on the schedule are the proposed dates for placement of the microwave 

system equipment purchase order and corresponding delivery dates. 
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7.0 REFERENCES 

TRANSFORMER INDUSTRIAL STANDARDS: 

National Electrical Code NFPA No 70-1981 

ANSI C57.12.00-1980: General Requirements for Liquid-Immersed Distribution, 

Power and Regulating Transformers. 

ANSI C57.12.10-1977: Requirements for Transformers 230 kV and below; 750/862 
through 60000 80000/100000 kVA three 4 

ANSI IEEE C57. P2.80-1978: Terminology for Power and Distribution 

Transformers 

ANSI C57.12.91-1978: Dry Type Distribution and Power Transformer Test Code 

ANSI/IEEE C57.12.90-1980: Test Code for Liquid-Immersed Distribution Power, 

and Regulating Transformers and Guide for Short-circuit Testing of Distribution 

and Power Transformers. 

ANSI/NEMA ST20-1972: Dry Type Transformers for General Applications. 

ANSI C57.15-1968: Requirements, Terminology and Test Code for Step-Voltage 

and Induction Voltage Regulators. 

ANSIJIEEE C57.13-1978: Requirements for Instrument Transformers 

NEMA IC§ 6-110 Enclosures 
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SAFETY CONSIDERATIONS 

SAFETY INPUT, EBT-P ECRH SYSTEM 

NOTE: Two parts are presented in this section. The first was used by permission of the 

MFTF-B program and extracted from “Preliminary Technical/Specification Performance 

Specification for MFTF/B Electron Cyclotron Resonance Heating Power Supply”- Karl 

Krause, LLNL Document MF-PS-5.10-E-102, 17 June 1981. The second part, lists specific 

hazards identified by Varian. 

Electrical Design Safety Requirements - The Subcontractor’s design shall conform 

to the following general electrical safety requirements: 

General Access Areas - All areas to which personnel have free access shall at  all 

times and under all conditions (normal functioning as well as malfunctioning of equip- 

ment) be free of direct or indirect electrical hazards. 

Direct Electrical Hazard - A potential source of personnel injury resulting from the 

flow of electrical energy through a person (electrical shocks and burns). 

Indirect Electrical Hazard - A potential source of personnel injury resulting from 

transformed electrical energy into other forms of energy (e.g., radiant energy, such as 

RF energy, light, heat, energetic particles; mechanical forces such as explosions, acous- 

tic noise, and magnetic fields; and chemical reactions, such as fire and the release of 

noxious gases and compounds). 

High Voltage Equipment - All equipment employing voltages in excess of 600 volts and 

capable of supplying currents in excess of 10 milliamperes shall be provided with both 

first-line and backup protection. 

First-Line Protection - The primary protective means to prevent personnel access 

to or contact with energized electrical equipment. 

A- 1 

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY-ST. LOUIS DIVISION 



EBT-POI 0 
Volume IV 

26 February 1982 

Backup Protection - A secondary, redundant, protective system provided to de-ener- 

gize a facility to permit safe physical contact by assigned personnel. This system shall 

be totally independent of the first-line protection and capable of functioning in the 

event of total failure of the first-line protective system. 

Fail-Safe Design - Insofar as is practicable, all first-line protective means shall be 

fail-sa€e. 

PPS - Suitable warning signs shall be provided on all high voltage equip- 

ment, in addition to the foregoing protective measures. 

Specific Electrical Safety Desi uirements - The Subcontractor shall conform 

to the following specific electrical safety design requirements when applicable to the 

ECRH System. 

E3lcloSUP.eS 
prevent personnel contact with energized circuits and of adequate strength to fully contain 

flying debris, explosive arcs, and thermd products produced by component failures. 

r Hazardous Electric 1 Equipment - Enclosures shall be adequate to 

Conductive Enclosures - Enclosures constructed of electrically conductive materials 

shall have adequate electrical bonding between parts and an adequate ground connec- 

tion for maximum anticipated fault current. 

- Easily opened doors and panels shall be interlocked to de-energize cir- 

cuits and discharge any stored energy sources involved. Interlocks shall be arranged so 

that equipment cannot be automatically energized by door closure. 

Ventillation - Ventilation shall be adequate to prevent overheating and to purge nox- 

ious fumes produced by component failures. 

amual Grounding - Manual grounding means such as ground hooks shall be pro- 

vided in high voltage and energy storage enclosures. 

Ground leads of manual gr~unding devices shall be visible for their entire length 

and covered with transparent insulation. 
A-2 



Microwave Syste EBT-PO1 0 
Volume IV 

26 February 1982 

Grounding points which receive ground hooks for providing maintenance safety 

shall be clearly identified and provided with suitable receiving hooks. 
Ground hooks not in use shall be hung across enclosure entrances SO as to block 

access to high voltage points whenever practicable. The ground hook when in its 

stored position shall activate an interlock device to permit equipment to be 
energized. 

* 

Radiation Protection Enclosures shall provide sufficient attenuation of X-radi- 

ation produced by enclosed high volt e vacuum insulated components to ensure a safe 

personnel working environment. Signs shall be pos te to identify X-radiation emitting 

components contained within enclosures, 

High-Voltage Power Vacuum Interrupters shall conform to ANSI Standard C37. 

“Safety Requirements for X-Radiation Limits for ac High-Voltage Power Vaeiiu 

terrupters IJsed in Power Switchgear”. 

Foreign Circuits - Local means shall be rovided to disconnect foreign circuit power. 

A foreign circuit is one which could present a shock hazard ithin the enclosure by be- 

ing energized from a source which is supplied and controlled by means independent of 

and separate from the primary power supplied to the enclosure. ~ ~ ~ p ~ n e ~ ~  energized 

from foreign circuits shall be separately enclosed and identified within the enclosure. 

Control and Monitoring Systems - Control and monitoring systems &all be 
to be fail-safe to the maximum practicable extent in regard ti3 personnel electrical safety. 

Segregation of Safety Wiring - System wiring and interconnections associated 

with sdety functions shall be physically separate from other systems, clearly identified, 

and protected from damage or tampering by suitable barriers to the maximum practica- 

ble extent. 

Power Failure - No partial or complete power failures sk 11 result in loss of control 
to the point of creating hazardous conditions. 
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Fsnlnlt Protection - Control and monitoring systems shall have adequate built-in pro- 

tection to preclude personnel hazards due to high voltages introduced by fault 

conditions. 

Capacitors and Capacitor Banks - Energy storage and filter capacitors and banks of 

capacitors charged to more than 300 volts and storing more than 15 joules shall conform to 

the following: 

Interlock Protection - Enclosures shall be provided with access interlock systems 

which automatically discharge stored capacitor energy to a safe level in a time less than 

that required for entry. 

Bleeder Resistors - Automatic discharge of capacitors through two or more separate, 

permamntly connected parallel bleeder resistors shall be provided whenever 

practicable. 

Series Capacit~l- Protection - Series connected capacitors shall have provisions to 

discharge each unit individually. 

Grounding Resistors .. When resistors are used in series with grounding devices, at 

least two in parallel shall be used to reduce the risk of open-circuit failures. 

Fault Current Eimitin - Capacitor fault currents shall be limited by fuses or other 

design means to a level which precludes personnel hazards in the event of failures. 

Space - Adequate access space shall be provided so as to permit safe working 

conditions around capacitor bank installations. 

- Adequate monitoring shall be provided to permit determination of ca- 

pacitor charge state from outside the enclosure. 

Electrical Conductors - High voltage electrical Conductors shall be isolated from low 

voltage conductors by suitable barriers capable of withstanding arcs and forces generat- 

ed due to insulation failures. 

itoria1 Change A-4 
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Safety Grounding - Permanently connected safety groundings such as enclosure 

grounds shall be provided in a manner which shall not produce ground loops and elec- 

trical noise in other portions of the system. Safety grounding shall be devised so as to 

be in accordance with the safe grounding requirements established for (EBT-P) *. 

Human Factors - Human factors shall be considered in conducting the system safety 

analysis. To the maximum practical extent, the system design shall recognize human limi- 

tations and tolerances and avoid design situations which may provide confusion and pro- 

voke errors in operations and responses to alarms and malfunction indications. Particular 

consideration shall be given to the following: 

Warning Means - Warning signs, lights, and audible alarms shall be used as needed 

to warn of hazardous conditions. 

9 Warning signs shall state the nature of the hazard, its location, and how to elimi- 

nate or avoid it. 

Warning lights shall be clearly labeled and of sufficient brightness to be fully 

visible under ambient lighting conditions. Audible alarms shall provide a signal 

level which exceeds the highest ambient noise level. 

Test Points - Test points shall be easily accessible without exposure to personnel haz- 

ards. Test points shall be clearly labeled so as to avoid error or confusion. 

Working Clearance - Adequate working clearances shall be provided around electri- 

cal equipment. The clearances specified in the OSHA, State of Tennessee, and National 

Electrical Code cited in (TBD)* are the minimum acceptable criteria. Working areas 

shall be clear of obstructions likely to cause tripping. 

Control Groupings - Controls shall be clustered in logical, accessib1.e groupings to 

avoid confusion. Emergency off switches shall be distinct in identity and separated 

from non-emergency controls by a sufficient space to avoid inadvertent operation or 

difficulty in identification under emergency conditions. 

* Editorial Change A-5 
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Mating Parts - Mating parts such as plugs and sockets located in close proximity 

shall differ physically in such a manner as to preclude incorrect connections. Connec- 

tors shall not provide exposed hazardous voltages or permit electrical flashover when 

energized in the unmated state. 

Plug-in C Q I X I ~ O X W ~ ~ S  - Plug-in components having differing characteristics shall also 

differ physically in such a manner as to preclude incorrect substitution of one for 

another. 

Critical Orientations - Components whose proper physical orientation into equip- 

ment is critical to proper operation sliall be keyed or otherwise designed so as to phys- 

ically preclude incorrect orientation. 

Inductive Elements - Inductive elements storing more than 15 joules shall conform to 

the following: 

Discharge Means - Automatic disclaarging means such as resistors, free-wheeling di- 

odes, or non-linear resistors shall be provided to safely dissipate stored energy when 

current flow is interrupted. Induced voltage during discharge shall be limited to a value 

which can be safely withstoo by the insulation of the inductive element as well as all 

other interconnected devices which are stressed by the induced voltage. 

echsnmical. $ t ~ ~ ~ ~ ~ ~  - Adequate mechanical supports and bracing shall be provided 

to withstand both normal and fault connditions. 

ting Means - Devices such as fuses, circuit breakers, or contactors intended 

to interrupt current flow to  inductive elements under normal and/or fault-conditions 

shall be rated to withstand the sum 0f the maximum induced voltage and the normal 

circuit voltage. 

Stray Magnetic Fields - The magnitude of stray magnetic fields generated by the 

ECRHPSS* * shall be determined and, where appropriate, adequate precautions such as 

shielding, personnel exclusions, and warning signs shall be provided. 

** ECRH PS Electron Cyclotron Resonant Heating Power Su ply Subsytem 
A-6 
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Induced Eddy Currents - Where inductive elements have time-varying fields, in- 

duced eddy current effects shall be considered and adequate provisions made for conse- 

quent mechanical forces and thermal effects. 

Grounding - Safety grounding of all exposed conductive parts of inductive devices 

shall be provided. When, for technical reasons, permanent grounding cannot be allowed, 

personnel isolation during operation shall be provided by suitable barriers and provi- 

sions shall be made to automatically apply safety grounding when personnel access is 

permitted. 

Codes and Standards - The Subcontractor’s design s all meet the design safety re- 

quirements of all applicable codes and standards cited in (TBD)” of this specification, 

SPECIFIC HAZARDS 

GYROTRON ELECTROMAGNET SOCKET ASSEM LY VYW-$600 

THE VYW-8000 ELECTROMAGNET CANNOT BE HAN- 
DLED MANUALLY! LIFT USING THE LIFTING EYE- 
BOLTS PROVIDED. PERSONAL INJURY AND/OR DAM- 

SUITABLE HOIST IS NOT CAREFULLY USED. 
AGE TO THE ELECTROMAGNET MAY OCCUR IF A 

MAGNET STRUCTURE MUST BE CONNECTED TO THE 
SYSTEM AND EARTH “GROUND POTENTIAL” IN ORDER 
TO INSURE PERSONNEL SAFETY AND PROPER 
OPERATION. 



MAGNET CAN BE ENERGIZED WITH OR wnwourr 
?‘UBE IN PLACE, BUT NOT DURING INSTALLATION OF 
THE TUBE. MAGNETIC MATERIAT, MAY BE STRONGLY 
ATTRACTED TO THE TOP OF THE MAGNET IF THE 
TUBE IS NOT INSTALLED, CAUSING A PERSONNEL 
HAZARD. 

Gyrotrsn Tube - Proper use and safe operating practices with respect to microwave 

tubes are the responsibility of equipment manufacturers and users of such tubes. Varian 

provides information on its products and associated hazards, but it assumes no responsibil- 

ity for after-sale operating and safety practices. Limited life and random failures are inher- 

ent characteristics of eleckron tubes. Take appropriate action through redundancy or other 

safeguards to protect personnel and property from the consequences of tube failure. 

All persons who work with or are exposed to microwave tubes or equipment which utilizes 

such tubes must take precautions to protect themselves against possible serious bodily in- 

jury. Do riot be careless around such products. 

g Instructions - This sheet, the Test Performance Sheet and the Operating 

Instructions can help you to operate this tube safely and efficiently. READ THEM. The 

Test Performance Sheet is a record of in ividual product test conditions and test results 

at the factory. Special operating considerations and precautions will be found in the Oper- 

ating Instructions. Uniformed or careless operation of this tube can result in poor perfor- 

mance, damage to the tube or other property, serious bodily injury and, possibly death. 

Address written questions regarding tube operation to the Manager, Tube Sales, Varian. 
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WARNING - SERIOUS HAZARDS EXIST IN THE OPERATION OF MICRO- 
WAVE TUBES 

The operation of microwave involves one or more of the following hazards, any one of 

which, in the absence of safe operating practices and precautions, could result in serious 

harm 

a. 

b. 

C. 

d. 

e. 

f. 

g. 

h. 

to personnel: 

High Voltage - Normal operating voltages can be deadly. 

RF Radiation - Exposure to rf radiation may cause serious bodily injury possible 

resulting in blindness or death. Cardiac pacemakers may be affected. 

X-Ray Radiation - High Voltage tubes can produce dangerous, possibly fatal, x- 

rays. 

Beryllium Oxide Poisoning - The dust or fumes from beryllium oxide (BeO) ce- 

ramics used in microwave tubes are highly toxic and can cause serious injury or 

death. 

Corrosive and Poisonous Compounds - If a dielectric gas is used in the exter- 

nal waveguide or around the high voltage bushing portions of microwave tubes, 

highly toxic or corrosive compounds may be produced by either RF voltage break- 

down or high voltage DC breakdown. 

Implosion Hazard - Ceramic windows in microwave tubes can shatter on impact 

or crack in use, possibly resulting in injury from flying particles or from beryllium 

oxide (BeO) dust or fumes. 

Hot Coolant and/or Steam - The electron collector and water used to cool it 

reach scalding temperatures. Touching or rupture of the cooling system can cause 

serious burns. 

Hot Surfaces - Surfaces of air-cooled collectors and other parts of tubes can reach 

temperatures of several hundred degrees centigrade and cause serious burns if 

touched . 

Additional specific information about microwave tube hazards: 

High Voltage - Many microwave tubes operate a t  voltages high enough to kill through 
electrical shock. Design equipment utilizing these tubes to prevent personnel contact with 
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high voltages. Securely attach prominent hazard warnings. PWSQIXW~ should always break 

the primary circuits of the power supply a i d  discharge high voltage coridcnsers when di- 

rect access to  the tube is required. 

Radio Frequency Radiatian Exposure of personnel to rf radiation shoidd be mini- 

mized. Personnel should not be permitted in the vicinity of open encrgized wavegaaides or 

energized antennas. It is generally accepted that exposure to “high levels” of rf radiation 

can result in severe bodily injury including blindness. Cardiac pacemakers may be affected. 

The effect of prolonged exposure to “low-level” rf radiation continues to  be a subject of in- 

vestigation and controversy. While there continues to  be support for lower limits, it is gen- 

erally agreed among official standard-setting groups in the U.S. that prolonged exposure of 

personnel to rf radiation at frequencies of 10 MEIs - 109 GKz should be limited to average 

power densities of ten milliwatts per square centimeter (10 mW/cm2) or lower, using any 

possible one tenth of an hour 4.1 hour) as the averaging period. It is also generally agreed 

that exposure should be reduced in ~ ~ i k i i i g  areas where temperatures are above normal. 

The 10 mW/cm2 average levels has been adopted by several US .  Government agencies in- 

cluding the Occupationall Safety and I-Iealth Administration (OSHA) as the standard or 

protection guide for employee work places. 

All input and output rf connections, waveguides, flanges and gaskets must ‘ne rf leak-proof. 

Never operate a microwave tube without a properly matched rf energy absorbing load at- 

tached. Never look into or expose any of the body to an antenna OF open waveguide while 

the tube i s  energized. Monitor the tube and rf system for rf radiation leakage at  regular 

intervals and after servicing, 

X-Ray Radiation - As voltages increase beyond 15 kilovolts metal-body tubes are capa- 

ble of producing progressively moipe dangerous X-ray radiation. Provide adequate X-ray 

shielding on all sides of these tubes, particularly the cathode and collector ends, as well as 
the modulator and pulse transformer tanks. Check X-ray levels. Never operate high volt- 

age tubes without adequate X-ray shielding in place. Monitor the tube after servicing and 

at regular intervals for possible changes in X-ray levels due t~ aging. 
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Danger - Beryllium Oxide Ceramics (BeO) Avoid Breathing Dust or Fumes - 
Some microwave tubes contain beryllium oxide (BeO) ceramics; usually the output 

waveguide window or around the cathode. Do not perform any operations on Be0 ceramics 

which produce dust or fumes; for example, grinding, grit blasting, and acid cleaning. Beryl- 

lium oxide dust and fumes are highly toxic and breathing them can result in serious per- 

sonal injury or death. If a broken window is suspeete carefully remove the tube from its 

waveguide and seal the output flange of the tube with tape. Because Be0 warning labels 

may be obliterated or removed, we urge you to contact Varian before performing any work 

on ceramics in any Varian microwave tube. Some tubes have Be0 internal to the vacuum 

envelope. 

Take precautions to protect personnel working in the disposal or salvage of tubes contain- 

ing BeO. All such personnel should be made aware of the deadly hazards involved and the 

necessity for great care and attention to safety precautions. Vivian will dispose of tubes 

without charge provided they are returned to Vmian freight prepaid, with a written re- 

quest for disposal by Varian. 

Corrosive and Poisonous Compounds 9 External output waveguides and cathode high 

voltage bushings of microwave tubes are sometimes operate in systems that use a dielec- 

tric gas to impede microwave or high voltage breakdown, If breakdown does occur, the gas 

may decompose and combine with impurities, such as air or water vapor, to form highly 

toxic and corrosive compounds. Examples are Freon gas which may form LETHAL PHOS- 
GENE, and sulfur hexafluoride (SFg) gas which may form highly toxic and corrosive sulfur 

or fluorine compounds such as BERYLLIUM FLUORIDE. When breakdown does occur in 

the presence of these gases, ventilate the area to outside air, avoid breathing any fumes or 
touching any liquids which develop, take precautions appropriate for beryllium cornpounds 

and for other highly toxic and corrosive substances, before permitting personnel to perform 

any work on or near the tube. If a coolant other than pure water is utilized follow the pre- 

cautions supplied by the coolant manufacturer. 

Implosion Hazard - Due to the internal vacuum in microwave tubes the glass or ceramic 

output window can shatter inward (implode) if struck with a hard object or subjected to 
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mechanical shock. Flying debris could result in bodily injury, including cuts and puncture 

woulds and, if made of beryllium oxide ceramic, produce highly toxic dust or fumes. Do 

not breathe such dust or fumes. 

Hot Coolant and/or Steam - Extreme heat occurs in the electron collector portion of 

microwave tubes during operation. Coolant channels used for cooling also reach high tern- 

peratures (as high as boiling, 100°C or above), and the hot coolant is under pressure (typi- 

cally as high as 100 psi). Some collectors are cooled by boiling the coolant and forming 

steam. 

A rupture of the coolant channel or the coolant or steam line or other contact with hot 

portions of this tube could scald or urn. Carefully check that all fittings and connections 

are secure and monitor backpressure for changes in cooling system performances. Replace 

any defective fittings and tighten any loose fittings or components. If backpressure is in- 

creasing above normal operating values shut the system down and clear the restriction. 

rfraces - ‘The electron collector portion of microwave tubes i s  often air-cooled or 

conduction-cooled. The air-cooled external surface normally operates a t  a high temperature 

(typically 200” to 30OQC). Other portions of the tube may also reach high temperatures, ks- 
pecially the cathode insulator and the cathodeheater surfaces. All hot surfaces may re- 

main hot for an extended time after the tube is shut off. To prevent serious burns, take 

care to prevent and avoid any bodily contact with these surfaces both during and for a 

reasonable cool-down period after tube operation. 

110 NOT ATTEMPT TO OPERATE THIS TUBE UNTIL IT 
HAS BEEN DETERMINED THAT ALL PRECAUTIONS 
HAVE BEEN TAKEN TO PROTECT PERSONNEL FROM 

SHIELDS AND INTERLOCKING SWITCH CIRCUITS MUST 
BE IN OPERATION. REREAD AND COMPLY WITH ALL 
PRECAUTIONS AND PROCEDURES SPECIFIED IN THE 
“OPERA-TING HAZARDS” SECTION. 

ALL HAZARDS. PROTECTIVE DEVICES SUCH AS 



Microwave System 

INSTALLATION 

EBT-PO10 
Volume IV 

26 February 1982 

LIFT OR SUPPORT THE TUBE ONLY BY MEANS OF THE 
TWO LIFTING EYES A T  THE TOP OF THE RED COLLEC- 
TOR SHROUD OR BY THE SUPPORT PLATE AT THE 
BASE OF THE RED COLLECTOR SHROUD. LIFTING 
FORCE SHOULD NEVER BE APPLIED BY MEANS OF 
THE OUTPUT WAVEGUIDE CONNECTOR AT THE TOP 
OF THE TUBE OR BY THE GUN INSULATORS OR SOCK- 
ET CONNECTING HARDWARE AT THE BOTTOM. LIFT 
CAREFULLY USING A SUITABLE HOIST. THE TUBE 
MAY BE DAMAGED AND/OR PERSONAL INJURY MAY 
OCCUR IF THESE PRECAUTIONS ARE NOT TAKEN. 

CONNECTIONS 

THE VACIONB POWER SUPPLY IS CAPABLE OF 
DELIVERING OVER 3000 VOLTS UNDER OPEN CIRCUIT 
CONDITIONS. DO NOT ALLOW CABLE TO BECOME 

AGE TURNED ON. 
DAMAGED, AND DO NOT HANDLE IT WITH THE VOLT- 

OPERATION 

DO NOT ATTEMPT TO OPERATE THIS TUBE UNTIL IT 
HAS BEEN DETERMINED THAT ALL PRECAUTIONS 
HAVE BEEN TAKEN TO PROTECT PERSONNEL FROM 
ALL HAZARDS. PROTECTIVE DEVICES SUCH AS 
SHIELDS AND INTERLOCKING SWITCH CIRCUITS MUST 
BE IN OPERATION. REREAD AND COMPLY WITH ALL 
PRECAUTIONS AND PROCEDURES SPECIFIED IN THE 
“OPERATING HAZARDS” SECTION. 
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Preliminary Check - Check the following conditions before applying voltages to the 

tube. 

1. 

2. 
3. 

4. 
5. 

6. 

7. 

8. 

9. 

Collector is connected to supply correctly. 

‘rube body and magnet are grounded. 

Electromagnet connected correctly. 

Waveguide are protective circuitry and all interlocks operating correctly. 

Waveguide system connected to gyrotron output flange. 

Tube and electromagnet coolants are flowing, 

Valcon 8 pump connected correctly. 

Verify that all x-ray shields are in place, particularly on the output waveguide. 

Oil pump that supplies gun cooling oil is operating. 

HIGH VOLTAGE - VOLTAGES’ REQUIRED FOR OPER- 
ATION OF THIS TUBE ARE EXTREMELY DANGEROUS 

TECTIVE INTERLOCK CIRCIJITS TO MAKE PHYSICAL 
CONTACT WITH THESE VOLl’AGES IMPQSSIBLE. SEE 
OYEXATlNG HAZA DS SEC’TION. 

TO LIFE; EQUIPMENT MUST WE DESIGNED WITH PRO- 

X-RAYS I THIS TUBE PRODUCES DANGEROUS X-RADI- 
ATION DURING OPERATION. THE EQUIPMENT IN 

X-RAY SHIEIIDING AROUND THE TUBE, INCLUDING 
WHICH THIS rruRE IS USED MUST PROVIDE ADE 

THE GUN REGION, FOR THE PROTECTION OF PERSON- 
NEL. BOTH TUBE AND SYSTEM MUST NEVER BE AL- 
TERED IN ANY WAY WHICH MIGHT DECREASE 
SHIELDING. RADIATION LEVELS SHOULD BE CHECKED 
PERIODICALLY TO ENSURE SAFE OPERATING CONDI- 
TIONS AND COMPLIANCE W-TTH STATUTORY AND REC- 
ULATBRY REQIJIREMENTS. NEVER APPLY BEAM 
VOLTAGES WITHOUT HAVING X-RAY SHIELDING IN 
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PLACE. X-RAYS ARE DEADLY AND CANNOT BE DE- 
TECTED EXCEPT WITH SPECIAL EQUIPMENT. SERIOUS 
EXPOSURE MAY OCCUR WITHOUT PERSONNEL BEING 
AWARE. SERIOUS PERSONAL INJURY OR DEATH MAY 
OCCUR A T  SOME LATER DATE AS A CONSEQUENCE. 

RF RADIATION - THIS TUBE IS DESIGNATED T O  
PRODUCE HIGH ENERGY RF RADIATION. EVEN LOW 

MAN HEALTH. PRECAUTIONS MUST BE TAKEN TO 
PREVENT EXPOSURE OF PERSONNEL TO THE STRONG 
RF FIELDS GENERATED BY THIS TUBE. RF RADIATION 
DUE TO LEAKAGE AT THE WAVEGUIDE FLANGE 

PUT CONNECTIONS. NEVER OPERATE THIS TUBE 

ING LOAD ATTACHED. NEVER LOOK INTO AN OPEN 
WAVEGUIDE OR ANTENNA WHILE THIS TUBE IS 
ENERGIZED. 

LEVELS OF RF RADIATION CAN BE HAZARDOUS TO HU- 

SHOULD BE PREVENTED BY MAKING GOOD RF OUT- 

WITHOUT HAVING AN APPROPRIATE ENERGY ABSORB- 
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APPENDIX B 

28 GHZ GYROTRON PRELIMINARY SPECIFICATION 

PRELIMINARY 

28 GHZ GYROTRON OSCILLATOR (CW) 

SPECIFICATION 

(VARIAN)* 

Varian Part # Description 

VGA-8000 28 GHz Gyrotron Oscillator 

Operating Hazards 

VY w-8000 Focusing Magnet (For 28 GHz Gyrotron) 

Operating Instructions 

VCA-8000 28 GHz Arc Detector 

VFA-8000A4 28 GHz Microwave Mode Filter 

VLA-8000 28 GHz C. W. Waterload 

* 
NOTE The contents of this section are from current Varian Associates 

Product specifications. 
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TENTATIVE S ECIFICATION 

TYPE VGA- 

GYROTRON OSCPLLA 

The VGA-$800 is a cyclotron resonance interaction oscillator. The tube produces 200 kilo- 

watts of CMi power output a t  28 CWz. It is liquid cooled and solenoid focused. 

I. ELECTRICAL OPERATI[NG PARA 

Electrical Operating Parameters 

Beam Voltage 

Beam Current 

Collector Dissipation 

Gun Control Anode 

(with respect to cathode) 

Heater Voltage (A@) 

Heater Current 

Heater Power 

Body Current 

Gun Anode Current 

Power Output 

Efficiency 

Minimum 

70 

6 

__ 

20 

6 

4 

37 

- 

__ 

200 

30 96 

Maximum 

90 

10 

'700 

40 

13 

8 

96 

80 

10 mA 

_I_ 

50 % 

Typical 

80 kV 

8 A  

640 kW 

30 kV 

9 V  

6 A  

64 w 
20 mA 

1.0 mA 

210 kW 

40 % 



Microwave System EBT-PO10 
Volume IV 

26 February 1982 

11. POWER OUTPUT SENSITIVITIES 

Gun Control Anode Voltage 0.6 dB/% 

Main Magnet Current 1.5 dB/% 

Gun Magnet Current 0.3 dB/% 

Heater Voltage 0.6 dB/% 

Beam Voltage 0.6 dB/% . 

111. BEAM CURRENT CONTROL 

The operating beam current is controlled by varying the heater voltage (or current). Either 

regulation of heater voltage or servo control with beam current sensing is recommended. 

The heater time constant for beam current control is 40-68 see. 

IV. MAGNETIC FIELD REQUIR 

The main magnet assembly VYW-8000 is a shielded solenoid which produces 11,000 g .  It 

has four windings which require up to 600 A dc at  30 V each. Total magnet power is 73 

kW maximum. The four magnet supplies should be separately adjustable over a range of 

at least t- 20% about 500A. A current regulation of 10-3 is recommended. Two additional 

coils are used in the cathode region. each coil requires a 10-15 A, 20-35 V dc adjustable 

power supply with 10-3 regulation. An additional magnet assembly VYW-8001 is needed 

for the collector region. It has three coils: one of which requires .75A at 40V., the remain- 

ing two required 2.0 A at  100 V. 1.0% regulation is sufficient. 
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M. COOLING 

Deionized water cooling i s  required as follows: 

FLOW RATE PRESSURE DROP 
gPm psi 

Tube Collector 

Tube Body 

Collector seal 

Magnet 

Output Water Load 

200-400 

15-20 

2-3 

17 

40-80 

120-140 

75-140 

18-24 

100 

205 

The cathode end of the tube is designed to he operated in oil for both voltage holdoff and 

cooling. An oil flow of 0.3 gpm or more at 5 psi is required to cool the gun. A small sub- 

mersible oil pump is recommended to supply this flow. 

The output window requires FC-75 cooling of 2 to 4 gpm with a differential pressure of 8 
to 20 psi. Absolute pressure at  the window should never exceed 30 psig. 

VI. LOAD MISMATCH 

If mismatches are present in the 2.5 inch output waveguide a reduction in power output 

can be expected. VSWRs, as defined by power reflection, of 1.5:l and 2:l result in power 

reductions of 10% and 30% respectively. Some adjustment in operating parameters may 

be required to optimize the output in the presence of mismatches. 
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VII. MECHANICAL PARAMETERS 

Size and Weight: 

Magnet -The magnet system is composed of two assemblies. The VYW-8000 magnet as- 

sembly contains the main field coils and the gun coils. The latter are immersed 

in oil. Located immediately above the VYW-8000 is the VYW-8001 collector 

magnet assembly which contains three collector coils. The combined assemblies 

extend 12 inches below the oil and 56 inches above it. The maximum diameter, 

including water manifolding is 28 inches. The electrical connection assembly ex- 

tends to 21 inches radius on one side. The total weight of the two assemblies is 

approximately 1300 pounds. 

Tube - 100 inches long 16 inches diameter, at maximum point. Weight is 520 pounds. 

Operating Position: 

The tube is designed to operate with its axis vertical with the gun down. The output 

waveguide comes out vertically a t  the top of the tube. 
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READ THIS SHEET AND TARE ALL SAFETY PRECAUTIONS 

Proper use and safe operating practices with respect to microwave tubes are the responsi- 

bility of equipment manufacturers and users of such tubes. Varian provides information on 

its products and associated hazards, but it assumes no responsibility for after-sale operat- 

ing and safety practices. 1 ,irnited lile a i d  random failures are inherent characteristics of 

electron tubes. Take appropriate action through redundancy or other safeguards to protect 

personnel and property from the consequences of tube failure. 

All persons who work with or are exposed to microwave tubes or equipment which utilizes 

such tubes must take precautions to protect themselves against possible serious bodily in- 

jury. Do not be careless around such products. 

Operating Instructions - This sheet, the Test Performance Sheet and the Operating 

Instructions can help you to operate this tube safely and efficiently. READ THE 
Test Performance Sheet i s  a record of individual product test conditions aiid test results 

a t  the factory. Special operating considerations and precautions will be found in the Oper- 

ating Instructions. Unifrirmed or careless operation of this tube can result in poor perfor- 

mance, damage to the tube or other property, serious bodily injury and, possibly death. 

Address written questions regarding tube operation to the Manager, Tube Sales, Varian. 

G - SERIOUS HAZAR s EXIST IN THE OPERATION OF 
AVE TUBES 

The operation of microwave? involves one or more of the following hazards, any one of 

which, in the absence of safe operating practices and precautions, could result in serious 

harm to personnel: 

B Voltage - Normal operating voltages can be deadly. 

b. RF Radiation - Exposure to rf radiation may cause serious bodily injury possible 

resulting in blindness or death. Cardiac pacemakers may he affected. 
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c. X-Ray Radiation - High Voltage tubes can produce dangerous, possibly fatal, x- 
rays. 

d. Beryllium Oxide Poisoning - The dust or fumes from beryllium oxide (ReQ) ce- 

ramics used in microwave tubes are highly toxic and can cause serious injury or 

death. 

e. Corrosive and Poisonous C o m p ~ ~ ~ ~ d s  ., If a dielectric gas is used in the exter- 

nal waveguide or around the high voltage bushing portions of microwave tubes, 

highly toxic or corrosive compounds may be produced by either RF voltage break- 

down or high voltage DC breakdown. 

f. Implosion Hazard - Ceramic windows in microwave tubes can shatter on impact 

or crack in use, possibly resulting in injury from flying particles OH” from beryllium 

oxide (BeQ) dust or fumes. 

g. Hot Coolant and/or Steam - The electron collector and water used to coal it 

reach scalding temperatures. Touching or rupture of the cooling system can cause 

serious burns. 

h. Hot Surfaces - ‘Surfaces of air-cooled collectors and other parts of tubes can reach 

temperatures of several hundred degrees centigm e and cause serious burns if 

touched. 

Additional specific information about microwave tube hazards: 

High Voltage - Many microwave tubes operate a t  voltages high enough to kill through 

electrical shock. Design equipment utilizing these tubes to prevent personnel contact with 

high voltages. Securely attach prominent hazard warnings. Personnel should always break 

the primary circuits of the power supply and discharge high voltage condensers when di- 

rect access to the tube is required. 

Radio Frequency Radiation - Exposure of personnel to rf radiation should be mini- 

mized. Personnel should not be permitted in the vicinity of open energized waveguides or 

energized antennas. It is generally accepted that exposure to “high levels” of rf radiation 

can result in severe bodily injury including blindness. Cardiac pacemakers may be affected 

The effect of prolonged exposure to “low-level” rf radiation continues to be a subject of in- 

vestigation and controversy. While there continues to be support for lower limits, it is gen- 

erally agreed among official standard-setting groups in the U.S. that prolonged exposure of 
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personnel to  rf radiation at Irequencies of 10 MHz - 100 GHz should be limited to average 

power densities of ten milliwatts per square centimeter (10 m ~ / c m 2 )  or lower, using any 

possible one tenth of an hour (.I hour) as the averaging period. It is also generally agreed 

thab exposure should be reduccd in working areas where temperatures are above normal. 

Tire 10 mW/cm2 average levels has been adopted by several I.J.S. Government agencies in- 

cluding the Occupational Safety and Health Administration (OSHA) as the standard or 

protection guide for employee work places, 

All input and output rf connections, waveguides, flanges and gaskets must be rf leak-proof. 

Never operate a microwave tube without a properly matched rf energy absorbing load at- 

tached. Never look into OP expose any of the body to an antenna or open waveguide while 

the tube is energized. Moiiitor the tube and rf system for sf radiation leakage at regular 

intervals and after servicing. 

X-Ray Radiationr = As voltages increase beyoiid 15 kilovolts metal-body tubes are capa- 

ble of producing progressively more dangerous X-ray radiation. Provide adequate X-ray 

shiclding on all sides of these tubes, particularly the cathode and collector ends, as well as 

the modulator and pulse transformer tanks. Check X-ray levels. Never operate high volt- 

age tubes without adequate X-ray shielding in place. Monitor the tube after servicing and 
at regular intervals for possible changes in X-ray levels due to aging. 

Danger - PPeryPlium Oxide Ceramics (BeO) Avoid Breathin QF" PUKxneS - 
Some microwave tubes contain beryllium oxide (BeO) ceramics; usually the output 

waveguide window or around the cathode. Do not perform any operations on BeQ ceramics 

which produce dust or fumes; for example, grinding, grit blasting, and acid cleaning. Beryl- 

lii-im oxide dust and fumes are highly toxic and breathing them can result in serious per- 

sonal injury or death. If a broken window is suspected, carefully remove the tube from its 

waveguide and seal the output flange of the tube with tape. Because Be0 warning labels 

may be obliterated or removed, we urge you to contact Varian before performing any work 

on ceramics in any Varian microwave tube. Some tubes have Be0 internal to the vacuum 

envelope, 

Take precautions to protect personnel working in the disposal or salvage of tubes contain- 

ing BeB. All such personnel should be made aware of the deadly hazards involved and the 
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necessity for great care and attention to safety precautions. Varian will dispose of tubes 

without charge provided they are returned to Varian freight prepaid, with a written re- 

quest for disposal by Varian. 

Corrosive and Poisonous Compounds - External output waveguides and cathode high 

voltage bushings of microwave tubes are sometimes operated in systems that use a dielec- 

tric gas to impede microwave or high voltage breakdown. If breakdown does occur, the gas 

may decompose and combine with impurities, such as air or water vapor, to form highly 

toxic and corrosive compounds. Examples are Freon gas which may form LETHAL PHOS- 
GENE, and sulfur hexafluoride (SF6) gas which may form highly toxic and corrosive sulfur 

or fluorine compounds such as BERYLLIUM FLUORIDE. When breakdown does occur in 

the presence of these gases, ventilate the area to outside air, avoid breathing any fumes or 

touching any liquids which develop, take precautions appropriate for beryllium compounds 

and for other highly toxic and corrosive substances, before permitting personnel to perform 

any work on or near the tube. If a coolant other than pure water is utilized follow the pre- 

cautions supplied by the coolant manufacturer. 

Implosion Hazard - Due to the internal vacuum in microwave tubes the glass or ceramic 

output window can shatter inward (implode) if struck with a hard object or subjected to 

mechanical shock. Flying debris could result in bodily injury, including cuts and puncture 

woulds and, if made of beryllium oxide ceramic, produce highly toxic dust or fumes. Do 

not breathe such dust or fumes. 

Hot Coolant and/or Steam - Extreme heat occurs in the electron collector portion of 

microwave tubes during operation. Coolant channels used for cooling also reach high tem- 

peratures (as high as boiling, 100°C or above), and the hot coolant is under pressure (typi- 

cally as high as 100 psi). Some collectors are cooled by boiling the coolant and forming 

steam. 

A rupture of the coolant channel or the coolant or steam line or other contact with hot 

portions of this tube could scald or burn. Carefully check that all fittings and connections 

are secure and monitor backpressure for changes in cooling system performances. Replace 

any defective fittings and tighten any loose fittings or components. If backpressure is in- 

creasing above normal operating values shut the system down and clear the restriction. 

0-1 3 

MCDOMNELL DOUGLAS ASTRONAUTICS COMPANY-ST. LOUIS DIVISION 



icrowave System EBT-PO1 0 
Volume IV 

26 February 1982 

Hot Surfaces - The electron collector portion of microwave tubes is often air-cooled or 

conduction-cooled. The air-cooled external surface normally operatcs at a high temperature 

(typically 200" to 300°C). Other portions of the tube may also reach high teniperatures, es- 

pecially the cathode insulator and the catkode/heater surfaces. All hot surfaces may re- 

main hot for an extended time after the tube is shut off. To prevent serious burns, take 

care to prevent and avoid any bodily contact with these surfaces both during and for a 

reasonable cool-dowa% period after tube operation. 
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SPECIFICATION 

MICROWAVE MODE FILTER 

The VFA-8000 is a 28 GHz water-cooled microwave mode filter. It provides approximately 

4db atlentuation of all noncircular modes combined. 

I. Operating Parameters 

Water flow rate 

Pressure drop 

Power Iiarrdling capability 

Pulse length 

Duty factor 

Attenuation (noncircular modes) 

Attenuation (circular modes) 

VSWR (noncireular modes) 

VSWR (circular modes) 

Water ‘Yemyerature AT 

21. Mechanical Parameters 

Size 4.5” O.D. by 4.25” long 

Weight - 9.5 lb. 

Water Connections - Hansen Fittings 

Minimum Maximum 

1 gpm 25 gpm 

130 psi 

50 kW 

up to cw 
.....-- up to cw 

3 db 6 db 

- - 

1.5 

- 1.2 

- 9 O C  

Typical 

19 gpm 

55 psi 

5 kW 

40 msec 

5% . 

4 db 

<.5% 

1.2 

1.1 

4°C 
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INSTALLATION AND OPERATING INSTRUCTIONS 

FOR THE VFA-8000 A4 

To install the VFA-8000 microwave mode filter, remove the waveguide protective covers 

and bolt it between two waveguides using the eight 10-32 bolt holes provided on each side. 

Connect the water hoses to the filter. The water input (should be labeled) is the connector 

closest to the male waveguide side of the filter. For maximum power handling capability, a 

water system with 130 psi pressure should be used. This allows a 25 gallon per minute wa- 

ter flow rate or approximately 50 kW of power dissipated in the mode filter. A water flow 

rate less than 5 gpm can be used as long as the water temperature A T  does not exceed 9"c. 

I t  is advised that the water temperature A T  be constantly monitored to assure that the A T  
never exceeds 9Oc. 

6-1 7 

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY-ST. LOUIS DIVISION 



4
 

rn
 



-7 
B.1256) 

f LI 
c 

k 
I I  



EBT-POI 8 
Valume IV 

26 February 1982 

PRODUCT SP CIFICATXON 

TYPE VYW- 000 FOCUSING EEECTROMAG 

Description - la'ocusirig Ehxtromagnet, for use with VGA-8000 (Note 2) and VGA-$050 

Gyrotrorms. Four Main Coils, 'l'wo Gun Coils, Water Cooled, Electrical socket for Gyrotrons 

included as integral part. 

ABSOLUTE RAT'6NGS - Notes 1 

Parameters Is01 1-4 Ptmop T ( in) AP P 

Uni es Ada Ohms "C GPM psi 

Maximum 600 0.06 50 135 150 

Minimum 
Notes Note 3 Note 1 Note 5 Note 5,6 Note 10 

___ 

- - I_ - 17 

Test Gond. I: Gun Coils Coolant. Q Temp. 

Note PI #1 #2 #3 #4 #I #2 

Adc Adc Adc Adc Adc Ade 
151) 150 150 150 4.7 3.1 17 Ambient 

IS01 1 IS01 2 IS01 3 IS01 4 IS01 fi I S d  6 gprn "C 

OPERATION = Note 13 

Molanting Position - So that Gyrotron is installed with its major axis vertical, cathode 

end down. 

Electrical Connector - Main Coils - bus-bar terminals. Gun Coils - (2) Amphenol type 

MS-3102E-12S-3P Receptacles. Mating MS-310SE-125-3S plugs are supplied with each 

VY W -8000. Gyrotron Socket Electrical Connections - screw-type terminals for wirehug 
connections. 

E:llectrical Connections - Per Outline Drawing 054535 

C a ~ ~ l a a t  - Deionized Water (Note 6) 
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Coolant Connectors - Magnet - The mating connections required for both the inlet and 

outlet are 3/4 inch diameter male threaded-pipe (per American National Standard on 

Taper Pipe Threads). 

Gyrotron Socket - A length of 1/2 inch inside diameter plastic tubing is to be connected to 

the fitting at the bottom center of the socket (Note 12). 

QUALITY CONFORMANCE INSPECTION (PRODUCTION) - Note 7 

Test Conditions Min Max 

Insulation Resistance Non-operating Main Coil (Top) #1 R11 1 - Megohm 

Amb. Temp. #2 R12 1 - Megohm 

200 Vdc #3 R13 1 - Megohm 

Note 9 #4 R14 1 - Megohm 

Gun Coil (Top) #1 R15 1 - Megohm 

#2 R16 1 - Megohm 

Coolant Pressure 

Drop Q = 17 gpm - AP - 120 psi 

Hydrostatic Pressure Q = 0, P = 150 psig 

t = 3 minutes, Note B 
OK 

Proportional 

Magnetic Field TC1 Axial Field B= 3.15 3.85 kilogauss 

Transverse Field Bt - 15 gauss 

Coil Voltages at  TC1 Main Coil (Top) #1 Ksol 1 - 8.5 Vdc 

Proportional #2 Ksol 2 - 8.5 Vdc 

#4 Ksol 4 - 8.5 Vdc 

Gun Coil (Top) #l Ksol 5 - 10.5 Vdc 

Currents #3 Ksol 3 - 8.5 Vdc 

#2 Ksol 6 - 7.0 Vdc 

Weight 

Dimensions 

No coolant 

Per Outline Drawing DS4535 
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Note 1: The absolute ratings are values which are not to be exceeded under any service 

condition. These ratings are limiting values outside which the serviceability of 

any individual unit may be impaired. In order not to exceed absolute ratings, 

the designer has the responsibility of determining an average design value for 

each rating below the absolute value of that rating by a safety factor so that the 

absolute values will never be exceeded under usual conditions of supply-voltage 

variations, load variation, or manufacturing variations in the equipment itself. 

It does not necessarily follow that any combination of absolute maximum ral- 

ings can be attaine siIllUltai'EXN1sly. 

Bt Magnetic Field, 'l'ransverse Q ................................ Coolant Flow Rate 

Ri ............................... Insultion Resistance 

Ksol ............ Voltage Drop, Coil Rmop ..................... Resistance, Operation 
Isol ....................... Current, Coil (Main Coil) 

P ............. Hydrostatic Pressure t .......................................... Time Duration 

AP ...................... Pressure Drop T (in) ............ Coolant Inlet Temparature 

Bz .......... Magnetic Field, Axial 

Note 2: The VGA-8000 Gyrstron also requires a VMW-8001 collector electromagnet and 

adaptionn kit. 

Note 3: Typical operating current for each Main Coil (Isol 1, Is01 2, Is01 3, Is01 4) is 

around 480 amperes. Operation at higher current may require improved cooling 

- higher Q, lower 'I'(in) - to keep Rmap well within absolute ratings. 

Note 4: Do not operate if Rmop rises to absolute maximum. This indicates that cooling 

is inadequate; Q is too low, T(in) is too high. 

Note 5: Coolant requirements are b ' o p  typical Operation (Is01 = 480 A) at sea level, in an 

ambient air temperature of 50°C (max). 

: The magnet must be cooled with filtered deionized wate in a properly designed 

and operated cooling system. 
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Note 7: These tests shall be applied to each unit. A failure of any of these tests shall be 

cause for rejection of that unit. See VYW-$000 Acceptance Test Procedure for 

test methods to be used (Varian Instruction No. 5.316). 

Note 8: There shall be no visible leakage of fluid from any coolant line, manifold, or 

fitting. 

Note 9: Water lines shall be drained and thoroughly dried out before measuring R1. 

Note EO: Do not operate if A P  builds up to absolute maximum at Q = 17 gpm. Coolant 

passage is probably obstructed and corrective action must be taken. 

Note 11: The actual operating current for each coil when operated with an appropriate 

Gyrotron, will be roughly 3.2 times the “Test Condition 1” valued. The precise 

values of individual coil currents that are required will be found on the Test 

Performance Sheet (TPS) for the specific Gyrotron in question. The actual op- 

erating values of coil voltages and magnetic fields will be higher than recorded 

on the electromagnet’s TPS by approximately the ratio of the actual operating 

current to the “Test Condition 1” values. 

Note 1 2  A forced flow of dielectric oil from the tank surrounding the high voltage end of 

the Gyrotron must be used to cool internal parts of its electron gun. 

Note 13: See VYW-8000 Operating Instructions bulletin for information on the following 

subjects: Unpacking Instructions, Protective Measures, Installation, Connec- 

tions, Operation, Transportation and Storage. 

6-23 

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY-ST. LOUIS DlVISIOEv 



icrowawe system 

GVRO'P'RONELECTRO ET SOCKET A 

OPERATING INST 

These Operating Instructions provide basic information for installing and operating the 

VYW -8000 electromagnet/socket assembly which is designed for use with gyrotrons of sev- 

eral different types. Additional information is given in the Test Performance Sheet for 

your individually serial-numbered electromagnet and gyrotron. Requests for copies of this 

publiction or additional information should be addressed to: 

Manages, Marketing 

Varian Associates, Inc. 

Palo Alto Microwave Tube Division 

611 Mannser, Way 

Palo Alto, California 94303 

(415) 493-4008 
TWX: 910-393-1931 

For more detailed operating procedures in specific equipments, consult the applicable 

equipment manuals and equipment performance standards. In case of conflict, equipment 

manuals and performance standards shall govern, except for the absolute maximum ratings 

on the magnet. Addition I inormation may be obtained from the equipment manufacturer. 

Some operational details specified by the equipment manufacturer may vary from those 

given herein, 

ACKPNG INSTRUCTIONS: 

The electromagnet is shipped in an approved package which will protect it from handling 

abuse. If the outer container shows evidence of being dropped or is punctured, open the 

package and inspect the electromagnet for damage. 
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THE VYW-8000 ELECTROMAGNET CANNOT BE HAN- 
DLED MANUALLY BY USING THE LIFTING EYE BOLTS 
PROVIDED. PERSONAL INJURY AND OR DAMAGE TO 
THE ELECTROMAGNET MAY OCCUR IF A SUITABLE 
HOIST IS NOT CAREFULLY USED. 

The packing case shall be disassembled and unloaded as follows: 

1. Remove ALL “klimps” and top, ends, and sides of packing case. 

2. Remove 5-1/4” bolts holding magnet base to elevated plywood platform. 

3. Loosen 4-3/8” nuts located next to magnet base on elevated plywood platform. 

4. Attach crane to lifting eyebolts on magnet. 

5. Lift magnet slowly - checking underneath the elevated plywood platform so that the 

socket and auxiliary gun coils and water lines clear through the openings on the sus- 

pended board and elevated plywood platform. 

To reinstalk Reverse the above steps. 

NOTE 

A plastic bag packaged with the electromagnet contains items 
such as O-rings, connector parts, etc., that are either required 
during installation or as replacements. 

PROTECTIVE MEASURES 

The VYW-8000 must be used in equipment which provides automatic protection as de- 

scribed below. In addition, installation and operating precautions must be observed and 

ratings shown within the Test Performance Sheet must not be exceeded. Failure to comply 
fully with the foregoing may result in electromagnet failure, damage or decreased operating 
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life. Any damage or failure resulting from failure to comply with those requirements or 

which, in Varian's opinion, could have been avoided by compliance with these require- 

nients will void the Varian warranty. 

DO NOT OPERATE ELECTROMAGNET WITHOUT PROP- 
ER WATER COOLING. ALL ELECTRICAL POWER SUP- 
PLIED TO THE VYW-8000 MUST RE INTERLOCKED TO 
PREVENT OPERATION WITHOUT COOLANT FLOW. 

INVERSE-VOLTAGE CONDUCTING POWER-DIODES 
MUST RE CONNECTED ACROSS EACH OF THE FOUR 

STRUCTION BY LARG VOLTAGE TRANSIENTS CAUSED 
WHEN CURRENT FLOW IS SUDDENLY STOPPED. 

MAIN COIL SETS IN ORDER TO PREVENT COIL DE- 

Cooling - Unless otherwise stated on the Magnet Test Performance Sheet, the normal 

flow rate shall be 17 gallons per minute. The magnet must be cooled with filtered de-ion- 

ized water in a properly designed and operated cooling system. Scaling and corrosion must 

be minimized to realize optimum performance and life. Metals used in the cooling system 

should be close to copper in thegalvanic series. Zinc bearing alloys should be used as little 

as possible. The use of thin Teflon tape to seal pipethreads is discouraged since, if improp- 

erly applied, pieces can break loose and clog the small coolant channels in the 

electromagnet. 

If the coolant is to be subjected to subfreezing environments, steps must be taken to pre- 

vent its freezing in the magnet. The use of coolant heaters if recommended under such 

conditions. Contaminants such as soaps, foaming detergents and water soluble oils as well 
as particulate matters must be kept to a minimum. Exposure of the coolant to air should 

be minimized. A coolant purification loop may be a desirable adjunct. Freedom from con- 

tamination in the cooling system is an important consideration in obtaining maximum life. 

Only pure fluids should be used. The system should be drained, cleaned and refilled with 

fresh fluids at least annually. All possible sources of oils or greases should be eliminated, 
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The magnet inlet coolant temperatures must exceed 37OC. Interlocks must remove the 

magnet voltages if the inlet coolant temperature exceeds this limit and/or the flow is 

inadequate. 

The maximum static pressure must not exceed 120 psia in the electromagnet. 

INSTALLATION 

1. The design of the mounting structure for the VYW-8000 must provide sufficient 

strength to support the electromagnet (approximately 1000 pounds) plus the weight of 

the particular gyrotron that is to be installed, plus any other supported accessories. 

2. Mount the VYW-8000 electromagnet, with the major axis vertical, using the mounting 

holes on the bottom of the magnet structure. The O-ring provided should be installed 

in the magnet base plate to insure a liquid tight joint. A viscous lubricant, thinly ap- 

plied to the O-ring will hold it in position while the electromagnet is being installed on 

its mounting structure. 

CONNECTIONS 

Magnet Coolant Connections - The mating connections required by the VYW-8000 for 

both the inlet and outlet are 1/4 inch diameter male threaded-pipe (per American National 

Standard on Taper Pipe Threads). 

Magnet Electrical Connections - 

PROPER POLARITIES, SHOWN ON OUTLINE DRAWING 
54535, MUST BE APPLIED TO ALL COILS, OTHERWISE 

ATION, WILL RESULT. 
GYROTRN DAMAGE, OR GROSSLY IMPROPER OPER- 

Main Coils - Have bus-bar terminals each of which has provisions for joining a maximum 

of three separate lug terminals for parallel-connected flexible or semi-flexible wire cables 
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(or a solid bus-bar) to handle the approximately 600 amperes of direct current required by 

each of the four coils. 

Gun Coils - (2) are each powered through Arnphenol type MS-3102E-12S-3P Receptacles. 

Mating MS-3106E-125-3S plugs are supplied with each VYW-$000. 

MAGNETIC STRTJCTURE MUST BE CONNECTED TO THE 
SYSTEM AND EARTH “GROUNI) POTENTIAL” IN ORDER 
TO INSURE PERSONNEL SAFETY AND PROPER 
OPERATION. 

Gyrotran Socket Coolant Connections - A length of 1/2 inch inside diameter plastic 

tubing is to be connected to the fitting at the bottom center of the socket. A forced-flow of 

a t  least 0.3 gallons per minute of dielectric oil from the tank surrounding the high voltage 

end of the gyrotron must be used to cool internal parts of the electron gun. A small, sub- 

mersible pump, such as a Model 2E-N manufactured by Little Giant Corporation, or 

equivalent, may be used. 

Gyrotrsnn Socket Electrical Connections - The socket is provided with screw-type 

terminals for wire/lug connections for the gyrotrons heater, heater-cathode and gun anode 

electrodes. 

MAGNET CAN BE ENERGIZED WITH OR WITHOUT 
TUBE IN PLACE, BUT NOT DURING INSTALLATION OF 
THE TUBE. MAGNETIC MATERIAL MAY BE STRONGLY 
AT’P’RACTED TO THE TOP OF THE MAGNET IF THE 
TUBE IS NOT INSTALLED CAUSING A PERSONNEL 
HAZARD. 

Magnet coil currents required for proper operation of your specific gyrotron model and 
serial number are to be found on the “Test Performance Sheet” supplied with the 
gyrotron. 
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TRANSPORTATION AND STORAGE 

Use the original packaing case for both transporting and storing the magnet. Before 

placing in the packing case, drain water from magnet and blow out the remaining coolant 

with warm dry air. Air presure should be kept as low as possible in this process, preferably 

less than 50 psi. 
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* 

60 GHZ GYROTRON PRELIMINARY SPECIFICATION 

PRELIMINARY 

60 GHZ GYROTRON OSCILLATOR (CW) 

SPECIFICATION 

(VARIAN)" 

Varian Part # Description 

VGE-8006 * 60 GHz Gyrotron Oscillator 

VY W-8060 * Focusing Magnet (60 GHz Gyrotron) 

VLE-8006-AI 60 GHz Water Load 

VFE-8006A- 1 60 GHz Microwave Mode Filter 

NOTE: The contents of this section are from current Varian Associates 
Product specifications. 
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TENTATIVE PECIFICATION 

TYPE VGE-SOB6 

GYROTRON OSCILLATOR 

The YGE-8006 is a cyclotron resonance interaction oscillator. The tube produces 200 kilo- 

watts of CW power output at  28 GHz. It is liquid cooled and solenoid focused. 

I. ELECTRICAL OPERATING PARAMETERS 

Electrical Operating Parameters 

Bearm Voltage 

Beam Current 

Collector Dissipation 

Gun Control Anode 

(with respect to cathode) 

Heater Voltage (AC) 

Heater Current 

Heater Power 

Body Current 

Gun Anode Current 

Power Output 

Efficiency 

70 

6 

- 

15 

6 

1 

20 

- 

- 

200 

30 % 

Maximum 

90 

10 

700 

30 

13 

8 

96 

80 

10 mA 

- 

50 % 

Typical 

$0 kV 

$ A  

640 kW 

20 kV 

12 v 
2 A  

25 W 

20 mA 

1.0 mA 

210 kW 

40 % 
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11. POWER OUTPUT SENSITIVITIES 

Gun Control Anode Voltage 0.6 dB/% 

Main Magnet Current 1.5 dB/% 

Gun Magnet Current 0.3 dB/% 

Heater Voltage 0.6 dB/% 

Beam Voltage 0.6 dB/% 

111. BEAM CURRENT CONTROL 

The operating beam current is controlled by varying the heater power. Either regulation of 

heater voltage or servo control with beam current sensing is recommended. The heater 

time constant for beam current control is 30-60 sec. 

IV. MAGNETIC FIELD REQUIREMENTS 

The main magnet assembly VYW-8060 is a superconducting solenoid which produces 

24,000 g. It has two main windings which provide the cyclotron resonance field for the 

gyrotron and other windings for gun control and beam steering. The power supplies need- 

ed are furnished as a part of the magnet system. Power input requirements are 115 Vac, 

40 A. The superconducting coils require liquid helium to be supplied at a rate of about 1 

l/hr and liquid nitrogen at a rate of .5 l/hr. Additional coils (not yet specified) may be 

needed in the collector region of the tube. 
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V. COOLING REQUIREME 

Deionized water cooling is required as follows: 

FLOW RATE SURE DROP 
&zPm psi 

'Tube Collector 200-300 120-160 

Tube Body 15-20 75-100 

Collector Seal 2-3 18-24 

Output Water Load 40-80 2-5 

'The cathode end of the tube is designed to be operated in oil for both voltage holdoff and 

cooling. An oil flow of 0.3 gpm or more at  5 psi is required to cool the gun. A small sub- 

mersible oil pump is recommended to supply this flow. 

The output window requires FC-75 cooling of 4 to 8 gpm with a differential pressure of 20 

to 40 psi. Absolute pressure at  the window should never exceed 40 psig. 

VI. LOAD 

If non-mode converting mismatches are present in the 2 5  inch output wavegi ide, a redl 

tion in power output can be expected. VSWRs, as defined by power reflection, of 151 and 

2:l result in typical power reductions of 10% and 30% respectively. Some adjustment in 

operating parameters may be required to optimize the output in the presence of 

mismatches. Mismatches which result in mode conversion may result in signifieantly dif- 

ferent performance and may result in waveguide arcing. 
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VII. MECHANICAL PARAMETERS 

Size and Weight: 

Magnet -The magnet and socket assembly VYW-8060 is 28.5 inches in diameter. I t  ex- 

tends 15 inches below the mounting plate and 18.5 inches above. There is a pro- 

jection on one side for adding liquid helium and nitrogen which extends upward 

an additional 16 inches and radially outward an additional 17 inches. The mag- 

net weight is 600 lbs. 

Tube - Not yet specified -- approximately 108 inches long and 16 inches in diameter. 

Weight is approximately 500 pounds. 

Operating Position: 

The tube is designed to operate with its axis vertical with the gun down. The output 

waveguide comes out vertically at the top of the tube. 

Output Waveguide: 

The output power is multimode with most of the power in TEO1, and TE02. The output 

guide is 2.5 inch I.D. pipe. Power distribution of the output power must be in 2.5 inch I.D. 
or larger waveguide unless special precautions are taken. 
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VPW-$060 AGNET SBECIFICA 

MAGNETIC FIELD REQUIREMENTS 

The main magnet assembly VYW-8060 is a superconducting solenoid which produces 

24,000 g. It has two main windings whiclm provide the cyclotron resonance field for the 

gyrotron and other wiridings for gun control and beam steering. The power supplies need- 

ed are furnished as part of the magnet system. Power input requirements are 115 Vac, 40 

A. 'rhe superconducting coils require liquid helium to be supplied at a rate of about 1 l/hr 

and liquid nitrogen a? a rate of .5 l/hr. Additional coils (not yet specified) niay he needed 

in the collector region of the tube. 

MECHANICAL PAR 

Size and Weight: 

Magnet -The magnet and socket assembly VYW-8060 is 28.5 inches in diameter. It ex- 

tends 15 inches h e h ~  the mounting plate and 18.5 inches above. There is a pro- 

jection on one side for adding liquid helium and nitrogen which extends upward 

an additional 16 inches and radially outward an additional 17 inches. The mag- 

net weight i s  600 lbs. 
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APPENDIX D 

PRELIMINARY ECRH 

HEATING AND COOLING 

REQUIREMENTS 

Initial preliminary calculations of the ECRH heating and cooling requirements have been 

estimated per Table HC.l.l and given to MDAC Facility Engineering for sizing the coolant 

systems. Engineering judgement has been used in estimating the efficiency of the indoor 

and outdoor components for estimating heating and cooling requirements. Not included in 

the Table HC.l.1 is preliminary estimates of the “Upgrade” power and cooling require- 

ments for the anticipated 90 GHz gyrotron systems. Preliminary estimates of the require- 

ments were scaled from existing 28 GHz information. 

D-1 

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY-ST. LOUIS DIVISION 



icrswawe System EBT-POI 0 
Vs!ume IV 

26 February 19 

TABLE IPC.P.1 ECRH HEA AND COOLING 

COMPONENT 

28 GHz MAGNET COILS 

28 GHz GYRQ'I'HON 

28 GWz MAGNET P.S. 

60 GHz MAGNET COILS 

60 GHz GYROTRON 

60 GHz MAGNET PS 

28 GHz DISTRIHIJTION 
60 GHz DISTRIBUTION 

- - 

28 GHz ECHH P.S. BEAM 

60 GHz ECRH P.S. BEAM 

GUN TRANSFORMER 
AND P.S. 

QIJANTITY 

2 

8 
10 

6 

6 

6 

2 
6 

TOTAL INPUT POWER 
WATTS 

6QOA x 30V = 144000 
.75A x 40V = 60 
2 A x lOOV = 800 
15A x 35V = 2100 

TOTAL = 147000 

525000 x 2 = 1050000 

1/.8 x 144000 = 180000 
1/.5 x 3000 = 6000 

NEGLIGIBLE 

1050000 x 3 =- 3150000 

APPROXIMATELY 27 kW 

408000 
1200000 

2 x 1.73 x 48 x 13.8 kV = 
2300000 

6 x 1.73 x 48 x 13.8 kV = 
6900000 

1000 kVA 

TOTAL COOLING 
RE 

'li EFI 

40 

40 

70 
70 

78 

78 

80 

501,000 

E: 2,150,000 

123,000 
10,000 

NONE 

E 6,450,000 

NONE 

E 275,000 
E 825,000 

1,720,000 

5,160,000 

200,000 
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APPENDIX E 

PRELIMINARY 

ECRH POWER SUPPLY MANUFA CE TEST PI4 

Gyrotron Power Supplies .. Two gyrotron power supply designs will be used on the 

EBT-P project. One is for the 28-GHz gyrotron tubes, the other for the 

tubes. The 28-GHz power supplies will be supplied as used ~~~~~~~~~~ Furriished Equip- 

ment from EBT-$. The 60-GHz power supplies will be procured by MDAC for EBT-1'. 
The Government will modify the 28-GHz power supplies f ~ r  owtdaas installation, aeeep- 

tance test them, and deliver them to the MDAC, Oak Ridge Valley Industrial Park Facility 

(ORVIPF). The acceptance testing and operational c ~ a r ~ c t ~ ~ i $ t ~ ~ s  E eke modified 28-GHz 

power supplies for EBT-P remain the responsibility of the Goveriimerrat. 

MDAC will test and inspect the 28-GHz power supplies on arrival at the ERT-P site. The 

high voltage equipment will be tested for dielectric strength and resistan e. Controls, inter- 

locks, crowbars, and interrupt functions will be functionally tested before the supplies are 
connected to the gyrotron tubes. 

For the 60-GHz power supplies, the subcontractor will perform manufacturing tests prior 

to delivery, and acceptance tests after reassembly a t  Oak Ridge Valley Industrial Park Fa- 
cility. The manufacturinglacceptance tests are depicted in Figure 8.8.1. These tests are vir- 

tually identical to the tests defined by ORNL Specification FE-SP No. 339, C W  Gyrotron 

Power Supply. 

E-I 
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FIGURE 8.8.1 

EBT-PO18 
Valume IV 

26 February 1982 

GYROTRBN POWER SUPPLY MANUFACTURING AND 
ACCEPTANCE TEST PLAN 

FIGURE 7.8.2 

0 MATERIALS SW ITCHGEAR, INTER,- 
RUPTERS, & BREAKERS 
PER 8.8.1 

TRANSFORMERS PER 8.8.2 

INDUCTION VOLTAGE 
REGULATOR PER 8.8.3 

HOWLATOR REGULATOR 
TUBE PER 8.8.5 

I 

I 
I 
I 

MANUFACTURING ACCEPTPACE 
TESTS TESTS 

E-2 
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Out gassing 

Slowly Increase Heater Voltage (In .I-.2 Volt Increments) 

0 Note Heater Time Constant F= 30 Seconds 

No R.F. Output 

Monitor Beam Current For Steady Increase 

Monitor Gun Current, 0 Anips 

0 Monitor Vacuum 

Bring Beam Current To Full Operating Value 

* NOTE: If Crowbar Occurs Start Sequence All Over Again At Beam and Gun Volt- 

age Minimums 

Completely Outgas Until Delta Vacuum <IO9 Torr in a 30-Minute Period 

R. F. Power Output Start-up 

Ready to Start Oscillation in Proper Mode 

Check With Frequency Measurement 

Operate At Threshold Level 

a Heater Voltage At Level Required To Make Beam Current x 2-2 112 Amps With 

20 KV Gun Voltage 

Increase Gun Voltage Until Tube Oscillates 

Observe On Scope 

Measure Frequency to Determine Mode of Operation 
Invariably Not Right Mode the First Time 

Lot of Outgassing with Crowbars and High Dissipation at Tube Elements 

* 
* 

F - 3  
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TQ Get Into Right Made 

DON’T 1NCR.EASE POWER! 

Decrease Gun Anode Voltage Below Oscillation Level 

Change Operating Parameter(s); for Example, Main Magnet Coil Currents 

Make Changes Systematically 

Monitor 

e Vacuum, Beam Current, Body Current, Etc. 

When In Correct Mode, Frequency In Correct Range and Dissipation Normal 

Normal Operation 

Tube in Right Mode 

Body Current Minimized 

Determine Latitude in Main Magnet Currents for Stable Operation 

Document Nominal Values of Monitors 

Increase Gun Voltage to Full Operating Level 

But Don’t Exceed 1 MA. Gun Current 

Monitor and Document 

0 Beam, Body, Gun Currents 
R.F. Output 

Dissipation in Each Element 

Calibrate 

Calibrate System Against Dummy Loat At Various Levels For Reference 

Exercise Several Times 

Burn-In Tube to Establish Repeatability and Reliability 
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R.F. Power To Plasma 

Now Start All Over Again 

a Due to Difference In Loading 
Characteristics Have Correspondence IF Operation with Dummy Load Was Well 

Established 

Recalibrate Once Normal Operation is Established 

Summary 

Each Tube Has Its Own “Personality” 

Initial Start-Up is S ~ O W  and Time Consuming 

Calibration of Parameters at Various Power Levels Provides the Critical Path for Oyer- 

ation at  Various Levels 

Presently Critical path is Unique for Each Tube 

F-5 
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TURN-ON PRQCE IIURE 

Frelimilpary Checks 

Less than 10-8 

Physical Inspection 

Check Heater Continuity 

Check Resistances 

Gun to Cathode 

Gun to Body 
Collector to Body 

Check Dielectric Properties of Oil in Tank 

Install In Socket 

Preliminary Cheeks 

System Power On 

Turn On 

Cooling (Water, FC-75, Cryogenics) 

* Flow Monitoring 

I&C Test Equipment 

Recorders 

0 Arc Detectors 

Collector, Gun and Main Magnet Supplies 

Check Area For Leaks, Etc. 

EB-r-Pai o 
Volume IV 

26 February 1982 
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Short circuit transformer output per ANSI C57.12.90a except an impedance, equal 

to the input system impedance, shall be placed in series with the primary wilding 

In the rectifier transformer, verify that the diode assembly can withstand 2.5 times 

the peak application voltage. 

of the transformer under test. After the test, repeat tests flagged with an A 

8.8.3 Induction Voltage Regulator (JVR) - Inspect and test the unit per standard 

commercial practices consisting, as a minimum, of the following: 

Inspections 

0 

Test" 

Same as Inspections listed in paragraph 8.8.1. 

Double induced test 

Measure resistance of windings 

Test polarity and phase relation 

Test oil dielectric 

Determine no load parameters (V, A, W) at 100 and 110 percent rated voltage. 

Measure impedance and load loss. 

'Test for dielectric breakdown at high potential. 
At MDAC's request, and additional expense, short circuit test the induction voltage 

regulator. 

Short circuit test the IVR per ANSI C57.12.900 except an impedance, equal to the 

input syst.em impedance, shall be placed in series with the primary winding of the 

'I'RV. 

After the short circuit test, the following tests shall be provided: 

a) High potential tests 

b) Double induced 

"Note, these tests do not include a thermal design qualification test which will be per- 
formed on the first unit. 
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c) LV Impulse 

d) Excitation test,s 

e) Impedance measurement 

Cycle the voltage from minimum to maximum 50 times with no load. 

8.8.4 Crowbar - Each crowbar subassembly will be subjected to the following inspectioiis 

and tests: 

Inspections 

Same as inspections listed in paragraph 8.8.1. 

Tests 

TBD 

8.8.5 Modulator Regulator Tube - The modulator regulator tube will be inspected 

and tested per standard commercial practices including the following. * 

Inspection 

Same as inspections listed in paragraph 8.8.1. 

Testing 

E-8 
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APPENDIX F 

GYROTRON 

SET-UP AND CONDITIONING 

Hi-Potting 

Mi-Pot With a “Soft” Supply 

e Limited Amount of Energy 
* 10% Greater Than Operating Voltage 

e Main and Gun Magnets On 

* Heater Off 

Anode To Body 

Gun Tied to Cathode 

Repeat Hi-Pot Until No Arcing Occurs 

Maintain for 20-30 Minutes With No Arcs 

Preparation 

Connect All Cooling Water Lines 

Check for Leaks and Proper Flow 

Connect FC-’75 To Window 

e Cheek for Leaks and Proper Flow 

Connect ARC Detector Fiber Optics 

Switch In {Or Connect) Dummy Load 

Check All Protective Devices 

Thermal, Crowbars, Oil Level, Water, Cryogenics, etc. 

EBT-PO10 
Volume IV 

26 February 1982 
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Initial Start-Up, Heater 

Apply Heater Power Slowly 

e Monitor Voltage, Current, Vacuum 

If Outgassing Occurs 

Allow Yacuum to Recover to 10-8 Torr Before Recycling 

Maictain Stable Final Value for at  Least 5 Minutes 

GQ T o  10% above Operating Value 

9 Maintain Until Vacuum Stabilizes At Original Level 

Beam Power (No Heater) 

Apply Heam Voltage PZ 20 KV 

Raise To Operating Value 

e Monitor Vacuum 
Monitor Body Current, 0 Amps 

Monitor Beam Current, 0 Amps 

If Arcing Occurs Allow Vacuuni to Recover to Less Than 10-8 Torr Before Recycling 

Gun Anode Power (No Heater) 

Apply Gun Anode Voltage At Minimum Value <2 KV 

Slowly Increase Voltage to 20 KV 

Monitor Vacuum 

e Monitor Dissipation 
Monitor Beam Current 

Monitor Body Current 
Monitor Gun Current, 0 Amps a 

If Arcing Occurs, Allow Recovery Before Recycling 

Maintain Stable Final Value For At Least 5 Minutes 

F-2 
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FIGURE 8.8.2 GYRQTRBN POWER SUPPLY ASSEMBLY TESTS 

Beam Functions 

0 

0 Output voltage ripple 
0 

Leakage current in ground return (body current) at full beam voltage 
Output current at full beam voltage 

Output voltage regulation as a function of input voltage and load. (Includes regula- 
tion at  no and full had). 

Gun Functions 

m Over the range of voltage adjustments, mid specifically a t  20,000 V, test voltage reg- 
ulation over the full range of output currents. For these tests, input voltages will not 
be varied, (i.e., select a voltage set point, vary the load, and obseve that the voltage 
variation does not exceed specified limits). 

For a given load, determine the output voltage regulation as a function of input 
voltage for several input voltages. 
Test DC modulation capability (test definition to be determined). 

e Output voltage ripple 
0 

0 

Heater Supply Functions 

0 Output voltage regulation as a function of input voltage 

Instrumentation & Control Functia 

0 Verify operation 

Crowbar Functions 

Test to be defined by subcontractor. Test shall demonstrate: 
- speed of response of beam crowbar 
- speed of response of gun crowbar 
- simultaneous o eration of beam and gun crowbars 
- independent operation of gun crowbar 
- crowbar operates at minimum required levels (test conducted 25 times) 
- instrumentation and control functions 

€4 
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FIGURE 8.8.3 GYRQTRB POWER SUPPLY ACCEPTANCE TESTS 
AT ORVIPF 

Inspect for shipping damage 
Inspect for proper reassembly 

e 

Repeat tests specified in Figure 8.8.2 
Operate within specification for four hours without repair or adjustment 

E -4 
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8.8.1 Switchgear, Interrupters, and Breakers - During manufacturing, the 

switchgear interrupters, and breakers shall receive the following inspections and tests: 

0 Materials and parts are as called out on drawings and in accordance with AS1 
standards. 

Wire routings and windings are properly placed and secured. 

Workmanship is in accordance with drawings and ANSI standards. 

Cabinets have proper fit and parts function properly. 

Electrical insulation/insulators are placed per drawing. 

B 

0 

e Finishes are properly applied. 

Tests 

* 

e 

Test for dielectric breakdown at high potential. 

Test for proper continuity and resistance. 

Test bushings and bushing current transformer for dielectric breakdown at  the 

“shall withstand” voltage 

Test interrupters for speed of operation and fault clearing capability. 

Test tank at design limit pressure for leakage. 

0 Test interlocks. 

E-5 
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8.8.2 Transformers and TE.a9mrjp~~p~er/Recti~ie~~ - The transformer subcontractor 

will inspect transpormers per standard commercial practices and will test them in accor- 

dance with the ANSI standard test code for transformers. As a minimum, inspections and 

tests shall include the following: 

Same as Inspections listed in paragraph 8.8.1. 

Tests" 

Measure resistance of windings 

Ratio test all tap positions 

Test polarity and phase relation 

Test oil dielectric 

Determine no load parameters (V, A, W) at 100 and 110 percent rated voltage. A 
Measure impedance and load loss A 
Test for dielectric breakdown at  high potential 

Perform induced-voltage double-normal tests per ANSI standards for 7200 cycles 

Demonstrate insulation high voltage surge capability with ANSI Impulse Test 

At MDAC's request, and additional expense, short circuit transformer utput per 

ANSI C57.12,90a. After the test,, repeat tests flagged with the symbol A. 
The following recommended tests shall be performed after the short circuit tests required 

(per ANSI). 

a) High potential tests 

b) Double inducted tests 

c) LV Impulse tests 

*Note, these tests do not include a thermal design qualification test which will be per- 

formed on the first unit of each different power-transformer design. 
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icrswave System 

Magnet Supplies 

Collector Magnet Currents 

Nominal Rated 

Main Magnet Currents 

Value for Initial Operation 

Gun Magnet Currents 

Nominal Rated 

Initial Outgassing 

Turn On Heater Supply 

Raise Slowly Observing Outgassing AT the VAG-ION Pump 

0 Keep Heater Current Bel w Maximum Rated 

Outgas Till Vacuum Returns To Normal 

Crowbar Checks 

Test Arc Detector Crow 

Q Reset 

Test Gun, Beam, Body Crowbars 

* Reset 

EBT-PO10 
Volume IV 

26 February 1982 



icrswave System 

Flow Check 

Water 

Body 

e Collector Seal 

Tube Miscellaneous 

Mode Filters 

Waveguide 

Manifold 

FC-75 

61 At Windows 

Turn- On 

Recheck Magnet Currents 

Recheck Heater Voltage and Current 

Check All Recorders 

Verify That Torus Gas and Field Are Ready 

Apply Beam Voltage At Minimum 

Raise to  Operating Value 

Apply Gun Voltage at Minimum 

Raise Slowly to Initial Non-Oscillating Level 

Adjust Heater Supply for Initial Level 

Allow System To Stabilize FOP Several Minutes 

Record Data 

w- 
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Microwave System 

RP Power Generation 

Raise Gun Voltage Until Oscillation Starts 

* 
e 

Check For Proper Frequency and Mode 

Do Not Increase Power If In Wrong Mode 

Main Magnet Currents May Need Readjustment 

Raise Heater Power To Operating Value 

a Power Output Increases to Operating Value 

Allow System To Stabilize for §everal Minutes 

Record Data 

Run 

EBT-PO10 
Volume IV 

26 February 1982 
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TURN-OFF PROCEDURE 

Power Down 

Decrease Heater Voltage to Initial Level 

Power Output Decreases 

Main Magnet Currents May Need Readjustment 

Decrease Gun Voltage to Non-Oscillating Level 

Decrease Gun Voltage to Minimum 

Turn Gun Supply Off 

Decrease Ream Supply To Minimum 

= Turn Beam Supply Off 

Decrease Heater Voltage To Minimum 

E Turn Heater Supply Off 

Decrease Main Magnet Currents To Zero 

Decrease Gun Magnet Currents To Zero 

Turn Off In Sequence 

System Bower 

Cooling (Water Etc.) 

I&C Test Equipment 

Recorders 

Arc Detectors 



icrowawe System 

Final Checks 

0 Beam 

Gun 

Q Heater 

s Main Magnets 
e Gun Magnets 

0 Collector Magnets 

I&C Power 

Check Area for Any Signs of Leaks or Faults 

- 

. .: 

... 

... 

EST-PO1 0 
Volume IV 

26 February 1982 
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YCUFt l i L  A :&E REF 
DES 

7 N I W T  A N )  l l D T H  
T R W I T I C V  AREA REF 25 KV VACULM INTERX.PTER 

48C V V I ' . " t J L I  F>NC? 

13.8 KV SWITCHGEAR 

13.e K V  INOUCT'CN VOLTASE REG OR 
VARICBLE VC-7A'JE TRAPISFCilUER 

DELTA @EAM R E i T I F : E R  TANK 

WYE BEAM R E C T I F ' E R  TANK 

40 N V  GLN R A U  PCRER r A N r (  

CUN REGULATCR AN0 XJN CRCWBAR 

13.8 KV/4EO V XCUR BREAKER L O A 3  CENTER 
0E4M REGCLATCS ANC ZRC*JAF? 

1 5 1  LETFOOZI~$ r , 

WWER SUPPLY 
PA0 ELEV. 

NEMA :CRH UPGR43C 
NEMA ECRb 
NEMA ECRH 15' REF \ L6- QWP FOR CONOUIT DRAIN .. _ . . _ . . _ . . _ . . 

LEO+. ELM'). EAST 

CENTERLIK REF 
WALL c a m  TEST SUPPCRT BLOG. 

EAST WALL COLUMN 
CENTERLINE REF 

SECTIWII A - A  
SCALE: 1/40 

A OES!GtCATES L N I T  TC c N I T  w,R!NC, 

i 7 5 '  IO"+/ 
l 2 O V  V ~ R I A B L E  eEATER P W R A  
ANO C O N T R G ~  W:R!NG FQOU 

8 3 - 1  TWU ~ 3 - a  TO GYROTRONS 

L 
7 C O L W  H7 TEST SUPPC?T ELC3. EAST 

WALL CCI-UMN CENTERL IN€ 7 
NOTES: 

[ *PPROVED~TLEI  ! 

. F I L E  NAUE: 1056 70037iCOZ7E 
LAYERS MJ.: I . 2 . 5 . 1 O . l l  
VIEW/IYA.OE: 1/10 
R O T  SCALE: .012S 
R O T  DATE: APR. E. 19BZ PLAN V I E\V\*!RING L'J~FLOPE CENTERLINE 

G-9 / G-1 0 
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! '  
' i  

! i 7 EASTIWEST C a U n v  
CENTERLINE REF 

I .  i 

i i 

i j .  
i i 

8' X 24' GYFiQTRON 
MAGNET POWER SUPPLY 
NlRETRAY REF 

XI 

1. 

GYROTRON POWER WPPLY 
W I R l f f i  PENETRAT:ONS 

REF 708374001  

JTTBIJTI4I W I R I N G  ENVELWE RISES ELEV. 925' 6" - IN THIS AREA AND 15 ROUTED 
W I T H  MAGNET POWER WIRING 

VACWM ROUGHING 
GYROTFil3i MAGNET wws ANO BLOWERS mwm UPPL I ES FEF 708377010 

REF 70€+371001 
V A C W  MANIFOLD 
BENETRATIONS 
REF 706374001  

SECTION 8 - 8  YCT. I 

BASEL IN SOLID I hE  LINES ENVELCPES r 
78.00 REF 

- .SO TYP i.03 T' IP  

UPGRADE ENVELOPES 
IN PHANTOM LlWS 

OEV I CE EXLOSURE 
SOUTH OL'TSIDE WALL 

F I R S T  FLDOR LEVEL 

/-. 

SCALE: i/e 
ENVELOPE GYROTRON ASSIGNMENTS WlRlluG 

1 I I ? 
. <  - .- . -. . . . . . . . . .  
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SECTION H-H 

5€CTION L-L 

* X  

- X  

SECTION K - K  
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1 .  DIMENSIONS ARE NOMINAL 
ONLY. MANFACTURHNG TOLERANCES 

E APPLIED DURING DETAIL DESIGN PHASE. --- 
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