
Lawrence Berkeley National Laboratory
Recent Work

Title
OPERATING GUIDE FOR THE LBL 10x40 cm. LONG PULSE PLASMA SOURCE (IPS)/LONG 
PULSE ACCELERATOR (LPA)

Permalink
https://escholarship.org/uc/item/9qx8c2ng

Author
Hauck, C.A.

Publication Date
1984-08-01

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/9qx8c2ng
https://escholarship.org
http://www.cdlib.org/


UC-~Oa/ 
LBL-18342 

~ IL21Wir®Iffi~® !Rteirlkeley IL21llD«Dir21~«Diry 
~ UNIVERSITY OF CALIFORNIA Rt:ce: 1ve:o 

Accelerator & Fusion 
Research Division 

BEJi'Kf"L r- . . 
.r.Y LABnP~'ORy 

1" lJ v 1 1984 

LIBRARY AND 
DOCUMENTS SECTION 

OPERATING GUIDE FOR THE LBL 10x40 em. LONG PULSE 
PLASMA SOURCE (LPS)/LONG PULSE ACCELERATOR (LPA) 

C.A. Hauck, M.C. Vella, P.A. Pincosy and M.D. Williams 

August 1984 
For: Reference ,~·.:,: 
~.. - I 
r- • ,. • .. ~ 

~ .. : .. ·i 

1 Not io·be taken from this roo~ .· · 
' . . - 'J .. · 

'----------~·· .· .. ., . ~ ·]-;. ----... 

-;! 
_, 

' I 
.... \~ 

Prepared for the U.S. Department of Energy under Contract DE-AC03-76SF00098 

('-/ 

t'\ 

-

~ r 
I -
(!() 
\j\J 

t 



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily ·constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. · 



··.~ 

LBL-18342 

OPERATING GUIDE FOR THE LBL 10X40 ern. 
LONG PULSE PLASMA SOURCE (LPS)/ 

LONG PULSE ACCELERATOR (LPA)* 

c. A Hauck, M. c. Vella, P. A Pincosy, M. D. Williams 

Lawrence Berkeley Laboratory 

university of California 

Berkeley, Ca 9l1720 

* This work was supported by the Director, Office of Energy Research, Office of Fusion 
Energy, Development and Tecnnology Division of ttle u.s. Department of Energy under 
Contract No. DE-AC03-76SF00098. 
** Also, PUB-3039 

** 



CONlENTS 

Page 

Flgures iii 

Introduction 1 
~ Key Definitions 5 

Operating Guide 7 
~ 1. LPS Description 7 

2. LPS Assembly Procedure 17 

3. LPA Description 21 

4. LPSILPA Mounting Procedure 24 

A Handling tecnntques 24 

B. Pump Down and Helium Leal< CneCI< of tne system 26 

5. D.C. Hipotting tne Accelerator 27 

6. LPSILPA water and Electrical connections 29 

A water connections & Flow Requirements 29 

B. Electrical connections 35 

7. LPS/LPA Signal Monl tors 39 

8. LPSILPA Fault Protection 42 

A Fault Detector Set-up ProcedUre 42 

B. Spot Detector Set-up Procedure 45 

9. Filament Operation 48 

A Filament Conditioning 48 

B. Filament Stepping 51 

10. Arc Operation 54 

A. Arc Conditioning 54 

B. Arc Notcning 58 

c. Plasma Uniformity using Probe "Proflle" 62 
11. Accelerator Condl tionlng 65 

I~ A. LPS/LPA 40 kV Beam Parameters 65 

B. LPSILPA Timing 66 
\:" c. Setting i=ault Detector for 40KY on NBETF 74 

D. Hipotting the LPA with the Power Supplies 75 

E. Initial Beam 76 

F. Increasing Voltage and Tuning 81 

-i-



12. LPSILPA Operation Parameters on NBETF 92 

13. LPSILPA Removal Procedure 115 

14. Troubleshooting Guide 117 

A LPS Operational Modes 117 

B. Arc Spotting 122 

c. Perveance Matching for Beam Tum-on 126 

D. Accel Sparkdown 132 

E. Gradient Grid 134 
, 

F. suppressor Grid 137 

Acknowledgements 139 

References 140 

Appendix 1. HP-9845B Software for Grid Heat Loads 142 

Appendix 2. Signal Mont tor Calibrators 180 

Appendix 3. Fault Detector 183 

Appendix 4. Spot Detector 188 

Appendix 5. Arc Power Supply Feedback Loop Electronics 193 

Appendix 6. Arc Notcner 197 

-ii-



LPSILPA OPERATING GUIDE AGURES 

Flqure Page 

1. Neutral Beam Engineering Test Facility (NBETF) Schematic 3 

2. LPSILPA Mounted on NBETF Beamline Picture 4 

3. Long Pulse Plasma source (LPS) Picture 9 

·~ 4. Magnetic BucKet Picture 10 

5. Tungsten Filament and Molybdenum ChucK Picture 11 

6. Filament Sandwich Picture 12 

7. Electron Dump with Backplate Magnets Installed Picture 13 

8. . Electron Dump Magnet Polarities and Arr~gement Schematic 14 

9. Probe Plate Picture 15 

10. Water-cooled Probe Drawing 16 

11. LPS Schematic wl th Labeled Parts 20 

12. · Long Pulse Accelerator (LPA) Picture 22 ·~ 

13. LPA Grid Rail Shapes and 80 KV Gap Schematic 23 ···r' 
·<t 

14. Water Flow ln P.PIS Conceptual Design (short-side, cross-section) 32 "' 

15. Water Flow ln P.PIS Conceptual Design (long-side, cross-section) 33 

16. LPA Grid Water Flow CalOrif'Detry Printout 34 

17. LPSILPA Power Supply Connections on NBETF Diagram 37 

18. LPS Spacer Protective Circuits Diagram 38 

19. Fault Detector Modules Picture 44 

20. Spot Detector Trip Level Graph 47 
21. . Low and High Power Filament Scope Waveforms Picture 49 

22. Filament Sweep Graph 50 

23. Arc Conditioning History., with and without Backplate Magnets 56 

24. Arc Concnuonlng History, wlth BacKplate Magnets 57 

25. Arc Notching Capacitors Installed on LPS Picture 61 

-.~~ 26. Probe Positions, Numbering, and Proflle Format Diagram 64 

27. Shot Sequence Timing Diagram 71 
\~ 28. Interrupt and Tum-on Sequence Diagram 72 

29. Timing Logic Diagram for NBETF 73 

30. Arc Notch and Beam Tum-on Fast Scope waveforms Picture 80 
31. LPSILPA 51 kV Tune Computer Printout 84 

-iii-



32. LPSILPA 57 kV Tune Computer Printout 85 

33. Perveance Plot., 68-71 kV 86 

34. Perveance Plot, 68-83 kV 87 

35. Grid conditioning History - Average Beam on-time Between Interrupts 88 

36. Grid conditioning History - Total Beam on-time 89 

37. Gradient Grid current History During conditioning 90 

38. suppressor Grid current History During Conditioning 91 

39. Filament and Arc Scope waveforms During a Mode Fllp 97 v" 
40. . 30 Second Shot, Filament Waveforms Computer Printout 98 

41. 30 Second Shot, Arc Bucket waveforms Computer Printout /99 

42 .. 30 Second Shot, Plasma Prooe Waveform Computer Printout 100 

43. 30 second Shot, Grid 1· and LPS spacer waveforms computer Printout 101 

44. 30 Second Shot, Beam Scope Picture 102 

45. 30 Second Shot, Beam waveforms computer Printout 103 

46. Arc Bucket Water Flow Calorimetry computer Printout 104 

47. FllamenVInsulator water Flow Calorimetry Computer Printout 105 

4.8. Optical Mass Analyzer Diagnostic Computer Printout 106 

49. LPSILPA 79 kV Tune Computer Printout 107 

50. Inertial Dump Thermal contours Computer Printout 108 

51. snot summary computer Printout 109 

52. Active Dump Water Flow Waveforms Left Half Computer Printout 110 

53. Active Dump Water Flow Waveforms Right Half Computer Printout 111 

54. Active Dump Thermal Contours Computer Printout 112 

55. V312 Graph- Vaccel vs Iaccel 113 

56. v312 Graph- Vaccel vs Arc Power 114 

57. Arc Scope Picture of a Mode Change 120 

58. Norland scope Picture of an Arc Mode Fllp at Tum-on 121 

59. Arc Scope Picture of an Arc Spot 124 

60. Norland Scope Picture of an Arc Spot 125 
:• 

Picture of·a ~atched Perveance Beam Tum-on 
·1 

61. Fast Scope 129 

62. Fast.scope Picture of an Underdense Perveance Beam Tum-on 130 ,.,, ., 
63. Fast Scope Picture of an Overdense Perveance Beam Turn-on 131 

64. Accel Scope Picture of an Accel Sparkdown 133 

-iv-



INTRC:X:UCTICl\1 

This Operating Guide presents practical information for assembly, mounting, and 

operation of an LBL long pulse ion source. The presentation is sequential, assuming the 

i'' source is new. Where possible, the sections have been made self-sufficient. This Guide 

was prepared as one. part of the report on 80 KV, 30 second testing ·for the MFTF -B 

Project. 1 The Gulde provides detalled lnformatlon about tne LBL 10 x 40 em Advanced 

Positive Ion source (APIS), which served as tne prototype for the 12 x 48 em common 
r 

Long Pulse Source (CLPS) designed for MFTF-B, TFTR, and Doublet. A significant 

amount of tne Information ln thls gUide ls taken from tne Operating Guide for LBL 

4-Grtd Ion Sources. 2 Some details are specific to the PPIS, but many of the procedures 

should carry over to the prOdUction Common Long Pulse Source (CLPS~ 

The PPIS accelerator is a radiation hardened design, and ls called the Long Pulse 

Accelerator (LPA). 3,4 The LPA was designed for up tp 150 KeV operation in a reactor 

environment. ·It has a ceramic insulator and a hard brazed insulator stacK~ compatabil1ty 

with TFTR required bringing in the grid coollng water at the narrow end of the 

insulator, and using some corona rings as water manifolds. 

The P.,PIS plasma generator ls an arc chamber, called the Long Pulse source 

(LPS),5 which is generically an axial line cusp magnetic bucKet The LPS was 

specifically intended to meet MFTF-B requirements: 30 second deuterium operation; 2 

~> · 80% atomic fraction; and a filament lifetime of 8 X 103 full power shOts. The actively 

'-J cooled bacKplate serves as both (partial) anode, and as a cJump for bacKstreaming 
I 

electrons from the accelerator. High deUterium species and long filament life required 

minimizing the total anode area, with the result that anode must be added for hydrogen 
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operation. To add anode, the probe plate was connected to anode, with 80 milliohms of 

series resistance to limit the current Filament lifetime is enhanced .bY running 

emission Umited, with arc voltage l 60 volts and i 100 volts. 

Most of the following procedures, as well as the results presented in section 

12, were obtained with the LPA, gapped for and operated at 80 KV, 40 Amps Deuterium 

on the Neutral Beam Engineering Test Facillty (NBETF). NBETF, illustrated in Figure 1, 

is a long pulse test facillty equipped with several diagnostics for analysis of beam 

characteristics. The quoted beam characteristics of the LPSILPA were measured on 

NBETF. A picture of the source as mounted for testing is shown in Figure 2. 

-2-
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CBB 839-8012 

Figure 1. Schematic of the Neutral Beam Engineering Test Facillty (NBETF) with major 
beam line sections identi fled. 
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CBB 825-4310 

Figure 2. Picture of the LPSILPA mounted on NBETF, with all mechanical and 
electrical connections made. 
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KEY DEFINITIONS 

DIVERGENCE 

At LBL ... beam divergence is measured by two types of diagnostics ... calorimetric 

' and optical. Overall beam power is measured from heat pattern on a calorimeter. The 

calorimeter data are then ieast squares fit to the heat profile expected for a beam 

l 

/ 

made up of beamlets with Gaussian distribution of angular divergence at the location of 

the source. The quoted divergence angle is the 1/e half angle of the model Gaussian 

beamlets which gives the best least squares fit to the data. 

The divergence of the various atomic and molecular components of hydrogen or 

deuterium beams are measured by the Optical Mass AAalyzer (O.M.A) ... discussed in 

Section 12. For the OMA ... a least squares fit of the observed width_ of Doppler shifted 

spectral lines · is compared to the line shape expected for a beam formed from beam lets 

with Gaussian divergence. 

EMISSIO\I LIMITED CA Tl-«:XE 

Arc operation in which the arc current ls limited by cathode emission is 

called "emission limited". Electron emission is determined by the filament temperature ... 

which is operationally set by the filament heater current. As the filament heater 

current is increased, both the filament temperature and arc current increase. The Long 

Pulse Plasma Source (LPS) discussed here is operated emission limited. 

The alternative to emission limited is called "space charge limited" 

operation... which is used in LBL field-free sources. · In space charge limited arc 

operation, the filaments are "over heated", in the sense that the filaments can provide 
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electrons at a faster rate than the electrons can cross the plasma sheath; this limiting 

rate of electron emission across a plasma sheath is called the Child-Langmuir current. 

Thus, a space charge limited filament is insensitive to changes in the filament heater 

current. To be space charge limited, tungsten must be relatively hot, which increases · 

evaporation and reduces lifetime. In practice, a space charge limited filament has some 

limited response to filament heater current, because the emitting area can change. 

PERV£ANCE 

The Child-Langmuir law states that there is a simple relationship between 

accelerator current and voltage for optimum performance: 

I= py312.. 

The constant P, called the perveance, depends on the source geometry and grid gap 

spacing. Perveance also depends on the mass of the extracted ions, but this is 

frequently ignored ln day-to-day operation. 

"Optimum perveance" is that ratio, IN312 - Po... for which beam divergence is 

a minimum. For a given accel voltage, if the plasma level is such that I < P0v312, the 

accelerator is said to be "underdense". If I > P0v312, the accelerator is said to be 

"overdense". (See section 11 (F) for further discussion.) Accelerators of the type 

discussed here typically have a perveance of several x 10-6, which is usually written in 

abbreviated form as, e.g., 1.7 IJPervs. 

-6-
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L LPS OESCRIPTIO\I 

The long-pulse plasma source is shown in Figure 3; labeled parts of the LPS are 

shown in Figure 11, Section 2. The plasma chamber, shown in Figure 4, has a cross 

~ section of 24 em x 56 em, and is 32 em deep. It consists of a stainless steel 

reinforced, copper walled "magnetic multipole bucKet" anode, lined with an axial array 

of 36 rows of samarium cobalt permanent magnets spaced between cooling channels. 

Thirty four filaments are used; each is 16-cm-long, 1.5-mm diameter tungsten, shaped in 

a "bent hairpin" configuration, as shown in Figure 5. The filaments are mounted on the 

water-cooled filament sandwich, shown in Figure 6, in a "racetracK" arrangement. The 

filament sandwich has a 3 em thicK copper spacer plate (electrically isolated with 

Kapton on each side) between it and the bucKet wall rear flange, and a 2 em thicK 

copper spacer plate (electrically isolated with Kapton on each side) between the 

sandwich and the backplate. Recently, electrical grade 0.3 mm mylar has been 

substituted for Kapton. The mylar is mechanically stranger, and the added thicKness 

maKes it less susceptible to Shorting. 

In the development source described here, 0.5 mm molybdenum shields covered 

the surfaces of the filament sandwich, as shown in Figure 6. The shields, which are · 

radiati vel y cooled, reduce arc spotting by Keeping plasma from the copper surface 

(cathode potential) and the insulator gaps. They are mechanically attached to the 

positive filament plate. 

The actively cooled copper bacK plate, called the "electron dump", is shown in 

Figure 7. The bacK plate serves both as a dump for bacK streaming electrons, and as part 

of the anode area · Located behind the . water cooling channels in the electron dump are 

56 samarium cobalt permanent magnets. The arrangement is illustrated in Figure 8, 
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with a central row (at one polarity) and a loop row (at opposite polarity) on the border 

of the 10 em x 40 em region. The magnets should be checked to insure the proper 

polarity. My magnet orientated in the improper direction affects the plasma profile 

adversely. The magnet plate bolts to the rails located behind the water-cooling channels 

in the electron dump. The installed magnet plate is shown in Figure 7. Mounted on the 

front bucket flange is a 2 em thick copper probe plate, shown in Figure 9. 111 

The probe plate provides mounting space for six water-cooled probes which are 

used to determine plasma uniformity. A water-cooled probe is illustrated in Figure 10. 

The probe plate is also use.d to provide additional anode when necessary, e.g., during 

hydrogen operation. 
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CBB 830-10095 

Figure 3. Picture of the long pulse plasma source (LPS). The fixture at the bottom is 
used to hold the source vertical when it is removed from the accelerator. 
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Figure 4. Picture of ttle· plasma cnamber (also called arc cnamber), wittl some of ttle 
magnets and iron backing plates removed, to snow t11e water cooling cnannels. 
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XBB 849-7056 

Figure 5. Picture of a 1.5 mm tungsten filament showing the "bent hairpinu 
configuration and a molybdenum chuck. 
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XBB 849-7055 

Figure 6. Picture of the filament sandwich with the filaments installed. The moly 
shields, shown mounted on the positive fllament plate, \.Jere the 0.5 mm experimental 
version. Due to excessive warping of these Shields, a newer version, using 3.2 mm moly 
plates, was used on NBETF. 
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XBB 849-7052 

Figure 7. Picture of tne actively cooled copper Electron Dump wittl tne Back Plate 
magnets installed. Tills Back Plate is also used as partial anode. 
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XBL 847-2961 

Figure 8. Schematic of the magnet polarities and arrangement on the Electron Dump. 
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XBB 849-7053 

Figure 9. Picture of the water-cooled Probe Plate. 
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. 2. LPS ASSEJVI3L Y PROCEO.J<E 

· The LPS is assembled by bolting together subassemblies, then forming the entire 

plasma chamber from the subassemblies. 

The parts of the LPS, illustrated in Figure 11, are: 

1. Probe Plate 

2. Magnetic Bucket 

3. FoNard Copper Spacer 

4. Filament Negative Plate 

5. Filament Positive Plate 

6. Rear 'spacer 

7. Backplate (Electron Dump) 

8. Backplate Magnets 

9. current Sheets 

10. Kapton Gaskets 

11. Molybdenum Shields 

12. 1.5 mm Tungsten "Bent Hairpin" Filaments 

When assembling the source, it is important to ensure that all the parts are clean 

and free of any debris. One of the problems encountered in using kapton gaskets 

between the plates is that debris (metal chips, lint etc) clings to the kapton. If the 

debris is metallic there is a good possibility of developing a short between two plates, 

due to possilbe penetration of the kapton. This often occurs after the source is under 

vacuum. Since kapton has been a problem, alternative insulators, such as electrical 

grade mylar, are being investigated. 

The Probe Plate is bolted (with electrically insulating bolts) to the front Magnetic 
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Bucket flange with a 0.12 mm kapton gasket in between, forming one of the 

subassemblies. This should be checked with an ohmmeter to be sure the Probe Plate is 

isolated from the Magnetic Bucket. 

The next subassembly is the Filament Sandwich which consists of the Forward 

Copper Spacer, kapton gasket, Filament Negative Plate, another kapton gasket, -and 

Filament Positive Plate. These parts should be bolted tightly together with electrically 

insulating bolts, then checked with an Ohmmeter to ensure that there are no shorts 

before installing the filaments. The Forward Copper Spacer should not be shorted to the 

Filament Negative Plate since it is intended to be an electrically floating element of 

the source. Likewise, there Should be no short between the + and - Filament Plates. 

Once the Filament SandYJich is assembled the moly shields can be 

installed. The moly Shields are connected on some of the positive filament chucks. 

Additional moly Shields (with a lip) are attached to the Forward Spacer. Another check 

for shorts is then performed, in addition to a visual inspection of the moly shields, to 

see whether any one of them is close enough to cause a short. 

The next step is to install thirty-four 1.5 mm tungsten filaments. The filament is 

held via spring action of the split ChUCk. Be sure that the filament fits tightly in the 

filament chuck, and that it is snug against the copper insert in the chuck. Avoid lateral 

forces which may overstress and mechanically yield the sections of the chuck. The 

filaments are orientated in a "racetrack" configuration, i.e., the bent over portion of 

each filament faces in the same direction as the filament preceeding it, all the way 

around the perimeter of the filament sandwich. The filaments are strategical! y 

positioned in the source so they are protected from backstreaming electrons, if the 

source is operated without the Backplate magnets. The Filament Sandwich-is now ready (,.! 

to be bolted, with insulated bushings, to the rear Magnetic Bucket flange, with a kapton 

gasket in between. 

-18-



The third subassembly is the Rear Spacer ... kapton gasket ... and Electron Dump. 

These parts are bolted together ... cnecked for snorts ... then bolted ... witn insulated busnings 

and a kapton gasket in between ... to the Filament Sandwicn. Tne Backplate magnet plate 

can be bolted to the Electron Dump ... now ... or after arc conditioning (Section 10 (A)~ 

The entire LPS Assembly is now ready to be attacned to the LPA ... with insulated 

busnings and a kapton gasket between tne LPS and tne LPA. 

Anotner onmmeter cneck snould be done wi tn tne source under vacuum ... before 

attacning tne current sneets ... M.O.V.-Oiode Circuits ... and connecting up tne water lines 

and electrical connections. 

-19-
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3. LPA CESCRIPTICN 

The 10 X 40 em LPA accelerator is shown in Figure 12. The 80 KV gaps are 

illustrated in Figure 13. In this form, it delivered 40.5 .Amps (deuterium) at optimum 

perve8nce. Each of tne four grid assemblies consists of an array of forty-four Shaped, 

water-cooled molybdenum tubes, with a wall thicKness of 0.5 mm. Layouts of the grids 

are Shown in Figures 14 and 15 in section 6. Grid transparency is 60%. 

The insulator assembly consists of brazed alumina sections, with corona shields. 

In the LPA, these Shields also served as water manifolds to route the water to the grid 

tubes in order to meet TFTR space constraints. Grid water is split into halves, in the 

long dimension, i.e., each of the four grids has two separate cooling circuits. Heat ~cads 

are measured on each half of each grid, whiCh provides a minimal ChecK of plasma 

uniformity. The grids were designed assuming a uniform heat load of 2 KW/rail. The 

heat loads are measured by water flow calorimetry, using the computer program in 

~pendix 1. 
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Figure 12. Picture of the long pulse accelerator (LPA~ 
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4 (A) HANDLING TECHNIQUES 

The brazed construction of the LPA ceramic insulator stacK requires certain 

handling techniques when mounting the accelerator to the beamline. To ensure that the 

accelerator brazed alumina joints are not stressed while installing the LP A, we use a 

dynamometer. The following procedure is used to mount the LPA to the NBETF 

beam line: 

1. Install the lifting fixture on the accelerator. 

2. Place a dynamometer between the lifting fixture and the crane hooK. 

(Weight of the prototype LPA with lifting fixture is 300 pounds~ The 

·dynamometer will register the weight of the accelerator and lifting 

fixture. 

3. Clean all surfaces of the accelerator. ChecK the a-rings and the a-ring 

grooves. Grease the a-rings witti minimal amounts of vacuum grease as 

excessive grease could contaminate the accelerator. 

4 . . Bolt the front flange of the accelerator to the matching surface of the 

beam line. 

5. Before the LPS can be mounted to the LPA, the accelerator must be 

supported. (A heavy duty lab jacK is used for this purpose on NBETF~ 

caution must be used ·so that at no time is a shear load applied to the 

accelerator by this support. Place the jacK under the flange of the LPA 

that the LPS will be bolted to. Never place the support against the v 

ceramic surface of the accelerator. MaKe sure that the support is just 

touChing the flange and not applying pressure, by adjusting the jacK 
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screw until the dynamometer registers a reading of zero. 

6. When the dynamometer registers the correct reading with the support 

installed, remove the crane, dynamometer, and lifting fixture from the 

accelerator. 

7. At this point the LPS can be bolted to the · accelerator. PicK up the 

LPS with the crane. Move it into position for mounting and install the 

bolts to mount it to the LPA Avoid introducing any forces on the 

accelerator while mounting the LPS. 

8. CAUTICN : Don't remove ·the crane from the LPS or the support from 

the accelerator until the entire unit is under vacuum. 

9. When venting the accelerator, either intentionally, or on an up to air 

accident, the support should be reinstalled immediately. 

After the LPSILPA is mounted on the beamline, rechecK the spacer elements with 

an ohmmeter to be sure that no shorts have developed dUring handling. 

-25-



4 (B) PUMP DOWN AND LEAK CHECK 

Connect the gas valve to the source. Make sure the valve on the gas bottle is 

closed. Polyethylene tubing is used between the source gas valve and the gas bottle to 

isolate the bottle from high voltage. This line should be evacuated, after installation, to 

eliminate any contaminants. It can be pumped out when the entire LPSILPA is pumped 

down, by activating the source gas valve 5 or 6 times with the gas bottle valve closed. 

Pump down the source and accelerator on the beamline. Again checK for shorts. 

Sometimes a short develops when the system is under vacuum, and a quicK checK at this 

time may save having to remove water lines and electrical connections. When the 

LPSILPA is under vacuum, we always perform a helium leaK checK of the system to 

verify that there are no vacuum to air leaks. LiKewise, the accelerator grids should be 

checKed for possible pressurized water leaKs by putting 100 psia helium on each circuit 

during the system leaK checK. fllly detectable leaK should be repaired before proceeding. 

After verifying that there are no Shorts and no leaKs, the gas lines should be 

pressurized with the appropriate gas, and the Grids are ready to be hi potted. 
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5. HIPOTTIJ\G ll-E ACCELERA TCR 

If possible ... a D.C. hipotter should be used to check the voltage holding capability 

of the grids. This should oe done when the accelerator is under vacuum... before the 

water lines and electrical cables are connected. The accelerator is hipotted before the 

water lines are connected ... to redUCe the load on the hipotter ... and before the electrical 

cables are connected ... to hipot the accelerator only. This method assures that all the 

current seen on the hipotter is accelerator related ... and not due to water paths or power 

supplies. D.C. hipotting is the first step in conditioning the grids. It is also a quick 

check for assembly errors ... or pieces that might have come loose during handling. 

Begin by electrically connecting together all elements on either side of the gap 

under test to minimize corona and sparking. Keep the clip leads at low inductance. This 

is to prevent damages from breakdown (or breakdown transients) to insulators designed 

to hold off lower voltages. we use a total of 7 K ohms resistance in series with the 

hipotter to prevent overcurrent damage to tne source and hipotter. 

The gas feed lines should be pressurized with gas ... since a partial vacuum . 

constitutes a breakdown path. 

The technique of hipotting is to lower the voltage when a corona discharge in the 

grid region is loading dOwn the hipotter; check for diminished drain current with 

successive tries. The current should increase linearly with voltage ... non-linearity 

suggests corona. 

G.AJJTI~ : Be sure to use the appropriate polarity when hipotting... since the 

opposite polarity from that of the operating potential degrades the voltage holding . 

capability of the gap. 

The three gaps should be able to hold off voltage 5 to 10% above their design 
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operating potential and are typically taken up to the breakdown limit when conditions 

permit. Hlpotting the second gap above 80KV requires a sulfurhexaflouride environment 

(to avoid break-overs on the . air side of the ceramic~ 

The LPA 80 KV, 40 .AMP deuterium gapped accelerator had the following 

characteristics: 

Gap 1 

Gap 2 

Gap 3 

SPACING (mm) 

2.34 

7.67 

1.73 

VOLT AGE (KV) 

37 

78 

-6 
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6 (A) WATER CONNECTIONS AND FLOW REQUIRtMENTS 

The LPSILPA uses Low Conductivity Water (LCW) which has passed through a 

deionizer and an oxygen scrubber. Oeionization is required to minimize. high voltage 

power loss to ground througn the water lines. oxygen scrubbing is required to prevent 

corrosion of the molybdenum accelerator grid ~bes. The worKing specifications for 

water used at LBL are resistivity, 3 - 10 MO-cm and oxygen, 9 ppb. If the resistivity is 

much higher than 10 MO-cm, source corrosion could be a problem. Various types of 

materials were used in tubing and connectors: polyethylene; PVC (nylon reinforced); 

nylon; and reinforced non-conducting, synthetic hose. Note: rubber develops carbonized 

conducting tracKs and should not be used in high val tage applications . 

. , The LPS has four separate water manifolds. Two manifolds are for the flow 

supply and return to the Magnetic BucKet (39.7 liters/minute), and two manifolds are for 

the Filament Sandwich, Probe Plate, and Spacers (17.4 1/m~ In addition, there are 

separate supply and return LCW connections for the Electron Dump (136 1/m~ The large 

supply. and return lines are at least 5 feet long for insulation. They act as voltage 

dividers to the couplings between floating potential and ground. WARNING : It is 

extremely important to ensure that the water lines are connected properly, that is, all 

the supply lines are connected to the inlets and all the return lines are connected to 

the outlets of the source. This can be verified by flowing air through each circuit, if 

there ls any doubt. Examples of the LPS water flow calorimetry6 are shown in section 

12. 

At LBL, the LPA ·water goes througn a Hlgn Pressure water Cart, whlch has elght 

supplles and eight returns, with individUal manual valves and flow meters. Water flow· 
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through the grids of a 150 kV, 65 Amp deuterium conceptual design is illustrated in 

Figures 14 and 15; water flow in the LPA is the same. The Cart was located about 15m 

from the test stand; it had a supply pressure of = 285 psig and a return pressure of = 65 

psi g. The Cart supply pressure was determined by the water circuit impedance to the 

source and back. The required Cart return pressure was determined by the impedance of 

the return circuit to the pump reservoir, and was set by a back pressure regulator in 

the return circuit. Each half of each grid has one supply and one return, with a .o. T 

block for grid calorimetry which is located about two meters from the source below the 

high voltage platform. A Basic program, developed for measuring the heat loads on the 

grids with a Hewlett-Packard 9845 B, is included in Appendix 1. An example of the LPA 

calorimetry using this program is Shown in Figure 16. All water lines should be clearly 

marked for connection to the proper grid. 

The LPA grids were designed to have turbulent flow, i.e., no boiling. Testing 

revealed that most of the water circuit pressure drop occurred in water lines and 

fittings. The water flow and pressure requirements for the 10 x 40 em LPA are listed 

below: 

Flow Rate Grid Module 
per Half Calorimetry Channel .o. -Pressure 

Grid 1 (Accel Grid) 22.7 1/m 1 45 psi 

22.7 lim 2 45 psi 

Grid 2 (Gradient Grid) 22.7 1/m. 3 12 psi 

22.7 1/m 4 12 psi 

Grid 3 (Suppressor Grid) 39.7 1/m 5 20 psi 

39.7 1/m 6 20 psi 

Grid 4 (Exit Grid) 22.7 1/m 7 18 psi 

22.7 1/m 8 18 psi 
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A system independent requirement is for 75 psia back pressure at the rail exit, to 

prevent boiling. 

Although grid water flow calorimetry is not a strict operational requirement, at 

LBL grid calorimetry was a reliable accelerator diagnostic. Because the flow of each 

grid is split into halves, grid calorimetry provided an effective indication of gross 

plasma nonuniformity when plasma probe data were unavailable. At LBL grid calorimetry 

often served as the basis for a final go/no go decision during development testing. Grid 

calorimetry is most useful if flow through each individual grid is balanced so that any 

beam heat imbalance is easily recognized on the waterflow calorimetry data 
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Figure 14. Illustration of water flo¥.~ in the APIS Conceptual Design (snort-side .. cross 
section~ Water flo¥.~ in the LPA is the same. 
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CBS 799-12786A 

Figure 15. Illustration of water flow in the APIS Conceptual Design (long-side; 
cross-section~ water flow in the LPA is the same. 
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*****R~SULTS OF 10 Y4eLPA ~ LPS CAL FOR SHOTI1a9501 *****R~v. 19 JAH 84 
DATE: 25JAH84 TIME: 12:56:12 
V&cc: 82 . 1 k~v lace: 40.30 Amps 
V&rC: 82.6 Volt l&rc: 825.79 Amps 
RESULT OF E~ERGt-IHTEGRATIOt-1: 60 

C~ar . ..,~l 
I 
1 
2 
3 
4 
5 
6 
7 
8 

Flo~o~ 

CGPI'IJ 
6. 17 
6 . 09 
6.69 
6.89 
9.90 

10.32 
6.31 
6.39 

Flow 
Cml/Sl 
389.10 
384.29 
421.81 
434.51 
624.50 
651.16 
397.85 
403.02 

e du~p 36.00 2271.24 
H~~t to grids +/- diff~rence, ~kJJ 

GRID 1z+254.98 +3,75 kJ and peak 
2 +174.15 -4 . 02 
3 ~137.21 -.70 
4 +219.25 -10.69 

T&cc30.402 s~c 
T&rc33.524 s~c 

POINTS 60.0 

Tot & 1 Ener•;w 
CkJl 

134 . 36 
130.62 
85.06 
89.08 
68•26 
68.96 

104.28 
114.97 

632. 12 

B~s~1 i ne r~&d d~l&y: 0 
T~~p M~as delay: 689 

Tfil 40.970 s~c 
SECOND 

Avg . Pwl", 
[W/r&i 1 J 

196. 14 
190 . 41 
123 . 96 
130. 11 
100.69 
101.76 
158.24 
174.59 
[kloll 

9.47 
Dev.~tf.Y. 

Peak Pwr 
[W / r&i 1 J 

188 . 59 
174 . 84 
119.05 
126.24 
91.90 
97.63 

141.15 
155.93 
[ k w J 

9999.99 
-.0012 

+191.71 watts/ra i l 
+122.64 -

+94 . 77 
+148,54 TIME SINCE LASTSHOT 172 S. 

PULSESHRPE OF TEMPERATURE SHOT + 108501 
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('\J 

I-
I 

a: 
1-
_J 
w 
0 

~ 
0 

1i a ~ '-""' '"'I J ") 1 • a2 :-. 
s9lss l 

s3a. 12 1 
I I 
I l 

I 

~ 

... 

... 

... 

s~.as 

8S.el8 

1B<4 . 29 
114 . 9? 

n . t 
I 

4.73:-. 

-
-
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-
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PERCENTAGE OF TIME TMAX• 60.0 SEC 
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Figure 16. Computer printout of tne LPA grid water flow calorimetry. The vertical 
scale on the left is for all grid halves; the scale on tne right is for the electron dump. 
Average power Is from steady state water flow. Peak power Is an estimate based on tne 
rate of rise; peak power is usually used only on short shots. 
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6 (B) ELECTRICAL CONNECTIONS 

on NBETF, the LPSILPA was connected to the power supplies as shown in Figure 

17. The ion source, on the beamline, with all the water lines and electrical connections 

made, is shown in Figure 2. 

The arc power supply and filament power supply cables are connected to the 

source at the current sheets. Current sheets are used to uniformly distribute the current 

from the power supplies to the source. we have found that the wires supplying the arc 

and filament current must be dressed neatly and attaChed to the source in a distributed 

way, to eliminate magnetic fields whiCh adversly affect plasma uniformity. If all the 

currents are supplied with one connector, the currents flowing in the walls of the source 

to the connector produce such undesirable magnetic fields. If numerous cables are used, 

it is advantageous to color code them according to polarity and power supply with the 

· respective current sheets. The Chances of misconnections are reduced with this method. 

Three elements of the LPS shoUld be protected against overvol tage. These 

elements are: 

1) PrObe Plate 

2) FoNard Copper Spacer 

3) Rear Spacer 

To provide overvoltage protection for these elements, Metal Oxide Varistor (M.O.V.) -

Diode Circuits, as shown in Figure 18, and Figure 9, item 13, are used on the LPS. The 

M.O.V. Keeps potential differences from exceeding the voltage limit set by the size and 

number of. M.O.V.'s in series. The M.O.V. that we use is a General Electric V33ZA70, 

which is rated at 33 volts. For the probe plate, two M.O.V.'s in series Keeps the 
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potential difference from exceeding 67 volts. For the foNard spacer and the rear 

spacer, three M.O.V.'s are used to keep the potential difference from exceeding 100 

volts. The diode (1N4732) restricts it even more. It provides a voltage clamp so that the 

spacer plate can never get more positive than the anode nor more negative than the 

cathode. 

The gradient grid and suppressor grid cables are connected directly on their 

respective accelerator corona rings. Individual supply and monitor leads should be used 

so that loss of supply voltage to these grids is detected immediately. Care should be 

taKen to dress these cables so as to avoid sparK over to the water lines. 

The appropriate signal monitor (see section 7) wires are attached with spade lugs 

(for ease of connection and removal) on the source and go to a multi-pin connector 

'Nhich is situated on the rear bucket flange. Each of the signal 'Nires should be clearly 

identified and labled. From the multi-pin connector, the signals go to the appropriate · 

calibrator (Appendix 2) and telemetry Channels for monitoring. 

All cables connected to the source Should pass through a magnetic core stack. 

This magnetic core acts as a series resistance to limit accelerator "sparK do'Nn" current 

from that capacitance which is on the power supply side of the core 7. 
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POWER SlPPl Y ~CTIONS 
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XB L 847-2990 

Flgure 17. Scnematlc of the NBETF power supply connections, as used for testing tile 
LPS/LPA 
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Figure 18. SChematic of a MOV-dlode circuit used for spacer plate protection on the 
LPS. 
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7. LPSILPA SIGNAL f'YO\UTOOS 

The following signals are monitored during LPSILPA operation on NBETF. All 

signals which are telemetered (using analog telemetry) to ground are calibrated witn a 

built-in calibrator system which is described in Appendix 2. These signals go to the 

computer, the osc111oscopes, and some of the signals go to the fault detector. The Fault 
/ 

Detector Signals are discussed in Section 8. 

I accelerator (I accel or I hot box ) 

This monitor is a coaxial shunt located in the hot box. The signal 

(shunt + amplifiers) has a sensitivity of 20 AN, and is telemetered 

to ground. 

I gradient grid (Igg ) 

Two types of monitors are used to loOk at the gradient grid 

current. To observe the gradient grid during the fast tum-on, a 

toroidal current transformer is monitored. For long pulse, a 100 

mAN Hall-effect current probe is monitored. Both monitors are 

mounted in the hot box, and insulated wires (good for 20 kV) are 

looped through them to provide the insulation to gradient grid 

potential. These signals are telemetered to ground. 

I ~ressor (I ~ ) 

For monitoring typical operation a 1 A.N sensitivity (shunt + 

amplifiers) in the power supply is adequate, but, for breakdown . 

information, and/or fault detection, a toroidal current transformer, 

at or near the source connection is used which is referenced to 

ground. 
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I fllcment (I fll ) 

I arc 

v atcel H.B. 

Vgg 

vru . 

v grtd 1 

1000 AIV Sensitivity (shunt + amplifiers), telemetered to ground. 

500 AIV Sensitivity (shunt • amplifiers), telemetered to ground. 

20 kVN Resistive Compensated Divider, referenced to ground. 

20 VN Divider, telemetered to ground. 

20 kVN Resistive Compensated Divider, referenced to ground. 

2 VN Divider, telemetered to ground. 

1 kVN Resistive Divider, referenced to ground. 

20 VN Resistive Divider between accel. grid (grid 1) and cathode, 

telernetered to grourKt 

V foNard spacer 

V rear spacer 

v 1-2 

20 VN Resistive Divider between foNard spacer and cathode, 

telernetered to ground. 

20 VN Resistive Divider between rear spacer and cathode, 

telennetered to grOund. 

5 kVN Resistive Divider, located on the source, and telemetered to 

ground. 
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All voltage dividers should be well compensated to provide reliable frequency 

response up to aoout 1 MHZ . . 
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8. LPSILPA FALL T PROTECTIO\! 

8 (A) FAULT DETECTOR SET -UP PROCEDURE 

Neutral beam sources and power supply systems are intimately linked, and a fault 

protection system should cover both systems. The power supply systems should be 

protected against such conditions as overvoltage, over/under current, excessive pulse 

length, improper settings, and open interlocks. The source should be protected against 

sparkdown, over current, voltage collapse in the grids, and open interlocks. 

The fault detector used on NBETF is described in Appendix 3, and shown in 

Figure 19. A list of the signals monitored with this detector during the operation of the 

LPSILPA on NBETF is shown below. 

~~ED SIGN.AL TYPES CF FALL TS TYPICAL SET"fiN3 

Vaccel dV/dt Accelerator Sparkdown ~ 15% of Vaccel 

V1-2 I Vaccel Grid 1&2 Collapse ~ 5% over 

Igg DC Gradient Grid (Grid 2) Overcurrent 250 rnA MAX!! 

Vgg I Vaccel Grid 1&2 Collapse • 3-5% over 

Isupp P.S. Suppressor Power SUpply Overcurrent 15 Amps MAX 

Vaccei-Strobe Accelerator Voltage but No Strobe 

(Accel On Gate) Present 

Iaccel Source Accelerator Overcurrent ~ 10% over 

Iaccel P.S. Accelerator Power Supply Overcurrent ~ 15% over 

Vaccei-Strobe No Accelerator Voltage but Strobe 

Present 

G.G. dV/dt Accelerator SparkdOwn 
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Yare Overvoltage Arc P.S. Overvoltage - protects arc 150 Volts MAX. 

modulator 

Arc Modulator Overload Protects arc modulator from latching 

up in divert mode 

Spot Detector. Arc &/or Filament Metal Arc Spot Refer to Section 

8 (B) . for setting 

Interlock Chain H'ly of· the Beam Operation Interlocks . 

Open 

Interrupt Limit More Interrupts than Set on Interrupt 

counter 
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CBB 8310-9611 

Figure 19. A picture of the fault detector modules used on NBETF. 
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8 (B) SPOT DETECTOR SET -UP PROCEDURE 

The spot detector (Appendix 4) should be set up to just allow operation,. i.e.,. as 

close to the trip levels as possible. If the levels are too low,. the arc will trip off at the 

persist time preventing arc operation . . If the levels . are too high,. an arc spot will 

probably not be caught soon enough to prevent damage in the plasma source. Wl th 

experience,. the spot detector levels can be set close to the operational levels before 

conditioning the arc, and the final acJjustments maae curing arc conditioning (Section 10 · 

(B)) ana beam operation. 

The following procedure is used to set up the spot detector: 

1. Set the pulse duration of the arc to = so msec to minimize · chances of 

spotting damage before the spot detector is set up properly. See Section 11 

(B) for timing set up. Set arc power level to = 20 k.W. Be. sure the source is 

operating in the efficient mode. see Section 14 (A) for aetalls of the 

operational mOdes. 

2. On the trip level graph, as shown in Figure 20, find the line that corresponds 

to the arc current Shunt value in use. Determine the probe vol!age expected 

(source efficiency determines the probe level) for the 20 k.W arc power 

operating level. Calculate the trip level value ana set the ratio threShold 
. 

potentiometer to slightly below that value to ensure an arc crowbar,. then 

increase the setting until no crowbar occurs ana leave the ratio threshold set 

about 10% above this point. See the Spot Detector Trip Level graph for an 

·example of how to set the ratio threShold level. 

3. Set the probe noise threshold potentiometer to slightly above the maximum 
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peak-to-peak noise of the probe. 

4. Set the persistence potentiometer to a short time ( ==Smsec~ 

.. 
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Figure 20. Graph of the Spot Detector Trip Levels for various arc current shunt values, 
inclUding an example showing how the settings used on NBETF were determined. 
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9. F1I._AivENT OPERA TICN 

9 (A) FILAMENT CONDITIONING 

When new filaments are installed in. the LPSILPA , a "filament sweep" should be 

done before turning on the arc. The filament sweep is primarily a checK of the filament 

power supply system from low power up to the full operating level of the filaments., 

which also gives the operator power supply settings for the different filament powers. 

These settings will be useful later when conditioning the arc and running beam. A 

timing sequence should be set up prior to filament operation. See Section 11 (B) for a 
typical timing sequence. A filament on-time of ten seconds is adequate for the 

filaments to reach equilibrium provided the power is not too low. Filament scope 

waveforms for low power, high power, and "stepped" (Section 9 (B)) filament shots are 

shown in Figure 21. Begin with a low filament power and taKe a shot., checKing the 

voltage and current to maKe sure that everything looKs satisfactory. Slowly raise the 

power level, recording the current and voltage, at equilibrium, for each shot. When full 

unstepped power level (typically :::s 118 amps/filament or ::s 4000 amps total current for 

34 filaments) is reaChed the filaments should be conditioned there for a few shots. If 

the filament stepper is not used during the sweep, a plot of the filament current vs. 

filament voltage should be nearly linear at the higher power levels. M example of a 

filament sweep from the LPSILPA operation on NBETF is shown in Figure 22. 

After completing the filament sweep., the operator should become familiar with 

the filament stepper settings in conjunction with the filament power supply settings., i.e., 

how much the filament heater current is reduced for the different stepper settings. 

-48-



LPI/LPA 

SCCPE Sl~S OF n-£ FILAM:NT, 

AT LOW POWER, HIGH POWER, ,At-D 

STEPPED CFERA TING POWER LEVELS 
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V f1l 2 VN 
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V fil 2 VN 
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Strooe. (Accel--Ql Gate) 

XBB 844-2875 

Figure 21. Filament scope pictures. From top to bottom., low power, high power, and 
stepped filament voltage and current traces are shown. Note tnat tne filaments have not . 
reached thermal equilibrium in tn~. first two pictures. Strobe is a logic signal for accel 
voltage. 
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Figure 22. Fllament sweep graph showing fllament voltage vs current during 
conditioning. 
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9 (B) FILAMENT STEPPING 

Operationally, the major difference between the LPS ana previous LBL field-free 

plasma sources is that the LPS filaments are emission limited, i.e., electron emission 

(arc current) depends on the filament temperature (Ref. page 2~ The arc current and 

arc voltage are determined by the filament heater current. Previous LBL field-free 

sources were space charge limited and ctid not have this characteristic. In steady state, 

emission limited operation means that, for a given arc IVR setting, the arc voltage is 

directly controlled by the filament heater current: more heater current gives a lower 

arc voltage (provided the source is in the· '"efficient• mode, Ref: Section 14 (A)). 

Conversely, (in the efficient moae) less filament heater current means higher arc 

voltage. Unfortunately, the arc does not tum-on in steady state, and the observed 

thermal time constant of the arc current in the LPS exceeded eight seconds. A 

technique for sidestepping the arc thermal time constar:~t called "filament stepping.. is 

described here. An associated adVantage of stepping is that, by avoicting the thermal 

transient, it is mucn easier to Keep the arc in the desired range of 70 - 100 volts. 

If the LPS is turned-on with a constant heater current, as is normal with the 

field-free sources, the arc current rises as the filaments ana chucKs heat up, aue to 

ohmic heating associated with the arc current passing through the negative filament leg. 

Unfortunately, the time constant observed in the LPS was more than eight seconds, and 

the effect on the arc was SUbstantial. With unstepped filaments, the arc voltage fell as 

much as 20 - 30 volts as the filaments heated; the arc current rose; and the plasma 

level rose as mucn as 20%. 

A technique to achieve a steady state arc discharge current ls to "step", i.e., 
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reduce, the filament heater current when the arc is turned on. (A waveform of the 

filament stepping effect is included in Section 12 Figure 39~ Stepping the filament 

supply compensates for the additional ohmic power associated wi ttl the arc current. In 

this way, the total power heating the filaments is unchanged, and thermal equilibrium is 

sustained. Section 12 contains a discussion of the waveforms of the filaments on 

NBETF. 

Stepping was developed by E. Thompson at CUlham, who had an electronic 

contactor for the filament power supply, Which was phased bacK at the time the arc was 

turned-on. The phase-baCk level is determined empirically. It is not sufficient to 

simply redUce the filament heater current by an amount equal to the arc current, since 

the arc current changes the temperature distribution of the filament. The temperature 

distribution of the filaments, at the beginning of arc tum-on, depends on the 

pre-stepped filament temperature. About 3 seconds after arc tum-on, the arc settles to 

voltage ana current values which are directly determined by the filament current. To 

obtain the desired operating arc voltage, either the pre-stepped or stepped filament 

current should be adjusted -- i~creased filament current gives lower arc voltage, and 

decreased filament current gives higher arc voltage. In LBL jargon, the larger the step, 

the greater the reduction in filament current, which means that a larger step gives a 

higher arc voltage. 

AA aadi tional thermal transient is associated with beam operation, due to bacK 

electron heat. For up to = 10 seconds of beam, fine tuning the filament heater ana step 

is sufficient to give a constant accel current. For longer pulses, arc feedbacK is 

required; this is discussed in Appendix 5. With feedbacK, the accel current could be 

held constant to the precision of the arc and filament power supplies, which was ~ 2% 

on NBETF. Arc feedbacK has the additional advantage that, once operating points have 

been established, a given plasma level (and, therefore, accel current) can be dialed in 
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reproducibly, without "ranging shots". The only disadVantage to feedback is that it adds 

another level of complexity to the system. · 
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10. ARC CPERA TICl\1 

10 (A) ARC CONDITIONING 

The preferred procedure for conditioning a new plasma source ana new fllaments 

is to remove the Back Plate Magnets so that the arc can be run at low voltage to 

reauce spotting carnage. When the Back Plate Magnets have been removed, the 

inefficient mode Oisappears, and initial operation can be at lower voltage. 

Start at low arc power and short arc pulse length, =50 msec, (See section 11 (B) 

for Timing~ To prevent source carnage, the spot detector ratio threshold ana noise 

threshold should be set just anove the trip levels at whiCh the spot detector turns off 

the arc. Also, the spot detector persistence time should be set for a short auration~ (see 

"Spot Detector set Up Proceaure"). These steps will minimize spot aamage curing 

con01 tioning. 

While con01t1oning at low arc powers, the voltage should be raised beyond the 

aesirea maximum anticipated operating voltage. Gradually work up in arc power and 

out in pulse length to full power ana dUration, at some arc voltage bet\tleen low and 

maximum. (For the LPSILPA, as set up for MFTF-B on NBETF, = so KWatts was full 

power, 35 seconds was full dUration, and arc voltage was 60 to 90 volts.) Then lower 

the arc power to a low value for short pulse, and install the BacK Plate Magnets. Again 

work up to full arc power and duration. The LPS canOl tloning history on NBETF is 

illustrated in Figures 23 ana 24. 

During arc con01tion1ng, the arc notCh shape should be set up (Section 10 (B)), and 

the probe profile should be optimized (section 10 (C)~ ., 

Provided vacuum has been maintained, once the LPS has been conaitioned, it can 

be routlnel y started at full power for a few shots before turning on the accelerator 
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voltage for beam. If the LPS has been up to atmosphere, it is best to start at a lower 

arc power and work. up to the operating level for beam. 

If the LPS chamber has once been conditioned, when new filaments are installed, 

it is possible to work. up from law· arc power to high arc power with the Back Plate 

Magnets in place. When conditioning this way, care must be taKen to be sure the 

tum-on mode is not the inefficient one. Conversely, it is undesirable to come on with 

cold filaments and and the associated higtl arc voltages. Thus, an operator must have 

some prior experience to c~/tion with the Back Plate Magnets in place. 

Normally, with no systems problems whiCh affect arc operation, almost all 

filament spot damage occurs during arc conditioning of the new filaments. Two common 

causes of spot damage are: improper sPOt detector settings; and increasing the arc 

power too rapidly during initial conditioning. With a conditioned arc chamber, arc 

conditioning of new filaments usually taKes about four to eight hours. 
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10 (B) AAC NOTCHING 

Since tne arc is turned-on before beam, beam tum-on must sweep out tne low 

density plasma initially in tne grid region. When tne accelerator voltage is applied, it 

tries to set up an electric field in tne grid region. This produces a large current 

transient wnicn tends to load down tne gradient grid, or even tne accel, power supply. 

me transient may trip tne overcurrent fault detectors, and limit tne beam to very snort 

shots. To avoid tnis tum-on transient tne arc is "notched", i.e., tne arc current is 

diverted for =100 useconds to reduce tne plasma density (See Appendix 6 "Arc Notcner"). 

The arc is tnen restarted at a rate tnat maintains good perveance match during tum-on. 

Good perveance match is determined from minimum gradient grid and s_uppressor grid 

currents on tne fast scopes (See section 14 (C)). 

severe perveance mismatCh during accel tum-on can lead to a potentially 

disasterous operating mode. The most sensitive indicator for judging a good match in 

· tum-on conditions is tne gradient grid current (tne gradient grid intercepts electrons 

produced at tne suppressor). The next best indicator is tne suppressor current If tne 

tum-on is extremely underdense, beam ions can strike tne suppressor grid and produce 

secondary electrons wnicn travel back into tne source, and are read as accelerator 

current As a result, tne beam optics can be significantly underdense, while tne 

accelerator current value is overdense. 

If tne plasma notch is too shallow, if tne notch shape is wrong, or if tne accel 

tum-on is too late wi tn respect to tne notch, large current spikes and fluctuations 

. appear on tne gradient grid and suppressor. These spikes can be, and often are, large 

enough and last long enough to prevent beam operation. If eitner tne gradient grid or 
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suppressor show excessive currents during tum-on, the match between plasma density 

and accelerator voltage is incorrect and should be remedied immediately. 

It is a good idea to set up the notch shape first, then set the notch depth 

according to the accel voltage level to be run. The notch shape is usually set up during 

arc conditioning, with arc only shots. With experience, the shape can be set close to 

that needed for accel operation. When the notch shape is set properly, the depth should 

be set For low accel voltage (40kV) operation, a shallow notch (== 40% plasma density 

reduction) is sufficient; for higher accel voltage, a deeper notch (==60% - 100%) is 

required. The maximum notch depth for the LPSILPA with the Dynamic Anode (described 

beiow) is == 70%. This was sufficient for this accelerator. Once the notch shape and 

depth are set, the timing for the accel tum-on Should be determined. This is discussed 

later in the beam section. 

On NBETF the LPSILPA was run in two supplementary anode configurations. 

First, a "Dynamic Anode .. 7 was used. During arc notching, the effective anode area is 

increased by connecting capacitance between the p~obe plate and the cathode. The 

notching capacitors, shown mounted on the current sheets ln Flgure 25, charge up to the 

floating potential of the probe plate during the initial arc tum-on. This potential is 

about 15 volts below anode potential. Durtng a notch, the arc ls shunted, lowering the 

total impedance seen by the power supply circuit The inductance of the power supplies 

does not · perml t an increase · ln total current, so the voltage across the source drops to 

between 30 and 40 volts. The notching capacitors hold the probe plate at its previous 

potential, which ls now above anode, and the probe plate temporarily acts like anode, 

thus increasing the anode area This additional anode area is required to prevent a mode 

fllp durtng the notcn. As long as capacl tors Keep the potential of the probe plate hlgn 

enough to collect a net electron current, the source remains in the efficient mode. The 

dynamic anode on the LPS ls required because the LPS was designed · wl th mlnlmum 
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anode area, in order to maximize atomic species and power efficiency. 

'1;~j:~ The total capacitance required to Keep tne source in tne efficient mode depends 

upon the source plasma impedance, the duration of the requested notch, and tne notch 

deptn. After tne notch recovery, the probe plate returns to tne floating potential on a 

time scale dependent upon the capacitor recharge time. For the LPS, with a 200 usee 

notch, 12,000 uf of capacitance was sufficient for over 10 successive beam tries, spaced 

at 5 msec between tries. Too many successive tries discharge the capacitors, maKing 

them ineffective. For the eight (1500uf) capacitors used, the recharge time after the 

notch was aoout 25 msec. The plasma production efficiency is very slightly reduced 

during the recharge, out without significant effect upon the accelerator operation or 

beam current. 

A second supplementary anode configuration was to connect tne probe plate to 

anode with series resistance. With the series resistance adjusted to reduce the current 

to the probe plate to 15% of the total arc current, ~c ·efficiency and species were only 

slightly reduced, and mode flip was eliminated. 
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CBB 846-5630 

Figure 25. Picture of tne arc notclling capacitors installed on tne LPS. Elgllt 1500 ufd 
capacitors· were used; four mounted on the current sheets on each side of the source. 
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10 (C) PLASMA UNIFORMITY USING PROBE "PROFILE" 

Plasma uniformity is critical for good beam optics. The LPS probe plate was 

designed to accept up to 6 water-cooled Langmuir probes, as shown in Figure 10. They 

are located near the plane of the grid, around the periphery of the 10 x 40 em grid 

array. The probes are on the periphery to keep them from shadowing the grid, and to 

keep them out of the path of backstreaming electrons from the accelerator. 

The probe tip, which is exposed to the plasma, collects any ions and electrons 

that happen to strike it. If it is left floating electrically, it will charge up to "floating 

potential" at which the net electric current (ions -+ electrons) is zero. If it is biased 

highly positive with respect to the plasma it will collect electrons and repel ions; with 

highly negative bias, it will repel electrons and collect ions - this is called "saturated 

ion current". At LBL, probes are biased -22.5 volts with respect to the negative 

filament, i.e., cathode. This is sufficient to measure saturated ion current and gives 

reproducible results. 

The area of each probe tip should be known to within 2% (measured with a 

micrometer) before the probe is installed in the probe plate. The areas of the six probes 

should be within 2%~ otheNise, a calibration factor is needed for probe "profile" 

evaluation. The area of the probes used in the LPSILPA on NBETF was 0.113 cm2 (0.10 

em diameter, 0.32 em long~ 

saturated ion current density as measured by the probe is essentially the ion flux 

that is accelerated when it falls into the opening between grid rails in the accelerator 

structure. Hence, a probe "proflle" obtained by checKing the probes in all 6 locations, 

shown in Figure 26, gives an indication of the ion current density uniformity at the 

accelerator. It is only an indication - because the probes are fixed at the periphery, and 
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do not see the center of the extraction plane. 

The probe profile should have a maximum value divided by a minimum value 

(max/min) of less than 1.15 for beam operation. If the max/min exceeds 1.15, the profile 

should be improved before proceeding with beam. Sometimes changing the gas flow, or 

arc voltage helps the uniformity. ChecK for external magnetic fields and materials 

which disturb flux lines i.e., steel bolts around magnets. Check the polarity of the 

bacKplate magnets. one or two magnets with reversed polarity can adversely affect the 

profile. 
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11. ACCEI ERATOR CO\DmONIJ\G 

11 (A) LPSILPA 40 KV BEAM PARAMETERS 

The initial start up for beam requires tnat tne operating parameters be· set up 

close to tne expected values for tne plasma source and accelerator. Typical 40 kV 

Initial Parcrneters for tne LPSILPA operation on NBETF were as follows: 

Stepped Filament Voltage 6-7 Volts 

Stepped Filament current 

Gas 

Arc Voltage 

Arc current 

Arc Power 

Probe Level 

Probe Profile 

Accel Voltage 

Accel current 

Perveance 

Gradient Grid Voltage 

Gradient Grid Current 

Suppressor Grid Voltage 

Suppressor Grid Current 

Timing 

Fault Detector (F .D.) 

3-3.5 kAmps 

12-16 TL/S Deuterium 

65-70 Volts 

340-400 Amps 

. 22-26 KWatts 

= 57-63 mAmps/cm2 

Max/Min < 1.15 

= 40 kVolts 

= 12-14 Amps 

1.6-1.8 IJPervs 

= 33 kV (VggNaccel = 83%) · 

< 250 mArnps 

1.0-1.2 KV 

< 2 Amps 

Set up for < 15 ms (See Section 11 (B)) 

Each of the appropriate fault trip levels 

should be set for tne expected 

value. (See sections 8 (A) and 11 (C)) 
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11 (B) LPS/LPA TIMING 

A general discussion of neutral beam timing8 follows. The timing details are 

largely a result of the power system, but the general sequence of events is due to the 

source and is independent of the particular power system. 

It is convenient to view the entire neutral beam system/ as having a single timing 

diagram which applies to all shots, then accomodate different operating modes by 

enabling or disabling various components of the hardware and software. For example, the 

timing for an arc-only shot is identical to the timing of a beam shot but the accel 

primary is disabled for arc-only. 

All of the neutral beam power supplies are pulsed and, thus, "on" and "off' are 

always used to refer to the leading and trailing edges of a supply's gate pulse. The 

words "on" and "off" in the following description should not be construed as the 

sequence of actions necessary to bring a power supply to the armed and ready state. 

There are actually 3 independent timing sequences for a neutral beam: 

(1) The Shot Sequence covers the overall timing of a shot (power supply pulsing, 

data acquisition, etc.). This sequence is initiated by the Fire button. All of the 

timing in this sequence has fairly · gross resolution of ! 1 ms. 

(2) The Interrupt Sequence concerns actions which must be performed during a 

fault. This sequence is initiated oy the Fault Detector and things must happen 

on a micro-second scale (see below). 

(3) The Tum-on sequence. concerns actions which must be performed when 
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applying high voltage to the source. This sequence is initiated either by the 

Shot Sequence, when everything is ready to make beam, or by the Interrupt 

Sequence, at the end of the interrupt Everything in this sequence must 

· happen on a micro-second scale (see below~ 

1· Shot sequence Timing 

The overall timing sequence can be derived by the following thought process: 

Assu.r:!1e you are going to tum on the beam at some time and call this time zero, T 0 • 

Working backwards from zero, to fill in the prerequisites for beam, we see that we need 

arc and accel. To get accel, we only need to tum on the accel primary. To get arc, we 

must have gas and filament, and the filament should be "stepped" to be in the 

emission-limited mode of'operation. Thus, the sequence of events must look like: 

Filament on · 

""1----..-Filament Step on 

,..__ _____ _.Arc on 

Gas on 

Beam on 

Accel Primary on 

• 

Given this sequence, the following intervals help to determine the relative times for 

turning on the power supplies: 

...:. The accel primary has to be turned on early enough for its contactor to make 
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up (20-6Dms), and to allow any tum-on transients to dissipate (1DD-20Dms~ Thus, 

accel primary should be turned on about -120 to -260 ms relative to Beam On. 

- The arc contactor takes 20-60 ms to make up, and the arc takes about 200 ms to 

strike and settle. Thus, the arc should be turned on at least -220 to -260 ms 

relative to Beam On. 

- The gas valve takes 20-50 ms to open, then the gas takes another 100 -150 ms 

to fill the gas line and arc chamber. Thus, the gas should be turned on about 

-120 to - 200 ms relative to arc on. 

- The filaments take about 6 seconds to reach thermal equilibrium. Thus, the 

filaments need to be turned on about -8 sec relative to arc on, and the filament 

stepper turned on at arc on. 

The timing at Beam Off is essentially the mirror image of the Beam On timing: 

tum off the accel; tum off the accel primary, arc, and filament stepper; then tum off 

the gas and filament. It takes about lOOms for the Arc contactor to open and the arc to 

go out. Thus, if the Arc is turned off at Beam Off, Gas and Filament can be turned off 

lOOms later. 

The discussion above has covered the power ~upply timing. There also needs to 

be some computer data acquisition timing as part of the same sequence: Before Beam 

On: 

- Read the pre-shot vacuum. Since the tank is being continuously pumped, this 

should be read as close to Gas On as possible but, again, not so close that 

there's any possibility of the read overlapping with the gas. 
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- Set up the transient digitizers' clock rates and start them scanning. The slow (:::: 

1 kHz) digitizers should be set to 'cover' everything from Arc on to Beam 

Off. Thus they need to be set up before Arc On. To keep the window for a 

spurious digitizer trigger small, they should not be set up much before Arc 

on. 

After Beam Off: 

- Read the digitizers, scalars, fault detector, etc. This can be done anytime after 

Beam Off since the data is captured in local storage. 

A shot sequence timing diagram much like Figure 27 results from the above 

logic. Time zero could be moved to the 'Fire' command to make the negative times 

disappear but one should keep the relationships in mind. For example, the operator may 

have to give the arc more time to stabilize. During 30 second operation, it was useful 

to have 1 to 2 seconds of arc before Beam On. Conceptually, one is simply moving Arc 

On earlier relative to Beam On. Since Filament and Gas are relative to Arc On, their 

timing need not change. Operationally, unless your timing software is similar to LBL's, 

the operator would probably have to lengthen Filament, Filament Stepper, Gas and Arc, 

then delay Beam On to give the arc more warmup time. 

2. The Interrupt Sequence 

The interrupt sequence consists of 2 timers triggered by the Fault Detector. One 

timer controls the interrupt duration. It inhibits the "Strobe" for 5 ms, then triggers a 

'tum-on' sequence at its end of time. This timer must tum on within 5 micro-seconds of 

the trigger. The interrupt sequence is shown in Figure 28. 
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3. The Tum-On Sequence 

The turn-on sequence consists of 3 or 4 timers triggered by a 'tum-on' command 

(which is generated by either the shot sequence or the interrupt sequence~ One timer is 

a fast digitizer (the 1 Mhz digitizer) or scope trigger (to allow the operator to view the 

turn-on so that the arc and accel can be matched~ Another timer triggers the arc 

notch. Another timer triggers the accel tum on. The timing between the arc notch and 

accel tum on is probably the most crucial. The time between these two events is 

typically 100-300 micro-seconds and must be stable and repeatable to 1-5 

micro-seconds. The tum-on sequence used on NBETF is illustrated in Figure 28. 

The LBL software takes into account various minimum time constraints (like 

contactor delays or warm-up times) via "imaginary" timers, i.e., timing signals with no 

associated hardware timer whose function is to enforce a non-adjustable minimum time 

for some operation. 

A diagram of the timing logic used on NBETF with the typical times is shown in 

Figure 29. 
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11 (C) SETTING THE FAULT DETECTOR FOR 40 KV ON NBETF 

The following are typical settings of the fault detector which were used on 

NBETF for initial beam start up. The settings are derived from the percentages listed in 

section 8 (A). For example, the expected accelerator current for the LPSILPA at 40 kV 

deuterium was . ::: 13-14 Amps. Therefore, the fault detector threshold for Iaccel was set 
/ 

to indicate a fault at ::: 10% over the expected value, or ::: 15 .Ainps. Most of the other 

levels were derived In a similar manner, however, several of the settings are determined 

by the power supply system. 

MONITORED SIGN.AL 

Vaccel dVdt 

V1-2 I Vaccel 

r99 oc· 

Vgg I Vaccel 

Isupp P.S. 

Vaccei-Strobe 

Iaccel Source 

Iaccel P.S. 

Vaccei-Strobe 

G.G. dVIdt 

v arc overvol tage 

Spot Detector 

POTENTIO"-ETER SETTING 

~ 1.7 

::: 1.5 

::: 1.0 

::: 1.5 

:::s 1.6 

i 3.0 

(See section a B) 
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11 (D) HIPOTTING THE LPA WITH THE POWER SUPPLIES 

Hipotting is the initial step in grid conditioning. The method at LBL is to first 

use a D.C. hipotter (see Section 5), then to use the power supplies to hipot the grids. 

For hipotting with the power supplies, begin with a few millisecond pulse length and as 

low an accel voltage as possible. Arm the Filament, Suppressor, and Accel power 

supplies (leave the Arc power supply unarmed~ Fire a shot, looking at the accel, 

gradient grid and suppressor waveforms. Measure the accel and gradient grid voltages to 

assure that the proper V1-2 ratio is set; the LPA V1-2 ratio is ==17% of Vaccel· Measure 

the suppressor voltage to see that the correct voltage is being applied to the suppressor 

grid; the LPA Vsupp is :: -1.0 kV ~t 40 kV accel. If ·an the voltages are satisfactory, the 

pulse length can be increased for subsequent shots out to :: 1 second. Initially, a new 

set of grids will spark down repeatedly, but will progressively hold voltage for longer 

periods of time. The usual fault is Accel dv/dt. Once the grids hOld voltage at the 40 

kV accel level for full pulses, slowly increase the accel voltage. The suppressor voltage 

should be increased proportionally (==-2.5% of Vaccel) during hipotting to check out the 

suppressor power supply up to fuil operating potential. Goo~ documentation of the power 

supply settings as the voltages are increased will be us~ful later for beam operation. 

Continue hipotting in this manner until close to full accelerator design voltage. For 

operation above 80 kV, a sulfurnexaflouride enviomment . is required around the 

accelerator to prevent external break-overs on the air side of the ceramic insulator. 

Hipotting with the power supplies to full accel voltage may take several hours, 

but is valuable in grid conditioning. It also provides a check-out for the power supplies, 

and control systems prior to trying for beam. 
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11 (E) INITIAL BEAM 

Once the grtas have been hipotteel to full aesign voltage with the power supplies 

(Section 11 (D)), ana the arc has been conditioned to full arc power with good plasma 

uniformity (Section 10), it is time to put the two together for beam. The following 

methoa is used at LBL to set up for lni tial beam. 

Begin by setting the Accel power supply controls to Cleliver = 40 kV to the accel 

grid. This can be Cleterminea from the settings used during hipottlng with the power 

supplies. Since hipotting involves a no-load condition on the grids, it is necessary to 

use the accel power supply setting for a sligtltly higtler accel voltage, i.e., =43 or 44 kV 

hlpot accsl power supply setting. 

Set the Suppressor power supply controls to deliver the proper voltage to the 

suppressor grid. Again this setting can be Cletermined from the settings used curing 

hlpotting, i.e., the SUppressor power supply · setting for = -2.5% of accel voltage. 

Set correct gas flow, Filament power supply (inclUding stepper), ana Arc power 

supply settings. These can be aetermlnea from the settings used during the filament ana 

arc canal tioning. The probe level anel/or the arc power are used to set up the proper 
. 

plasma density for beam operation. It is best to try for beam with an underdense set up. 

For example, the LPSA..PA required a probe level of = 60 mAmps/cm2 and an arc power 

of = 24 KW (Varc = 70Volts) to be underdense at 40 KV accel, so the power supply 

settings that gave these values Clurtng arc conditioning were used. (See Section 12, Fig. 

56 '"Arc Power vs vaccel'" Graph) 

ChecK tile levels and threshOlds of bOth the fault aetector and spot detector to 

be sure they are set up for 40 kV beam operation (Section 8~ 
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Two oscilloscopes should be set up with the following signals to look at the beam 

tum-on. These scopes should be triggered at accel tum-on or the beginning of arc 

notch, and the tiine base should be set at 100 usecs/cm: 

Vaccel and Vgg -- to observe Changes in the first gap or V1-2 voltage 

PrOOe -- to compare magnitudes & rise times of plasma and accel voltages 

1gg and I~ -- to watch for runaway currents as an indication of poor 

perveance match 

laccei -- to monitor the accelerator current level 

Various combinations of these signals on fast scopes are illt:Jstrated in Figure 30. The 

rest of the monitor signals can be observed on oscilloscopes or on the computer 

printouts. 

Before trying for beam, check that the power supply settings selected give the 

expected values. This is done by taking a filament only Shot, an arc only shot, and a 

hipot shot, measuring the voltages and currents for each. If the power supplies, the 

plasma source and accelerator all give the expected values, trying for beam is next. 

The timing should be set for a Short pulse length i.e., s. 15 msec (Section ll(B)~ 

At LBL,the timer for turning on the accel, ~ith respect to the notch, is called 

"beam delay" . Set beam delay to a value that ~111 be at a point 'on the arc notch 

recovery = 10% - 20% abOve the bottom of the notch. This is usually a good place 

for initial evaluation of beam turn-on characteristics. Hatching the perveance 

for beam turn-on is discussed in greater detail in section 14 (C). Occasionally 

a mismatched plasma density ~ith accelerator voltage can be evaluated to be 

overdense or underdense by moving beam delay several usee to the right or left 

on the notch recovery. This is helpful only · when the mismatch is not too large. 
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once 40 or so ~sec of beam is obtained, it becomes more apparent how to adjust 

the plasma density or notch shape for matched perveance . 

The first beam try may only last for a few microseconds because the grids of a 

new accelerator have to be conditioned with beam before reliable operation taKes place. 

Careful Observation of the voltage and current levels is necessary before requesting 

longer pulse lengths. It may take 20 shots, or more, to get 50-100 llSeC. of 

beam-an-time. This is usually enough to detennine, on the fast scopes, whether all the 
/ 

signals look satisfactory. SOme minor adjustments of the arc and/or beam delay timing 

might be necessary to get a good beam tum-on perveance match. If the · signals look 

reasonable, the beam request time can be increased to condition the grids with multiple 

retries. 

The grid-conditioning process is not well understood, but over the years 

conditioning techniques have been developed. There seem to be two distinct phases in 

conditioning a new set of grids. Initially, the source sparks down repetitively after a 

few microseconds of beam; the tlme-to-sparl<dOwn (beam-an-time) gradually increases, 

after a sufficient number of sparl<s. . It may take an hour of 20 interrupts per half second 

pulse at a one minute firing rate to increase the average beam-an-time from 100 to soo 

llSeC. During this pnase the number of sparks seems to detennine the conditioning rate; 

therefore~ it is desirable to use the maximum number of interrupts, the lon.gest pulse 

length, and the fastest firing rate allowed by the power system. When one or two 

millisecondS of beam is achieved, check the accel current and voltage. Mjust the 

plasma density, if necessary, so that the accelerator current is = 10% underdense. Since 

it is possible for the beam to stay lit with a mismatched perveance after turn-on, 

causing excessive gradient grid and suppressor currents in the accelerator, the 

perveance should be Checked routinely throughout the grid conditioning process. 

Once beam pulses of 10-20 milliseconds dUration are achieved, the second phase 
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begins. The rate of progress now appears to be determined by the total beam-an-time, 

rather than the number of sparks. During this phase, it is desirable to use the longest 

pulse length and fastest firing rate allowed by the power system. When beam-an-time of 

100-200 msec is reached, the voltages and currents can be gradually increased. 
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SCOPE SIGN.ALS OF THE ARC NOTCH 
AND BEPM TURN-ON DURING 

OPERATION ON NBETF 

V accei 20 KV N 

V prctle 1 VN 

I gg OC 100 mAN 

I Sl4lP 

v occei 

v 1-2 

v prooe 

2 AIV 

20 KVN 

5 KVN 

1 VN 

I gg DC 100 mAN 

V accel 20 KVN 

I accel 10 AIV 

I~ 2NV 

I gg OC 100 mAN 

XBB 842-1392 

Figure 30. Picture of fast scope waveforms showing various combinations of signals 
monitored during arc notching and beam turn-on during LPSILPA operation on NBETF. 
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11 (F) INCREASING VOLT AGE AND TUNING 

Voltage holding gets more difficult with increased current as well as increased 

voltage, but the grids seem to condition faster at higher accel power. so the guideline 

for the second phase of grid conditioning is "nudge but don't push". Gradually increase 

the accel current (by increasing the arc power) or the accel voltage, to stay roughly 

near perveance match, somewhere between 15% underdense and optimum. With each 

increase in either parameter, the average beam-an-time will decrease. TaKe small 

enough steps so that the beam-on.:..time dUring a pulse is at least half of the beam 

request time. If the cumulative beam time drops to less than 50% of the request time, 

lower the voltage or current; if it exceeds 75% nudge up either parameter. Remember to 
-

track the increased accel, gradient grid, and suppressor voltages and currents with the 

fault detector. When enough heat or light from the beam is achieved, 1/2 to 1 second 

pulses with only a few interrupts at 50 kV, go back to 40 kV and do a fine tune.9 

Examples of tunes at two different accel voltage levels are shown ln Figures 31 

and 32. During condi tloning, the perveance changes as the accel val tage is increased, 

and it is necessary to update the perveance after each tune to establish a new 

perveance llne to follow while increasing the accel val tage and current. on NBETF 

tunes are done on a beam dUmp, using thermocouple calorimetry,l0 to establish optimum 

perveance (See Key Definitions, page 2~ The pulse length required for enough heat to 

do a tune decreases as the accel voltage increases, from soo msec at 40 kV to 75 msec 

at 80 kV. If dump calorimetry ls unavailable, an Optical Mass Analyzer divergence plot 

can be used for an lndlcation of optimum perveance (See section 12). A· nne tune 

consists of a series of several shots, wlth the same pulse dUration, alternating between 
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progress! vel y nigher and lower densities. This yields a fairly smooth curve. Along with 

the divergences (perpendicular and parallel), it is wise to plot suppressor current, 

gradient grid current, and arc power against the accel current as the arc is varied. 

watch for possible current runaways at either end of the tune. Runaway currents may 

indicate an improper VggNaccel ratio, grid misalignment, or other problems. The most 

consistent results can be found in this manner. The perveance line in Figure 33 was 

generated from a tune done on the LPSILPA during operation on NBETF. The points 

above the line are on the overdense side, while those below the line are underdense. 

An updated perveance line is Shown in Figure 34; this was used as a guide to increase 

the voltage and current from 68-83 kV. (These models are small sections of the overall 

perveance graph shown in Section 12 Figure 55.) After establishing a perveance line for 

the 40 kV level, follow it on the underdense side to above 50 kV. Continue conditioning 

the source up to 60 kV, lower to 50 kV, do a fine tune, and update the perveance line. 

Repeat this sequence of conditioning to the full design accel voltage and current for 

full pulse lengths. Be sure to increase the suppressor voltage appropriately at = 10 kV 

accel voltage steps along the way up. 

Grid neat loading should be monitored routinely during grid conditioning and 

tuning, to detect any grid heat imbalances. 

A part of the LPSILPA conditioning history is 1llustrated in Figures 35 through 

38. The average on-time between interrupts is Shown in Figure 35, and total on-time 

per shot in Figure 36. At a given accel voltage, the average on-:time shows a 

reasonable rate of improvement with successive snots. The breaks in the grapns were 

due to water leaks in the facillty, not source problems. Graphs of the Gradient Grid 

current, Figure 37, and the suppressor Grid current, Figure 38, are included to show 

their levels during grid conditioning. 

Grid conditioning is a slow process and can take several weeks, or more, to 
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achieve full pulses at full power. However, once the grids are conditioned, they stay. 

fairly wen conditioned unless they become contaminated. contamination can occur with 

an air leak, water leak, or from material deposited on the grids from severe arc 

spotting. The grids can be reconditioned by lowering the accel voltage and current to 

1/2 or 2/3 full power and gradually increasing the accel voltage and current again. 

Recondi tloning general! y proceeds much faster than initial conditioning. 
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Flgure 31. LPA tune taKen durtng condltlonlng. once tne accelerator reached 60 KV, 
tne accelerator operated rellaoly at lower voltage, and a tune was done at 51 KV to 
determine the optimum perveance. 
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Figure 32. LPA tune taKen durtng condltlonlng. Thls tune Is at 57 KV, after condltlonlng 
up to 70 kV. 
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Figure 33. Perveance plot, 68 - 73 KV. Based on a recent tune, this model is used as a 
guide while increasing accelerator voltage and current. 
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Figure 34. Perveance plot, 67.5 - 85 kV. Based on a recent tune, this model is used as 
a guide while increasing accelerator voltage and current. 
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Figure 35. LPA conditioning history. The average on-time between interrupts is plotted 
vs shot number. conditioning at a fixed accelerator voltage is illustrated; the breaks are 
dUe to test stand problems. 
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Figure 36. LPA conditioning history. The total on-time per shot is plotted vs shot 
number to lllustrate behavior during grid cond1t1onlng. 
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Figure 37. Gradient grid current history. The gradient grid current is plotted vs accel 
current. Note that the gradient grid current can be relatively high during initial 
cond1t1onin~ although the accel current is relatively low. The decline in gradient grid 
current at higher accel current is due to accelerator conditioning. Once the grids are 
conditioned the gradient grid current remains relatively low over the entire accel 
current range. 
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12. LPSILPA CPERATICN PARAAETERS CN I'I3ElF 

Long pulse testing of the LPSILPA was carried out on NBETF. Data were taken 

to characterize the source and accelerator performance and to measure the beam 

characteristics. Typical summary data are presented and waveforms are discussed to 

1llustrate the important aspects required for a functional neutral beam injector. 

The following ls a list of typical operating parameters for the LPSILPA at 

optimum for different accelerator voltages: 

40 kV 60 kV 80 kV --
Filament Voltage* 6.65 Volts 6.69 Volts 6.66 Volts 

Filament current* 3.35 kAmps 3.30 kAmps 3.10 kAmps 

Gas 12.0 TLIS 11.7 TLIS 12.3 TLIS 

Arc Voltage 70.0 Volts 68.9 Volts 80.8 Volts 

Arc current 340 Amps 615 Amps 859 Amps 

Arc Power 24.0 kWatts 42.4 kWatts 69.4 kWatts 

Probe Level 60 mAmps/cm2 110 mAmpslcm2 170 mAmps/cm2 

Probe Profile tt < 1.15 max/min < 1.15 max/min < 1.15 maximin 

Accel Voltage 40 kVolts 59.1 kVolts 79 kVolts 

Accel Current 13 Amps 25.4 Amps 40.5 Amps 

Perveance 1.7 IJPervs 1. 77 IJPervs 1.81 IJPervs 

Gradient Grid Voltage 34 kVolts 48.1 kVolts 65.7 kVolts 

Gradient Grid Current so mAmps 31 mAmps 75 mAmps 

Suppressor Voltage -1.0 kV -1.5 kV -2.0 kV 

suppressor current 2.0 Amps 2.4 Amps 2.5 Amps 

• Stepped Filament Values (See Section 9 (B)) 

tt The LPSILPA Probe Profile was not measured on NBETF, but was previous! y taken on 
another test stand. See Section 10 (C) for additional profile information. 
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As mentioned previous! y, 18 Tl/s would be an equllbrium gas flow on NBETF, but 12 Tl/s 

corresponded to the source pressure anticipated for equllibrlum flow wl th a "pure beam" 

neutralizer. 

The source operating . conditions are monitored with a mini computer, and also on 

osc1lloscopes. Waveforms11 of these signals from both wlll be discussed. All 

diagnostics are monitored with the mini computer; the water flow calorimetry of the 

accelerator grids; Is also monitored on a Hewlett-PacKard 9845-B desKtop computer. 

During the requested beam, an average value of monitored signals for each shot is 

computed and archived by the computer, and later transferred to tapes. Thus, a 

permanent record of the data for each shot is available for analysis at any time. The 

very important signals, e.g., arc current, accel current and voltage, gradient grid current, 

suppressor voltage, and others, are monitored by oscilloscopes, to give an instantaneous 

record to the operator. These signals and others are digitized to be retrievable on a 

request basts for the current shot. 

The first scope picture in Figure 39 shows the filament val tage and current as 

thermal equlllbrium is being reached, then the fllament power is stepped to retain 

fllament thermal equlllbrium during arc on-time. The computer waveforms of the 

filament are shown in Figure 40. 

Typical arc val tage and current waveforms are shown In the arc scope picture in 

Figure 39; the arc computer waveforms are shown in Figure 41. The water-cooled probe 

signal Is Included on the arc scope picture, with the computer printout shown In Figure 

42. Since the filaments taKe = 7.5 seconds to reach thermal equlllbrium, the arc 

tum-on is timed to start at = 7.5 seconds after filament on. The arc is unregulated for 

1.5 seconds; then arc regulation taKes place at = 9 seconds after filament-on. The 1.5 

second delay allows the operator to view the arc voltage and current levels before arc 

. regulation begins. Adjustment of the filament power (Le., filament temperature) may be 
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indicated if the unregulated arc voltage is outside the 70 to 100 volts operating range. 

The regulated arc is run an additional 1.5 seconds for stabilization before turning on 

accel power supply for beam. Other plasma source voltages monitored (to indicate 

snorts) during the arc pulse are, 1st grid, probe plate, and rear spacer, as snown in 

Figure 43. 

In Figure 39, tlle third scope picture is a fast time base scope; arc voltage and 

current, the probe, and the 1st grid voltage behavior during an arc tum-on are shown. 

Monitoring these signals is important at the beginning of arc conditioning to identify 

the discharge mode. The arc always begins in tlle inefficient mode, then in a few msec, 

normally makes a transition to the normal mode. see Section 14 (A ) for additional 

information on mode cnanges" 

The accelerator current- and voltage signals are shown in Figures 44 and 45. The 

gradient grid current, V1-2 voltage, and the suppressor current and voltage are shown in 

Figure 44. Monitoring these signals is essential for safe operation of tlle LPSILPA 

on NBETF, other data were taken to evaluate backstreaming electron power. 

Computer printouts of waterflow calorimetry of the LPS Bucket are shown in Figrues 46 

and 47. The BucKet walls reach thermal equilibrium in approximately 20 seconds at 80 

KV accel voltage, with a 6 T of == 14°C. The rest of tlle LPS (excluding the Electron 

. Dump) doesn't reach thermal equilibrium, as shown in Figure 46. The Electron Dump 

waterflow calorimetry is included on the Accelerator grid waterflow calorimetry 

printout, Figure 16. The Electron Dump reaches thermal equilibrium after = 2 seconds 

of arc, with a 6T of==~-

Beam species and divergence are measured with the Optical Mass Analyzer 

(OMA), which is based on Doppler shifted spectroscopy of hydrogen or deuterium. The 

data, snown in Figure 48, are presented in two views. Beam properties in the direction 

parallel to the slots are presented in the parallel view, wnicn is based on up-shifted 
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light looking through the beam., perpendicular to the slots. Beam properties 

perpendicular to the slots are shown in the perpendicular view .. which is based on 

down-shifted light., looking parallel to the slots. The full energy peaK is on the left for 

the parallel plane and on the right for . the perpendicular plane. The other two peaKs in 

each view are the 1/2 and 1/3 energy species. The first column on the display gives the 

percentage of full., 1/2., and 1/3 energy particles. The second column gives the 'root 

mean square' (RMS) divergence of the species fractions., obtained by folding in a shape 
/ 

factor 'a' with the lie point. The third column Shows the dl vergence angle for each 

peaK. The divergence of each species is determined by a least squares fit of the peaKs 

to the function: 

e - [ x-:xa I w ] 2a 

where w is the 1/e point., Xo is the peaK center., and a is the shape factor (fourth 

column~ For a=l, the function Is a Gaussian; for a<l, the function Is more peaKed. 

The weighted divergence is a single beam divergence angle., Obtained as a weighted 

average of the three 'RMS DIY" values in tne second column. This weighted divergence 

value ts comparable to the beam divergence from calorimetry. The last column contains 

tne relative percentage of light collected under each peak. Finally., tne relative 

quantity of water tn the beam ls also fit., and compared to the total beam species light. 

The water fraction ls obtained from doppler shifted spectral lines of hydrogen (or 

deuterium) atoms bound to oxygen., i.e., hydroxides. In Figure 48, the water peaks are 

barely perceptible bumps, below tne tnird energy peaks. 

An 80 kV tune., using the inertial dump thermocouple array, is shown tn Figure 49. 

The inertial dump measures the beam proflle, shown in Figure 50. This dump depends 

on the copper material mass to absoro the beam energy. some 100 thermocouples give 

the energy dlstrtbution deposited by tne beam. At optimum perveance, tne beam 
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divergence is 0.95° perpendicular to the slots and 0.41° parallel to the slots (1/e half 

width~ Figure 51 is the shot summary for the optimum point on the tune. The computer 

averaged values of the Filament, Arc, Accel, Gradient Grid, suppressor Grid, and Probe 

waveforms are printed on the shot summary. In addition, the shot summary snows the 

gas flow, the vacuum status of the injector and target tanKs, the requested pulse length, 

beam on-time, and dUmp calorimetry. 

For calorimetry diagnostics of the .beam dUring long pulses, the active dump was 

used. Forty high pressure water cooled panels gave a time history, shown in Figures 52 

and 53, of the rise in temperature through the panels. These signals along with the 

flows gave the measured power distribution on the active dUmp panels. In Figure 54, 

isotherms are shown in the left display (Beam Proflle); calculated beam power _density is 

shown on the right. Target beam divergence is calculated from the power densities. 

Perveance graphs (v312) of accel voltage vs. accel current and accel voltage vs. 

arc power are shown ln Figures 55 and 56. These graphs are usefUl for determining 

operation parameters for accel voltages not listed at the beginning of this section. 
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LPI/LPA 
SCOPE SIGNALS OF THE FILAMENT, 

AAC, AND A MODE CH.ANGE 
DURING OPERATION ON NBETF 

V fil. 2 VN 

I fll. 1 KA1V 

V arc 20 VN 

I arc 500 AN 

V prroe 1 VN 

V arc 20VN 

V grtcJ 20 VN 

V prooe lVN 

I arc SOOAN 

+------50 msec. -----· 
XBB 842-1391 

Figure 39. Picture of the scope signals monitored during arc operation. The top scope 
waveforms show the filament voltage and current before and after the filament power 
supply is stepped. The middle scope waveforms show typical arc voltage and current 
traces, with a probe signal included. The bottom "fast" scope illustrates the arc behavior 
during the transition between the inefficient and efficient mode. 
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01/20/84 18 : 59 

XBL 847 - 2975 

Figure 40. Computer printout of filament voltage and current during a 30 second snot. 
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es. 

-88.8Y. 
-500A' 

SHOT 107812 

ARC CBUCKET) 

2'9 . 8Y /Jiv 
50121A /div 

18 : 59 

XBL 847-2974 

Figure 41. Computer printout of arc voltage and current during a 30 second shot. 
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P I o s m~ P y. o b e: S 

St.•obe, P .. obe 5 , Pr-obe 1 
as. 

-90 . ev. 
-15.0.A 
-20.0mA 
SHOT 107812 

5 . 00s /div 

. . :l ... \ 

10 . 0V /div 
5 . 00mA/ds.v 
20 . 0mA/ds.v 

18 : 59 

XBL 847-2973 

Figure 42. Computer printout of saturated lon current as read by a water cooled 
plasma probe during a 30 second shot The strobe is the logic signal for accel voltage. 
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ARC VOLTAGES 

as. 

! -' . • 

. . ·: . . 

-L.::~vo 

-100Vo 
-60 o 0Vo 
-20 0 avo 
SHOT 107812 

1 

5000s -Ja.v 

OL 

oi0°o avo /J iov 
20o0V /da.v 
20o0V /da.v 
213o0V /div 

01/20/84 18 : 59 

XBL 847-2972 

Figure 43. Computer printout of floating plate voltages during a 3.0 second shot The 
voltage of grid 1, the probe plate, and the rear spacer plate are shown; the foward 
spacer plate channel was not functional on this Shot 
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LPI/LPA 

30 SECCN) BEAM SCOPE TRACES 

o...RIN3 IYERATION ON l'ff1F 

V a:cel 1-lB.. 20 kVN 

V 1-2 5 kVN 

I a:cel 1-lB.. 10 NV 

I gg OC 100 mNV 

V arc 20 VN 

I arc SOD NV 

PRCEE 100 rnA/em~ 

Ifll 1 kAN 

I gg OC 100 mAIV 

I Sl.W 2AN 

1 kVN 

XBB 843-1704 

Figure 44. Scope traces showing plasma source and accelerator voltages and currents 

monitored during a 30 second beam shot. 
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ACCEL CHOT BOX) 
Ya c c t t . hI> , I G c c e t . h ~ 

... . .. . . .. . .... . . . ·r-~--------------~~~~~~. ~. Ti, 

, , , , , , , , , , , , , , , , , , ·~·----~--------~L------~·1~~1 

~------------------~· . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
. ~ 

~------------~----~ · .. ... . ... . . .. . . .. . . . . . .. . ... . 

SHOT 10781'2 

28.8KV/div 
10.0A /di.v 

01/20/84 18:59 

XBL 847-2962 

Figure 45. Computer printout of accelerator voltage and current during a 30 second 
shot 
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SHOT 107812 
I ON SOURCE CB UCKETl WATER FLOW DIAGNOSTIC 
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-
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-· 
-I 
-
-

I I I I:; I I I I 

0 1a0 

0.278 

sec 

18 : 59 

I I I 

1 0 

XBL 847-2964 

Figure 46. Computer printout of water flow calorimetry from the bucket section of the 
LPS. The digitized data are plotted on top ... below that the extrapolated flt to the 
digitized data ... and the water flow rate in the lower right. 
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FJLA~ENT/JNSULATOR WAlE~ FLO~ DJRG~OSTJC 
SHOT 107812 01/20/84 18 : 59 

15~--------~-,----------~ 

-c8 

latt.PS 

12.5 

p 
18.8 e .. 
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s 
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8.8 

sec 

E"~ .. ,~ ~ 1246 . 7 KJG~I~s 
( l . 2~efE!t:.ctr>.ccd) 
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- I! 
-
-
-

8 . 272 
-
---8.278 

I I I I 
1
_ I I I I I I I I 

58 1 ~Q 1~ 

sec 

XBL 847-2963 

Figure 47. computer printout of fllament sandwicn water flow calorimetry. common 
manifolds provide water for tne two fllament plates and tne two spacer plates (foward 
and rear~ Note tnat steady state is not achieved, even ln a 30 second snot me 
digitized data are plotted above, and tne water flow rate in tne lower rignt. 
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SHOT 185828. 

OMA RESULTS 
DEUTERIU~ AT 88 . 1 KEV 

PRRRLLEL:- PLANE 

PERPENDICULAR PlA~E 

NEUTRALIZER THICKNESS 1 . 6 E 16 C~**-2 

E % 

1 82 . 6(8 . 11 
2 1•C.~Ut . 8) 
3 2 . 0Ut . 8l 

Rl'tS Dill 
!DEtil 

8 . 29( .8~n 
8 . 49( . 89) 
8 . 67( . 81) 

DII,I . 
(DE til 

ALPHA LIGKT 

8 . 27(8.88) 8.92 62.~4 
8 . 48(8 . 89) 8 . 97 27 . 87 
8 . ~2(8 . 81) 8 . 87 J8 . 4H 

WEI6~TED DIVERGENCE. 8 . 36 
THETA '" 79.~9 

:zua 

I 82.~(8.3) 
':l 14.4ULU 
3 3 . 2Ut.8) 

RELATIVE AMOUNT OF OXYGEN 
FROM W~TER PEAK: 0 . 9 % 

1.83( . 88) 
1.17(.81) 
1 . 37( . 81) 

8 . 82(8 . 88) 8.72 61.91 
~ . ~7 Ut. ~lit) IL f.IJ ~t. . ~~. 

1.86(~ . 81) 8 . /~ 11 . ~3 

WEI6HTED DIVERGENCE 1 . 88 
THETA "'118. 53 

RELATIVE AMOUNT OF OXYGEN 
FROM WATER PE~K : 0 . 2% 

XBL 847- 296 5 

Figure 48. Computer printout of Optical Mass Analyzer (OMA) data at 80 KV. The 
parallel and perpendicular views measure beam properties in the directions parallel and 
perpendicular to the accelerator slots. The deuterium species are tabUlated in the 
second column from the left for full (1), half (2), and third (3) energy components. The 
divergence properties are explained in the text. 
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Figure 4-9. Computer printout of a 79 kV tune during LPSILPA operation on NBETF. 
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SHOT 106883 
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THERMAL CONTOURS 
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I• 1<4 :BAD SENSORS 
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XBL 847-2967 

Figure 50. Computer printout of inertial dump contours. Thermocouple isotherms are 
plotted on the left, and calculated beam power profile is on the right. 
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Figure 51. Typical beam snot summary computer printout 
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Figure 52. Computer printout of active dump water flow waveforms for a 30 second 
shot at 80 kV. These data are from the plates on the left side of the targeL 

-110-



R:i.oh t S:i.de: : de: I ta-T 
Pa.~l tR~ Sob~a.els 3~ 2. 4. 1. 5 P~•~l 2~. s~~ a•~ls 3~ 2~ 4. 1. 5 

: &s:: ~ • &~s -';d .. .. : es: 5 • 88s /.d .. 
• • 0 • • • • • 0 • 0 • 0 0 • • • • 

• ••• •• •• ••• •• ••• •• •• ••• •• • • • •• • • ••• • • •• •• • •• ••• • • 0 • •• • ••• ••••••••••••• ••• •••• • •••• • • • ••• ••• • • •••• •• 

• • 0 0 0 • • • • 0 • • • • • 

• 0 • • 0 0 • • • • • • • • • .. . . . . . . . . . . . 
• • • • • •• •• •• • •• 0 . . . .. . .... . .... . 0 •••••••• • • • •••• 0 0. 

• • • • • • 0 

• • 0 • • • • 

• • 0 • • 0 • • 

0 0 • 0 • • • 0 . ... .. .. .. . .. .. . .. .. ... .. .. ..... ... .. .. .. . .. ... .. 
• 0 • • • 0 • • • . . . . . . . . . 
: : :I . . . . . ·1 
0 0 0 • • • • • • 

.... .. .... ... .. J ............. ... .. ... .. ..... .. .. 
0 • 0 • 0 0 • • • 

: : : ... : ... . : .... : .. .. : .. .. : .... :.\... 
. . . . . . . . . 

····· ·: ····:· · ·· :· ·· · :· · · · :1-
0 • • • • 0 

1---.......;...~ .. - ~ ... -~ .. ··~ .... ~ .... ~ .... ~ -'-. . . -~ . . 
-25.8C . . . ... ..... - . . :~ 
-.c:li:!. i:Jl,;: •• ·: •• • · : .. .. : • • .. ~·:ra·•:!C' · :.-:e~ i. ... 

-1::1. ec: . . . ..... . '"''"'..... .:~~ 
-Lii:!. til:: ... : . ... : ... . : . .. ·~i' ." l"fe!C" . /;d i."" 

-s .: eec: : : · ~. eec .t:d i."' 

Pa•el 3R, Subp.a•els 3. 2~ 4. 1~ 5 
: 8S:: "f\.j_ . . . . . . . 5.88s ":d•~ 

.... :····:····:··· . ~ 
0 • • • 

0 • • • 

. . • . . . . ... .. .. ... .. .. .. .. ... .. .. ... .. ... .. .. ... .. . . .. 
• • • • • 0 • • • 

• 0 0 • • • • • • 

• 0 • • • • • • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
·~ . . . . . . : : :~~~- ::;;~;;~~~;i . . . . . ......... . 1:' . ..... . . . . . ....... .. . . . . . . . . . . . . . . . . . . . . . . 

~-----~: ···:····:····:····=····=····: ....... 
: I ;;r : . : . . 
. If . - . 

··=····=· ···:· · .. :· ···:·· ·· : ,_ . . . . . . 
-25.8C : : : 5.88C /.c~ 
-4~ . ~C: ·· ·: ··· ·: · · · ·: ·· · ·~·: 1)-~C" ·;..-:~fv 

- 1 ~ . 0 c: : : : ~ . 0 e c .t:~ ~ 
1-_-.-_1.,., ~.-. .... iJIG:..-.--1 ••• : ••.. : • . •. : ••• ·$·:e·e!C". /;L v 

-5 .: eac: · · · ~ . et:Jc .t:d,. ... 
SHOT 188482 

. . . . . . . . . . . . . . . . . . . ... ...... . .... . . .... .. . . . .. .. .. . . . .. .. .. . 

. . . . . . . . . . . . . . . ...... .. ..... . .. .. ... .. .. ... .. .. . .. .. ... .. . .. . . . . . . . . . . . . . . . . . . . . . . .... ... ... ... . 
: : :~------------~--~ . . . . .... .. .. .. . ........ ..... ..... 

• • 0 • • • • 

• . 
·: ·: 

. . . 
. . . . . ~. 0ec .t: i. ... 

~---;;.,;;..;~r-~: ; · · · : · · · · : · ·· ·:·· · ·$·:~fee · :.--:d i. v 

-5 ~ 00C ~ . e0C /.di.v 

PaRel ~R~ Subpaftel~ 3~ 2~ 4~ 1~ 5 
: es: :. 0 • • ~ • 8~s ~d a ... 
• • • 0 • • • • • 

••••••••••• • ••••••••••• O o • •• •••• • • •• ••• 000 00 •• ••• 

. . . . . . . . 
• • • • • 0 • • • . ...... ............ ....... ..... .. .... ..... ...... . . . . . . . . . . . . . . . . . 
• • • • • 0 • • • 

• • • • • • 0 • • • 

• • ••••••• • •••••• • •• • • •• • • •• oO• •• •• ••• 00 • • • o o •• • • • . . . . . . . . . . . . . . . . . . . . . . . . . . . 
• • • • • • 0 • • 

• • •••• •• ••••••• • ••••• •• 0 0 •• ••• •• 000 •••• • • • • • • • •• • 

• • • • • • 0 • • 

• • • • 0 • • • • 

-2~.ec 
·-2~ . E!=J: 
-1~ . 0C: 

-1~.11~ 
-s .:eec: 

• 0 • • 

0 • • • 

···: · ···:·· ·· :·· ··:· ···:·· ··:·-

.. · : .. . · : .. ··: .. · · : ... . :·· .. : ·""--
. . . . . . 
:, ···: ····:·· ··:· ···=····=····=·--­
. · · · 5.e8c /di .. 
:" .. . : ... -~·: :a ·~c-. :..:d i. ..... 

· ~ . 00C /di.v 
~$ .~~(d"C" /;d i. v 
~ . aec ... ~d " ... 

11:15 

XBL847-2970 

Flgure 53. Computer printout of actlve dump water flow waveforms for a 30 second 
shot at 80 kV. These data are from the plates on the right side of the target. 
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Figure 55. Log-log plot of accel current vs accel voltage.-The y3/2 slope of accel 
current is shown. · 
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Figure 56. Log-log plot of arc power vs accel voltage. Slnce arc power and accel 
current are directly proportional, arc power also nas tne typical v312 slope. 
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13. LPSILPA REMOVAL PROCEDURE 

When the plasma source and accelerator have to be removed from the Beamline, 

use extreme caution that no stresses are placed on the accelerator during the removal 

procedure. On NBETF, we use the following method: 

1. With LPSILPA still under vacuum, remove all water & electrical 

connections. 

2. Flush the · water lines on the accelerator with alcohol, then pump out the 

lines to insure they are completely dry, to prevent oxidation in the 

tubes.* 

3. With the unit still under vacuum, install the LPS lifting fixture. Connect 

the crane to the LPS lifting fixture. Adjust the tension of the crane so it 

is taut, but not exerting any force on the LPSILPA 

4. Place the LPA support under the accelerator flange that the LPS is 

bolted to. Adjust the support under the accelerator so it is touching the 

flange, but not exerting any upward force. 

5. After securing the proper valves, the system is ready to be let up to air. 

6. The LPS can be unbolted, as a unit, and removed to another area 

Disconnect the crane from the LPS. 

7. Install the lifting fixture on the LPA Place the dynamometer between the 

LPA and the crane. Set the dynamometer to 300 pounds, or to the weight 

the dynamometer registered when installing the LPA (See section 4), by 

adjusting the tension with the crane. 

8. When the dynamometer is adjusted properly, the support under the 

LPA can be removed, along with the bolts that hold the LPA to the 
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beamline. The crane now has the load~ and the LPA can be moved 

away from the beamline. 

-Necessary only if the accelerator is disconnected for a long period of time. 
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14. TRO l3l ESHOOTThG GUIDE 

14 (A) LPS OPERATIONAL MODES 

one difficulty with the LPS is the occurrence of at least two operational modes, 

one of which is inefficient for the production of plasma The difference between the 

efficient and inefficient operational modes is illustrated in Figure 57, which shows arc 

and probe traces. In the first 50 msec, arc voltage is 72 volts, with == 35 amps of 

current, and very little plasma density. The arc is interrupted for 40 msec, and the good 

mode comes on with the arc at 64 volts, 750 amps, and higher plasma density. The 

inefficient mode is exte,mally characterized by higner voltage, much lower current, 

decreased plasma density, and lower 1st grid potential. In the inefficient mode, the net 

charge, or plasma potential, of the source plasma is negative with respect to the anode. 

In effect, the cathode sheath becomes extended, and primary electrons don't have 

enough energy for efficient ionization in the chamber volume. Only a fraction of the 

primary electron power goes into ionization; most goes to the anode. If the power supply 

permits a higher impedance coupling and the LPS is operated with marginal anode area, 

the inefficient mode occurs spontaneously. The discharge current is low because the 

extended cathode sheath makes the cathode space charge limited at a very low current 

level. 

In normal operation, the source turns on in the inefficient mode because the 

initial low density plasma limits the extraction current to the space charge limit, as 

illustrated in the fast scope picture shown in Figure 58. Note that the discharge current 

and the plasma probe signal are low, as for the inefficient mode. · In addition, the grid 

voltage is closer to cathode than it is in the normal operating mode. A very rapid 
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transition occurs, and the grid potential goes high, just below arc potential. The 

overshoot is a power supply system oscillation. If the anode area is large enough and 

the allowed emission current is low enough, the discharge eventual! y pops into the 

efficient mode, where it is stable. If not, the source remains in the inefficient mode. In 

Figure 57, the efficient mode is marginally stable. For the LPS with 34 filaments, the 

allowed emission current is kept low enough for efficient mode operation by reducing 

the filament heater current so that the filaments are emission limited. 

When operation is in the efficient mode, raising the filament temperature lowers 

the arc voltage, and will eventually result in the inefficient mode. However, if the LPS 

is already in the inefficient mode, an attempt by the operator to lower the voltage by 

reducing the filament heater current only drives the source more firmly into the 

inefficient mode. This is a common error at low plasma levels. Therefore, it is very 

important to determine the LPS operating mode before changing the filament 

temperature (i.e., the filament heater current~ 

Ultimately, the inefficient mode is due to a design decision to minimize the 

anode area in order to obtain the maximum power efficiency and atomic fraction. The 

inefficient mode can be completely eliminated in the LPS by removing the Back Plate 

Magnets, which gives a field-free anode area This configuration results in lower atomic 

species fraction, and greatly redUced efficiency. 

A second possibillty is to increase the anode area during arc tum on by 

connecting the probe plate (or first grid) to cathode, i.e., the "dynamic anode" discussed 

in Section 10 (B~ This causes the probe plate to effectively increase the anode area 

during a notch, but preserves the maximum efficiency and species during steady state 

source operation. 

A third possibility is to resistively tie theprobe pl~te to anode. If the resistance 

is such that 10 - 20% of the arc current goes to the probe plate, efficiency and species 
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are slightly reduced, but operating reliability is improved. On the LPS, the current to 

the probe plate was reduced to 15% of the total arc current by connecting the probe 

plate to anode with an 80 mQ water cooled resistor. 

By itself, the inefficient mode is no danger to the plasma generator. Proper fault 

protection (Refer to Section 8 (A)) should ensure that an accel fault occurs if the arc 

flips into the inefficient mode during beam. However, if a mode flip occurs during beam 

without an accel fault, the accelerator would be extremely underdense, and could 

sustain serious damage. With suppplementary anode, as descftbed above, mode flips can 

usually be avoided by operating the arc at 70-100 volts. If mode flipping persists, the 

operator should consider the possibility that the bucKet wall may have become 

contaminated with an insulator, whictl reduces anode. 
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Figure 57. "Fast" scope illustrating the behavior of the arc voltage and current, probe 
voltage, and grid 1 voltage during the transition between the inefficient and efficient 

mode. 
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Figure 58. Norland scope picture illustrating the behavior of the arc voltage and 
current, probe voltage, and fllament current during the transition between the inefficient 
and efflclent mode. 
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14 (B) ARC SPOTIING 

High power arcs, like the LPS, draw one to two thousand ampers of arc current, 

and are susceptible to .. spot .. damage in areas at, or near, cathode potential. PUc 

spotting occurs when some surface other than the filaments becomes an emitter, or 

when a hot spot develops on a filament. The new emitter can oe a wall at cathode 

potential, or an electrically floating wan (unipolar arcing~ The potential damage from a 

unipolar arc is limited by the available capacitively stored energy. The potential damage 

from a cathode spot is unlimited, since a spot is effectively a localized short of the arc 

power supply. Electrical waveforms showing a spot in the LP~ are shown in Figure 59. 

Although normal arc voltages are relatively low (50 to 100 volts), the electric 

fields at the walls can be quite high, since the sheath distances are small. This can lead 

to field emission, especially from low work function materials on the wall. Once a spot 

is initiated, wall material is vaporized. This results in a high local plasma density which 

produces smaller sheaths and higher electric fields, i.e., a metal vapor arc. With spot 

protection, the tell-tale sign of an arc spotting in ·the arc chamber is called .. chicken 

tracks.. or .. dendridic tracks .. , -- which look like frost marks on a window pane. 

Spotting is most frequent when a source is dirty (e.g., a new source), especially 

with fingerprints, or when there is a small vacuum or water leak. Spotting can be 

reduced by conditioning an arc chamber (Section 10 (B)~ After the source is conditioned, 

spotting tends to occur at high arc power, dUe to either high density or high arc 

voltage. At high power levels, a spark in the grids can sometimes trigger an arc spot 

promptly, or as much as several milliseconds later. 

The electrical characteristics of arc spotting are: lower arc voltage, higher arc 
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current, very noisy discharge (white noise in the tens of kHz range), and lower plasma 

probe signal, with similar noise. The electrical waveforms shown in Figures 59 

illustrate these characterisi tcs. Fast, digital scope traces are shown in Figure 60. Note 

that the electrical characteristics of a spot are the opposite of the inefficient mode 

characteristic.s described in Section 14 (A~ 

.An arc spot should be extinguished by turning off the discharge power as soon as 

possible; this is best Clone by crowbarring the arc supply. If a spot persists for more 

than a few milliseconds, serious damage can be Clone to the arc Chamber. (If a spot 

persists for a few hundred milliseconds, vacuum integrity can be lost!) In addition, the 

grids may become contaminated ana need to be reconditioned before they hold voltage. 

A spot detector circuit that senses arc spotting is described in Appendix 4. 

The operator should learn to quickly distinguish between an arc spot and a mode 

flip. Wl th proper protection, both can be made harmless. Spots are common during arc 

conditioning, but should be infrequent after conditioning. If spotting persists, a shorted 

spacer element, a contaminated gas bottle, or a vacuum leal< should be suspected. 
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XBB 847-5130 

Figure 59. Scope picture illustrating the behavior of the arc voltage and current, and 
filament current during an arc spot. 
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50~.----------· 

XBB 842-1390 

Figure 60. Norland scope picture mustratlng tne behavior of tne arc voltage and 
current, and filament current during an arc spot 
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14 (C) PERVEANCE MATCHING FOR BEAM TURN-ON 

Matching the plasma density with acceleration voltage at beam tum-on can be 

critical to reliable accelerator performance. Three examples are presented here. First, a 

good per\/eance match is illustrated. Next, the effects of beam delay with respect to the 

arc notch for two different V1-2Naece1 ratios is Shown. The third example depicts an 

overdense beam tum-on. 

The waveforms in Figure 61 were taKen dUring operation of the LPSILPA on 

NBETF prior to Dynamic Anode (Section 10 (B)) installation. A good match between 

plasma density and accelerator voltage for beam tum-on at 40 KV is illustrated. The 
·: 

beam-delay is set for 330 usee, i.e., the accelerator voltage is applied 330 usee after 

the beginning of the arc notch. The arc notch is 1:1 500 usee wide and the plasma is 

reduced by 75% at the deepest part of the notch. The negative spiKe on the gradient 

grid at accel-on Shows that the source is uncterdense for 1:1 30 usee, then is near 

optimum for the remainder of the tum-on. There are no significant variations on the 

gradient grid which would indicate a large perveance mismatch. The dip in accel voltage 

at = 425 usee is usually an indication of a very slightly overdense condition, and 

corresponds with the oscillation on the accel current trace. 

The oscilloscope pictures in Figure 62 were taKen during 80 KV operation of the 

LPSILPA on NBETF. A dynamic anode (Section 10 (B)) was connected to the LPS at this 

time. The V1-2Nacce1 ratio was 19.6% for the top and middle picture; 18.1% for the 

bottom picture. The arc notch depth is = 60% and notch width is = 700 usee. The first 

40 usee after accel-on is power supply related and for this discussion can be ignored. 

The top picture shows an attempt for beam at an extreme I y underdense condition. The 
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fluctuations in the gradient· grid current are high enough and last long enough .·to trip· 

the fault detector which turns off the high voltage. The beam delay is 315 ~ec for this 

try. The middle picture was taken after moving the beam delay out to 320 ~ec. This 5 

~ec change allows the accelerator voltage to come on at a higher plasma density and 

the beam stays on, but there is still a definite perveance mismatch, as indicated by the 

gradient grid and suppressor currents. The type of behavior on the grid currents is 

indicative of an extremely underdense condition and, in this case, an improper 

V1-2Nacce1 ratio. The voltage drop across the lst..-gap is too large for the plasma 

density. For the LPSILPA, at this ratio, the window for changing beam delay was very 

narrow and beam operation was extremely erratic at best. The bottom scope picture 

illustrates the effects of lowering the V1-2Nacce1 ratio to 18.1% while keeping all other 

parameters the same as they were for the middle picture. Now the match between the 

accel voltage and plasma density is close to optimum. 

Keep in mind that the beam tum-on is one of the most difficult aspects of 

running neutral beams and should be monitored carefully. 

In order to further illustrate beam tum-on parameters~ an example using a field 

free plasma source and accelerator (called the PPPL Diagnostic source) is shown in 

Figure 63. The PPPL was not operated on NSETF so the power supply characteristics 

are different for this example. The accelerator voltage rise time is considerably slower 

than on NBETF, and since there was no probe in the plasma source, the floating 

potential of the source wall ·and Grid 1 combination, was used as a guide for setting up 

the notcn snape. The notcn shape and timing are adjusted to give the minimum 

. perturbations on the acceleration voltage and gradient grid voltage and current. The top 

picture snows a near optimum match between acceleration voltage and plasma density. 

The slight rise in gradient grid current and corresponding dip in voltages, seen == 400 

~ec after accel-on, is dUe to a slight overshoot of the arc wnen coming out of tne 
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notch before settling down to the proper density. The bottom scope picture is an 

example of mismatched plasma density and accel voltage. In this case .. the plasma 

density is too high for the applied voltage. Again, the prime indicator of the mismatch 

is the gradient grid current. 
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XBB 844-2683 
Figure 61. "Fast" scope picture of a matcned perveance beam tum-on. The top scope 
traces show the accel and suppressor voltages and currents. The bottom scope shows the 
accel and probe voltages, gradient grid current, and .suppressor current Note that all the 
signals are relatively smooth during the tum-on. 
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Figure 62. "Fast scope picture of an underdense perveattGe beam tum-on. From top to 
bottom; an example of an extremely underdense beam try; one tnat is significantly 
underdense; and one tnat has a reasonably well matched perveance. 
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Figure 63. ..Fast scope picture of an overdense perveance beam tum-on. Note that the 
gradient grid current in the top scope trace is relatl vel y smooth for a near optimum 
perveance tum-on. The bottom scope trace snows an erratic gradient grid current during 
an oven:::tense t:Jeam tum-on. 
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14 (D) ACCEL SP ARKDOWN 

An oscilloscope picture of the accelerator voltage, prooe voltage, gradient grid 

and suppressor currents showing an accel sparl<down is illustrated in Figure 64. The 

scope is set up for multiple triggers, so the picture also shows a Oeam try that did not 

sparK off. The accel voltage is turned on at 300 usee, and one oeam try sparKs off 350 

usee later. This oreaKdown is characterized oy the rapid accel voltage fall, ana a sharp 

rise in Ooth gradient grid and suppressor currents. There is no indication that the 

source is either overdense or underdense, as there are no other fluctuations on the grid 

currents. Also, the prooe level is essentially the same value at _350 usee for Ooth Oeam 

tries, as evaluated oy the trace intensity at this point. This type of sparl<down is 

usually associated with new or dirty accelerator grids, and the occurrences tend to 

diminish after conditioning with oeam, unless the grids are recontaminated. 

-132-



LPI/LPA 

AC~TORSPARKDOWN 

V accel 20 KVN 

PROBE 1 VN 

I gg CT 1 AN 

lstWDC 2AN 

XBB 844-2874 

Figure 64. "Fast" scope picture illustrating a normal accel sparkdown during grid 
condl tloning. 
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14 (E) GRADIENT GRID 

The purpose of the gradient grid, i.e., the second grid of the accelerator, is to 

improve beam optics, e.g., in comparison with a three grid accelerator. Operationally, 

the gradient grid is the most sensitive indicator of accelerator performance. In 

particular, the gradient grid current can provide important clues about beam / tum-on and 

perveance match. 

The voltage applied to the gradient is normally expressed as a ratio of gradient 

grid voltage to the accele~ator voltage, i.e., Vgg - gradient grid voltage/accel voltage . 

. Alternatively, it is sometimes useful to use the ratio of the difference of the 

accelerator and the gradient grid voltage to the accelerator voltage, i.e., V1-2 - (accel 

voltage - gg voltage)laccel voltage. The LPA was typically run with a Vgg of 80 to 

85% (or, equivalently, a V1-2 ratio of 15 to 20%~ 

During the initial start-up of a new or "dirty" source, problems can occur which 

will not be present once the source is "cleaned up". Initially, the plasma generator tends 

to have a high percentage of heavy impurities, which become accelerated ions. It is 

impossible for the accelerator optics to be properly tuned for all ions, light and heavy. 

Thus, a larger than normal percentage of the beam particles will strike the grid 

structures when impurities are present. This puts a higher current load on the gradient 

grid due to both beam ions and secondary electrons from the suppressor grid. . 

Depending on the stiffness of the gradient grid power supply, this loading can 

drastically change Vl-2· Even though the gradient grid supply has been set for the 

proper value, V1-2 may run at drastically redUced value if the gradient grid current is 

too high. The value of V1-2 is itself the best signal to checK for this condition, since 
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the change in V1-2 is proportionally much larger than the change in Vgg· However ... it is 

quite easy to miss this problem ... since the beam may tum-on and all electrical traces 

will be smooth. A checK of the various parameters, perveance ... divergence, etc .... will 

show that the values are not as expected. The best cure is to provide a stiffer gradient 

grid supply during initial conditioning. If a resitor divider is used, go to a lower string 
... 

resistance value. After conditioning and "cleaning up" the source ... this problem should 

not re-occur ... but during start-up it can be a headache. 

At optimum perveance ... the gradient grid current is generally quite small, s. 100 rnA/ 

in a well conditioned accelerator. The level of the gradient grid current is very 

sensitive to source tuning... and is typically used as the primary indicator of a mis-match 

of plasma level and accelerator voltage. Refer to Section 14 (C) for a discussion of the 

effect of perveance mismatch on the gradient grid current during tum-on .. 

Although it would be desirable fat all. production accelerators to function 

identically ... this is generally not the case. At start-up ... a gradient grid ratio (Vgg) of 82% 

should be used. However ... when reliable operation is attained in the 50 to 60 KV range, 

the optimum perveance of a particular accelerator can be found by lowering the accel 

voltage to 40 KV and doing tunes for various values of Vgg within ± 1.5% of 82%. At the 

accelerator optimum ... the gradient grid current will stay relatively flat through the -tune. 

Below optimum Vgg the gradient grid current has a tendency to run away on the 

under-dense side of the tune. Conversely, if Vgg is too high, the gradient grid current 

runs away on the over~dense side of the tune (usually mUCh more drastically) ... and maKes 

operation at optimum more difficult. Selection of an operating value for Vgg for a 

particular source is based on a combination of divergence ... accelerator current ... stable 

gradient grid current over a wide tuning range ... and ease of operation. Higher perveance 

and tighter divergence is desirable but sporatic operation is not. 

The gradient grid current should be monitored by the operator at all times. An 
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abnormally high or noisy signal should be investigated immediately. The gradient grid 

current should also be monitored in the fault detector system, and a current in excess 

of 250 rnA should trip off the beam. It will probably be necessary to inhibit the fault 

detector for several hundred microseconds during beam tum-on, since there may be high 

current transients present. Most of the transients can be removed with proper matching ,. 

of beam and arc tum-ons, however one must observe these transients in order to make 

the proper adjustments. 

Systems which bias the gradient grid by means of a resistive divider are 

susceptible to current overload. A given divider has a maximum current which it can 

provide while maintaining the desired voltage. If the gradient grid current· fault level 

allows the gradient grid current to be too high, the gradient grid potential will approach 

the full accel potential, i.e~, the gradient grid will go to the potential of the source grid. 

Unfortunately, this condition is electrically stable, but self-destructive for the 

accelerator. This situation sometimes occurs when fault levels have been raised in order 

to get an unconditioned accelerator into operation, and beam tum-on is mismatched. In 

order to avoid disaster, the operator must notice that the gradient grid ratio is wrong, 

or that the gradient grid currents are too high, before requesting more than a few 

milliseconds of beam. The source will not provide an obvious clue. Unlike the case of 

overdense operation (where the source is very difficult to operate), the source may run 

very wen with the gradient grid "loCked" to source grid potential. 

Again, never assume that all accelerators will run optimally at the same gradient grid 

ratio. Each accelerator Should be cneeked to find its optimum. 
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14 (F) SUPPRESSOR GRID 

The purpose of the suppressor grid is to prevent electrons in the downstream 

plasma from being accelerated oacK into the plasma source. The suppressor gria 

potential is negative with respect to ground, typically 1.5% to 2.5% of the acceleration 

potential. Operation with too high a voltage increases wear of the suppressor grid, out 

is not immediately damaging. Too low a suppressor voltage is dangerous ana must be 

avoided. A common problem is that cturing conditioning the operator gets involved with 

gradient grid currents .. , divergences .. arc operation .. etc. .. ana forgets to raise the 

suppressor voltage as the accelerator voltage is raised. This usually leads to accel 

faults .. or operation problems which co not point directly at the suppressor voltage. 

Beam ions and oacK -streaming electrons produce the same signal on the accel 

current monitor, out optics ana perveance depend on mass. If the suppressor voltage is 

too low .. bacK-streaming 'electrons aC1C1 to the indicated accel current .. out the ion optics 

are correspongingly unaeraense. High bacK electron current can damage the ion source, 

ana grossly unaeraense ion optics can carnage the accelerator. 

Conditions which may indicate that the suppressor voltage is too low: 

1. Hign perveance. 

The indicated beam perveance may be higher than expected for a given arc 

power. 

2. Hign Apparent Arc Efficiency. 

An increase in accelerator voltage may be accompanied oy an unusually large 

increase in indicated accelerator current, although arc power has not been 

increased. unaer' normal conditions, an increase of accelerator voltage with no 
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increase of arc power gives a minimal increase in accelerated current. 

(Typically., measured perveance in this case will go down.) If the accel current 

increases enough to increase the perveance.. insufficient suppressor voltage is 

the most liKely cause. 

3. Ramping Gradient Grid current 

If the accelerator is running properly., the gradient grid current should be 

stable, particularly when running underdense. With insufficient suppressor 

voltage., a significant number of bacK-streaming electrons strike the gradient 

grid. The lower the suppressor voltage, the worse this condition will be. The 

beam may tum-on, .but is the gradient grid current wlll be rising throughout the 

shot. 

Typically, no significant effect will appear in the suppressor current or voltage . 

signals which wo~ld indicate that the suppressor is at fault. The symptoms first appear 

in accelerator and gradient grid currents. If allowed to go uncorrected, low supressor 

voltage can cause significant damage to both the plasma generatOr and the accelerator. 
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... 

10 '1•'•:-r·s ion$= 11 19 .JAt·l 84 11 

20 GOTO Begin 
:3 (1 

40 I REMEMBER: To continue printing, after running out of paper, do READY #0 
50 I 

60 I 

7(1 I 

:3(1 I 

9(1 I 

11:::10 I 

110 
120 
1 ::::o 
141:1 
15(1 
16~::1 

170 
1 ::~ (1 

4(1 LPA 
[AUTOSTJ 

ZERO FLO OFFSETS AND FLO CALIB.: :::DEC::: 1 - LOG, LPA DATA . < B I tlDER) # 1 

ZERO FLO OFFSETS AND FLO CAL UPDATED : 1. 07 JAt·l :::2 - LOG, LPA DATA # 1 ., 
.o.. 

190 I ********************PROGRAM FOR GRID-CALORIMETRY************************** 
2(1(1 I 

210 
220 
230 
240 

40 LPA : 10X40 LPA GRID HEAT DEPOSITION MONITORING FOR BLG.6 AND LLNL 
OPERATION; PROGRAM TO READ DATA FROM :3 FLDWMETERS AND 8 DELTA-T BLOCKS, 
TO STORE THE DATA ON TAPE AND TO INTEGRATE THE PRODUCT FLOW*DELTA-T OVER 
AN ARBITRARY PERIOD OF TIME. DATA INPUT FROM A TAPE IS ALSO POSSIBLE. 

250 I TO BE SYNCHRONIZED WITH A SHOT OF THE ION SOURCE, ONE NEEDS AN EXTERNAL 
260 TRIGGER APPROXIMATELY 8 SECONDS PREVIOUS TO FIRING AND ANOTHER EXTERNAL 
270 I TRIGGER PRIOR TO BEAM ON, THIS ALLOWS FOR TAKING A BASE-LINE MEASUREMENT. 
28(1 
290 
:3 (1 (1 

r·lOD IF I CAT I Ot~S: 
APRIL 1st, 1':;.80. Jost. Fe·ist 

310 30. Use SRQ on data ready to stop Rover measurement period timer. 
320 ~3RO is h.:..ndl~d in SUB St~qon?. Rnrro.;:·as ancl '"'Win Po•.1terc1p::.us$ •:.:..n 
330 be changed and the measurement time will be correct.-LLS-13MAY82 
3 4 0 :::~ 1 • A •:I de •:I a II G 0 T 0 11 t, o .:., f e '"' •: on d i t. i .::on a l b t~ .:..n c he s ::; .• : .21 t t eT· e· d t h t·· l.l ~- he· 
350 code. No other alterations. DJM 15SEP82 
360 32. Alphabetized subroutines and subprograms. lls 3~5-83 
370 33. Changed code to get shot sequencing interrupts via option 50 
:3::: 0 d 1 •;I i t .:.,1 i n p l..l t b C• -2lt' d. Added k .:- ~) # 11 t .::o s i ow l .:.. t e i n ~- e· r t"· l.l p t f r-· om 
390 Modcomp. Redefined key #1 to simulate filament on interrupt. 
408 Changed 349?a cDmmand strings to put hold(VT4) on voltmeter 
410 before closing channel. Removed some superfluous software 
420 triggers after Aixx commands since AI triggers voltmeter after 
430 closing channel. Changed Aappr for anodes to merely subtract 
4 4 0 e f f e t t s •:J f ar· c .:..n d f' i 1 am.:- n t C• l.l t s i de of be a1n on l~ i n do I,J • 
450 SRQ is kept ehabled throughout shot for purpose of getting 
460 fire, filament on, Vacceletc and Rover data ready interrupts. 
470 Interrupt handler(Srqhandler) merely fields interrupts and sets 
480 program flags corresponding to the interrupts, except that it 
490 does stop the clock timing Rover data aquisition. Deleted common 
500 since all intert-·tlpts .:..re field.;·d in m.:..in pt··ogt~.:..m se·grne·nt. 1ls-5f'1a.v::::;: 
510 34. Made flow/conductivity error messages < 80 characters. Went to 
520 serial mode while waiting for fire interrupt so taking base line 
530 message comes up immediately. Changed graphics storage to use 
540 2 arrays to accomodate 45C. Add calibrate mode which reads 
550 LPA heater volts and current and calculates total power to LPA 
560 channel and prints it with total measured energy. lls 16May83 
570 34a.Change calibrations back to those of 2/28/82. lls-5M~ 

580 Bugger out flow and conductivity tests. lls-31May:33 
590 Forbid Tfil=O in Appr for filam~nt only shots.lls-31May83 
6 0 0 :: 4 b . C h .:.,n g e t o i n t. e t·· r ll pt. on t t·· an s i t i on f r·· ·=• m 1 C• 1 ... 1 t. C• h i g h . l l :::.- 1 J u n ::: 3 
618 34c.Get interface status in Srqhandler. Take absolute value of Vacc 
628 and lace from Modcomp. Count Srqs from digital interrupts and 
630 ::.ave digit .:..1 i nt e·t'rupt. ::.t. at. us fc•t' c 1.wr··ent :::.f1.::.t. l 1 s 0:3Jun83 
640 34d. Ch.~n.;:e -~n-:•de to .:..nd -3.dd el e·ctt~on •:::ltlOl!=·· Fl Ol·.i Te··:hnol 09~/ t\-'ps· 
650 flC•I.o.lrJIO:·to;·t·· is u::.ed. Ch:..nge·d t.•:• ke-~.1 Ge·tflc .•.. : en r'efe·r·e·nce· •. ,..olt-21';1€·=0. 
660 Made electron dump readout the de~ault ort1on. lls-13JUN83 
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67~3 

6!30 NOTE. ELECTRON DUMP FLOW IS FORCED TO BE 36GPM. SEE CONSTANTS. 13.JUN83 
690 
7 ~3 ~~1 
710 
720 
7:3~~1 

35a.Add reading data from, sending da~a to Modcomp. 1 ls - 14.JUN83 
36a.Added a 34~5 to the HPIB at 708 for passing control. Added checks 

to f1ows,energy, etc. so they cannot overflow the fixed formats. 
Fixed bug in the parsing of data received from Modcomp. Added 
so:·r· i .:t,] po 11 .:t_nd i nt o:·r·f.:..•: e stat t~s. o::p.~o:·t' i o:·s .:s.ft et·· i nt o:·r·r·upt. to 

75~;:1 

7EO 
77(1 

t·1·::.do: omp t •:• drop tho: :::RC! 1 i t"IE'. I no: t'E·.:..::.ed number' c•f b~.·t e::. ::.€·rot t C• 

Modcomp to accomodate e- dump variables. 11s ~· 15.Jun83 · 
37a.Added checks to Rover and grid heat variables so tho:y cannot 

OI.Jerflo::OI.J the fi :=<e•j f•::.rm.3.ts. 11::. 16Jt~n8~: 

7:::o 
79~} 

:300 
:31 (1 

?8a.So:t Modcomponhpib=False. Pullo:d Vref2=5 from Getflow. lls 17.Jun83 
:3 8 b • t~ rio e .:..s = 6 0 • So:- t 0 '•' t m p $ = 11 'l" on 1 ~:.! i f .:o,o: •: e 1 on t i me > • 1 5 so? c • 1 1 s- 21 .J em 8 3 
:3 9 .:.. • S •.·J i t c h o: d t o R S 2 3 2 com m u n i ·O: .;s t i on::. 1..1 i 1:: h t·1 o d •: •J m p • 1 1 s -1 4 .J u 1 8:3 
39b.Check for overflow of Mi$ in Readchr. Define total characters 

820 ~xpected from modcomp in Milen. Fix printout of Vacc and Iacc 
830 so not truncato:d to into:go:r part. Nap key #7 so ro:wind of mag 
840 tap.: wi 11 not be accidentally attempted during TOPEN. 11s-20Jul83 
8 4 1 ::;: 9 c • D •.w-1 p T B U F $ i n t, o t·U [ 5 3 2 J , no t M i $ C 1 0 (1 J at s h o t s t, .:or t • 1 1 s - 2 9 ,j 1.~ 1 8 3 
842 40a.Program hanging up with Mi$ overflows. Dim M,j$[320J and always 
843 dump TBUF$ into M,j$ first .. Never let Mi$ get longer than Mi1en. 
844 Do not really understand why the overflows were coming. lls-29Nov83 
845 40b.Read Tacc,Tarc,Tfil after getting parameters from Modcomp in 
846 order to avoid simultaneous RS232 inputs. lls-05Do:-c83 
847 41.:~..Change 'r'e.:~.r to 84. lls-19.Jan84 
848 41b.By default calculate delay<tdelay> between temp measuremo:-nts to 
849 produc~ total integ~ation time<Tmaxl=Tfil of previous shot+ time 
850 for heat to disipate(Tmpostfil). Allow operator to override 
851 default by specifying total integration time(Tmtot) or delay 
852 between measurement sets<Tmdelay). Tmtot sup~rcedes default; 
853 Tmdelay supercedes both default and Tmtot. Switch to SERIAL in 
854 subr. Read3497a so that total time increases linearly with 
855 Tdelay. lls- 19Jan84 
859 *+***************************************~*************************~***** 
860 I ************************************************************************* 
8?0 3497A DATA ACQUISTION/CONTROL UNIT CHANNEL ASSIGNMENTS 
8:30 
89(1 Hl. B.: 
·;..0~1 

910 
·;:.20 
·;:. :3 ~1 
';140 
'35~~1 

960 
970 
·;o:::~3 

'390 
1 ~H) I) 
1010 
10;;::(1 
1030 
104(1 
1050 
1060 
1070 
10:30 
10·::n3 
1100 
1110 
1120 
11 30 
1140 
1150 
1160 
1170 

Co::.nnec t a BNC cab 1 e fro::>ro "E~<T. I t~C. II t 0 II DVM C0~1PLETE II to:) r•~n. 

CH. 0 ABS. TEt1P. 
1-8 GRID FLOW t1ETERS 
9 ELECTRON DUMP FLmJ t·1ETEF.: 
10 ava 1 i ab 1 e fot' Anz=2 opo:T.:~ot. i ·=•n 
11-18 GRID DELTA T BLOCI<S 
1'3 ELECTRON DU~1P DELTA T 
20 av.:o.liable fo:;r Anz=2 o::.per·.;ot. i o:Jn. 
21 S'lSTEt1 TOTAL WATER FLOL~ 
·'">~ 
~.::. ~JATER CONDUCTIVITY 
23· FLOW f'1ETER REF. VOLTAGE 

P .=.r- .=.mo:·t er data input ft•om t·IO I:Cm1P 
[ Scale factors in SUB Rdparam J 

24 Vacc 
?<=' --.1 I a•: c 
.... -
..;:.0 V.:t.t'C 
27 I .:~ot' c 

TEST STAND TIMER INPUTS 
u::.ed .as t t' i gget'S 

1. FIRE COt·1t·1At·lD 

2. FILAMENT ON 
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.. 

1 1:30 
1 19~1 
12(1(1 
121 ~) 
122(1 
12:30 
124(1 
125~1 

1260 
1270 
12:::0 
129~3 

1300 
1:3 P3 
1:320 
1 ::n ~3 
1 34(j 
1:350 
1:360 
1:370 
13:30 
1:390 
1400 
1410 
1420 
14::::0 
1440 
145(1 
146(1 
147(1 
14::a3 
14'3 (1 

1500 
1510 
1520 
15:30 
1540 
1550 

. 3. MOD COMP Rdparam TRIGGER 
16FEB:32 
16FEB:32 
16FEB:32. 

Note: The interval between these two is a variable <Area Warning Time 
is used in Berkeley, i.e.- approx. 8.5 Sec.) 

**********************************************+-************************* 
Paper for the HP-45 is ordered from stock: 

Perforated xxxx-xxxxx 
Un-perforated 7530-66227 

Tapes 7544-64758 
I ************************************************************************ 

Be··~ in: 0'·/EF.:LAP 
OPTION BASE 1 

PF.:OVIDES SIMULTANEOUS l/0 AND CALCULATIONS 

F I::( ED 2 
F.:EAD TriJ.;>, F.:tl se· 

DATA 1, 0 

! INITIALIZATION OF PARAMETERS 

DIM FbufferS<14)[30l,TbufferS(100)[30J 
DIM Tbbuffer$(14)[30J,!mS[100] 

I Raw data fr6m 3497A buffers06MAY82 
! i 4JUt·l83 

DIM Rfbuffer$(14)[3l,RtbbufferS(14)[3J,R~bufferSC200)[3J!Rover raw 
HlTEGER I,Spoll ,Sr··qclr~,spoll (0: 10) ! Loop index,se·ri.:t.l _pc,J 1 
I 

DIM MS[532l,V<5>,Mi$[100J,MjS[320J !HP/MODCOMP COMMUNICATIONS 
READ Messmax,Nvin,Nbytesper,Rs 

DATA 532, 5, 14,11 

0 6 t·1A'r' :3 2 
133.JUt-l:33 

29N0\.':33 
! 14JUL83 
! 14.JUL:3:3 

********************~************************************************* 
MAGHETIC TAPE 

INTEGER Blockid(6),E 

DIM Stape$[1J,TapesS[1l,Ms14$[4J,Ms15$[4J,KeyentryS[1J 106MAY82 
READ StapeS,TapesS,M~14S,Ms15S,KeyentrySC1l !06MAY82 

DATA "1~", "N",-":T14", ":T15", "Y" I TAPE FLAG .. ·t·1ASS :3TORAGE 06MA'r':32 
1560 I 

1570 SHORT Snrs,Months,Days,Years,Hours,Minutes,Seconds 
15:3(1 
1590 DIM Blocksize(6) IBYTES/TAPE BLOCK 06~1A'i'82 

1600 DIM Blockforma~(6) 

1610 READ Blockformat(*) !TAPE BLOCK FORMAT NO. 
1620 DATA 1, 1, 1, 1 ' !0 MEANS DO NOT WRI7E BLOCK 
16:30 
164(1 

. 1650 
1660 
1670 
16:30 
1 f. '3 ~3 
1700 
1710 
1720 
1 73(1 
1740 

FILAMENT AND ARC CORRECTIONS TO AVERAGE POWER 

DIM SlopeC8>,Fi 1(8) 
READ Slope(*) ! kW/ch per kW Arc 

DATA • (11 '3 , • 0 1 '3 , . 0 1 4 , • 0 1 4 , • 0 0:3 0 , • 13 0:3 0 , • ~ZH3 4 , • 0 (14 ! for At~ •: .:tn d F i 1 
f':EAD F i 1 ( *) ! k l•J . ...-c hanne 1 f•:.t·· 

D A T A • 2 0 0 , • 213 (1 , • 1 0 , • 1 (1 , • 0 7 , • 0 7 , • 0 0 , • 0 0 I f i 1 .:tm e n t 
DIM As1ope(2),Afil(2) 
READ Aslope-(*) 

DATA . 137, • t::::? 
1750 READ Afil(*) 
1760 DATA 2.930,2.'330 

2:3JAtl::;· 
12 r·1 A 'l::: 2 
22FEB:32 
12~1A\':32 

1 :::t·1AR:32 

1770 
1 7:::o ***************************************~******~****~******************* 
1790 WORKING ARRAYS 
1 :::(H) 

1:::10 D I ~1 F 1 .:;,1.1b ( :3, 14 :r, hf l•:•1 ... 1b ( 2, 14) ! PRE::: HOT FLO~~ READ I t·H:;:; 
1820 DIM Rflc11.-~bd,14) 

1 :;: :;: 0 D I t·l T .;- rn p b < ::: , 1 4 ) , A t .:- m p b ( 2 , 1 4 ) I P 1': E S H 0 T T EM P F.: E A D I t l G ::: 
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1:::40 D 11'1 F.:t,e·mpb( 1, 14) ! ~36t·1A'l82 
1850 D 11'1 Te·mprn ( :3, 10~3 >,At e-rf1prf1 o:. 2, 1 C10) 

Rtemprn< 1, 100::0 
!SHOT TEMP READINGS 

1 :3 6 (1 DH1 
1:3 7C1 DH1 Te-rnpmt (8, 1~~H3>, Ar.e·mprnr. <2, 100::0 

F.:t e-mprnt < 1, 100) 
Timem(100),Rtirnem<100) 
~3f<S>,Asf(2) 

I ARRAY FOR PERCENTAGES 
1 :3 ::: (1 D 11'1 
1::: ·:;e D I t1 
1 ·~o~3 DH1 
1'310 DH1 
1 '320 DH1 
1'3:30 DH1 
1'N(1 DH1 
1950 DH1 
1960 DH1 
1'3?0 DH1 
1 ·~::a3 D It1 
19':10 DH1 
2000 I 

Rsf(l::O 
St (:3).!1 A::.t (2) 
F.:st(1) 
F.:ese(8),Ar~se-<2::0,Re-secf(8),Arese-cf(2) 
Rrese-(l),F.:re-secf(l) 
Appt·· ( :3), 1=tappr· ( 2) 
::·~rt• ( 8 >, A::<m ( 2) 
F.:xm(1) 
Peak_pwr0:8),Apeak_pwr(2::0 

STORAGE ARRAY FOR TIME<plot only::O 
FLIJ~·J 

ARRAYS FOR TEMP.DATA BASELINE 

! INTEGRATED ENERGY & CORRECTION 
! FACTORS 
CORRECTED AVG PWR/RAIL 
SCALE FOR PLOTTING 

PEAK Pot·JER 

29APR82 

2010 ! ************************************************************************* 
2020 YEAR AND MONTHS 
2030 
2040 DIM Mensis$(12)(3] 
2050 READ Mensis$(+) 

! Months of the year 22JRt·182 

2060 DATA "JAt·1", "FEB", "f-1AR", "APR", "t1AY", "JUN", "JUL", "AUG", "SEP", "OCT", "t·10V", "DE 
C" 

READ 'le.:u~ 

DATA 84 1 1 '? J .:~.n 8 4 
2070 
20S(1 
209(1 
2100 
2110 
212(1 
21 ::::~~1 
214(1 
215() 

! ************~**********~************************************************* 

216(1 I 

2170 I 
21 :::o 
21'3(1 
22[1(1 
2210 
222~3 

;;:. ;;::::::~:1 
2240 
225(1 
226~:1 

227~3 

22:3~3 

ENERGY CORRECTION FACTORS FOR SUB INTG 
READ Re-secf(*>,Aresecf(*),Rresecf(*) 
DATA 1. 0:3(1, 1. t1:3~3, 1. 050, 1. 040, 1. 120, 
DATA 1.000, 1.000 
DATA 1.276 

12'3APP:32 
1.070, 1.110, 1.120 IGRID~:; 3H1A'l8:~: 

! At·WIJES 2'3APR:32 
! !<:OVER 06~1A'l82 

3497A CHANNEL ASSIGNMENTS 

DIM FlowfcS(2J,FlowltSC2J,AflowlcSC2J 
DIM TempfcS[2l,TemplcS[2J,Ate-mplcS[2J 
DIM TflS(2J,Cond$(2J,FmrvS[2J 
D I t1 '·/.=.c •: s [ 2 J , r :~.c c s [ 2 J , V ar· c s C 2 J , I ar •: s c 2 J ! 
READ FlowfcS,Flowlc$,Aflowlc$ 

FLOWMETER CHANNELS 
TEMPERATURE CHANNELS 
TOTALFLOW,CONDUCTIVITY,FM REF V. 
SOURCE PARAMETERS 

DATA "1", "8", "'3" ! FLO~~ GRID FC, LC, ANODE LC 1 :~: .J u t·1 :3 :~: 
READ 1empfcS,Te-rnplc$,Atemplc$ 

DATA "11", "18", "19" !GRID FC, GRID LC, ANODE LC 13.JU~l8~: 

READ TflS,CondS,Fmrv$ 
22'30 DATA "21","22","23" !TOTALFLOW, CONDUCTIVITY, FM REF VOLTAGE 
2300 PEAD './accS,IaccS,VarcS,IarcS 
~'310 DATA 11 24 11

, 
11 25 11

, 
11 26 11

, "27 11 IACCEL V,I ARC './,I 

2330 DIM FlowsusS[40J,TempsusSC40J !3497A COMMAND STRINGS FOR READ34'37R 

I 1 :;:t·iA'lS2 

2:360 I ************************;*************~****************************** 
2370 
23S0 
2::::9(1 
2400 
2410 
2420 
24::::o 
2440 I 

D I t·1 
DH1 
DH1 
D I t·1 
D lt'1 

PROGRAM FLAGS/OPTIONS 

AnoSC1J,OptS[lJ,Offrefi[1J,RoverS[1] 
OvtmpS(lJ,OfffloSClJ,Offcond$[1] 
BaselS[lJ,SpikeSC1J,ClockSC1J 
CounterSC1J,Rdparam$[1J,Redotd$[1J 
Outpi(1J,PlotSC1J,Pe-rf$(1J 

2460 I GRAPHICS 
2470 I 

! PROGRAt·1 FLAG~3 

2480 I INTEGER AaC23835),Aaa(23835' 45C !M:~.ke room for GRAPHICS image-16May 
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2490 INTEGER AaC16381) 
2500 I 

! 45B !Ma~e room for GRAPHICS image16May83 

2510 DIM Frame1(4),Frame2C4>,Frame3(4),Frame4{4) !GRID FRAME BOUNDARIES 
2520 READ Frame1(*) !GRID 1 Lx,Ux,Ly,Uy 
2530 DATA 20,80,90,140 
2540 READ Frame2(*) !GRID 2 
2550 DATA ~0,150,90,140 
2560 READ Frame3(*) !GRID 3 
2570 DATA 20,80,30,80 
2580 READ Frame4(*) 
2590 DATA 90,150,30,80 
2601] ! 
2610 DIM Anode(4),Rover(4) 
2620 ! 

!GRID 4 

!ANODE/ROVER GIVES ANODE/ROVER CHANNEL 
!WHICH GOES ON THE ITH GRID !20APR82 

2630 ! *******************;************************************************ 
2640 
2650 
266(1 
2661 
2662 
266~: 

2670 
268~3 

2690 
2700 

Nme·.=.::. =61] 
Tmde 1 .=.v=O 
Tmt ot =13 
Tmpo:,stfi 1 =213 

B 1 de·l ·=->.o=IJ 
Anmeas=Nmeas 

I 

2710 Anbase=Nbase 

2730 Rnba:::.e·= 14 
2740 Rnz=1 
275~:1 Rnme· =.s=9€1 
2760 
277~21 ! 

Number of read passes during pulse,<100 
Operator requested delay between readings(sec1. 
Operator requested total integration time 
Operator requested time to add to Tfi I to get 
default integration time. 
Baseline reading delay 

NUMBER OF BASE-LINE MEASUREMENTS. 

! Se·e Ro•Jf loJI.•JSllS$ 
! Seo:· Rc•\)t empbSI.lS$ 
! Seo:- RO\..'t empsus.$ 

2 1 .J u t~ ::n 
19.J .=.n84 
1 ·~J an84 
1 '3J .=.n84 
1 9 J .=.n 8 4 · 
27.JAN82 

! 1 :3t•1AR82 

I] 6 t·1 A'/8 2 

! 06~1A''f'82 

! 11 ~1A''I':::2 

2780 
2790 
28€H3 
28113 

TOTAL WATER FLOW AND WATER CONDUCTIVITY 

282(1 
2 8:3 ~3 

Tflc•1=-.064 

Tflo:•2=0 
I 

2840 Cond1=.053 
2850 Co:•nd2=0 
2860 ! 
2870 Vref1=5.0446 
28:::0 
28'30 
2900 
2910 

'./rt?f2=0 
! 

\._ 

! TOTAL SYSTEM FLOW REF. r~ad 14DEC81 
flagg~d for 2% discrepancy: Offflo$ 
! FLOW level to be read on-line CCh.23) 

Water Conductivity [i~:0.053=0.175E-6 mhos] read 15DEC81 
! 1 e \) e 1 t.. o be r· e .:t.d < C h • 2 4 ) 

FLOW METER REFERENCE VOLTAGE,read 4DEC81 
flagg~d for 2% discrepancy: Offref$ 

. ! REF VOLTAGE t~ be read on-line.CCh.25) 

* 
2920 FLOWMETER CALIBRATIONS 
2'330 

t1L/SEC TO GP~1 13JUt·J8:~: 2940 READ Mlpstogpm 
2950 DATA 63.09019667 
2960 DIM Voff(8) 
2970 READ Voff(+) 

GRIDS FLOWMETER OFF-SETS 18MAR82 
INPUT DATA: VOLTAGE OFFSETS 

2'3::=:0 
2'3'?0 
31300 
3010 
:3020 
:3(130 
3040 
31350 
3060 

DATA . 0:32,. 10'3, ,1363,. 0:3:3,.0134,. t115,. 1513,-.017 ! In m'•/, 
DIM Av6ff<2> ! ANODE FLOWMETER OFF-SETS 
REAII Avoff(*) 

DATA 0.0,0.0 
DIM Rvoff(1) ROVER FLOWMETER OFFSET 
RE.AD R•.,ooff < *) 

DATA -.026 

DIM Fmc1C8),Fmo:2(8) 
I 

ffi1.) 

I Gt~ i d 

23AF'f':82 
1 :::t·1AR:=:2 

I 1 :3t·1AI':82 
20APR82 

23AF'f':82 

3070 
30:::0 I ***************************************************************~********* 

ALL VALUES DERIVED FROM CALIBRATION CURVES SUPPLIED WITH UNITS 
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:;: 100 I 

:31113 I 

note: FLOWMETERS ARE NOT LINEAR BELOW 2.0 GPM 

3120 READ Fmcl(*) 
. :3130 
3140 
:3150 
3160 
3170 
3 t:::O 
::::1 ·;:.o 
~:2(10 

3210 
3220 
32:::;0 

Fr11C 1= ml pS~···m 1•••• • ...-v 
DATA 5':;t2. 15 
DATA 615. 1 ·:· ._. 

DATA 5'3:3. 1 1 
DATA C' ·::. .-, . .;_ . .:::.. 15 
DATH 6[1:;:. ·=-·:. •J..:.. 

DATA 584. 35 
DATA C'~"";' 

.;J ( I • 95 
DATA 595. 32 

3240 READ Fmc2(*) 
3250 DATA -64.03 
3260 DATA -87.32 

Fm•: 2=m 1 
-64. 03 
-87. ·:.·-:· ._,.,_ 

-54. C" .-, . .);:;_ 

-51 . '38 
-71 . (1(1 

-66. ':17 ._., 
-61 . 24 
-7·7. 98 

F. r1 • TEt·1P. 
pS. chan~ ·~l"·i d ::.o:·r· # ! o:ha.n. 

1 :SOURCE A 76'34 1 .-. 0::.. 

2 B 7702 1 ·:o ·-· 
·:o 
·..J GRADIEtH A 76'~8 14 
4 B 76';t5 15 
5 :;; UP PRES::: 0 R A 7699 16 
6 B 76'37 17 
7 EXIT A 7693 1 C• ·-· 
8 B 7696 1 '3 

:327t1 
:328~~1 

32':1(1 

DATA -54.52 
DATA -51.98 
DATA -71.00 
DATA -66.37 

N.B.- ALL DATA is in ml/S, 

3300 
3310 
3320 
3330 
:3:340 
::;;::::5(1 
3360 
3:370 

.DATA -61.24 
DATA -?7.98 

DIM. Afmc1<2>,Afmc2(2) 
READ Afmcl(*) 

DATA 0 !4851.322668 
DATA 926.16 

3380 READ Afmc2(*) 
33'3'(1 
340(1 

DATA 2271.24 
DATA -237.22 

I -6, 2(1852 

3410 DIM Rfmc1(1),Rfruo:2<1> 
3420 READ Rfmc1(*) 
3430 DATA 256. 711.362 
3440 READ Rfmc2(*) 
3450 DATA -19.33900 
3460 

!Anode flowmeter conversion coefficients 

!FLOW TECHNOLOGY #240496 
!#8687 29APR:32 

! 13JUt·J:::3 
! 2'3APF~82 

!Rover flowmeter conversion coefficients 

3470 **************************************~********************************** 
34:3~) I 

Vacc=Iacc=Varc=Iarc 
I 

Def.=.ul t. s ! 1 ·~ J .=.n 8 4 :34'30 
:.:::4 '? 1 
::::'500 
35~35 

:35t16 

Tde 1 3.~!=0 
Tm.=.::<=0 

I delay(mso:c) between temp measur~ments for Read3497a. 
~otal integration time(sec) from subr. Read3497a 

! 19.J.=.n84 
1 19J .=.n84 

:3 5 1 ~) T rn .=.::< ~) = 0 
:3515 Tdinc=0 
3516 

total temp measurement time with tdelay = 0. I 1 '3J.=.n84 
increase in Tmax(sec) produced by every msec ino:rease!19Jan84 
in Tdelay. Calc•.1lated it init.i-3.li:z-3.t,ior,. 11'?Jan:::4 

3550 T.=.o: C =, 002 Def a1..j 1 'f:. s 
:3 56 0 T -~r· c = . 0 02 
357(1 Tfi 1 =3. 5 
3571 
35'j~) 

3600 I ******** SET FLAG OPTIONS ****** 
3610 
3620 I 

:363(1 Dumd.=.t$= 11 t·l 11 

3640 Opt$= II t·J" 
3650 Offref$= 11 t·J 11 

3 6 6 0 0 '·! t m p f.= " t-i 11 

3670 Offfl.oJ$= 11 t·l" 
368(• Offo: o::tnd$= II H" 
36'30 Calibrate=False 
3700 R::-2::::2= Tr· ue 
37P3 I 

3720 B.:..::.e 1 $= 11 Y II 

Dat .=. H.:..nd 1 i ng 
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USE DUMMY DATA FLAG 
OPTION LIST CHANGE· 
F. ~1. \'cd t. Ro:·f .• je(.Ji =.t ion 
Overtemperature Limit 

i 1 '3 J .3.n84 
' 1 '3 J .=.n 8 4 
1 19.J an84 

TOTAL SYSTEM FLOW O.L. FLAG 
WATER CONDUCTIVItY O.L. FLAG 
CALI BF.:AT I Ot~ ~10DE 

MODCOMF' ACCESSIBLE ON RS232 14JUL 

BASELINE CORRECTION 

.. 



:37:3~~1 Spike·$=" yu 
3740 ! 

FOR NUM. SPIKE SUPRESSION 

375(1 :::1 C•C k $= 11 
\' 

11 

. :;:76~~1 Cot~n~. t··$= 11 
\' '' 

:3770 PdP·"'-~··.:.m$= 11 
\'" 

::::7:::o Rr:·do:ot d.t.= "~~~~ 
:379[1 I 

Accesso:ory Devices 
·REAL T I t·1E CLOCK 

I ARC/ACCEL COUNTERS 
Read V~cc,Iacc~Varc,& Iarc from MODCOMP 
Set 3497A cl6ck Flag default 

3800 ! ************* Operator Option List ************ 
:3 ::: 1 (1 

ELECTON DUMP FLAG 

9FEB82 
18.JAt·l82 
16FEB82 
28.JAt·l82 

9FEB82 

1 ::::.JUt·l83 
:3:33(1 Rr:;,•.,oer··$;;:" t·l" 
3::;4~3 01Jt p$: 11 

''(' 
11 

:385f1 ! 
! OPTION FOR HARDCOPY OUTPUT 
CRT PLOT •:•nl y IF ="l-1 11 

3860 Pl Crt$="'/" 
3:370 ! 

I AUTOMATIC HARDCOPY PLOT OPTION 
I,,, hen OUTP$= II\'". c."-] c l.ll·"'-t ions on 1 ~,... 
i f p 1 0 t $ = ,, 1-l " 

3890 Per·f$=" 't" 
3900 I 

! PERFORATED PAPER OPTION 

3910 
3'32~) 

3'330 
3940 
::::95(1 
:;:·;.t6~J 

3'?70 
3'?:3~3 

:3'?'?0 
4000 
4010 
4~320 

403•) 
4040 
4050 

PROGRAMMED KEY FUNCT~ONS ************************** 

,/ 

Ot·l I<E ')' #~3 GO SUB F i t'e S I ~1ULATE FIRE I NTEF:F.:UPT 0 5 t1 A'03 :::: 
ON KE'l #1 GO SUB Fi ]r)>"r SIMULATE F I LAt·1EHT OI-l II 

OH KEY #-, .,;, GO SUB '•l a.•: •: e- 1 e t •: ~3 I t·1ULF1TE '•/ACCELETC ItH 16t·1A'l:3:3 
OH KE1' #':0 •.,) CALL DIJrfiP DU~1P GRAPHIc::: 
ON KE'·,· #4 GO SUB T .;spe in i INITIALIZE TAPE 
Ot·l KE'l #5 GO~:UB T.:.pest op STOP TAPE WR'I T HlG 
OI-l KE'f' #6 GO SUB c."- i i br·.:st e TOGGLE CALIBRATE FLAG 
Otl f<E'l #7 GO SUB 1-lr:Jp DISABLE REL.JI HD 
Ot·l t<E'l #'::> '-' GO SUB T.:spe::.k i p SKIP ~3HOT OI-l TAPE 
Otl KEY #9 GOTO Rr:·sr:·t RESET OF THE t·1 E A ~:: U F.: E t·1 E t·l T 

1 8t·1AF::32 
1 :::t·1AF.::32 
16t·1A'l8:3 
20JUL::::3 
06t·1A'l82 
05t·1A \' :3:3 

Ot·l KE'/ # 11 GOTO c .;s 1 c ! (RE) CALUCLATE 

4 ~:::1 6 0 I F C ·=· u n ~· r $ = " Y " T H E t~ C A L L C •:J 1.m t t' ( D 'J m m ::..~ , D u ro m ~~ , D u rn rn y ) 
41:'::17~3 I 

16t·1A'r'8:3 

; 28.JAt·l82 

408[1 I ;*********************************************************************** 
40'?(1 
4100 I BEGINHING OF THE PROGRAM 
411 (1 

4120 ************************************************************************* 
41:30 I 

4140 PRINTER IS 16 
4150 IF Clocki=''N 11 THEN CALL Daytime(Month,Day,Hour,Mi~ute,Second) 
4160 IF C 1 or: k I="','" THEH CALL Hpc 1 or: k ( ~1or1t h, D.:.~J, H;::.lH', ~1 i n•.lt. e, ~3>:·•: crnd > 
4170 ! 

'?FEB82 
'?FEB82 

41 :::~) 
41'?0 
4201:'::1 
4210 
4220 
42:30 
4240 
4250 
426~1 

4270 
42:::0 
4 2 ·~o 
4::::oo 
4:310 
4320 
4:::::31:::1 
4:340 
4350 I 

4:360 
4370 
4:::;:::o ' 

PAGE F'F:ItlT 
PF.:ItH 
PRIIH 
PPIIH 11 L~ATEP-FLOL·J CALOF:H1ETR\' PROGRAt·1 FOR 10)·~40 L. P. A. GRIDS AriD LPS" 
PR I tiT 11 Rer...•. 11

; '·..'ers ion$ 

PRINT "******************************************************************'' 
F'P ItlT 
PF.: I tH US I t~G 426~3; Da~); M~ns is$ ( t·1·:•t1t h); 'l~.:.t'; H•::.,.w; ": "; M i nr.lt s; ": "; Ser: •:•nd I 18t·1AR 
I t·1AGE 
PRIIH 
PPIIH 
F'R I t·iT 
PF.:ItH 
PF.:ItH 
F'R I tH 
PRINT 
PRIIH 

28X,DD,3A,DD,4X,DD,A,DD~A,DD !18MAR82 

II THE OF'TIONS ARE:" 
II At·lO$= 
"ROVEPI= 
"PLOT$= 
"OUTP$= 
"PERF$= 

", Anr:r$, "ELECTPOI-l DUt·1P DATA OPT I Oh" 
"' f':t:J• ... •>:-r$' "ROVEF.: DATA OPT I Ot·l II 

",Plot.$,"PLOT OF OUTPUT DATA" 
", 01.lt p$, "F'R I t-IT OUT OUTPUT DAi A" 
" , P r:· t' f $ , " PERF 0 PATE D PAPER I S 1_1 ~:;ED " 

INPUT "Db 'lOU WANT TO CHANGE THE DATE OR TIME 
IF Rr:dr:rt.d$="\'" THEtl CALL t·lr:·,,,~.;rr,r:·(Clr:rr:k$) 

? ( ..,.. ,.··· ~ ) " ' p ·=· d Q t d $' 
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22JAI-l82 
22JAI-l:32 

I 13JUt·l8:3 
20APR82 

I 22JAt·lt:2 
9FEB82 

..... 



4:390 I t·lPUT II DO 'lOU ~·JHtH TO CHAt·lGE OPT I Ot~:.:: < '-('./t·l) ? II' Opt.$ 
4400 
4 4 1 0 I F 0 p t. $ = II t-1' 1 THE H G (IT 0 4 52 0 
4420 
44:~:~1 

4440 I 

4450 I t·lPUT 
44(:0 I t·lPUT 

"DO 
"DO 

***~** OPERATOR CHAHGE OPTIOHS ********** 

'·(l)lj 

'lOU 
~·JAtH 

~·JAtH 

C:LECTROt·l DUt·1P DATA ·~·<i.d-D", Ano:t 
F.:o~.,.~EF.: DATA ? 0:: '/.···!:i,)", F.:o:~~...oe-r$ 

4470 I r·lPUT II DO 
4 4 :::o I tlF' I_! T "DO 

\'OU 
'lOU 

~~AtH 

~~AtH 

THe PLOT BE PREPAPED AFTEF.: EACH SHOT <~·····roo ·~·",Plot$ 

THE PESULT PRINTED OUT AFTER EACH SHOT O::Y/N) ?",Outp$ 
4490 I 

45lH3 IF Outp$="\'" THHl IHPUT "~RE 'r'OU USHlG PEF.:FOF.:ATED PAPER ?o::y,··~o",Po:·t··f$ 

4 1510 ! 
4520 F I>=: ED 0 
45::::0 R~:o·..J f 1 o:oi .• J::.I.l::.$=" VT4AC 1 AF 1 AL 1 VL·J 1 O\IR 1 v D5 1

·,·
1 t·l" :!.,'·.·'AL$ ( Rnb.!:L::.o:· > :~, "AE0 1

•••
1S2\lF2" 

4 5 4 0 . R 0:1 •.,.o t o:· rn p b s •...1 ::. $ = " 1·/ T 4 A C 2 A F 2 A L 2 '...' ~·l 1 0 1·/ R 1 '·/ D 5 '·,·1 H 11 :!., '/ A L $ < F.: n b .a;:. e ) ~' " A E 13 '·/ ::; 2 '·/ F 2 " 
45513 F.:o:• 1·.!t· o:·mp::.us$= " 1•,•'T4AC2AF2AL2VL·J201300 1·/R 1 VD5'·/t·l 1 :).:'·/AL$ ( Rnmo:·.!:Ls) ::, "AEOVS2'·iF2" 
4560 ! 
4570 CALL Mo:se-t3497a0::Flowfo:$,Flowlo:t,Aflowlo:$,Ano$,Nc~,Nz,Anz,Flowsus$} 
4580 CALL Mo:set3497a0::Te-mpfo:$,Templo:$,Atemplo:$,Ano$,L,J,K,Tempsus$) 
4590 IF (N,h=L) AND <Nz=J) AND (Anz=K> THEN ]100 
461:::n3 DI:;;p "t·lOT SAt·1E t·lU~1BER OF FLOL·H1ETER At~D TEMPERATURE CHAt·H-lELS" 
461 0 PAIJ:3E 
4628 B100:IF Anz=l THEN B110 
4 6 3 ~1 D I:::; P " f1 ~~ Z > 1 • C H A ~l E L :3 CREW UP . BYTE C 0 UN T T 0 ~1 0 DC 0 t·1 P ~JI L L BE ~J R 0 H G . 11 

4640 I=l/0 'FORCE AN ERROR 
4650 
4661:::1 
46?0 
46:::0 
4690 

DIMENSION ARRAYS ACCORDIHG TO NUMBER OF CHANHELS ACTUALLY BEING 
USED AND HUMBER OF MEASUREMENTS BEING TAKEH 

4700 BilO: PED!M Flowb(Nz,Nbase>,Tempb<Nz,Nbase) 
4710 PEDH1 Sf<_~lz), StOlz), TempmOlz, t~r11eas) 
4720 REDIM Rese<Nz>,Appr<Nz>,Xm<Nz),Peak_pwr<Nz) 

REDIM AflowbCAnz,Anbase>,Ate-mpbCAnz,Anbase) 
REDIM Asf<Anz>,Ast(Anz),Atempm<Anz,Anmeas) 
REDIM Arese(Anz>,Axm<Anz>,Apeak_pwr<Anz) 

REDIM Rfbuffer$CRnbase->,Rtbbuffer$(Rnbase),RtbufferS<Rnmeas) 
REDIM Rflowb<Rnz,Rnbase),Rtempb(Rnz,Rnbase) 
REDIM Rsf<Rnz),Rst(Rnz),Rte-m~m(Rnz,Rnmeas) 

REDIM Rrese<Rnz),Rxm<Rnz) 
t1AT A~.f=( 1E:30) 
t·1AT Ast.=O: 1E30> 
t·1AT Aappr= ( 1 E:30) 

I 2:3API':82 
! (t5t·1A'/:3:~: 
! 05MA\'83 
! 05~1AV83 

! 18t·1AF.:82 
I 1 :::t·1AF.:82 
I 14JUt·l83 
! 18t1AF.:82 

! 14JUt·l83 
! 14JU~l8:3 

14JUH83 

! 14.JUtl:33 

! 18t·1AF.:82 
! 1 ::::r1AR82 

! 20APF.:82 

47:3(1 
4740 
4750 
4760 
4770 
47:::o 
4 79~3 
4:::1:10 
4:3 11) 
4820 
4:3:30 
4:340 
4850 
4:=:i=:r1 
4:370 

MAT Apeak_pwr=<1E30) 
t·1AT At·,oo::!e=ZER I SPECIFY GRIDFRAMES ON WHICH '18MAR82 
IF Ano$=" t·l 11 THEN GOTO 48'?0 1 THE ANODES ARE TO BE PLOTTED. 

4880 Anode(3)=1 '1:3JUN83 
4890 MAT Rover=ZER !20APR82 
4900 IF Ro 1...oer··:f.="'l" THEN Ro 1)et··(4)=1 
4910 PRINT PAGE 
4'?2~3 F'LOTTER IS 13, "GRAPH I C:3" PREPAF.:AT I Ot·l OF BAS I C PLOT 18t·1AF.::::2 
4930 GRAPHICS 1 18MAR82 
4940 CALL Pictlabel(Version$,Anoi,Rove-rl) 120APR823 
4'?50 CALL L•:O•;lO 
4960 CALL Gridframe(Frame1(*),1,Anode(l),Rover(1)) 
4970 CALL Grldframe(Frame2(*),2,Anode(2),Rover(2)) 
4980 CALL Grldfram~<Fram~3(*),3,Rnode0:3>,Rover(3)) 

4990 CALL GridframeCFrame4(*),4,Anode(4),Rover(4)) 
5000 GSTORE A.!:!.(*) '45B :;:., C ':;"'fORAGE OF BA::; I C PLOT 16t·1A\'8:3 
5010 I CSTORE Aaa<*>,0,227 145C STORAGE OF 2ND HALF OF PLOT 16MAY83 
5020 EXIT GRAPHICS 
5021 
5 ~1 2 2 D I ~:; P " T I t·1 I t·l G t·1 E A ~::; U R E M E tH :;:; F 0 R S U B ~3 E l} 1_1 E tH C A L C U L n T I 0 ~~ S 0 F T D E L A 'I' " 

-150-



5023 CALL Read3497a<ClockS,Nmeas,1,0,Tempsus$,TbufferS(+),Tmax0) 
5024 CALL Re~d3497a(ClockS,Nmeas,0,100,TemDsusS,Tbuffer$(+),Tmax) 
5025 Tdlnc=(Tmax-Tmax0)/100 ! change in Tmax/msec of delay 
5026 ! 

! 1 9 .J -:t.n :3 4 
! 1 '3 .J .:t.n ::: 4 
I 1 '3..T-=:inS4 

! 14.JUU3:3 5030 
5040 
so:~~~, 

5~~160 

5070 
so:::o 
50'7.10 
5100 
51 1 ;j 
5120 I 

IF t·WT 'Rs232 THEt-l Snr 
t·1 i 1 e· n = t·l u i n H·l b ~,.., t e· s p e· r·· 
RE::;ET F.:s 

!CHARACTERS FROM MODCOMP 120JUL83 
!SETUP COMMUNICATIONS LINK WITH MODCOMP 

CONTROL MASK Rs; 128+4 
WAIT READ Rs,4;Rsdummy 
~·JF.:ITE IO 1':::.,7;0 
CARD EtlABLE Rs 
TOPEN Rs GOSUB Readchr 
****************************************************~*-~**************** 

513(1 I PREPARE FOR ON-LINE DATA ACQUISITION 
5140 
5150 Snr: ON ERROR GOTO 5160 
5160 I t·lF'UT " EtHER CURREtH ::;HOT t·lUMBER 11

, ::;m·· 
5170 Snr=INT<Snr)+l 
51:::0 Re·s.et: OFF ERROR 
5190 Snr·=::;r~,r-·-1 

5200 I 

I 14JUL::::::: 
: 1 :::t·1AR:32 
' 1 :3t·1AR82 
I 05t·1A'"f'8:3 
: 1 :3t·1AR:32 

5210 
5220 

*****************~***************************************************** 

WAIT FOR FIRE COMMAND.INTERRUPT s2::::o 
5240 
5250 
5260 I 

************************************************************************ 

527~Z1 ! ***~********************************** 
RE-E~lTRY PGitH 5280 Reentry:St~peS=Tapes$ 

5290 GOSUB Srqsetup ***************~***************05MAY83 
5300 EXIT GRAPHICS 
5310 PRINTER IS 16 
5320 PR ItH P>AGE 
533~3 K i =(1 
s:;:4(1 ! 
5350 Waitforfire: 

F I::-:: ED 0 
K i 30=K i . ...-30 

5360 
'5:370 t·le·::-::t ::.hot =::;nt~+ 1 

! 05MA\':::3 

129APR82 
5:::::::o IF ( 0·...'~- mp$= II.,, II> At·lD (f< i t·10D 2=0 > THE~l :;) I :;p II ~·JA IT I tlG FOF.: TF.: I GGE~: •• s-hot # 

II ; t·l ;:· :=< t. _ s. h •:. t ; II T I t·1 E R = 11 
; K i :3 0 ; II 0 '...' E F.: T E t·1 P 0 t~ s h o t : ·. 11 

; S r, r· 
5:3'30 IF Cll..Jt mp$= II'·!' 

11 THEt·l BEEP 
5400 I F ( 0 • . .J t m p $ = 11 

\' 
11 

) A t·l D. ( K i 
II ; t~ E • : t.-::: h (1 t ; II T I t·1 E R = II ; f( i :3 0 ; II 

t·10D 2= 1) THEtl D I ::;p II ~·JAI T I ~-~G FOF.: TF.: I GGEF.: •. s.f·p::.t. # 
O'·.IERTE~1P OH sf·11:;.t: 11

; :3nt~ 

5410 I 

54 2 (i I F 0 .... t. ril p $ = II W' THE t·l D I s p II ~·J P. I T Hl G F 0 R F I F.: E r"N T E F.: F.: l_i p T .• s h.:. t # ll ; ~j E >:: t s f"pj t 
; II T I t·lER= II; K i :30 
5430 
5440 t::: i =K i +.1 

IF NOT Fire THEN Wa~tforfire 
I < 2JUL::: 1 > 

545(1 
54t.O 
5470 
54:30 
54•?0 
55(1 .. _1 

HAVE FIRE COMMAND )NTERRUPT 
E>:: IT GRAPH I C:3 
BEEP 

5510 Snr=INT<Snr)+l 
55~:0 t·1iS="" 
5525 ~lj :t=TBUF$ 
5526 

I t~CF.:Et·1EtH ::;HOT t·Wt·1BER 
ICLERR RS232 COMMUNICATIONS BUFFER 

5528 IF Tmdelay>O THEN Fire10 !Tmdelav overrides def~ult and Tmtot 
5533 IF Tmtot>0 THEN Fire15 1 Tmtot overrides default 
5534 IF Tfi 1<4 THEN Fire20 !Base Tdelay calc only on good Tfi 1 
5535 T!jE·l .~~)==r·1A>< < Tf 11 +Trnp.:•::.t f i 1 -tr .. ,.:&.::::O, 0) ..... Td i n•.: 1 s.:·c . ...- ( :z.~·c ..... m::.E·.:) =m:=.E··: 
5536 GOTO Fire20 
5537 Firet0: Tdelay=Tmdelay 
5538 GOTO Fire20 -15l-

! 05t'1A\'::::;: 

I 1 :3t·1AF.::::2 
I 1 :::t·1AF.·:::2 
I 14JUL:::3 
I 2'?t·JI)'.,.':3:3 

1 '? J :t.n ::: 4 
1 '3.J.=:in84 
1 ':!J .;an84 
1 •jJ s.n84 

1 1 ·;.J =:in84 
1 1 '3 ..T .;an::: 4 
! 1 9 J .;an :3 4 



5557 F i t-·.:·2~3: 
5558 I 

Tdelay=MAX<Tmtot-Tmax0,0)/Tdinc 
F I ::·::ED 0 

1 l9.J.:t.n:::4 
I 1'3.J.:t.nS4 

5560 DI:::P 11 PEAD BA:::E Lit·jE, TO F.:E:::ET PF.:ES::; KE\' #'? •• :::HOT 11 ;:::m·· 
557(1 
55SO Filon=Vacceletc=F.:overdatar~ady=False 
55'?0 O•.,.tt mp$= II t·j 11 

5600 Offt··e·f$= 11 t·j 11 

5610 Off'f1o$= 11 t·jll 
5620 Off•: •:Ond$= 11 H 11 

563(1 
5640 F I ;:.::ED 5 

Reset interrupt flags !05MAY83 
RP~Pt OVER TEMPERATUF.:E flag 
Re-s.e·t OFF F.:EF. '·/OL T. FLmlt'lETEF.: 
Reset TOTAL SYSTEM FLOW flag 
Reset WATER CONDUCTIVITY flag 

5650 CALL Sysstat(Tfl:t,Tflo1,Tflo2,Dffflo$,Cond$,Cond1,Cond2,0ffcond$,Bflo) 
5660 IF DtHrJOj.:t,t :t= II '/II THEt·j c;o:::uB. Dum:::.~,.·s.t .:t.t ; 1 :::t·1AR:::2 
567~::1 IF <Offfl <:)$= 11 t·jll) AtHI <Offcond$= 11 t·jll) THEH GOTO 5750 
5 6 ::: (• I F < o r f r 1 ·:o :t = " · i II > A t·m < o r r c •:o t·, d t = II • .,.. II > T H E H P F.: I t·H II F L m·l E F.: F.: II ; T f 1 o :2 ; II ..... s. II ; T r 1 
•:• 1; 11 =II; Bf 1 o; 11 GPt·l et··t'. COtHi EF.:F.: 11

; Cond2; 11 •.,.ts. 11
; Cond 1 

56'?0 IF (0fffl•:•$=ll\' 11
) A~lD (Off•:ond$= 11

'/
11

) THEH GOTO 5720 
57 0 0 I F 0 f f f 1 0 $ = II \' il THE t·j p R I H T II ::: '/ ::; T 0 TAL F L.O w E t<: F.: io ; T f 1 C•2 ; II :.:;. h ·=· u 1 d t· e· : II ; T f 1 C• 1 ; II ( 
"; Bf l o; "GF't·l)ert··. 11 

5710 IF Offcond$="Y 11 THEt·j PR I ~H 11 COt·lD EF.:F.: "; Cond2; 11 s.hot.i i d be·: 11
; Cond 1 

57::::0 
5?40 

BEEP 
BEEP 

5750 CALL Rdfmr(Fmrv:t,Vrefl,Vref2,0ffre-f$) 
5760 IF Dwnd.3.t-$=ll\'ll THEt·j GOSUB Dumr·,jfrrtt' 
5770 
57:30 IF Off't··e·f:f.= 11 t·jll THEt·j GOTO 5840 
57'::CO 

!30APR82 
!30APF.:82 

Re-ad Flow Me-te-r Voltage Ref. 
! 1 :::t·1AF.::::2 

5800 D I :::p 11 FLO~·Jf'1ETEF.: REF. '/ •. OFF RAt·jGE, Se·t 1!1: 11
; '•,•'ref 1; "Re·.:t.d 'v'·3.ltJe·: 11

; '·it··e·f2; 11 De·•.,.t i .:t, 
t i 1:1n >2~-;;" 

5::: 10 BEEP 
5:::20 I 

58::::o GOTO 5750 
5:::40 
585[1 
5860 
5:::70 

~JA IT 0 

*********************************** 

27JAt~82 

Are-a Warni~g, Pre-filament-on Time. 

*********************************** 
5:::9 0 I 

'5'}00 I 

**** TAKE TEMPERATURE BASE-LIHES ***** 06t·1A\':32 

5 '? 1 (1 I F F.: .:. •.J e t·· $ = II t·J 11 T H E t-l 5 '3 5 0 
5920 CALL Roverstart<Rovtempbsus$) 
5930 CALL Roverfinish(RtbbufferS(*)lDummy) 
5'?40 ! 

I 05t·1A't':3:::: 
I 20APF.::::2 
I 20APF.::::2 

5950 CALL Read3497a<Clock:t,Hbase,1,Bldelay,TempsusSlTbbuffer$(*),Dummy) 106MAY82 
596~3 F I ::<ED 0 
5·~?0 IF Dumoj.:t,t ·t:= II\' 11 THEt-l c;o:::UB Dtimb.3.se· 
5 ·~~ :=: ~3 

! 1 :::t·1AR:::2 

5990 ! ************************************~********~************************* 

WAIT FOR FILAMEHT OH INTERRUPT 
6000 
6010 
6020 
60JO 1. *********************************************************************** 

* 
6040 D I ::;p II L·JA IT I t·jG FOP F I LAt·1EtH Otl I tHEF::PUPT. TO RESET PRESS KEY #9 •• SHOT# 
II ; ::; t"t t' I 0 5 t·1 A \' :3 :3 
6050 Waitf.:.rfilon: 
606•:; D I:::;:· II READ I t·JG 
6070 BEEP 
e:o:::o 
60':!0 

IF NOT Filon THEN Waitforiilon 
DELTA T ,•' =· FOR SHOT #II; Stit' 

6100 1 ************ TAKE THERMOCOUPLE RE~DINGS HERE 
6110 I THEH GET FLOW 

! 05t·1A\'::::::: 
. I 05~1A\'8:3 

************************ 

61 2 0 IF R Co'..' o: r·· $= 11 
\' 

11 THE t·J CALL F.: O'..'e· t·· s t .:t,t·· t 'R ::••..'t. o:· rftp:.::.LiS· S > : ::;; TART R 0 '·/ E R DATA 
I 06t•1A\·:;2 

05t·1A'/::::::: 
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, .. 

6130 
6140 
615~3 

6160 
6170 
6U::O 
6190 
6200 
6210 

CALL Read3497a(Clock$,Nmeas,O,Tdelay,Tempsus$,TbufferS(+),Tmax) !19Jah84 
CALL Read3497a(Clock$,Nbase,1,Bldelay,Fiowsus$,Fbuffer$(*),Dummy) '06MAY82 
IF NOT Calibrate THEN Unpak !16MAY83 
F'R I tH "READ I t·iG HEATH: '•,•'OL TAGE" 
C e·•..J .:, 1 t ::;. = C e .:t_•.) = 0 
FOP T=l TO 5 
ENTER Vdevice;Cev 
L·JAIT 10~3 

Cevolts=Cevolts+Cev 

'GET LF'A HEATER VOLTS AND AMPS 

6220 ENTER Adevice;Cea 
62:;:o L·JA IT 100 
6240 Ceav=Ceav+Cea 
625~:::1 t·iE>::T I 
6260 Cevolts=Cevolts/5 
6270 Ceav=Ceav/5 

Ceamps=Ceav*Toamps 

'SEE GOSUB CALIBRATE 

. 62:::0 
629(1 
6300 
631 ~) 
6::::20 
6:330 
634(1 

Cenergy=Cevolts*Ceamps*.OOl*Tmax !GET TOTAL ENERGY FROM HEATER IN KJ 
Cenergy=MAX<Cenergy,.00001) 

6350 
6360 
6370 
6380 
63'?0 
6400 
6410 
6420 
64:30 
6440 
6450 
646(1 
6470 
64:30 
64'?0 
65(H3 
6510 
6520 
65::::0 
654~3 

6550 
6560 
65::.o 
6650 
6660 
667~j 

! 
Unp.:t.k: 

! 
At rft.:t.>:: = T r>t.:t.>:: 

D r:::: P "U tl PACK G P I D DATA, S H 0 T u ; ::: n r· 

! 1 :::t·1AF.:82 

CALL Unpack(Nz,Nbase,1,FbufferS(*),Flowb(*)) 
CALL Unpack(Nz,Nbase,1,Tbbuf~er$(*),Tempb(*)) 
CALL Unpack<Nz.~meas,l,Tbufferi(+),Tempm<*)) 
IF Ar11:•$="H" THEt·i GOTO 64:30 

! GRID FLm·JS 
'GRID TEt·1P BASE 
! GRID TEfolP t·1EA::: 

1 :::t·1AR82 
1 :3t·1AP82 
1 :::t·1AR:::2 

D I :3P "UtlPACf< ELECTROt·i DUt•lP DATA, SHOT"; :3nt' 
CALL Unpack(Anz,Anbase,Nz+1,Fbuffer$(+),Aflowb(+))IANODE FLOWS 
CALL Unpack<Anz,Anbase,Nz+l,Tbbuffer$(+),AtempbC*))!ANODE TEMP 
CALL Unpack(Anz,Anmeas,Nz+1,Tbuffer:f(*),Atempm(+)) 'ANODE'TEMP 
IF Dumd.:t.t$=."'1'" THE~i GOSUB D!Jmb.:t.se· 
IF Dumd.:.t $=" 'l" THEt·i GO SUB Dt.md.:t.t 

I 13JUt·l:3:3 
18t·1AP82 

BA:::E: 18t·1AF.:82 
t·1EA::: 20APR:32 

! 18t·1AR82 
! 1 :::t·1AF.:82 

************************************************************************ 

DI:3F' "HiD OF GRID DATA ACC!UIS!TIOt·i 
L~A IT 2(10 
BEEP 
l.olAIT 2~3(1 

BEEP 

11
: Sttr ! 13NA'l:?.2 

*************************************~********************************** 
******************* END OF ON-LINE DATA ACQUISITION *************** 
************************************************************************ 

IF ClockS="N'' THEN CALL Daytime<Month,Day,Hour,Ninut~,Second) 
IF Cl c .. :k$="~i" THEN GOTO 6750 

22JAtl:32 

6680 CALL Hpclock(Month,Day,Hour,Minute,Second) '?FEBS2 
'?FEB82 66'?0 

6700 **************************************************************** 27JAN82 
6710 I 
E720 I GET VACCEL FRON MODCOMF' EITHER VIA RS232 OP DACS 14JUL83 
67:3[1 
6740 
675(1 
6760 

**~************************************************************** 

677~3 ! 

67'?0 
r:::::uo 

IF R·jp.:.t··.:.rlt:f=" t·~" THE~j P.:t.t'.am 10 
IF Calibrate THEN Calc 

IF Rs232 THEN GOSUB Readf~ommodcomp 

IF NOT Ps232 THEN GOSUB Readfromdacs 
I~ Dum•j.:1t S=" \'" THEt·l GO SUB Dwtwdp.:t.t'.:t.m 

6820 Param10: PRINTER IS 16 
6 ::: 2 5 I F C -~· '-• n t t·· $ = 11 

\' 
11 THEN CALL C O:•U n t. r·· ( T .:tor c , T a•: c , T f i 1 ::- ' F.: e a.d t i n, .:· ::. 

6:::26 IF Dw ... j."'t. $= 11 
\' 

11 THEtl GOSUB Dt.WtC 01.mt t' 
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14JU~l::::;: 

14.JUH::::;: 
I 27.JAHS2 

14.JUU:::3 
14.JUL:::3 

i 05D.:·c ::::3 
05Dec ::::::: 



6:35(1 

687(1 
6 t: :::0 
6:3';:JO 
6':!00 
6910 
6'32(1 
6'3:30 
6'340 
6'3-5(1 
6'360 
6'~7(1 

6'?:::o 
6'3'30 
70~3~~1 

7(110 
702~3 

70:30 
7040 
7050 

PPitH 
PPitH 
PPitH 
PF.'ItH 
Pf<:ItH 
PF.:ItH 
PF.:ItH 
PF.:ItH 
PRitH 

! LET·· :3 SHOW WHAT WE HAVE FOR SOURCE PARAMETERS 
v.:..c c I·:· II '~/ .:tc c ·-· ' I .~c •: I •:· II I .~co: ·-· ' V .~r··o: I·=- II . '·.•'.:...r··.: . _. 

l 

I .:ir c I·=· II . I .~t···: ·-· ' 
T.~·: c IS II Taco: ' T .~r~•: I·=· II . T.~r···: ·-· ' Tfi 1 I·=· II jTfi 1 ._. 

E.~cc I·:· II '·.·'a.~: .: * I .:a.c .: * T .:s,c c II ·-· ' ' ! • 
DI::;p "TO CHANGE THE ABO'·/E DATA f'F.:E:::::: .f:::E'/ #15" 
I 

Fbo:-o:·p=5 
. I F C o tm t. r·· $ = " t~ " T H E t·l F b e- o: p = F b o:· E· p + 5 
IF Rdp.~r··.~rn$="t-l" THEH FbE·ep=Fbo:·o: .. p+5 

ON f:::EY #15 GOTO Param60 
FOP Beep=1 TO Fbo:ep 
BEEP 
L·JAIT 1~300.0 

t·lE>::T Beo:·p 

Set up times to wait 25JAN82 
enough to recognize & 25JAN82 
get parameter changes. 25JAN82 

THIS IS THE BASE WAIT TIME 

7~360 BEEP 
7070 GOTO Param80 
70SO 
7(19[1 

7100 
7110 
7120 
7130 
7140 
7150 
71 1;0 
7170 
71:::0 
7190 
72~:n3 

721 ~::) 

7220 
72:~:0 

7240 

! ******;*************ACCEPT CHAHGE DATA.HERE ********************* 
P ~r·· .~rn 6 0 : I t·lPUT II v.a1: 1: = 

I t·lPUT "I .~c c = ., II 

I t·lPUT II v .:tt*·•: = ?'' 
I ~lPUT " I :~r···: = ·-::· ,, 
INPUT "T.~c •: = ., II 

I tlPUT II T .~t~•: = ?" 
I t·lPUT "Tfi 1 = ., II 

P.:t.r·.~m:::(1: FI::<ED 0 
OFF KE\' #15 

' I·~·: c 
' '·/ -3.r·•: 

' I arc 
, T.~cc 
, T.~rc 

' Tfi 1 

.-.II 
:· !I •.,.•.ac •: ACCEL '·/OL TAGE 

ACCEL CUF.:F.:EtH 
ARC '•,•'OL TAGE 
AF.:C CUF.:REtH 
ACCEL Ot·l-T H1E 
ARC Ot-l-T I t1E 
FIL O~l-TH1E 

! SPEC FUNC, SHOT DATA f:::EY OFF 

CALCULATION OF CALOF.:IMETRY DATA 

725(1 c.:..l.:: I s. t. :t.t·· t = 1 !FIRST MEASUF.:EMENT 
!LAST MEASUF.:EMENT 
'NUMBER OF MEASUF.:EMENTS 

05t·1A'/8:3 
! 1 ::;:~1AR:32 
! 1 :::t-1AR82 

72t;;O I o:·r·d=Nmo:·.:t.s 
7270 Ide1t=Iend-Istart+l 
?2:::o 
7 2 '30 D I ::; P " CALC U LA T I 0 t·l 0 F BAS I C G R I D DATA S H 0 T t·W t·1 BE F.: " ; S n r· 
7:300 
;:':3 10 
7:320 
7 :;: :~;(1 
7340 

CALL Getf1ow<Nz,Nbase~Fmcl(*),Fmc2<*>,Voff(*),Vro:f2,F1owb(+)~Sf(+)) '18M 
CALL Gettempbaso:<Baself,Nz,Nbase,Tempb(*),St(*)) !18MAF.:82 
CALL Gettemp(Nz,Nmeas,St(+),Ternpm(+)) '18MAR82 
CALL Spike(SpikeS~Nz,Nm~as,Tempm(+)) !18MAR82 

?::::50 D I :=;p 11 CALCULAT I OH OF THE EtlERG\' TO THE GP IDS~ :3HOT tlUMBER 11
; :::rw 

7360 CALL Intg(F.:ese(*),Istart,Iend,l,Nz,Tmax,Temprn(+),Sf(+),Ido:lt~F.:o:so:cf(*))!29 
APF-::::2 

73:::o 
?:~:·?o 

740(1 
7410 
7420 
7430 
7440 
7450 
740:.0 
7470 
74:::0 

CALL Getm~x<Nz,Nmeas,Temprn(+),Xm(+)~Tempm~x) !18MAF.:82 
CALL Ge~pkpwrCNz,XmC+),Sf(+)~Pea~ pwr(+)) !18MAP82 
I:H"LL .:. ... ~,..r--· T-~- Tt···1 '.1-~- I-·.-: ·.•- R···- ,.. .... , ·:·1··.,-~,..····, F··1,.-.:,:.··, H- ..... ,...·.,·., -· n f·' f.· t ·. ·:::1.'- '· ' ·::l.t ,_ ' 1 ' ' .::it ,_ , ·::l.t ,_ ' [1 .... ~ •. ·= ;:, e ·. * .· , ·-· '·' r·' '= ·. * .. ' 1 • .... · ~ f·' f-' r .... · .. 

IF An of= 11 t·l" THEt·l GOTO 756[1 
As. t. .~r··t = 1 
H ,;;:· n d= Anmo: .:t.s 
Ade1t=Aend-Astart+l 

I 1 :3t·1ARB2 
I 18t·1AP:::2 

i D I SP "CALCULAT I Ot·l •:1F BA:3 I C At·WDE DATA·' :::HOT t·Wt·1BEP "; :::t·lP ' 1 :::t·1AF.:::::2 
CALL Getf1ow(Ahz,Anbase~Afmcl(*),Afmc2(+),Avoff(*)~J,Af1owb(+),Asf(.:,:.))I13J 

CALL Gettempbaso:<Basel$~Anz~Anbase,Atempb(+)~Ast(+)) !18MAR82 
CALL Gettemp(Anz~Anmeas,Ast(+)~Ato:mpm(+)) !18MAR82 
CALL Spike<SpikeS~Anz~.Anmeas,Atempm(+)) '18MAF.:82 
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74'j(1 
7500 DISF' "CALCULATIOt·~ OF Et·~ERG'/ TO THE ELECTF.:Ot·l DUt·1P, SHOT .t·Wt·1BER";Sm··I1:3.JUt·l8:3 
7510 CALL Intg(Arese(*),Astart,Aend, 1,Anz,Atmax,Atempm<*>,As~(*),Ade1t,Aresecf( 
*)) I 2'3AF'F.::::2 
7520 CALL G~tmax<Anz,Anmeas,Atempm(*),Axm<*>,Atempmax) !18MAR82 
7530 CALL Agetpkpwr<Anz,Axm(*),Asf(*),Apeak_pwr(~)) 118MAR82 
7540 CALL Rappr(Tacc,Tarc,Tfi l,Varc,Iarc,Anz,Arese<*>,As1ope(*),Afi 1(*),Aappr<* 
) ) I 1 :::t·1AF.::::2 
755[1 
756(1 IF ·r::o• ... •e·t··:f=" H" THEt·~ GOTO 7:::::::0 
7 5 7 ~:1 D I ::; F' " ~·J A I T HJC; F 0 F.: F.: 0 '·/ EF.: D E L T A T t·1 E A S U F.: E t·1 E tH ::; T 0 F I H I S H , S H 0 T " ; S n t·· 
7580 Waitforrover: IF NOT Roverdataready THEH Waitforrover 
75'30 DI::;p "F.:EADIHG RO'o/EF.: DATA, SHOT";:::nr 

.7600 
7610 
7620 
7630 
764() 

CALL F.:overfinish(Rtbufferi(*),Rtmax) 
Roverdataready=Fa1se 
CALL Roverstart(Rovflowsus$) I GET FLOl·1 
D I SP ·" ~·1A IT I t·lG FOR RO'·.IER FLO~·J t·1EA::;UREr·1HlTS TO F I t·J ISH, SHOT" j ::;m-

Waitforf1~w: IF HOT Roverdataready THEN Waitforf1ow 
CALL Roverfinish<Rfbufferi<*>,Dummy) 
DISP "Ut·lPACTIHG RO'o/ER DATA, SHOT"; ::;nr 
IF Dumd.;s.t, $=" ''(" THEI-l GOTO 771[1 

I 2~:1APF.::::2 
I 05t·1R\'::::3 
! 05t·1A\'83 

20APR82 
05t·1AY8:3 
06t·1A'l:32 
05t·1A\'8:3 
~~15 t·1 A\'::: 3 
~36t·1A'l82 765~3 

766(1 
767(1 
?6e(1 
76'?0 
7700 
771 (1 
772(1 
773~) 

CALL Unpack(Rnz,Rnbase,1,RfbufferSC*>,Rf1owb(*)) !UNPACK FLOW 120APR82 
CALL Unpack<Rnz,Rnbase,1,Rtbbufferi(*),Rtem~b(*))!UNF'ACK TEMP BASE!20APR82 
CALL Unpack(Rnz,Rnmeas,l,Rtbuffer$(*),Rtempm(*)) !UHPACK TEMP MEAS 20APR82 
Rstart=1 !20APF.:82 
Rend=Rnmeas !20APR82 
Rde1t=Rend~Rstart+1 

7740 
?750 

! D I ::;p 11 CALCULAT I Ot·l OF BA::; I C RO'·/ER DATA, :3HOT NUt·1BEF.: "; ;3t·iF.: I 20APF~82 
CALL Getf1ow(Rnz,Rnbase,Rfmcl(+),Rfmc2(*),Rvoff(*),Vref2,Rf1owb(*),Rsf(*)) 

7760 CALL Gett~mpbase(Base1S,Rnz,Rnbase,Rtempb(*),Rst(*)) 120APR82 
777~Z1 

77:30 
?7•3(1 

CALL Gettemp(Rnz,Rnmeas,Rst(*),Rtempm(*)) 120APR82 
CALL Spike<SpikeS,Rnz,Rnmeas,Rtempm(+)) !20APR82 

?::;(H) D I ·;p " CALCULAT I Ot·~ OF EHERG'l TO THE RO'·iEF.:, SHOT ~Wt·lBER 11
: ::;nr· ! 20APRS2 

7S10 CALL Intg(RreseC*>,Rstart,Rend,l,Rnz,Rtmax,Rtempm(*),Rsf(*),Rde1t,Rresecf( 
*))129APR82 
7S20 CALL GetmaxCRnz,Rnmeas,Rtempm(+>,Rxm<*>,Rtempmax) 
7:::::::o 
7:340 
7:35(1 
786~3 

7:370 

********************************************************************* 
OUTPUT SUMMARIZED RESULTS 

********************************************************************** 

7880 PRIHTER IS 16 
7:3'?0 IF ou't pS= II'/" THEt~ PR I ~HER Is o 
7 '? 0 0 I F ' F' e· r·· f :t = " \' " ,:. A t·l D ( P 1 () t $ = 11 t·l 11 

:• A t·l D ( S n t~ t·1 0 D 2 = 0 ) T HE H F' R I ~~ T P A G E ' ! 1 8 t·l A F.: ::: 2 
7'311 0 
7'320 IF AnoS= 11 H 11 THEtl GOTO 7'?6~3 ! 1 :::t·1ARS2 
7'?:30 PRiiH U:3It·jG 7940; 11 *****RE::;UL T::; OF 10>=:40LPA :l., LPS CAL FOR SHOT#"; ::;nr~; 11 '***** 
R.:·•._.t. ~·; '·.·'e·r···.:. ion$ 
7940 IMAGE 44A,6D,2X,9A,1X,9A 
7950 GOTO 7980 
7960 PFitH u::;It·lG 7'?70;''*****RESULT::: OF 10>:40LPA GRID CAL FOF< SHOT # 11 ;3nr·;ll***** 
J;.:~'·..'. ••; '·,·'.:·r··:;. i .:,n$ 
7970 IMAGE 44A,6D,5X,'3A, 1X,~A 
7'?:::o PR I tH US I t·~G 7990; "DATE: "; Da.v; t·1e'tU i ::.s ( t·1ont h); \'e·.=.r··; II T I t·lE: ';How··; ": II; t·l i n1.1t e·; 11 

: "; ::;e·•: ond; "B.:1::.~ 1 i ne t··e·.:s.d de 1 ·=-~··': "; B 1 de 1 .:1\/ 

79'30 IMAGE 5A,2X,2D,:3A,DD,4X,5A,2X,2D,A,2D,A,2D,20X,28A,4D 
:::oo~3 ! 
:::o 10 
::::020 

A=MIHC'?99.'3,MAX<Vacc,-99.9)) 
C=MIH<9'?9'?.99,MAX<I:icc,-999.99)) 

I 1 :::t·1AF.::32 
I 1 :::t•1AF.::;2 

::: 0 ::;: 0 F' F.: I t·l T U :3 I 'l G :3 0 4 0 : 11 \i .=.c •: : " ; A ; 11 k .::·• . .! I .=.•: •: : " ; C ; 11 Amp::. T ac c 11 
; T :1c c ; 11 

::. e· c " ; 11 T e· m p t·1 E' 

.=.::. de·l~•,.>: 11 jTdel.:s.~,.·' !19J.=.n:::4 
8040 IMAGE 5A,X,DDD.D,X, 11A,DDDD.DD,X,10A,DD.DDD,X,:3A,6X,16A,4D 
:::osc; 1 

8060 A~MIH<999.9,MAX(Varc,-9'3.9)) 

8070 C=MIN<9'?99.99,MAX(Iarc,-9'?9.99)) 
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:::o:::o IF t·WT C-::11 ; bt··.:l.t E· THEt·j Pf<: I t·n u::; HH:; :::090; II './.:ir-·c: II; A; " '•/o 1 t I-.:l.r·o:.: II; c; ".Amp::. T -:it"• 
c 11 

; T .a,r-· 1: ; •• ::. e· 1: T f· i 1 11 
: T f' i 1 ; 11 

::. e·.: 11 

8090 IMAGE 5A,X,DDD.D,X,11A,DDDD.DD~X,10A,DD.DDD,X,10A,DD.DDD,4A ! 1FEB82 
8100 IF Calibrate THEN PRINT USING 8110;Cevolts,Ceamps,Ceav !17MAY83 
:::110 I t·1AGE "HEATEF.:: ", DDDD. D, 11 '·/o:• 1 t s ", DDDD. D, " Amp::. ( ft··om ".• DDD. DD, 11 Vo 1 t ::.>II 
:::120 PF.: I fH u::; r t·JG 81 ::::o; II F.:E::;uL T OF Et·JEF.:G\'- I tHEGI':AT I Ot·J: II; I d.:·l t; "PO I tn::;"; Tm-::1>=:; •· ::;ECOt·J 
n::;" 
8130 IMAGE 29A,2X,DDD,.2X,6A,3X,DDD.D,2X,6A 
8140 PRitH 
;:;: 1 ~' 0 p R I NT II c h -:inn E· 1 F 1 0 l.o.l 

:::160 IF t·WT C ::11 i bt··.:it .::· THEt·J PR I tH " 
:::170 IF c.:01 1 ; tor-·.:l.t .::· THEN PI': rtn II 
::::1:::0 PF.: rtrr " # c GPt1 J 

F 1 ot.,t Tot .::11 
A•-.!•;1· F't.o.tr·. 

Calibration Energy 
[ml/::;J 

Po:·:1k 
diff" 

F' l.o.l t"· II 

::;: 1 '30 IF t·lOT C.:il i br·.:l.~- .::· THEt·J F'R I tH 11 

8200 IF C:1l i tot·:it.E· THEt~ PI':ItH " 

[kJJ"; 
[ ~J ..... t··.:l. i 1 J [ I•J .. ···t··.:i i 1 J " 

I 16t·1A\':::3 
' 16t·1AY8:3 
I 16J·1A\'8:3 
I 16t·1A\'83 
I 16t·1A'l:::::;: [kJJ •.-II .. ·. 

821 (1 ! 
:3220 T-:l.•:c$=" " 
82::::(1 IF T.:1o:o:<. 15 THEt·j Taco:$="·?" 
:::240 ! . 
:3 2 50 I m $ = 11 4 :=~ , D , 9 :": , D D • D D , 6 >=: , 4 D • D D , ::: ~-=: , :::: D . D D , 1 0 :=·=: , 1 A , 4 D • D D , 8 >=: , 4 D . D D " 
:3260 I 

8270 FOR !=1 TO Nz 
:::2:::(1 
:::290 
83>Z10 
:3:310 
8::::20 

:;::::::40 

IF 1 t)l.oJ in GPt·1 Sfgpm=Sf(l)/Mlpstogpm 
Sfgpm=MlN('39.99,MAXCSfgpm,-9.99)) 
F=MIN(9999.99,MAX<Sf<I>,-999.99>> 
R=MIN<999.99,MAXCReseCI),-99.99)) 
A=MINC9999.99,MAX(ApprCI>,-999.99)) 
C=MINC9999.99,MAXCPeak_pwr<I>,-999.99)) 
IF NOT Calibrate THEN Nocal 

8350 Ediff=<Cenergy-F.:eseCI))/Cenergy*lOO 
8360 A=MIN<9999.99,MAXCEdiff,-999.99)) 
8370 C=MIN(9999.99,MAXCCenergy,-999.99)) 

::: ::;: ·;:; ~3 t·J o o: -~ 1 : I F ( A p p t' ( I ) > = 6 0 0 ) AND ( T .:1o: •: $ = " " ) THE t·J 0 '-.! t. m p $ = " \' " ! 
8400 I 

:3410 
::::420 
8430 
8440 
:::450 
:3460 
8470 

· S4:::o 
:::490 
::::500 
8510 
:352(1 
:::5:3(1 
:::540 
:3550 
:3560 
:357(1 

:359(1 
8600 
:::610 
:::620 
:::6::::0 
8640 

PRINT USIN~ Im:t;I,Sfgpm,F,R,Tao:o::t,A,C 
t·JE:=<T I 

IF Ano$= "t·J" THEt·J Ro• ... •l 
PRitH USING 846>3;" [ld~J ", "[f::WJ" 
IMAGE 56X,7A,10X,4A 
FOR I=1 TO Anz 
Sfgpm=Asf(I)/Mlpstogpm 
Sfgpm=MINC99.99,MAX<Sfgpm,-9.99)) 
F=MINC9999.99,MAX<Asf(!),-999.99)) 
R=MIN(999.99,MAXCArese<I>,-99.99)) 
A=MINC9999.99,MAXCAappr(I),-999.99)) 
C=MINC9999.99,MAXCApeak_pwr(I),-999.99)) 
I nt $ = " 1 >=: , :::A , 5 :": , D It • It D , 6 >=: , 4 D •. D It , ::: ::·:: , :3D • D D , 1 0 :=-; , 1 A , 4 D • I'D , . ::: :=< , 4 D • D D " 
P F.: HH u ::; HJ G I m :t ; " .:- " :!., c H R $ c 1 7 6 :• :v• dump " , ::: f •;I p m , F , F.: , T .::1.: •: :t , A , c 
NE>=:T I 

Ro•v•1: IF J':o~.-'ET:t="t·J" THEt·J Gri dl 
Sfgpm=Rsf(l)/Mlpst.ogpm 
Sfg~m=MINC99.99,MAXCSfgpm,-9.99)) 

F=MINC9999.99,MAXCRsf(1),-999.99)) 
R=MIN(999.99,MAXCRrese(1),-99.99)) 
PR I tH u:; I t·JG 864(1; "RO'·iEF.:", ::;ft;~pm, F, R 
IMAGE 2X,5A,7X,DD.DD,6~,DDDD.DD,8X,DDD.DD 

:::660 Gc··i dl: PI':ItH U:3It·JG :::670; "H.:·.::..t to •;lt'i d::. +.··- di ffETEno:.:·, [k.JJ";" 

:367>:::1 
:36::::o 
:36'310 

D.:·•._... Pe-f. • ... •. ••; Vt---:·f t-•.,•r·.:·f2 
IMAGE :35A,30A,SD.DDDD 

FOR I=2 TO Nz STEP 2 
Gt·· i dno= I /2 
Gridegy=MINC999.99,MAXCRe3e(I-1>~PeseCI),-999.99)) 
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! 15JUN:=::3 

14.JUt·HB 

1 ::::JUt·J:::3 

! 16t·1A'/83 

'3tFEB82 
F 1 .::1•;1 14-.TUt·J:::::;: 

9FEE:82 
14.JUt·J83 

I 1 :::: .JU t·J ::::::: 
I 1 :3.JUt4:3:3 

I 1 3.JUN:::::;: 

1 4 J u tJ ::::3 



• 

:::710 

:::730 
:::?40 

Gridegydif=MIN(999.99~MAXCRese(f-1)-Rese(I)~-999.99)) 

Gridpkpwr=MIN(99999.99,MAX<<Peak_pw~<I-1)+Peak_pwr(l))/2,-99999.99)) 
I 

IF 1=2 THEN PRINT USING 8750;Gridno,Gridegy,Gridegydif,Gridpkpwr ! 18MAR82 
I t·ll=i G E " G F.: I D " , D D ~ " = " ~ S D D D • D D ~ S D D D • D D , 11 k J .:=t.n d p .;:· .::..k p o '··J e· t·· " , ::: D D :D D D . D D ~ 11 1 .. .1 

.:.,tt:: ...... r·.:..i l" 
:::760 I 

8770 IF <1>2> AND <1<8> THEN PRINT USING 8790;G~idno~Gridegy,G~idegydif~Gridpkp 
'.·.It- ! 1:::r·1AF.::::2 
8780 IMAGE 6X~DD~X~SDDD.DD,SDDD.DD,19X,SDDDDD.DD 

8800 IF 1=8 THEN PRINT USING 8810;Gridno~Gridegy,Gridegydif,Gridpkpwr, ''TIME SIN 
CE LASTSHOT",f<i.··':30~" :::." ! 1:::t1AF.:82 
8810 lMAGE 6X~DD~X,SDDD.DD~SDDD.DD~19X~SDDDDD.DD~2X,2~A,DDDD~3A 
:3820 t·lE~<T I 
:::::::~:0 

::::::4(1 

886~}. 

:3870 

IF P 1 ot $=" 'l" THEH GOTO :38::::(1 
PF.:ItH 
PF.:ItH 

s::::::o IF O• .. •trrop$="\'" THEN PF.:ItH "*********~·JARt·lit·lG t'.:t.ll he:..t. O' ... 'EP 6(10 ~·J. Lit·liT *** 
***********II 
8890 PRINTER IS 16 
8900 IF O·...'tr11p$="t·l" THEt·l S10 
:3 9 1 0 P P HlT " ~·JAR N Hl G F.: A I L HEAT 0 '·/ E F.: 6 0 (1 ~·J H T T L Hl IT " 
8':i'20 
8930 
8':i'40 

8960 
8970 
:::·;.:::0 
8'?9~} 

FOR Beep=1 TO 30 
~~AIT 100 
BEEP 
~~AIT 200 
BEEP 
t·lE::<r Beo::-p 

9000 SlO:IF NOT Cal ib~ate AND Rs232 THEN GOSUB Sendtorroodcomp 
9010 

! 14.JUL::::~: 

'31020 
9030 
9~340 

905(1 
9060 
':i'O?O 
90:::(1 
9090 
'=-' 100 
9110 
'=-' 12~3 
91 :3C1 
'=-' 140 
'? 1 50 
9160 
':i' 170 
9t::::o 
91'?0 
9200 

**********************************·************************************* 
MAKE THE DATA PLOTS 

I F P 1 o t $ = " t-l'' THE H P 5 ~} 0 
DISP "PREPARATIOH OF PLOT DATA, SHOT HUMBER '';Snr 

CALL Get.percent.<Hz~Hmeas,Tempmax~Terropm(*)~Tempmt(*))tTemps to% 18MAR82 
CALL Getxtime(Idelt,Istart,Iend,Tmax,Hm~as,Timerro(.;.;.),Trroes) 120APR82 
IF Ano$="N" THEN GOTO 9130 
At. rf,e·s=Tmes 
CALL Get.percent(Anz,Anmeas,Aterropmax,Atempm<*),Atempmt(*)) 
IF:' R•:•• .. 1e·rS="t-l'' THEN GOTO 9160 
CALL Getpercent.<Rnz,Rnmeas,Rterroprroax,F.:tempm(*),Rtemprrot(*)) 
CALL Get.xt.ime(Rdelt,Rstart,Rend,Rtmax,Rnmeas,Ptimerro<*),Rt.mes) 
PF.:ItHER 1:3 16 
PRitH PAGE 
DI::~P "" 

I 1 8t·1AF.::::2 
!20APRS2 
! 2~JAPR:::2 
!20APRS2 

GLOAD Aa(*) !CLEAR t RE-LOAD GRAPHICS 
! GLOAD AaaC*>,0,227 145C !LOAD REST OF GRAPHICS 16MAY8 

'342 10 GRAPH I C:3 
9220 CALL Plotl(Tmes,Terroprroax, Idelt~Snr,Atemprroax,AnoS,Rtmes,Rtempmax,Rdelt~F.:over 
$• 

'3 2 :~: 0 CALL P 1 o t 2 ( F t' .::t.rfl e 1 ( .:,:. ) .• T i n-, .:· m ( .:,:. > ~ T e· m p nl t. ( .:,:. ) , R e ::. e ( * ::: , 1 , I ::. t .:;,t·· ~. , I .:· n d , T i :'o'1 e· rf1 ( * > , At"· e 
se(.:.:.),At.empmt(*),Anode(.;.;.),Astart~Aend,Ano$) 

9240 CALL Plot.2<Frarroe2(.:.:.),Timem(.:.:.),Tempmt(*)~Rese(*),2~ !start, Iend,Timem<*>,Are 
se(.;.;.),At.empmt(.:.:.),Anode(*),Ast.art~Aend,Ano$) 

·~ 2 5 ~:::1 C A L'L F' 1 o t 2 ( F t"· .~me 3 ( .:,:. ) ~ T i rro e· m ( .:,:. ) ~ T e· rf• p rn t ( * ) , F.: e ::. e ( * > , :::: , !::. t .. :..t·· -:. , I End , T i r,·, e· rro ( * ) , At·· e· 
se(.:,:.),Atempmt(.:,:.)~Anode(.:,:.),Astart,Aend,AnoS) 

9260 CALL Plot2<Frame4(.:,:.),Tirroem(.:.:.),Terropmt.(.:,:.),Rese(*),4,Istar~.Iend,Rtimerro(*),Rr 

ese(.:.:.),F.:terropmt(*),Rover(.:,:.)~Rst.art,Rend,Rover$) 
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IF F' 1 Cot$= II t·~ II THEt-l GOTO '3:3:3~3 

IF 01.lt p$= 11 Y 11 THEN CALL Durnp 
F'R HHER IS 0 

'32:::o 
929~3 

9300 
'3:::: 10 
9320 

IF <OI.ltp$= 11
\'") At·JD <P.:-t~f$= 11 '( 11 ) THEt·j PF.:IHT PAGE 

F'RitHEI': IS 16 
9330 EXIT GRAPHICS 
'334(1 
9350 GOSUB Tap.:-writ.:-
9::::60 ! 
9370 GOTO Reentry 
'33:::0 ! 

I SAVE DATA OH TAPE IF REQUESTED 06MAY82 

9:390 I ***************************************************************** 
9400 BEGINHING OF GOSUB TYPE SUBROUTIHES 
9410 
94:20 
9430 I *********************************************************************** 
'3440 

CALIBRATION MODE SUBROUTIHE !16MAY83 9450 
9460 
9470 
'3480 

LPA HEATER VOLTS AND AMPS ARE ACQUIRED VIA 2 HP 34:38A DVMS. 
LPA HEATER CURRENT IS DVM VOLTS * 66.67 

'34'::<0 I· 

9500 Calibrat.:-: Calibrat.:-=NOT CalibratE" !TOGGLE CALIBRATION MODE FLAG 
'351 0 IF C.:t.l i br.:t.t. .:- THEt·~ PR I tH 11 ENTEF.:ED CALIBRATE t10DE 11 

'3520 IF t·WT C.:t.l i bt~.:t.t E" THE~i PR I tH II LEFT CALIBRATE MODE II 

9530 Vdevice=725 
9540 Ad.:-vic.:-=724 
9550 Toamps=66.67 
956~3 RETURN 

!DVM HPIB ADDRESS FOR HEATER VOLTS 
!DVM HPIB ADDRESS FOR HEATER AMPS 
!CONVERSION FROM VOLTS TO HEATER 
! At1PS. 

·:,.57~1 

9580 DUMMY DATA GOSUB ROUTINES 

9600 
'361 0 
'3620 
96:30 
'?640 
9650 
9660 
9670 
'?680 
96'30 
970~o]" 

'3710 
972~) 

973~3 

'3740 
'?750 
9760 

Dumsyst.at.: Tfleo2=Tflo1 
c.: .. nd2=Cond 1 
Dumc nt. =Dum•: nt, + 1 
RETURN 

Dumrdfmr: Vr.:-f2=Vr.:-f1-.005 
0 f f t"· €" f $ : II ~~ II 

RETURN 
Dumrdparam: Vacc=80 

I .:t.•: c =25 + DW1iC nt *5 
'v1 -~t"'·c=36. 

I ar·c = 125~3 
RETUR~j 

Dumceountr: Tacc=.5 
T ar·c =. 8 
Tf i 1=:3 
F.:E TURt~ 

Duwb.:t.SE": I =0 
9770 FOR I=1 TO Nz 
97:::0 
'?7'30 
9:::oo 
9810 
9:::20 

•;!:::40 
9:::50 
9:::60 
·;.::: 7 (1 

·?::::30 
9890 

FOR J=1 TO Nbase 
FlowbCI~J)=4.961E-3 

Ternpb( I~ J)=O 
IF I>2 THEN GOTO 9870 
Aflowb(l,J)=4.961E-3 
Ar. o:·rf1f)b (I, J) =0 
IF I>l THEN GOTO 9870 
RflowbCl,J)=4.961E-3 
Rt.o:·wpbO::I,J)=O 
t·lE>::T J 
t·~E:<T I 
F:ETURtj 

9900 Duwdai: F~pi=2+3.14 
9910 Inc=2/Hw.:-as 
9920 Sqrt2pi=l/SQR(F2pi) 

! FLOL·J 
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t·1€·.~n=O 
Fac=Dumcnt MOD 2 
IF Fac=O THEN Fac=.5 
>=:=-1 
FOR .J= 1 TO t·lme .:.,s 

99:~:0 

•;:J•:;40 
9'350 
';:J'36~J 

9970 
9'3:::0 
9990 
1 0(100 

s i 9rfl·~=. 2 
Tempm<1,J)=-Sqrt2pi/Si9ma+EXP<-<X-Mean)·'2/(2+Sigma+Sigma))+15+1E-6+Fac 
Tempm(3,.J)=Tempm<1,J) 

10010 Tempm(5,J)=Tempm(l,J) 
10020 Tempm(7,J)=Tempm(1,J) 
100:30 s i 9ril·:t.=. 3 
10040 Tempm<2,J)=-Sqrt2pi/Si9ma+EXPC-CX-Mean)A2/(2+Sigm~*Sigm~))+15+1E-6+Fac 
10050 Tempm(4,J)=Tempm<2,J) 
10060 Tempm<6,J)=Tempm<2,J) 
10070·Tempm(8,J)=Tempm<2,J) 
1~)0:::[1 Sigma=. 5 
10090 Atempm(1,J)=-Sqrt2pi/Sigma+EXP<-<X-Mean)A2/(2+Sigma+Sigma))+15+1E-6+Fac 
10100 AtempmC2,J>=AtempmC1,J) 
10110 Rt~mpm(1,J)=A~empm(l,J) 
1012(1 )·~=:,:+Inc 

10 DO t·lE>::T J 
1014~3 PETURt-l 
10i50 
HH6>:1 

******************************************************************* 
GOSUB ROUTINE FILON 05t·1A\'83 

10170 Filon is gives function key simulation of filament on interrupt 
1018.0 ! 
10190 F i l •:.n: F i l on=Tr·JJe 
10200 Nop:RETURN 
10210 ************.*************************~************************~**** 
10220 GOSUB ROUTINE FIRE 
10230 Fire gives function key simulation of fire interrupt 
10248 I 

10250 Fire: Fire=True 
10260 RETUPt·l 

05t·1A\':3:3 

10270 
1 o2·::o 

******************************************************************* 
GOSUB ROUTINE VBCCELETC 0 5t·1 A\'::::~: 

10290 Vacceletc gives function key simulation of Vacceletc interrupt from 
10300 Modcomp. 
10310 Vacceletc:Vacceletc=True 
1 (1320 RETUI':tl 
10J3(1 I ******************************************************************** 
10340 I GOSUB ROUTINE READCHR 
10350 I Readchr fetches characters from TOPEN's circular buffer in 
10360 I in response to interrupts. 
1 (1:~;70 
10380 Readchr: MjS=TBUFS 
10381 Lenmi=LENCMi$) 
10390 IF Lenm{=Milen THEN RETURN' 
10391 IF Lenmi+LENCMj$)}Milen THEN MjS=Mj$[1,Milen-LenmiJ 
10392 MiS=MiS&Mj$ 
10400 RETURt·l 

14h~l :3:3 

2'3t·l0 'i :3:3 
I 2'3NO'·/::::::: 
I 2'3t·!(!'.,l:j::;: 
I 29N0'•/:3:3 

10410 
10420 
104:30 
10440 
10450 
1 ~J460 

******************************************************************** 

10470 

GOSUB ROUTINE READFROMDACS 
Readfromdacs gets vaccel, etc. from d~cs setup by Hpsend in Modcomp 
after an interrupt is received from the Modcomp. The usual· and 
p r·· e f e r·T e d rn.; r. h o ,j i s. t o 9 e· t • .. • .:.,c •: e 1 , e· t c • f r· om t he· ~h:. d •: Q m p ~ .. i .:t, t. he· 
Hpib. See Readfromhpib. 

1 04:::•) F:e ~dft'or:pj.:t.•: :;. : D I :::P "l·JA IT I t·!G FOR I t-JTERFWPT FP0~1 t·10DC0~1P ... s.hot. #"; ::::nr·· 
1 04'~0 I 

10500 Waitformodcomp: IF NOT Vacceletc THEN Waitformodcomp 
1 051 0 D I·:: F' •i F: EAD I ~lG PAPAt·1ETEF.::3 FPOt·1 DACS SETUP. B\' t·10DC0~1P" 
10520 CALL Rdf) :tr··.:t.rll < '/.:t•: c $, I .:sc c $, \i.:tt'•: :!-, I .:Jr•: $, V.:..c c, I .:t.c c, '•/.::.rc, I .:..r··c) 
1 (15:30 RETURt·l 
10540 ! ***************************~**********************************~******** 
10550 I GOSUB ROUTINE REAJFROMMODCOMP 
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I Readfrommodcomp waits for the message from HPSEND ~n the Modcomp 10560 
1 057~:::1 
1 05::a:::1 

I I.Jh i ·= h c o:ont, .;:. in::. ::.ho::ot,. t"ll.lrl!bE·t··' l.).::t.C ·= e 1 ' i .;.o: 0: o:·l ' o.,o.:..r·c' .;:.nd i .;:.r·o:. Tho::·n it 
extracts the values from the message. 

1 05'30 
10600 Peadfrommodcomp: DISP ''READING VACCEL, ETC. FROM MODCOMP VIA RS232 shot #: 
11

; Snr· 
10610 I I 27JAt·l:32 
10620 FI::-=:ED 0 
1 06:~:0 FOP J= 1 TO 120 ! ~JA IT FOP t·1E::;:3AGE FROt·1 HPSEt·lD BUT HOT 1 14JUL:=::~: 

10640 
10650 

IF LEH<MiS)>=Milen THEN Rfm40 'MORE THAN ABOUT 2 MINUTES ' 20JUL83 
~·JAIT Hh30,0 

10660 
10670 
106:3(1 
1 ~:::1690 
1 ~370~:::1 
10710 
1 0?2~3 
107:30 
1074~3 

10750 
1 ~)760 
1077(1 
107:30 
1 07'3~3 
10:300 
10:310 
1 o:::2o 
10:330 
10840 
10850 
1086~3 

t·JE:=<:T J 
~lcod.;:.t .::.=Tr··t.le !TIMED OUT. DATA FROM MODCOMP MISSING 
GOTO Rfm50 
F.:fm413: t·lod.:..t .;:.= 0:: t·1 i $ [ 1; 2 J = 11 t·W") 

Rfm50: .J= 1 
FOF.: I= 1 TO t·l•.,o in 
'·/0:: I )=lE~:O 
IF Nodata THEN Pr100 

'·.·' 0:: I ) = '·/ A L 0:: t1 i $ ( J ] ) 
K=.J 
J=POSCt•li$(1<], ", 11 )+K 
Pr UJ0: NEXT I 

!GET VALUES FROM MESSAGE 
!VALUES ARE DELIMITED BY COMMA 

IF V(1)<>1E30 THEN Snr=VC1) 
Vacc~VC2) !CONVERT VACCEL TO Kv 
IF Vacc<>1E30 THEH Vacc=Vacc*.001 
I .:a.•: c = V < :3 ) 
'•,•' .:..r·· c = V ( 4 ) 
I .:£it"· c = '·l < 5 ) 
F:ETURt~ 

1 0:37~3 ********************************************************************** 
10:380 GOSUB ROUTINE SENDTOMODCOMP 
10890 
10900 
10910 I 

SendtoModcomp transfers the LPA, LPS calorimetry results to the 
Modcomp via the RS232. 

10920 Sendtomodo:omp: 
1 0'::0:30 t•l$= II II 

1 0941:;:1 FLOAT 6 

D I :3P "SEt·lD I t·lG LPA F~ESUL TS TO MODC0~1P 11 

!FORMAT LPA RESULTS INTO MESSAGE 
! FOF.: t·10DC0~1P. 

1 o·::.so 
1 0'360 

t•1$=N:t:!.,'·.IAL$ < Tma.>;) ::.," 11 

F I::~ ED (1 

!INTEGRATION TIME 

10970 1·1S=t·1$::XO·..'AL$ ( ~lmo:·.:..::. :0:::., 11 
" 

109:30 CALL Varadd(Nz,Sf(*),M$) 
10990 CALL Varadd<Anz,Asf(*),M$) 
11000 CALL Varadd(Nz,Rese(*),M$) 
11010 CALL Varadd(Anz,Arese(*),M$) 
11020 CALL Varadd(Nz,Appr(*),M$) 
11030 CALL VaraddO::Anz,Aappr(*),M$) 
11040 CALL '·/ :tr··.:t.dd ( ~lz, Po:· ::.k P'·''t~ ( * ..o, t·1$ :0 
11050 CALL Varadd(Anz,Apeak_pwr(*),M$) 
11060 FI~<ED 0 
1 1 0 ? 0 L = L E t·l <tH ) 

'NO. OF POINTS IN INTEGRATION 
! FLO~JF.:ATES 

! TOTAL ENERG\' 

'AVERAGE POWER PER RAIL 

'PEAK POWER PER RAIL 

11 c· ::: C1 IF L < t·1 e =· Sflt.=:..::< TH Et·l t·1 S=t·l $:~., F~P T $ ( II " ' r·lessm .:::.:< -L) 
110'30 I 

11100 I rn$= 11 #, 11 :~,'.,.'AL$ ( t·1e·::.sm.:..::<) ::.,"A" 
11110 OUTPUT R::. USIHG ImS;MS 
1 1 1 2 0 F.: E T U R tl 

14.JUU::3 

11130 ******************************************************************* 
11140 I GOSUB ROUTINE SRQSETUP 
11150 Srq::.etup resets Hpib, ::.etup::. acquisition unit:: to give SRQ 
11160 I o:on F i t"·e' F i 1 .:..fltE·nt o:)n [' t·1o:odc o:ompt··e.;:.o::j~.!] o:ot" F:o:o• .. .oer·· d.:..t. .:t t~o:-.:..d~;..'. 
11170 I 

11180 Srqsetup:OFF INT #7 
1 1 1 '3 0 C L E A R 7 
11200 STATUS 709;Spstatus 
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1121(1 OUTPUT 70'?j "~:::no~::r~::01'·iAO" !EHAE:LE FIRE~ ••• OH LO TO HI ll4JUL:::3 
11220 IF F-:::232 THEt·~ OUTPUT 7(1'?j "DE2, 3DS2~ 3SE.2" I PS232 It·~ USE 
112:30 IF HOT Rs232 THEH OUTPUT 7~~1'?; ''DE2, 7DS2, ?SE2" I DAC··::. It·~ USE 
11240 I ::.p=O 
11250 IF F.:o•.,.,.;·r·$="t·~"· THEt~ St··ql00 
11260 STATUS 710jSpstatus 
1127~3 OUTPUT 71(1j "SD~3SIS01'·/A0" 
112:::0 OUTPUT 710; "SEt" ! EHAE:LE DATA F.:EAD'/ FOP F.:O'·/EF: 
11290 Srq100: OH IHT #7,4 GOSUB Srqhandler!EHABLE SF.:Q 
11300 COHTPOL MASK 7;128 
11310 CAF.:D ENABLE 7 
11320 Fire=Filon=Vacceletc=False !F.:ESET FLAGS 
11:330 F:ETUF.:t·~ 

11340 ******************************************************************* 
1135~3 I GOSUB ROUTINE SRQHAHDLER 
11360 
11370 
11 :~::::0 

Srqhandler fields 
pr·(:.gr-.=.m f 1 .=.gs. 

and sets the corresponding 

'\ 

113'?0 Srqhandler: STATUS 709;Spoll 
114~~H3 IF BIT C3p•:•l l , 1) =0 THEH ~::rq710 

11410 STATUS 7;Srqc1r 
11420 OUTPUT 7~39; II D I 2"_ 
1143G EtHEF.: 709; :::po 1 l . 
1144(1 I::.p=Isp+1 
11450 Sp•:•11 < Isp>=Sp•.:>ll 
1146£1 Spoll (I))=Isp 
11470 IF BIT(Spol 1 ~0)=1 THEH Fire=True 
11480 IF BIT<~3p•:)l1,1>=1 THEt·~ Filc•n=Tr·uo:· 
11490 IF BIT<Spol 1,2>=1 THEH Vacceletc=True 
11':·00 St··q710: IF R•:)' . .J•.:·t'$="t·~" THEH St··q'?~3~3 

11510 STATUS 710;Spo1 1 
11528 IF BITCSpol 1,0>=0 THEH Srq'?00 
11530 Roverdataread~=True 
1154(1 OUTPUT '?; "U3H" 
11550 Srq900: CARD ENABLE 7 
11560 RETUF.:t·~ 

! ~::EF: I AL POLL 7(1'? 
IJGHORE IF HOT DIG IHT 

!GET OPTIOH 50 IHT STATUS 

! ~::ERIAL POLL 710 
!TEST FOR DATA READY 

!STOP ROVEF.: TIMER 
IREEHABLE FOR SRQ 

! 03JUt~8:3 

1157:) 
1158(1 
11590 
11600 
11610 
11620 I 
116::::0 
11640 
11650 I 
11660 I 

GOSUB ROUTINE TAPEIHI I 1 :::t·1AF.::32 
Tapeini creates a new file on mag tape with name= the next shot 
.=.rtd set::. the :: .. =.• .. •.,. d.=.t .:, on t .3.pe· f 1 .=.g. 
There are a possible 6 bloc~s of data 
t,.th i •: h c .=.n be t.,tr itt o:·n t C• m.=.9 t .:1pe f•:)t·· .3. sf1ot. Tho:· .=.r··r··.:t~/ B 1 ()C k f•.:>t··mat 
gives the current format number for each block. Blocksize gives 
the number of bytes in each block for the current format. Blockid 
is made up from block number and block format: 

Blockid = blocknumber + 100*blockformat 
11670 I Blockid is integer and is the 1st word of each block. 
116:::0! 
1 1 6 '? (1 T 3.p E i n i : I F N 0 T R s 2 3 2 THE t·~ T i 1 0 
11 7oo PR I tH II TAPE REG!UEST DEt~ I ED. GET DATA FROt·l r·10DCOt·1P." 
11710 BEEP 
11 ;'20 RETUR~~ 
11730 Ti10: MASS STORAGE IS Ms14$ 
11?40 
1 1 7 50 I F T .:t.p e s $ = 11 W' THEN c; 0 T 0 1 1 ::: 6 0 
11760 PP I tHEF: IS 16 I SOF.:R't', FILE I~:; ALREAD'/ OPEt·l 
11 ?70 PPitH PAGE 
1 1 7 :3 0 p F.: I tH II K E \' 4 DATA F I L E c F.: EAT I 0 ~~ R H! u E ~=; T DE H I ED II 

117'?0 BEEP 
1 1 ::: 0 0 p R I tH II T H E F.: E I ~=; A L F.: E A D '/ A D A T A F I L E 0 p E I·~ II 

11:::10 BEEP 
11:320 PF.: r tn II HIT KE't' 5 ro CLo~::E F r LE. THEt·l HIT KE\' 4 AGA It·~" 
11 :::;:~1 BEEP 
11:::40 RETUF.:t·~ 

1 1850 I 

1 1 ::=: 6 0 H b v t E s = 4 
Of<. LETS DO IT. 

!4 BYTES FOR TRAILING INTEGER 
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11870 Blocksize(1)=4+7*4 14 BYTES PER INTEGER !06MAY82 
11880 Blocksize(2)=4+7*8 !4 BYTES PER SHORT 106MAY82 
11890 Blocksize(3)=4+(2*Nz+2)*8 !8 BYTES PER FULL PRECISION !06MAY82 
11900 ~locksize(4i=4+(Nz+Nz*Nmeas+3)*8 !06MAY82 
11910 Blocksize(5)=4+C2*Anz+2)*8 !06MAY82 
11920 Blocksize(6)=4+CAnz+Anz*Anmeas+3)*8 !06MAY82 
11930 FOR 1=1 TO 6 ISETUP BLOCK IDS AND CALCULATE RECORD SIZE 
11940 Blockid<I>=O 
11950 IF Blockformat<I>=0 THEN GOTO 11990 
11 '3 6 0 I F < An o $ = " t·i " ) A tHI ( ( I = 5 > 0 R ( I = 6 ) > THE t·J G 0 T 0 11 9 '3 0 
11970 Blockid<I>=l+Blockformat<I>*100 
11980 Nbytes=Nbytes+Blocksize(l) 
11'390 NE::-::T I 
120(H) I 
12010 Fn<ED 0 

t·ir··=::;nr·· 12020 
12030 
12040 

IF f<.:·~,..'.:·ntt'V$="'/" THEt·l t·lr··=t~r-·+1 

Fn.:t.r11:t=VAL$ ( t·lr·) 

I KE'r'EHTR\'= II y II t·iEAt·J::; CALLED FPOI·i 
! II Ot·J KE'/ II. = "·t·l II t·1EAt·J:3 CALLED 
!FROM TAPEWRITE. FILE NAME IS 
!CURRENT SHOT IF FROM TAPEWRITE K E ~:--' E· n t t-. ~) :.t = '' '/'' \ 12050 

1206(1 
1207(1 

Nr=INTCCNbytes+255)/256)*30 !***** SETUP FOR 30 SHOTS 
ON ERROR GOTO 12150 

12080 CREATE FnamS,Nr 
12090 OFF EI':ROF: 
12100 ASSIGN #1 TO Fnam$ 
12110 MASS STORAGE IS Ms15$ 
1 2 1 2 (1 T .:t_p e· s $ = " 'l " 
121:::::0 St .:t.pe$=" \'" 
12140 F.:ETURt·J 

!CREATE FILE 

!OPEH FILE 

ISET SAVE DATA FLAGS 

12150 OFF ERPOR !ERROR. REPORT PROBLEM AND TRY AGAIN 
12160 PRINTER IS 16 IWHEN OPERATOR GIVES GO AHEAD 
121 7~3 PP I tH "EI':POR CPEAT I NG ~1AG TAPE FILE FOR DATA SA'..·'E ". 
12180 PPINT ''CORRECT PROBLEM AND HIT CONTINUE TO TRY AGAIN" 
12190 PPINT ERRM$ 
12200 BEEP 
12210 PAU'3E 
12220 GOTO 12070 
12230 

! 06t·1A\':::2 
! 06t·1A\':::2 
! (16t·1A'/:::2 
I ~36t·1A\':::2 
! 06t·1A'/82 

! 06t1A\':::2 

! 06t·1A\':::2 

! ~~16t·1A\':::2 
! 06t·1AY82 
! 06t·1A\':32 
! 06t·1A\'82 

! 06t·1A\'82 
! 06t·1AY:32 

1224~} *************************************~*****************·***************** 

* 12250 I 
12260 
12270 
12280 on 1: .. :t_pe. 
1 2 2 9 0 Tap.:·::. k i p : S t .:t.p e· $ = " t·l " 
12300 RETURt·l 

GOSUB ROUTIHE TAPESKIP ! 06t·1F1\':::2 

12310 
12::::20 
12:330 

****************************************************************** 
GOSUB ROUTIHE TAPESTOP 

12340 I Tapestop resets the save data on tape flag and closes the mag tape 
12350 1 data file. 
12:360 T.:t.pe·stop: IF T.:t.pes.:t="t·l" 
12370 MASS STORAGE IS Ms14$ 
12380 ASSIGH #1 TO * 
1 2 :3 '3 0 T .:t_p e· s $ = " ~l " 
12400 ~;~ .. :t.pe·S="t·l" 
12410 MASS STORAGE IS Ms15S 
12420 RETURt·l 

THEH RETURtl 

! CLO:::E THE FILE 
! PESET THE FLAG:3 

I 06t·1A'I'82 

12430 I ***************************************************************** 
12440 I 

12450 
12460 I 

12470 
124:30 
1249~:::1 I 

12500 I 

12510 

GOSUB ROUTIHE TAPEWRITE 

Tapewrite outputs data to the mag tape. Up to 6 blocks 
•:•f d.:t.t.:t, m.:t.).·' be l.,w·.itten ~.o t.:o.pe·. T.:t.pe·I,.W·ite- 1,.wite·s .. :ill blo•:ks f,:;r-· 1 .. .1hich 
the· i r~ b 1 oc k i d ni.Hf1b>:T in B 1 oc kid. is not. 0. T1 .. w· it. e· h.:t.::. b1.l i 1 t into 
it knowledge of which variables get written for a particular 
f·:wru.:t.t of .:t. dat .:t, b 1 oc k. 
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12 52 0 T .:..pE·I.•.It' i t >?: IF St. .:.,pe $= 11 H 11 T HEt·~ F.:E TURt·~ 
12530 MASS BTORAGE IS Ms14$ 
12540 ON END #1 GOTO 12870 
12550 
12560 :3ni-.. 5=Snt·· 
12570 Months=Month 
125:::0 D.:..vs=D.:..•, .. • 
12590 Years=Year 
12600 Hours=Hour 
12610 Minutes=Minute 
12620 Seccnds=Second 

!COHVERT TO SHORT PRECISIOH 
'BLOCK 1 

12630 PRIHT #1;Blockid(1)~Snrs,Months,Davs,Years,Hours,Minutes,Seconds 
12640 I 

12650 IF Blockid(2)=0 THEN GOTO 12680 
12660 PRINT #1;B1ockid<2>,Vacc,Iacc,Tacc,Varc,Iarc,Tarc,Tfi 1 

1267t1 I 

12680 IF Blockid(3)=0 THEN GOTQ 12710 
12690 PRINT #1;Blocki.d<3>,Nz,Rese(*),Appr(*),Tmes 
12700 I 

12710 IF Blockid(4)=0 THEN GOTO 12740 
12720 PRINT #1;BlockidC4>,Nz,Nmeas,Tmax,Sf(*),Tempm(*) 
127:3(1 ! 
12740 IF Blockid(5)=0 THEN GOTO 12770 
12'?'5~:3 

1276~} 

12770 
1278~3 

12790 
12800 

PRINT #1;Blockid(5),Anz,Arese(*),Apeak_pwr(*),Atmes 
! 
IF Blockid(6)=0 THEN GOTO 12800 
PRINT #l;BlockidC6>,Anz,Anmeas,Atmax,As~(*),Atempm(*) 

CHECK READ #1 
12:::10 B=0 
12820 PRINT #1;B 
12:330 CHECI< READ OFF # 1 · 
12840 OFF END #1 
12850 MASS STORAGE IS Ms151 
12860 RETUF.:~l 

!FLUSH THE BUFFER 

12870 OFF END #1 'EHD OF FILE RECOVERY 
12880 CHECK READ OFF #1 
12:::·:::.0 PPitn "HIT E~lD OF FILE Ot-~ t·1AG TAPE. CREATING t·lHJ FILE. 11 

12'300 BEEF 
12910 GOSUB Tapestop 'CLOSE CURRENT FILE 
12920 Ke~,.~o:-ntr·v$= 11 t·l 11 

12930 GOSUB Tapeini 
12940 GOTO 12530 
12950 

!CREATE A NEW FILE 
!GO BACK AND WRITE SHOT DATA 

!BLOCK 2 

!BLOCK 3 

'BLOCK 4 

!BLOCK 5 

!BLOCK 6 

! (16t·1A'/:::2 

I 06t·1A'/82 

06t·1A\'82 
! 06~1A'/82 
I 06t•1A'I'82 

06t·1A\'82 

06t·1A\'82 
06t·1A\'82 

12960 ! *************************************~********************************** 
12970 END tEND OF MAIN PROGRAM END OF MAIN PROGRAM END OF MAIN PROGRAM 
129:30 
12'?90 ************************************************************************ 
1 ::::ooo 
1:::aJ10 I 

SUBROUT I tlE AAPPR 1 7.JU~J:32 
To adju~t Anode channel heat deposition for 05NOV82 

1:3020 
1:30:30 
13040 
1:3050 
1:3(160 

~il heat load & Arc heat load at given Power level 05MAY83 
3 U B A .:.,p p t' ( T .:..o: , T .':l.t"' , T f i 1 , '.,.' .;lr· , I .:..r·· , t·l z , Res.:·. ( * > , ::; 1 o p .:· ( * ) , F i 1 ( * ) , A p p t' < * ) ) ! 1 7 .J U t·j ::: 2 
OPTION BASE 1 17.JUN82 
INTEGER I 17.JUN82 

1:3(170 IF Tfi 1=0 THEt·l Tfi 1=.001 
1308~ IF ~Tac<.002) AND (Var=0) 
1:3090 IF Tat=0. THEN Tac=.001 
13100 IF Tar=O THEN Tar=.002 
1 3 11 0 I 

13120 IF Var=0 THEN Var=l 
13130 IF Iar=O THEN Iar=1 
13140 I 

13150 Var1=Var*Iar/1000*Tar 
1:3160 
13170 

1 ?.JUt-182 
! 16.JUt·~:3:3 

THErJ F i l•Jn 1 ~, .. • I E r·· .:..no: h on F I L •:•n 1 ~:..' 16JUt·j8:3 
I 17 JUt·J:::2 
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' Le~/s not have anything 
calculated using zo:ro~ 

I to avoid ERRM$ on trigger 
~.hots eto:. 

17JUt·~:32 

16JUt·l8:::: 
1 7.JUt·~82 
1 7JUt·J82 
17 JUNt:2 

' Var1[k.JJ is: 17JUN82 
Arc Volts ti.mes Arc Amps [kWJ17.JUN82 
times Arc on-time. 17 JU~l82 



1 :3180 
13190 FOR I=l TO Hz 
132~:1(1 

1:~:210 

1:3220 
1 ::::2:3 0 

Var2=Rese(I)-(Slope(I)*Varl+Fll(I)*(Tfil-T~c)) 

1 :~:240 
1 :325(1 

! '•,•' . .:..t~ 2 [ k .] ] i ·= • 
Total k.J/Ch. minus the sum 
o~ %Pare times Var1[k.JJ & 
norrit·~ 1 i zed F i l he·.::.t [ k J J. 

17JUt·l82 
.. 17JUt·l:32 

17JUH82 
05t1A'l8:3 
17JUt-l82 
17JUt·l:::2 
1 7JUt·l:32 
17 .. T1Jtl82 

1::::260 
13270 Appr<I>=Var2/Tac 
1:3280 

17JUt-l82 
Appr[kWJ is: 17JUH82 
Var2[kJJ divided by Beam on- 17JUH82 

1 :32'30 
1 :3:30(1 t·lE::·::T I 
1:3310 :3UBEid T 
1 :332(1 

time . 

13:3:30 
13:340 

FILAMENT OHLY SHOT PROCESSING 

1 :3 :::: 5 0 F i l o n l ~.! : F 0 R I = 1 T 0 t-l z. 
13360 Appr\I)=Rese(I)/Tfil 
1 ::n70 t·lE>n I 
1 ::;::3:30 I 

1 :::::~:90 :::UBEtlD 
1 ::::4C,~3 

17 JUt·l82 
17JUH82 

17 JUt182 
i 7 ..T u t·1 ::: 2 
1 7JUt·l82 

17JUt·l82 
17 JUt·l82 
17JUH32 
17JUtl82 

1:34P3 
13420 SUBROUTIHE ~GETPKPWR !18MAR82 
134:30 
13440 
1::::450 
13460 

·Agetpkpwr calcUlates the peak power dissipated by the anodes in 
watts through each cooling channel. 

13470 I CALL Agetpkpwr<Anz,Axm(*),Asf(*),Apeak_pwr(*)) 
134:30 I 

13490 I Anz is number of anode cooling channels 
1:3500 I Axm(Anz) contains largest temperature sensed in each channel 
13510 Asf(Anz) contains the flow through each channel 
13520 Apeak_pwr(Anz) returns the peak power dissipated in each channel 
1::::5:30 
13540 
13550 
13560 

DEG C * ML * JOULES = JOULES/SEC = WATTS 
SEC t·1L*DEG C 

13570 UB Agetpkpwr(Anz,Axm(*),Asf(*),Apeak pwr(*)) 
13580 UPTIOH BASE 1 -
135'30 I tHEGER J 
13600 FOR J=1 TO Anz 
1 :::: 6 1 (1 Ape ~k p 1,w ( J ) =A;..: m ( J · .• ""As f ( J ) * 4 • 1 ::: 
1::::620 t·~E>n J 
13630 :3UBEHD 
1 :~:640 ! 22JAt·l82 
13650 
13660 I 

1::::670 I 

************************************************************************ 
:3UBFWUT HlE APPR 

To adjust each channels heat deposition for 
I 2:::JAtl82 
' 2:3JAHS2 

1:36:::0 1 F i 1 h~at l•:o.:..d :;x Arc he-.:..t lo:o.:..d .~T, g i • .. .o.;·n Po:JI .. .te·r· 1 .:·•y•e 1 , 28JAt·l:=:2 
1:3690 I I 2SJAH82 
13700 SUE Appr(Tacc,Tarc,Tfil,Varc,Iarc,H~,Rese(*),Slope(+),Fil(+),Appr<+))!18MA 
13710 OPTIOH BASE 1 I 28JAH82 
13720 IHTEGER I 18MAR82 
1:3730 I I 28.JAt·l:32 
13740 IF Tf1l=0 THEN Tfil=.001 
13750 IF <Tacc<.002) AND O::Varc=0) 
13760 IF Tacc=O THEN Tacc=.001 
1::;:770 IF T~r···:=O THEI·l T.~t~•:=. 002 

THEt·l Fi 1 onl•.J 1 :t:r~.:..nc h on F I L 

137:30 
137?0 IF Va~c=O THEN Varc=1 
13800 IF Iarc=O THEN Iarc=1 
1 ::::::: 1 0 
13820 Var1=Varc+Iarc/:008*(Tarc-Tacc) 
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I Le~'s not have anything 
calculated using zero, 
to avoid ERRM$ on ~rigger 
s.hots etc. 

! '···' .~r· 1 [ k J J i s : 

•:•n 1 ~;.-' . 
I 28.JA~182 

1FEB82 
1FEB82 
1FEB82 
1 FEB:::2 

I 28.JAt·l82 
28JAt·l:32 



1:3830 
13:::4(1 
1.3:::50 
13860 FOR I=1 TO Nz 

Arc Volts ~imo:-s Arc Amps CkWJ28JAN82 
times Arc on-tim~ less Accel 28JAN82 
on-time. 28JAN82 

1 1 :::r·1AR82 
28.JAI'j82 1:3::370 

1:3::::::0 
138';..0 
13'3~30 

V ar 2 = R .:- s ~ < I >- < :31 o p .:- 0:: I ) * V .;u·· 1 + F 1 1 0:: I > * ( T f i I - T ·=>•: c ) > I 28JAN82 
28.JAI'j82 
2:3.JAI'j82 
28.JAI'j82 
28JAt·j:32 

13'310 
1 :3'~20 
1 :393~3 
13940 ApprC!)=Var2/Tacc•(1000/21.5) 
13950 

I V .:or· 2 [ k .] ] i s : 
Total k.J/Ch. minus th~ sum 

1 of %Pare tim~s Var1(kJJ & 
normaliz~d Fil h~at(kJJ. 

App~[W/railJ is: 28.JAN82 
Var2(kJJ dividid by Beam on- 28.JAN82 

I time & adjusted for Watti/ral 1.28.JAN82 
13970 NEXT I ! 28JAN82 
1 :39::3~1 SUBE>::I T 
13990 
14000 I FIL ONLY SHOT PROCESSING 
14010 
1 4 0 2 0 F i 1 •:.o n 1 () : F 0 R I = 1 T 0 t·ti '--
14030 ApprCI>=Reso:-Cl)/Tfi 1*(1000/21.5) 
14040 NE>n I 
14(150 
14060 '3UBEI'lD 
14070 
14080 
14090 I 
1410~3 I 
141 1(1 I 
14120 I 

SUBROUTINE COUNTR 
Reading Arc and Acc~l Pulse Duration 

and zero-ing the c6unters. 

14130 SUB Countr<Tarc~Tacc,Tfil) 
14140 OPTION BASE 1 
14150 DIM XC30),V(3) 
14160 Eot=4 
14170 1-hlll =0 
141:30 Cr=13 
14190 Sp=32 
14200 Zer•::>=48 
1 4 2 1 0 tj i n ~ = 57 
1 4 2 2 0 C .:11.r d = H3 
14230 C•::>•.mt =0 
14240 MAT X=ZER 
14250 
14260 RESET Card 

I ~:;ELECT CODE 

IRESET INTERFACE 
I R4 TO "COtHROL II USE 
tRESET USART 

128APR82 

14270 WAIT WRITE Card~5;1 
14280 WAIT WRITE Card,4;64 
14290 WAIT WRITE Card,4;79 
14300 WAIT WRITE Card~4;55 
14310 

IUS~RT MODE-1/64,8 BITS~1 STOP BIT 
IUSART CONTROL-ENABLE XMITTER,RECEIVER, 

14320 WAIT WRITE Card,5;0 
14330 I 
14340 ON INT ~Card,15 GOSUB Isr 
14350 CONTROL MASK Card;132 
14360 WAIT WRITE Card,7;0 
14370 CARD ENABLE Card 
14::.::80 
14390 WAIT WRITE Card,4;18 
14400 WAIT WRITE Card,4;20 
14410 
14428 FOR Iwait=1 TO 3000 
14430 IF Y=Eot THEN GOTO 14460 
14440 NEXT !wait 
14450 
14460 OFF !NT ~10 

14470 IF Iwait>3800 THEN GOTO Bad 
14480 I 

-RESET STATUS~SET DSR,CTS 
'R4 TO "DATA" USE 

ISETUP FOR RECEIVER INTERRUPT SERVICE 

:DECLARE INPUT REGISTER EMPTY 
~ENABLE INTERRUPTS 

!SEND DC2 TO RESET 77'3 
ISEND DC4 TO START 779 

lWAIT FOR COMPLETION OF INPUT 
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14490 I=l ISEARCH FOR 1ST COUNTER DtGITS 
14500 IF CX(I)>=Z~rD) AND (X(I)<=Nine) THEN GOTO Getva1 
1451 t1 IF :=::.::I)< >t·h.l1 1 THEt~· GOTO Bad 1 I G~WRE LEAD H~G ~WLL :3 
14520 I=I+1 
14530 IF I<=30 THEN GOTO 14500 
14540 

1 4 56 0 T .arc = . 0 0 2 
1457(1 Tfi 1 =:3. 5 
145:30 SUEE:=< IT 
14590 
14600 Getval:FOR J=1 TO 3 
1461~3 V(J)=0 
14620 FOR K=1 TO 6 

IERROR DETECTED 

!GET VALUES FROM CbUNTER INPUT 

14630 IF I>30 THEN GOTO Bad !TEST FOR END OF STRING 
14640 IF <X<I><Zero) OR (X(I>>Nine) THEN GOTO Bad!TEST FOR A DIGIT 
14650 VCJ)=V(J)*10+XCI>-Zero 1 ADD IN THIS DECADE 
14660 I=I+1 
14670 NEXT K !GOTO NEXT CHARACTER 
14680 IF CX<I><>Sp) AND CXCI)<>Cr> THEN Bad !DEMAND SPACE/CR AFTER VALUE 
146'30 I=I+l 
14700 NEXT J !GOTO NEXT VALUE 
14710 
14720 Tacc=VC1)*1E-4 !CONVERT TO SEC 
14730 Tarc=V(2)*1E-4 
14740 Tfil=VC3)*1E-4 
14 750 :3UBEi<: IT 
14760 Isr:WAIT READ.Card,4;Y 
14770 IF Y=Eot THEN RETURN 
14780 Count=Count+l 
14 790 :=<: ( Co1.mt) ='l 
14800 IF Count=30 THEN GOTO 14840 
14810 WAIT WRITE Card,7;0 
14820 CARD ENABLE Card 
14830 RETUR~~ . 
14840 \'=Eot 
14850 RETUPN 
14860 SUEE~lD · 
14:370 
14880 SUBROUTINE DAYTIME 
14890 
14'300 

Get the time and date from the 3497A 

14910 
14920 
14'3:30 
14'340 

SUB Daytime<Month,Day,Hour,Minute,Second) 
OPTION BASE 1 . 
DH1 A$(1) 

14950 OUTPUT 709;dTD" 
14960 ENTER 709;A$ 
14970 
14980 Month=VALCA$~1,2]) 
14990 Day=VAL(A$[4,5]) 
15000 Hour=VALCA$[7,8]) 
15010 Minute=VALCA$[10,11]) 
15020 Second=VAL(A$[13,14]) 

15040 SUBE~lD 
15050 

22JA~~:32 

22JAt·~82 

22JAt·~:32 

22JFH~:32 

I 22JA~~82 

i 25JAN:32 
! 22JA~~82 

I 22JA~~:32 

1. 25JAt·~:32 

22JAt~82 

I 22JAt·~82 

22JAN82 
22JAN82 
22JAN82 

I 25JAN:32 

15060 ! *********************************************************************** 
15070 SUER OUT WE DUt1P 
15080 :3UB D•.tmp 
15090 DUMP GRAPHICS 
15100 :3UBEND 
15110 
15120 ! *~********************************~**~******************************** 
151 30 
15140 I 

SUBROUTINE GETFLOW 
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15150 I Ge·t.fl•:•i,J •:on•.Jet··ts the flot.Jmet.:·r·· di•;;~itizin';l~· t.o mill i l iter··~ .. ····~ . .:·•:. 
1516€1 
1517~) I 
151:::0 I 
15190 
15200 

The flow returned in Sf(+) is the average of the baseline readings 
in Flowb(*) by channelCflowmeter). For Ramapo type call with vref2 
= reference voltage. For Flow Technology type cal 1 with vref2 = 0. 
CALL Getflow(Nz~Nbase~Fmc1(*),Fmc2C*),Voff(*)~Vref2,Flowb(*),Sf<*)) 

15210 Nz is number of flowmeters 
15220 1 Nbase is number of readings taken for determining flow 
15230 Fmc1CNz) is array of slopes for flow conversion 
15240 Fmc2CNz) is array of intercepts for flow conversion 
15250 ! Voff(Nz) is array of flowmeter offsets 
15260 
15270 
152:30 
152'3~) 

15:3iae 

V r· e f 2 i s f 1 •:l t.J m e t e r r e f .:· r·· .: n •: .: '··' •:• 1 t. ·="';! e .;,. r z e r·· o f •=• r~ F 1 ow T .:· c h rt c• 1 o:o 9 ~.J t. ~,... p e- . 
Flowb(Nz,Nbase) is a~ray of flowmete-r digitizings which get 

converte-d to ml/se-c. 
SfCNz) is array of ave-raged flowmete-r readings. 

15310 SUB Ge-tflow<Nz,Nbase-,Fmc1(*),Fmc2(*),Voff(*) 1 Vre-f2,Flowb(*),Sf(*)) 
15320 OPTION BASE 1 
15330 INTEGER I,J 
15340 Ref=Vre-f2 113JUN83 
15350 IF Ref=0 THEN Ref=1000.01FLOW TECHNOLOGY TYPE CALIBRATIONS ARE IN MLPS 
1536€1 ! PER '·.IOL T. 1000 UNDOES CONVERSION TO MV BELOW. 
15370 FOR I=1 TO Nz 
15:380 Sf( D=0 
15390 FOR J=1 TO Nbase-
15400 FlowbCI,J)=CFlowbCI,J>*1000.0-Voff(I))/Ref*Fmc1CI)+Fmc2<I) 
15410 SfCI)=Sf(J)+FlowbCI~J)/Nbase-
15420 NE:":T J 
154:30 NE:H I 
15440 SUBEHD 
1545~3 

! II TO rn i 1 1 i '·J 

15460 I ********************************************************************** 
15470 I SUBROUTINE GETMAX 
15480 I 
15490 I 
15500 
15510 I 

Ge-tmax determine-s the- maximum value for e-ach channel 
data array Tempm and also the overall maximum value. 

Nz is the number of data channels 
Nmeas is the number of measurements 
Te-mpruCNz,Nmeas) is te-mperature- array 

in the-

15530 
1554~3 

15550 
15560 
15570 
15580 

Xm<Nz) returns the maximum value for e-ach of the Nz ~ata channels 
Tempmax returns the overall maximum value in Tempm. 

15590 
15600 SUB GetmaxCNz,Nmeas,Tempm(*),Xm(*)~Tempmax) 
15610 OPTION BASE 1 
15620 INTEGER I,J 
15630 Tempmax=0 
15640 FOR I=1 TO Hz IG~~ maximum by channel 
15650 K=e· 
15660 FOR J=l TO Nmeas 
15670 K=MAX<K,TempmCI,J)) 
15680 ~lEXT J 
15690 ~<rn < I ) =K 
15700 T~mpmax=MAX<T~mpmax,K) 
15710 NEXT I 
15720 SUBE~lD 
15730 
1574€1 
15750 ! 
15760 

SUBROUTINE GETPERCENT 18MAR82 

15770 1 Ge-tp~rcent converts the- valu~s in Tempm to a percent of the 
i5780 I largest value in Te-mpm and returns thesr percentages in T~mpmt. 
15790. I 

CALL Ge-tperc~~t<Nz,Nmeas,Tempmax~Tempm(*),Tempmt(*)) 
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15:310 
15820 
158:.30 
15:340 
15850 
15860 
1587 [1 

158:30 
15890 
15'?00 
15910 
15920 

Nz is th~ numb~r of chann~ls of data in T~mpm 

Nmeas is the ~umber of valu~s for ~ach channel 
Tempmax is largest value in T~mpm 
Tempm<Nz,Nmeas) contains the data to be converted to percent 
Tempmt <Nz, Nmeas) r··etr_w_ns t.h.;:· dat.a •:•::.n•..Jer·ted t..:' per•:ent.age·s ,:,f 

SUB Getpercent<Nz,Nmea~,Tempmax,Tempm(+.J,Tempmt(*)) 
OPTION BASE 1 
INTEGER I,J 
:x:p l•Jt =Tempmax 
IF Xplot=O THEN Xp1ot=1 

15930 Xplot.=lOO/Xplot 
15940 FOR J=1 TO Nz 
15950 FOR I=1 TO Nm~as 

'Convert values to percent 

15960 Tempmt(J,I>=Tempm<J,I)*Xplot 
15'?70 t~EXT I 
15980 NEi<T J 
159'?0 SUBEND 
16(100 

SUBROUTINE GETPKPWR ! 18MAR82 
16~310 

16020 I 

16030 
16040 
16050 
16060 I 

16070 
16(18~3 I 

16090 I 

161 0(1 
16110 I 

16120 
16130 

G~tpkpwr calculates the peak pow~r dissipation on each grid half. 

CALL Get. pk pwr· ( Nz, ::<m (*),Sf ( * >, Pe.ak_pr...rr < +.)) 

Nz is number of data channelsCno. of grid halves) 
Xm<Nz)·contains the maximum temperature sensed for each grid half. 
Sf(nz) contains the flow through each grid half. 
Peak-pwr<Nz> returns the power peak-power dissipated in each grid half. 

DEG C * ML +. 1 +. JOULES = JOULES/SEC 
SEC RAILS ML*DEG C RAIL 

16140 
16150 SUB Getpkpwr<Nz,Xm(-*),SrC+.),Peak_pwr(+.))! 
16160 OPTION BASE 1 
16170 INTEGER J 

= L·iATT:3 
RAIL 

16180 I=4.18/21.5 !ml/sec 'division by number of rails per half grid 
16190 FOP J=1 TO Nz 
16200 Peak_pwrCJ)=Xm(J)+.Sf(J)+.I 
1621 (1 t·lE>::T J 
16220 SUBEND" 
16230 I 

SUBROUTINE GETTEMP 18MAR82 
1624(1 
16250 
16260 
16270 
162.80 
162'~0 

16300 
16:310 I 

16:320 
16330 
16340 I 

16:350 I 

16:~'60 

Gettemp converts temperature s~nsor digitizings to ~empertur~ 

CALL GettempCNz,Nmeas,St(+.),Tempm(+.)) 

Nz is number of data channels to be convert~d 
Nmeas is number of measurements in each chann~l 
:3r. is a.rrav of baseline ,._.alues for ea•:h •:hannel t•J be 

subt r.ac t ~d fr··om each val r_je in t h.a•, c hann..- l . If •Jper.at •:•r' 
suppress~s th~ baseline subtraction, St will contain 
.:~,1 1 zeros. 

16370 1 Tempm(Nz,Nmeas) is array of digitizings to be convert~d to t.~mp~ratu~e 
16:3:~0 ! 
16390 SUB Gettemp<Nz,Nm~as,St(+.) 1 Tempm(+.)) 
16400 OPTION BASE 1 
16410 INTEGER I,J 
16420 FOR J=1 TO Nz 
164:30 Stj=St(J) 
16440 FOR I=1 TO Nmeas 
16450 Includes conversion: micro-V/degC. and sign inversion. 

-168-
. ...!. 



16460 T~mpm(J,I)=-CCT~mpm(J,I)-S{j)/4,0199E-5l 
164 70 t·JE:-::T I 
1648~1 NE::::;r J 
16491.3 SUBEriD 
16'500 
16510 

SUBROUTINE GETTEMPBASE 16520 I 

165:30 
16540 
16550 
16560 I 

16570 

G~tt~mpbas~ d~t~rmin~s the temp~ratur~ baselin~ by averaging 
the tempera~ure baselin~ readings for ~ach channel. No conversion 
to temperatur~ is done. If baseline subtraction is suppressed, 
B ·"'=· e· 1 $ = 11 ri 11 ·"'r,,j Get t e· m p b .as e w i 1 1 ret. 1 .. u·· n .a 1 1 z e· r· •:• ::. i r, S T ( * ) • 

165:30 
16590 1 CALL G~tt~mpbas~CBas~lS,Nz,Nbase,T~mpb<*>,St(*)) 
16600 
16610 
16620 
16631;:1 
16640 
16650 
16660 

Basel$ is bas~lin~ subtraction flag. 
Nz is nl..l'mber of t ~mperat.Lwe sensor·s 

I Nbase is number of basel in~ r~adings 
Tempb ( t·Jz, Nb.ase) is .arr."'y of b "'se 1 i ne r~ad i ngs. / 
STCNz) returns aver~ged baseline values 

16670 SUB Gettempbas~<Bas~l$,Nz,Nbase,Tempb(*),StC*)) 
16680 OPTION BASE 1 
16690 INTEGER I,J 
1670(1 11AT St. =ZER 
16711.3 IF Bas~l$="N" THEN SUBEXIT 

. 16720 FOR I=1 TO Nz 
167.30 ·FOR J= 1 TO Nb.:..se 
16740 St<I>=StCI>+Tempb(I,J)/Nbas~ 
16750 t·JE:n .; 
1676~ t~Ei--:T I 
16770 SUBEt·lD 
16780 ************************************************************************ 

167SH3 SUBROUTINE GETXTIME 
16800 I 

16810 I Getxtime de~emines the x coordinates. for a plot as percentag~ of 
16:320 ~otal time. 
168:30 
16840 
16850 I 

16:360 I 

16870 I 

16880 
16890 
16900 
16910 
1692.0 
16930 I 

CALL GetxtimeCidelt,Istart, Iend,T~ax,Nmeas,Tmax,Timem,Tmes) 

ldelt is number of channels used 
!start is first channel used 
lend is last channel used 
Tmax is total time 
Nmeas is total number of measurements during Tmax 
Timem returns tim~s as percent 'of time between !start and lend 
Tmes returns time between !start and lend 

16940 SUB GetxtimeCidelt,Istart,Iend,Tmax,Nmeas,Timem(*),Tmes) 
16950 OPTION BASE 1 
16960 I tHEGER I 
16970 Jdelt~100/ldelt 
16980 J=.5*Jdelt 
16990 FOR I=lstart TO Iend 
17~j00 Ti n·ao:-m( I )=J 
17010 J=J+Jdelt 
171320 NE:·~T I 
17030 Tmes=Tmax*Idelt/Nmeas 
17040 SUBEND 
17050 I 

17071;:1 SUBROUTINE GRIDFRAME 18MAR82 
1 080 I 

1 0'?0 I 

1 1 ~30 
Gridframe plots the frame for a grid, puts tick marks on the 
frame, draws horizontal lines at 0 and 100 percent, and plots 
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17110 
17120 I 

17130 I 

17140 
17150 
17160 I 

17170 
171:30 
171'30 I 

17200 
17210 

CALL GridframeC~xuxlyuyC*>,I,Anode,Rover) 120APR82 

Lxuslyuy(*) ls lowe~ and upper bounds of horizontal axis and 
plus lower and upper bounds of vertical axis in mm 

I is the grid number 
Anode is anode channel which gets plotted on this grjd 

and is 0 if there is none. 
is the,rover channel which gets plotted on this grid!20APR8 
and is zero if there is none. 

17220 SUB Gridframe(LxuxlyuyC*>,I,Anode,Rover) 
172:30 ! 
17240 OPTION BASE 1 
17250 LIMIT Lxuxlyu~JCl>,LxuxlyuyC2>,LxuxlyuyC3),Lxuxlyuy(4) 
17260 SCALE 0,100,-10,110 
172?0 CSIZE 7.5 
17280 A><ES H1,10,100,110,1,1,6 
172'30 A)<ES 10, 10,0,-10, 1, 1,6 
17300 l•tOVE 0, 0 
17310 DRAW 100,0 
17320 MO'·/E 0, 100 
17330 DRAW 100,100 
17340 MOVE 50,10 
17350 LORG 4 
17360 IF Anod~=0 THEN GOTO 17400 
17370 LABEL USHIG 173:30; "GRID"; I; 11 :~, e 11 ::XCHR$( 176)8.:" DUI·1P" 
17380 IMAGE 4A,X,D, lOA 
17390 GOTO 17450 

IF Rover=O THEN 17430 
LABEL USING 17380j"GRID"jlj 11 

};, ROVER" 
GOTO 17450 
LABEL USING 17440j 11 GRID 11 ji 
I l·tAGE 4A, X, D 
LORG 1 
SUBEND 

SUBROUTINE HPCLOCK 

17400 
17410 
17420 
1 74:3~3 
17440 
1 745~3 
17460 
17470 
17480 
17490 
175tH) I 

17510 I 

To get the most accurate time 
for pulse temp measurement. 

17520 SUB HpclockCMonth,Day,~our,Minute,Second) 
17530 
17540 OUTPUT ':;l; II U2C II 
17550 OUTPUT 9;"R" 
17560 ENTER 9;Month,Day,Hour,Minute,Second 
17570 ! 
17580 SUBEND 
17590 

RESET CLOCK 
Request Time and Date 
I t1p~..<t Time .and D.at e 

! 1 :3.JUN83 

! 20APR:32 
!20APR82 
!20APR82 

9FEB:32 
9FEB82 
'3FEB:::2 
9FEB82 
'3FEB82 
9FEB82 
9FEB82 
·:;.FEB82 
9FEB82 
9FEB82 
9FEB:32 

176fW 
17610 
17620 
176:30 

**************~******************************************************** 

17640 I 

17650 I 

17660 I 

SUBROUT HIE I NTG 
Heat Deposition Integration 

DEG C * ML * SEC * KJ = K.J 
SEC ML*DEG C 

17670 SUB Intg(Rese<*>,Istart, Iend,Nsi,Nsf,Tmax,Tempni(*),Sf(*l,Nmeas,Cf(*)) 129AP 
17680 OPTION BASE 1 
17690 INTEGER Ix,Jx 
17700 FOR b:=Hs i TO t~s f 
17710 R=O 
17720 FOR .Jx=Istart TO Iend 
17730 R=R+T€mpm<Ix,Jx) 
17740 NEi<:T .J~< 

17750 Rese(I::)=R*Sf<Ix)*(Tmax/Nmeas)*.00418•Cf<Ix) 
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! 1 S~tAR82 
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17760 t·JE:=<T I:=< 
17770 SUBEt-iD 
17780 
1 77'30 
1 7:::0~1 
17:310 

********************************************************************** 
SUBROUT I tlE LOGO 

THIS SUBROUTINE DRAWS THE LBL LOGO 

17:3:30 I 

17:340 ! 
17850 X=113 X,Y ARE THE COORDINATES OF THE POSITION OF THE LOGO 
1 7 8 6J3 '·r' = 1 0 
178?0 LOCATE X,X+40/5.59,Y,Y+40/5.59 
17880 SCALE 0,39,0,39 
1 7:::9~3 PEN 1 
17900 MOVE 0,0 
17910 FOR I=O TO 39 BLACK OUT 
17920 DR AI~ 39, I 
1 7'330 ~101/E ~3, I+ 1 
17'340 t·lE:=<T I 
17950 PEN -1 
1796~J ~lO'·iE 16,7 
1?970 FOP !=7 TO 10 
17980 DRAw :31, I 
17990 MOVE 16,I+1 
18000 ~lEXT I 
18010 t10VE 16,11 
18020 FOR I=11 TO 12 
18030 DRA~J 19, I 
18040 MOVE 16,I~1 

18050 NE:=<T I 
18060 
18070 
18080 
18090 
18100 
18110 
18120 
18130 
18140 
18150 
18160 

·18170 
18180 
18190 
18200 
18210 
18220 
18230 
18240 
1:3250 
18260 
18270 
18280 
18290 
18300 
1:3310 
18320 
18330 
18340 
18350 
18360 
18370 

t·lOVE 8' 14 
FOF.: I=14 To 
DRAW 30, I 
MOVE s, I+3 
~lE>n . I 
t10VE 8, 15 
FOR ~=15 TO 
DRAI·J :31 , I 
MOVE 8, I+ 1 
t·lE::-~ T I 
MOVE 8, 14 
FOR I=8 TO 
DRAW I,34 
MOVE !+1,14 
t·lE><T I 
MOVE 16' 19 
FOR I=16 TO 
DRAW I, 34 
MOVE I+1,19 
t·lEXT I 
~lOVE 20,31 
FOR I=20 TO 
DRAW 1,34 
MOVE I+1,31 
NE:<T I 
MO'·/E 29,32 
DR AI~ 29·, 33 
MOVE 22,24 
FOR I=22 TO 
DRAW I+3,31 
~lOVE I+1,24 
t·lE><T I 

17 

16 

11 

19 

28 

25 

18380 MOVE 22,24 
18390 FOR I=22 TO 25 
18400 DRAW I+5,18 
18410 MOVE I+1,24 

STEP . .., 
.j 

( 
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1:3420 t·JE>::T I 
1:34:30 ·;UBEt·JD 
18440 
1!3450 
18460 
18470 
18480 
18490 
1:3500 
1:3510 
1:3520 
1:3530 
1:3540 
18550 
1:35613 
18570 
18580 
18590 
18600 I 

18610 
18620 
186:;:1) 
18640 
18650 

SUBROUTINE MCSET3497A 1 :::MAR82 

Mcs~t3497a s~ts up ~h~ string which is s~nt to th~ HP 3497A 
b~for~ th€ flowmet€r and temp~rature multichann€1 r€ads. 

Fe$ is the first channel of a sequence of chann~ls 
Lc$ is the last chann~l of a s~qu~nc~ of channels without ~node 

AleS is th€ last channel of a s~quence with anode. 
A noS· is t h~ .~nod~ pres~nt f 1 .~·g 
Nch returns th~ number of channels in the sequence 
Nz r~turns numb~r of grid calorim~try channels 
Anz r~turns number of anode calorim~try channels 
SusS returns th~ HP 3497A setup string 

AC 
AF 
AL 

NUMBER bF CHANNELS 
EXTERNAL INCREMENT ON 
S'/STEM WAIT 

'·,•'T4 

CLOSE CHAt~NEL 

FIRST CHANNEL 
LAST CHANNEL 
TRIGGER HOLD 

18660 VR1 .1 V RANGE 

VN 
AEl 
SOl 
VS2 
VF2 

STORE PACKED DIGITIZINGS 
FACKED FORMAT 

18670 I VA0 AUTOZERO OFF 
1:3689 I VD5 5 DIGITS/CONVERSION 
18690 SUB Mcs~t3497aCFti,LcS,AlcS,Ano$,Nch,Nz,Anz,Sus$) 
18700 DIM A$[2l,Nc$C2l 
18710 FI>=:ED 0 
1:3720 Af=LcS 
l8730 IF Ano$="Y" THEN A$=Alc$ 
18740 Nch=VALCAS)-VALCFcS)+l 
18750 Nz=VALCLcS>-VAL<Fc$)+1 
18760 Anz=VALCAlc$)-VAL<Lc$) 
18770 NcS=VALSCINTCNch)) 
187:30 St~S S= "VT 4AC" ~,F c $8. II AF II :~F ·= $&"ALII :~:A$:~" VR 1 VAO'·iD5'·iN II ~,H·: $:~" AE 1 :::o 1'·/:::2'•/FZ:" ! 05t·1A'·~··::::;: 
18790 :;uBEND 
18800 I ******************************************~***************************** 
18810 SUBROUT I ~JE ~JElH I ~1E 1 22JAN82 
18820 Set th~ time and date in the 3497A or real time clock I 18MAR82 
188:30 
18840 SUB NewtimeCClockS) 
18850 OPTION BASE 1 
18860 Dir1 BSC 13l 
18870 
18880 IF ClockS="N" THE~J LET B:H1,2J="TD" 
1 :3 :3 9 0 I F C 1 o c k $ = '"r' " THEN L E T B S (1 , 2 J = " ::: ' 
18900 
189113 
18920 

ask for the next bits: 

~ Sti-t 
I :::.:· t 

first p.:..rt. for· 
first. p.~rt ..-· HP 

18930 INPUT "Enter two digits for the Month",B$[3,4] 
18940 INPUT "Enter two digit,s for t.ho:: Da~,.. ",B$[5,6] 
1:3950 INPUT "Enter two digits for the Hour ",BSC7,:3] 
18960 I~JPUT "Enter t,;~o di 9i t.:=. f•:•t' the ~1i nt.lte", B$(9, 10] 
t::: '? 713 B s [ 1 1 , 1 3 J = " 0 0 .. ··· " L e t. ·' s m .:.,k e .t h e := . .;· •: •J n d :=. I) 

18'?80 ! 
18990 IF Clock$="Y" THEN GOTO 19040 
19000 CLEAR 709 

22JAt·J82 
9FEB82 

I 25JAtJ82 
I 18MA~:82 

25.JA~J:32 

the 3497A.18MAR82 
18t1AR82 
·~FEB82 

25JAtJ:::2 
25JA~J82 

1 1 :::r·1AR:::2 
I 18~1AR:32 

1 1 :::r·1AR:::2 
18t·1A~::32 

22JAt·J82 
22JAt·J82 

9FEB82 
I 22JAN82 

19010 OUTPUT 709;B$ 
19020 GOTO 19050 
19030 I 

19040 OUTPUT 9;Bs 
19050 SUBEND 

Stuff new Date.'Time in 3497A. 18MAR82 
'3FEB82 
9FEB82 

:; t. 1.1 f f ne ,,., D.~ t .;·,.. T i m,. i n H P •: 1 .:=-.: k • 1 8 r·1 A R 8 2 
! 22JAti:32 

1 '3060 I 

19070 I ********************************************************************** 
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SUBROUTINE PICTLABEL 18MAR82 

Pictl.:l.bo:-1 pl•.:ots tho:- l.:l.bo:-ls on tho:- displ.:l.\J 1 ... 1it.f·1;::.1..lt ·:l.t"l~·· Cl.<t~r·er·1t 

0alues so that the image can be saved for ro:-call on each shot. 

19080 
19090 
1 910(1 
1 '311 0 
19120 
191:30 
19140 
19150 
1 ·:; 16€1 
1'31?13 
1':11:30 

CALL PictlabelCVersionS,AnoS,Rover$) !20APR82 

Version$ is the program revision numbo:-r. 
AnoS is anode data flag 
RoverS is rover data flag 

19190 SUB PictlabelCVersionS,Anos,RoverS) 
19200 OPTION BASE 1 
1'3210 DEG 
19220 MSCALE 0,0 
19230 MOVE 40, 145 
19240 LABEL u::: I NG 1 ·~250; II PULSE:3HAPE OF TEt·1PEF.:ATURE II; II :::HOT #II 

19250 IMAGE 27A,4X,6A,1X 
19260 IF RoverS="N" THEN GOTO 19340 
1 '3270 MOVE 20, 25 
19280 LABEL us I i'lG 192';i0; II GRID TMAX= II' II SEC II' II RO'·/~R TMA>::= II' II SEC" 
19290 IMAGE 10A,6X,3A,3X,11A,6X,3A 
1 '3:300 t·10VE 20, 20 
193!0 LABEL USING 19320;"GRID PTS =","ROVER PTS =" 
19320 IMAGE 10A,12X.11A 
19330 GOTO 19400 
19340 MOVE 40,25 
1935€1 LABEL. usING 19:360; II PERCENTAGE OF TIME Tt1A)<= II; II SEC II 

19360 IMAGE 24A,6X,3A 
19370 MOVE 40,20 
1 ·3·-::s0 LABEL usING E~:3·;.o; "NUMBER oF PO ans SHOlm: " 
19390 IMAGE 23A,X 
19400 LDIR '30 
19410 MOVE 15,30 
1 'H20 LABEL u:; HlG 1 ·314:30; ·• ~·: oF DELTA- r. , GRIns "; II DEG" 
19430 IMAGE 26A,6X,4A 
19440 MOVE 166,30 
19450 IF AnoS="N" THEN 19490 
1'3460 LABEL USHlG 1'31470;"~·: OF DELTA-T.,":l<"e 11 &CHRSC176):i- 11 DUMP "; 11 DEG 11 

19470 IMAGE 28A,4X,4A 
19480 MOVE 165,30 
1'34'3(1 IF R•.:overS= 11 t-1'' THEtl GOTO 19510 
1 ·;.. 50 0 LAB E L us I N G 1 9 4 7 0 ; II ~: 0 F DELTA- T • ' R 0 'y' E R II ; II D E G II 
19510 CSIZE 2 
19520 MOVE 175,30 
195:30 LABEL USING 19540; "Re•J. 11

; Version$ 
19540 IMAGE 5A,9A 
19550 SUBEND 
19560 

!20APR:32 

!20APR82 

! 2€11=tPR82 
120APR82 
120APR82 
!20APR82 
!20APR82 

\ 

!20APR82 
!20APR82 
! 1 :3JUN:3:3 
! 1 :3.JUN:3:3 
!20APR82 
I 20APR:?.2 
!20APE82 

15570 I **************************************************~********************* 
19580 SUBROUTINE PLOT1 
19590 Plotting of Lab~ls and Titles 
13600 
19610 SUB Plot1<Tm~s,Tempmax,Idelt,Snr,Atempmax,Ano$,Rtmo:-s,Rt~mpmax,Rdo:-lt,Rov~r$ 

>!20APR:32 
19620 OPTION BASE 1 
1 '3630 DEG 
1'3640 LIMIT O, 1:34,~3, 149.8 
19650 MSCALE 0, ~3 
19660 MOVE 152, 145 
19670 LABEL USING 196:30;Snr 
19680 IMAGE DDDDDD 
1'3690 IF Ro•Jer$= 11 N11 THEt-l GOTO 1':;.?90 
19700 MOVE 49,25 . 
19710 LABEL USING 19810;Tmes 
19720 MOVE 117,25 
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I 213APR:32 
!2011PR82 
!20APR:32 
!20APR82 



19730 LABEL USING 19810;Rtmes 
19740 f'iO'·/E 4'3, .20 
19750 LABEL USING 19840;Idelt 
19760 MOVE 117,20 
19770 LABEL USING 19840;Rdelt 
19780 GOTO 19850 
19790 MOVE 110,25 
19800 LABEL USING 19810;Tmes 
19810 IMAGE DDDD.D 
19820 MOVE 109,20 
19830 LABEL USING 19840;Idelt 
19840 I t1AGE DDD 
19850 LDIR 90 
19860 MOVE 15,105 
19870 LABEL USING 19880;Tempmax 
19880 IMAGE DD.DD 
19890 MOVE 160,105 
19900 IF Ano;:.$="H" THEt·l GOTO 1'39:30 
19910 LABEL USING 19880;Atempmax 
19920 MOVE 165,105 
19930 IF Rover$="N" THEN SUBEXIT 
19940 LABEL USING 19880;Rtempmax 

SUBROUTINE PLIH2 

19960 
19970 
19'380 
19990 
20000 

Plotting of Graphs and Data 

120APR82 
120APR82 
I 20APR:32 
!20APR82 
120APR82 
!20APR82 

I 18~1AR82 

_1 20APR82 
1 20APR:::2 
I 2~1APR82 

!20APR82 
120APR82 
120APR82 

20010 SUB Plot2CFC*),Timem(*),Tempmt(*),Rese<~>,I,Istart,I~nd,Atimem(*),Arese(*) 
,Atempmt(*),Anode(*),Astart,Aend,Ano$) 
20020 OPTION BASE 1 
20030 Firsthalf=2•I-1 
20040 Setondhalf=2*I 
20050 Rese1=ReseCFirsthalf) 
20060 Rese2=Rese<Secondhalf) 
200?0 Ts1=<Rese1-Rise2)*100 
20080 Pro: nt k j =0 
200'310 P=0 
20100 
20110 IF Rese1<>0 THEN Prcntkj=ABS<Ts1/Rese1) 
20120 IF Rese2<>0 THEN P=ABSCTsl/Rese2) 
20130 Prcntkj=MAX<Prcntkj,P) 
20140 
20150 LIMIT FC1>,F<2),FC3),F(4) 
20160 SCALE 0,100,-10,110 
20170 CSIZE ?.5 
20180 CALL PlotdataC1,Firsthalf,Timem<*>,Tempmt(*),I$tart,Iend) 
20190 CALL PlotdataC3,Secondhalf,Timem(*),Tempmt<*>,Istart,Iend) 
20200 MOVE 10,90 
20210 LABEL USING 20270;R~se1 
20220 MOVE 70,90 
202:30 LABEL USING 20240; Prcntkj; ~~;-:~~ 
20240 IMAGE DDD.DD,A 
20250 MOVE 10,80 
20260 LABEL USING 202?0;Rese2 
20270 IMAGE DDD.DD 
202:30 IF Ano$= 11 N 11 THEI·l SUB EX IT 
20290 IF Anode(I)=O THEN SUBEXIT 

! 18MAR82 
! 18~1AR82 

I 18NAR82 
I 1 :3~1AR82 

1 :3~1AR82 
1FEB82 

1 :3MAR:32 
I 1 :3t·1AR:32 

! 18t·1AR:32 
1 '31JA~l82 

1 :3~1AR82 
19.JAN82 
1 '?.JA~l82 
1'3IJA~l82 

1:3MAR82 

20300 CALL Plotdata(5,Anode(I),A~imem(*),Atempmt(*),As~art~Aend)! 20APR82 
20310 NOVE 10,70 . 
20320 LABEL USING 20270;Arese<Anodefl)) 
20:330 SUBEND 
20:340 I 

20350 I *******~***~*****************~************************************* 
2~1:360 

20370 
SUBROUTINE PLOTDATA 
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203E:O 
20::::'?0 
20400 I 

20410 
2~]420 I 

20430 
20440 
20450 
20460 
213470. 
204:30 

Plotdata plots the data for a temperature chan~el 

Lin~type is 1 ine structur~ number 
Chan n e 1 i s d at a c han n e 1 t o be p 1 o t t. e d 
Tim~m~*) contains the time scale<x-axis) 
Tempmt(*) contains the temperature percents(y-axis) 
Istart is first data value to be plotted 
Iend is last data value to be plotted 

20490 SUB Plotdata(Linetype,Channel,Timem(*),T~mpmt(*),lstart,Iend) 
20500 OPTION BASE 1 
20510 ItHEGER I 
20520 LINE TYPE Linetyp~ 
20530 MOVE Timem<Istart),TempmtCChannel,Istart) 
20540 FOR I=Istart TO lend 
20550 DRAW Tim~m(!),Tempmt(Channel,I) 

20560 NE>~T I 
20570 LINE TYPE 1 
20580 SUBEND 
20590 I 

.20600 
20610 

************************************************************************ 
SUBROUTINE RDFMR 

20620 Read Flow M~t~r Reference Voltage 
206:30 I 

20640 SUB Rdfmr(Fmrv$,V~ef1,Vref2,0ffr~f$) 
20650 OPTION BASE 1 ! READ FLOW METER REFERENCE VOLTAGE 
20660 DIM Sus$[301 
2067~3 ! 
20680 CALL Scset3497aCFmru$,Sus$) 
20690 OUTPUT 709;Sus$ 
20700 ENTER 709;Vr~f2 
207 U3 I 

2072fl I 

20730 IF •:.Vref2>Vr~f1+.1) OR (Vref2<Vref1-.D THEN Qffref$='"('' 
20740 I 

2(1750 I 

20760 SUBEt-lD 
20770 

! 18~1AR82 

! 18MAR82 

207:30 
20790 
20800 
20810 
20820 

*************************************************~*************~***** 
SUBROUTINE RDPARAM 

Reading Accel and Arc Volts and Amps 
from MODCOMP ports, read thru the 3497A. 

20830 SUB Rdparam<VaccS,Iacc$,Varc$,Iarc$,Vacc, Iacc,Varc, Iarc) 
20840 OPTION BASE 1 
20850 DIM Sus$[301 
2 0 ::; 6 0 V ·3.C m U 1 t = 1 0 
20870 Iacmult=10 
20880 Varmult=20 
20890 Iarmult=300 
2 
213'31013 
20910 
213'320 R e .ad V ac c i n : 
20930 CALL Scset3497a<Vacc$,Sus$) 
20940 OUTPUT 709;Sus$ 
20950 ENTER 709;Vacci 
20960 Vacci=ABS(Vacci) 
20970 IF Vacci<0 THEN LET Vacci=0 
20980 Vacc=Vacci•Vacmult 
213990 
2 1 0 0 0 I R e .3.d I .ac c i n : 
21 0 1 0 CALL S c set :3 4 9 7 .a ( I ·OiC •: $, S IJ.s $ ) 

21020 OUTPUT 709;Sus$ 

s c 3.1 ... f ·3.•: t ·=· t"· ::. 
of MODCOMP output 

1 needed @ Berkel~y 
1 N.B.: May not apply 

for LLL application. 
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I 25JA~l82 

25JAN82 
16FEB82 
25JAN82 

! 18t·1AR82 
25JA~l82 

I 1 :3MAR82 
16FEB82 
25JAt·l82 

.16FEB82 
16FEB8 

16FEB82 
25JAN82 
25JAN82 

I 18~1AR82 

I 25JAt~82 

1 o:3.JUN83 
I 16FEB82 
I 25JA~l82 

I 25JAN82 
25JAN82 

! 18~1AR82 
I 18MAR82 



21030 ENTER 709;Iacci 
21040 Iitci=ABS<Iacci) 
21050 IF Iacci<O THEN LET Iacci=O 
21060 Iacc=Iacci•Iacmult 
21070 
21080 ! R~ad Varc in: 
21090 CALL Scset3497aCVarc$,Sus$) 
21100 OUTPUT 709jSus$ 
21110 ENTER 709jVarci 
21120 IF Virci<0 THEN LET Varci=O 
21130 Varc=Varci*Varmult 
2114~3 ! 
21150 ! Read !arc in: 
21160 CALL Scset3497a<Iarc$,Sus$) 
21170 OUTPUT 709jSus$ 
21180 ENTER 709;Iarci 
21190 IF Iarci(O THEN LET Iarci=O 
21200 Iarc=Iarci•Iarmult 
21210 
21220 SUBE~lD 

I 25.JAN82 
I ~)3JUN83 

; 16FEB82 
I 25.JA~l82 

I 25JAN82 
25.JAN82 

I 1 :3MAR:32 
I 1 :3t1AR82 
I 25JA~l82 

I 16FEB82 
' 25.JA~l82 
I 25.JA~l82 

25.JA~l82 

' 1 8MAR82 
I 18t·1AR82 
I 25JAH82 
I 16FEB82 
I 25.JAN82 
! 25.JAN82 
I 25.JAN:32 

21230 
2124~) 

21250 
21260 
21270 
21280 
21290 
213~30 

21310 
21320 I 

213:30 
2134>) 

SUBROUTINE READ3497A ! 18MAR82 

Read3497A reads data from the HP 3497A in ascii. Nrdgs reads 
are done with a delay of Tdelay between reads. The 3497A is 
setup using the command string in SUS$. The readings 
are returned in string array Buffer$(Nrdgs)(J. Ndrop readings are done 
and discarded b~fore the Nrdgs readings are taken. The total time to 
the readings is returned via Tmax. The clock to use is given by Clock$ 

21350 SUB Read3497a<Clock$,Nrdgs,Ndrop,Tdelay,Sus$,Buffer$(*),Tmax) 
21360 OPTION BASE 1 
21370 HHEGER I 
21380 
21390 OUTPVT 709;Sus$ 
21400 IF Ndrop<=O THEN GOTO R5 
21410 
21420 FOR I=l TO Ndrop 
214:30 OUTPUT 709; "VT3" 
2 1 4 4 0 0 U T PUT 7 0 9 ; '"v' T 4 V S " 
21450 ENTER 709jBuffer$C1) 
21460 NE>=:T I 
21470 
2 1 4 71 R5: SERIAL 
21480 IF ClockS="Y" THEN GOTO R10 
21490 OUTPUT 709;"TE0TE2" 
21500 GOTO R20 
21510 
21520 R10:0UTPUT 9j"U2=I1" 
21530 OUTPUT 9j"U2C" 
2154~3 OUTPUT 9j"U2G" 
21550 ! 
21560 R20:FOR I=1 TO Nrdgs 
21570 OUTPUT 709;"VT3" 
21580 OUTPUT 709; "VT4V'3" 
21590 ENTER 709;Buffer$(I) 
21600 WAIT Tdelay 
21610 HE>;T I 
21620 IF Clocki="N~ THEN R30 
21630 OUTPUT '3j ~U2H" 
21640 OUTPUT 9j"U2'v'" 
21650 ENTER 9;Tmax 
21660 Tmax=Tmax/1000 

I re.aoj anoj 
t t hrol~ .al•J.ao,.•. 

!USE 3497A ELAPSED TIMER 

'19J an84 

! 19.1 an84 
05~1A'r'83 

05~1A'l:33 

! 05t1A\'83 

!USE 98035A REAL TIME CLOCK UNIT 2 05MAY83 
I CLEAR UtH T 2 
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I START UN IT 2 

Loop to g~t data jnto Buffer 
1 VT3 - Software trlgg~r 
!VT4 - Trigger HOLD 
!VS - Enable buffer r~adout 

!STOP REAL TIME CLOCK 
I REG!UEST VALUE 
'GET TIME IN MILLISEC 
t CONVERT TO ~3EC 

I ~)5~1A'i'83 



21670 GOTO R40 
216:::0 I 

216'?0 R:30: OUTPUT 7~)·~; "TEl TE" 
21700 ENTER 709;Tmax 
21710 I 
21720 R40: OUTPUT 70'~; II AE0 II 

21721 OVERLAP 
21730 ~3UBEND 

!STOP 3497A TIMER 
IGET ELAPSED TIME 

! AE~) - Exter··n.:..l OFF 

1 ~35r·1A'r'::::::: 

osr·1A\':33 

osr·1A'l:3:3 
! 19.J.:t.n84 

21740 *****+.***+*****~*************************~******************~*********** 
21750 
21760 
2177(1 I 

217:3[1 I 
21790 I 
21:300 
21810 
21820 
21830 
21:340 I 
21850 
21:360 
21870 ! 

SUBROUTINE ROVERFINISH. ! 2 0 .=.p:w 8 2 

Roverfin3ih reads digitizings from the :3497a buffer. The 
digitizing must have been started by a call to Roverstart. 
For the nonbaseline readings~ the timer wi 11 have already been 
stopped by Srqon7. 

CALL Roverfinis~(Buffer$<•>,Tmax) 

Buffer$(*) returns the digitizings read from the 3497A. 
Tmax returns the digitizi~g interval 

21880 SUB Roverfinish<Buffer$(*),Tmax) 
21890 OPTION BASE 1 ! 13MA''I"82 
21900 OUTPUT 710j"VT4VS" !VT4 - Trigger HOLD 05MAY83 
21'?10 ENTER 710;Buffer$(*) !VS - Enable buffer readout 
2 1 ·:; 2 0 0 u T puT 9 ; II u 3 v ,, 
21930 ENTE~ 9;Tmax 

!GET TIME. CLOCK STOPPED BY SRQHANDLER 
IGET TIME IN MILLISEC 

21940 Tmax=Tmax/1000 I CO~lVERT TO SEC 
21950 SUBEND 

SUBROUTINE ROVERSTART !20APR82 

21960 
21970 
21980 
21990 
22000 
22010 
22~320 

22030 
22040 
22050 
22060 
22070 

Roverstart starts up a set of digitizings in the 3497A which 
is device 10 on bus 7. The digitizings are stored the the 3497A 
buf~er and read out later by a call to Roverfinish. 

CALL Roverstart(Sus$) 

Sus$ is the command string to send to the 3497A. 

22080 SUB Roverstart<Sus$) 
22090 OPTION BASE 1 
22100 I 

!SETUP FOR DIGITIZIG 22110 OUTPUT 710;Sus$ 
22120 OUTPUT 9j"U3=I2" 
22130 OUTPUT 9;"U3C" 
22140 OUTPUT 9~"U3G" 

22150 OUTPUT 710;"VT3" 
22160 SUBEHD 

!USE 98035A REAL TIME CLOCK UNIT 3 
! CLEAR U~liT 3 

22170 I 
22180 
22190 I 
22200 I 

22210 
22220 
22230 

! START U~ll T 3 
. !VT3 - Software trigger 

SUBROUTINE SCSET3497A 

Scset3497a makes the string sent to the HP 3497A before single 
channel reads which do not return the result in ascii. 

22240 I Call Scset3497a<ChannelS,Sus$) 
22250 
22260 I Channel$ is the channel number in asci 
22270 "'I 
22280 I 

222'30 I 

Sus$ returns the channel number concat nated with the rest 
of the str1ng to go to the HP 349 A. 

22300 SUB Scset3497a(Channel$,Sus$) 
22310 S1.1S $= "VT 4VR5VD5VF 1 V:30A I "~= Ch.=.nne 1 $. 
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! 05r·1AY83 



22:320 SUBE~m 
2233~1 

22340 
22350 
22360 
22:370 

~************************************~***************~************* 
SUBROUTINE SPIKE !18MAR82 

Spike reduces noise spikes in the data. 
. 22:380 
223~0 I CALL SpikeCSpike$,Nz,Nmeas,Tempm(+.)) 
22400 
22410 Spike$ is "'l" ; f ::pike suppr·o:·ssi on to be dc•ne; •:•thet~,,Ji ::.o:·, "t-i'' 
22420 N~ is the number of data channels in Tempm 
22430 ! Nmeas is the number of data points for each channel 
22440 1 Tempm<Nz,Nmeas) contains the data for noise suppression 
22450 ! 
22460 SUB 3pike<Spik~$,Nz,Nmeas,Temprn(+.)) 

22470 OPTION BASE 1 
22480 ItHEGER J 
22490 IF Spike$="N" THEN SUBEXIT 
22500 FOR J=l TO Nz 
22510 FOR I=2 TO Nmeas-1 ! LOOP TO REDUCE NOISE SPIKES 
22520 IF CABSCTempmC.J,I-1>-Tempm<J,I>>>=l) ANJ RBSCTempm<J,I>-TempmCJ,I+1)>=1> T 
HEN TempmCJ,I>=<TempmCJ,l-1>+TempmCJ,I+1))+..5 
225:30 ~lEXT I 
2254f1 t·JE:n J 
2255f1 SUBE~lD 
22560 I +.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.~+.+.+.+.+.+.+.+.+.+. 

2.2570 
225:30 ! 
22590 

SUBROUTINE SYSSTAT 
READ S'lSTEM TOTAL WA.TER FLOW and- WATER CONDUCT IV IT\' 

14DEC81 
14DEC81 
14DEC81 

22600 SUB S~sstatCTfli,Tflo1,Tflo2,0ffflo$,Cond$,Cond1,Cond2,0ffcond$,Bflo) 

I 14DEC81 
22610 
22620 OPTION BASE 1 
22630 DIM Sus$[30] 
22640 
22650 CALL Scset3497a(Tfli,Sus$) 
22660 OUTPUT 709;Susl 
22670 ENTER 709;Tflo2 
22680 

18t1AR82 
I 14DEC81 

I 18t1AR82 
14DEC81 
18t1AR82 
18t·1AR82 
14DEC81 
14DEC81 

22690 IF <ABSCTflo2)<ABSCTflo1)+.0013) AND CABSCTfio2)>ABS(Tflol)-.0013) THal GO 
TO 22750 
22700 Bflol=ABSC<Tflo1+.012>•1667) 
22710 Bflo2=ABSCCTflo2+.012)+.1667) 
22720 Bflo=Bflo1-Bflo2 

I 29APR82 
Includes conversion to GFM 14DEC81 

I 14DEC81 
14DEC81 

22730 
81 
22740 

Offflo::l$= 11 Y 11 

22750 CALL Scset3497a<C~nd$,Sus$) 
22760 OUTPUT 709;Sus$ 
22770 ENTER 709;Cond2 
22780 Cond2=ABSCCond2) 

2% deviation flagged 

227':i0 IF 0: Cond2 >Cond 1 +. 008) OR ( Cond2< Cond 1-. 008) THEN Off•: o:•n•:j$= 11 l' 11 

22800 
22810 SUBEND 

SUBROUTINE UNPACK 118MAR82 
22:3:30 
22:=:40 
22850 
22860 
22870 
22880 I 

228':i0 I 

Unpack extracts values from the packed data ob~ained from 
the HP 3497A by Read3497a. 

CALL UnpackCNz,Nmeas,First,BufferiC•>,Values(~)) 

22900 1 tlz 
22':ilfJ I 

22920 t·lme.:as 
22':i3(1 I 

is number of values to be extracted from each ~l~ment 
of Buffer$(*) 

is number of elements of Buffer$(*) from which values 
are to be extracted. 
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14DEC 

14DEC81 
1 :3MAR82 
18MAR82 

I 14DEC81 
14DEC81 

I :30APR82 
14DEC81 

I 14DEC81 



2::::·;.40 
22950 
22'360 
22970 
22'?80 
22'j-90 --
2:3000 
23010 

l"it':H is the ordinal of the first value to be extracted -
from each el~ment of Buffer(*), 

Bt.Jffet•$0lmeas) is .. :&t1 .:sr·r.:&y in t..;hi.:t·t .:·.:&ch ele·me·nt cont.:&ins the 
pa~ked readings from a sequence of 3497a channels. 

ValuesCNz,Nmeas)returns the unpacked digitizings. There are 3 
bytes per digitizing, Nz digitizings per·element 
•Jf BtAffer$. 

23020 SUB Unpack<Nz,Nmeas,First,Buffer$(*),Values(*)) 
23030 OPTION BASE 1 
23040 DIM MC4) !RANGE MULTIPLIERS 
2:~:050 READ M(*) 
2:3060 DATA 1 E-6, 1 E-5, 1E-4, 1 E-:3 
23070 INTEGER l,J,A,B,C 
23080 L=CFirst-1)*3+1 
23090 FOR I=l TO Nz ILOOP OVER THE DATA CHANt~LS 

23100 FOR .J= 1 TO tJrne.:&s. ! LOOP OVER THE MEASUREtH: .. rHS 
23110 A=NUMCBuff•r$(J)[LJ) ~1ST BYTE OF DIGITIZING 
23120 B=NUM<BufferS(J)[L+1]) !2ND BYTE OF DIGITIZING 
23130 C=NUM<Buffer$(J)[~+2J) !3RD BYTE OF DIGITIZING 
23140 Sm=(1-2*ROTATE<BINANDCA,32),5))*M<ROTATE<BINANDCA,192),6)+1) 
23150 ValuesCI,J)=(((((R0TATECBINANDCA,16),4)*10+BINANDCA,15))*10+ROTATECBINAND< 
B,240),4))*10+BINANDCB,15))*10+ROTATECBINANDCC,240),4))*10+BINANDCC,15>>*Sm 
2:3160 HE:,;T J 
231 70 !....=L +:3 
23180 llE)<f I 
23190 :3UBEND 
23200 I 

! TO NE>~T CHANNEL 

23210 ********************************************************************** 
23220 1 SUBROUTINE VARADD 
23230 I Var:&~d converts values to ascii and adds them to the message string 
23240 1 which sends the results to the Modcomp. 
23250 I 
23260 I ~h-•:&rs is the number of (J.:&ri.ables t.o add, no. in .at·r·-.a~,.o<*·· 

23270 Array(*) contains the variablEs to add. 
MS collects.the converted variables. 

2:32':HJ I 
2:3:300 SUB VaraddCHvars,Array(*),M$) 
23310 OPTION BASE 1 
2:3320 INTEGER I 
233:30 FLOAT 6 
23340 FOR I=1 TO Nvars 
23350 MS=MS&VALS<ArrayCi))&" " 
;2:3:360 ~lE)-;T I 
2:3:370 SUBEND 
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ETF-002/ 

Purpose 

SIGNAL MONITOR CALIBRATORS 

G.J. deVries 
i·la rch 5, 1984 

The signal monitor caliorator in tne !Jeutral Beam Engineering Test 

' Facility (NBETF) calibrates each monitor signal with a voltage staircase, 

sequenced witil a fixed frequency upon command via a relay. The calibrator 

unit has eight output channels and each channe1 output voltage is a~justed 

to a particular monitor impedance. In calibration mode, the voltage stair-

case produces a standard reference for the computer data acquisition unit 

and aids troubleshooting. 

Description 

The calibrator electronics is housed in a Nil~ module. Eight output 

channels are available on the rear panel with channel range adjustments 

accessible on the front panel. Tite voltage level staircase consists of 

seven voltage levels (Figure 1 ). The output voltage is adjusted for each 

monitor impedance to obtain a calibration voltage independent of the monitor 

impedance. In the case of a low impedance current monitor, a 51 ohm, a 

resistor is added to the shunt monitor signal because ~he output current of 

the calibrator is limited to about 200 rnA/channel. On the front panel, the 

calibrator reference can be monitored, and zero and full scale adjustments 

are available. 

In the .. free run .. mode, the internal frequencey of the calibrator 

val tage staircase is on the order of 1 kHz. In the "single step" mode, the 

voltage staircase can be advanced by activating a p~shbutton located on the 

front panel. 
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Technical Notes 

Drawing dT3164 S-1 C shm>~s a detailed schematic of the calibrator elec­

tronics. The voltage reference is obtained from a temperature compensated 

ace~rate voltage zener. Tne staircase is generated ~itn a simple oscilla­

tor, a digital counter, a BCD to decimal decoder and analog switches. An 

operational amplifier amplifies the voltage across tile resister, wllose value 

is contra 11 ed by the ana 1 og S\~i tches. The amp 1 i fi er output vo 1 tage s·wi ng is 

+lu volts. A current amplifier provides the current .drive capaoility of 

about 1.6 A total (200 rnA/channel). 

t Vro 

'·1 - ... ·-- -

•' 
3.l 

·-· -·-- ---

' 
0 ... ----- - --·-

-"\3 r--

f -6-7 -

-1o 

I I . 

------·· t. FIGURE 1 
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FAULT DETECTION AND PROTECTION SYSTEM FOR NEUTRAL BEAM GENERATORS 

ON THE NEUTRAL BEAM ENGINEERING TEST FACILITY (NBETF) 

G.J. deVries, K.L. Chesley and H.M. Qwren 

Lawrence Berkeley Laboratory 
University of California 

Berkeley, CA 94720 

SUIIIIIary 

Neutral bea11 sources, their power supplies and 
instrumentation can be damaged from nigh voltage 
sparkdown or fro11 overheating due to excessive cur­
rents. The Neutral Beall Engineering Test Facility 
(NBETF) in Berkeley has protective electronic: hard­
ware that senses a condition outside a safe operating 
range and generates a response to tel"'linate such a 
fault condition. A description of this systell is 
presented in this paper, 

Introduction 

High voltage sparkdown can cause deterioration or 
damage in a neutral beana injector. Deterioration in 
performance of the neutra 1 bea11 source is influenced 
by the amount of energy that 1s stored in the capaci­
tances associ a ted with the accelerator .1 Damaging 
effects can be diminished by slowing the discharge 
with a core snubber,2 

'overheating the accelerator grids (due to exces­
sive currents) can also cause damage to the neutral 
beam source. To prevent damage, it 1s required that 
certain voltages and currents are monitored c:l osely 
and if their value exceeds their safe operating value 
(fault condition), the high voltage is quickly inter­
rupted. The fault detection electronic: hardware is 
designed to respond to a fault condition in llicro­
sec:onds. Three types of responses are poss i b 1 e and 
the type of response generated depends on the fault 
identified. The fault detector is an upgraded 
version of an earlier design. tested on the Neutral 
Beam System Test Facility (NBSTF).4 

Fault Detector Input Signals 

Various voltages and currents are 110nitored 
closely and compared to a preset safe operating 
threshold value during bea11 operation. If these 
signals exceed the preset operating thresholds, a 
response is generated by the fault detector. 

The monitored signals, used in the NBETF, are 
listed in Table 1. The •inhibit time•, listed in 
this table for each signal, 1s the time that the 
fault detector is disabled during the ac:c:el voltage 
turn-on. The •persistence time• is the ti111e that the 
fault signal is allowed to continue before an action 
is taken. The fault detection input signals used in 
the NBETF are: 

·-dV/dt• senses a rapid decrease in accel 
voltage. The signal is generated by differentiating 
the acc:e 1 sense vo 1 tage ( T • 20 11 sec) and pro vi des 
the earliest information that a spark has occurred. 

·v1-2• senses the voltage difference between 
the first grid, wnich is at acc:el potential, and the 
second grid (gradient grid). This voltage is moni­
tored on the neu tra 1 bea11 sources s i nee its co 11 apse 
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can cause severe overheating · in the accelerator 
grids. V1-2 is usually about 20~ of VAccel· The 
ratio V1-21VAcce1 permits an operating threshold 
setting that is independent of the accel voltage. 

3. VggiVAc:c:el 

Vgg is the gradient grid (second grid) voltage 
measuted to ground. The VggiVAccel monitor can 
be used in addition to or as a suosti tute for the 
V1-2/VAc:c:el monitor. Vgg_ is in the order of 
130~ of VAc:cel and since -a is measured to ground 
potential, no telemetry channel is required. 

4. Igg and Isupp 

The gradient grid current and the suppressor cur­
rent are monitored by the fault detector oecause ex­
cessive currents in the grids can bend the grids and 
thus degrade or damage the source. The inhibit time 
(600 11 sec) permits excessive currents to flow during 
the accel transient turn-on. 

5. IAc:cel 

The beam related accel current is monitored at 
two places with shunts: near the source and near the 
acc:el power supply rectifiers. Both signals are used 
as fault detector inputs and their thresholds can be 
adjusted for operating conditions. 

6. VAccel-Strobe 

The.accel voltage is switched to the neutral oeam 
source with a SCR switch, 5 after the acce 1 power 
supply nas been turned on. The command comes from 
the computer. A logic: gate pulse {beam request time 
or •strobe•) controls the duration of the •neutral 
bea. pulse request.• The VAccel·Strobe fault 
detector compares the presence (or absence) of the 
high voltage witn the bea11 request duration. A fault 
condition exists if no accel voltage is measured dur­
ing this request time or if accel voltage is present 
without the computer logic: strobe pulse. 

7. Metal Arc (Spot) Detector& 

A persistent metal arc: can cause severe damage to 
the plasma chamber and should be terminated within a 
few ;uilliseccnds. A metal arc usually decreases the 
efficiency of the plasma production. The ion out­
put, measured with a Langmuir plasma probe, is 
compared to the arc: current. The ratio of the plasma 
probe current and the arc: current is a measurement of 
the source efficiency. If the ratio falls below a 
preset value (operator adjustable). the neutral beam 
is terminated (or interrupted depending on operating 
conditions). Tne spot detector also measures a 
•noise• component of the prooe current since a metal 
arc: also produces high frequency plasma fluctuations. 

8. Gradient Grid Voltage 

The gradient grid voltage also has a -dV/dt spark­
down sensor. 1 t pro vi des independent spark protec­
tion. Its status is displayed witn a LED indicator. 



Table 1 Type of Responses Versus Detected Faults 

' . Type of Response 

Fault Detector Inhibit Persi stance 
Monitor Signal Calibration Time 

VAccel cN/dt 20 kY/Y 4 11S 

V1-21YAccel Ratio FS • 201 6 11S 

YGrad GridiVAccel Ratio FS • 1001 200 11S 

IAccel Source 10 A/V so 11S 

IAccel P.S. 10 A/V -
*IGrad Grid 0.1 A/V 600 liS 

Isupp P . .:S. 1 A/V so liS 

Spot Detector Plasu Probe -
O.S V/V 

Grad Grid dV/dt 20 kV/V -.. 

YAccet-Strobe ZO kV/V zo liS 

VAccel-Strobe ZO kY/V 40 liS 

YAre Overvoltage zo V/V 

Arc Modulator Logic Signal 
Overload 

Interlock Chain Logic Signal 

Maximum Number Logic Signal 
Interrupt 

9. Interlock Chain 

Safety requirements demand that high voltage 
areas and other potentia 1 hea 1 th hazard areas are 
closed and interlocked during neutral bea11 opera­
tion. Any intervention of the interlock chain tenli­
nates the neutral beam operation. A few key ele­
ments of this chain, such as high pressure water 
flow, are displayed with LED indicators. 

Fault Detector Output Signals 

Three levels of responses have been designed as 
output commands of the fault detector. (Table Z). A 
level 1 response produces a temporary interruption in 
neutral beam operation. An interruption 111ay occur 
frequently when an unconditioned neutra 1 beu source 
has been installed. Contamination in the source 
requires a conditioning period under reduced operat­
ing power. During this period, the power to the 
source is interrupted for a short time (3-40 ms) when 
a fault has been detected. The high voltage is 
interrupted with a SCR switch. The plasma arc cur­
rent·is diverted by means of an arc modulator.7 

A level 2 ten1inates the beam pulse by removing 
the power to the neutral belli. The level 2 responds 
to a more severe malfunction, such as overloading or 
overheating. A level 3 response terminates the beam 
in the same manner as a 1 eve 1 Z response and a 1 so 
turns off the power to the power supplies. This 
response will occur when a power supply current limit 
is exceeded or if the high voltage persists after a 

-
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Time 1 2 3 

4 11S X 

100 11S X 

as 11S X 

10 11S X 

soo liS X X 

100 11S X 

10 11S X 

-S IDS X 

dO 11S X 

S70 11S X X 

7 liS X 

- X 

- X 

- X X 

- X ; 

Table 2 Type of Response Causing Protective Actions 

Type of Response 

1 2 3 

Accel Vol c..ge Off X X X 

Suppressor Yolt.ge Off X X X 

CC~~~~~utar T1•1ng Strobe Off X X X 

Accel P.S. sea COfttrol Off X X 

Accel P.S. 12 kY Supply Off X 

Auxtl11ry P.S. 480 Y Supply Off X 
\ 

1 evel 1 or a 1 evel Z has been generated. From Table 
1, it can be noted that whenever a 1 evel 3 response 
is generated, a level 2 response is also generated. 

Block Diagram (Fig. 1) 

The inputs to the fault detector electronics are 
analog or digital fault monitor signals. Tne monitor 
signals, measured at nigh voltage levels, are trans­
mitted vi a high frequency response te 1 emetry fiber 
optic links8. Tne outputs of the fault detector 
are the conmands to react to the specific fault( s). 



The input signals are grouped with OR-gates to cause 
tile desired output effect. The thresho 1 d detectors 
allow the neutral beam source operators to choose 
fault trip levels for the analog signals. The 
digi.tal signals are obtained from on-off type inputs 
(such as high pressure water flow detector and 
maximum number of interrupts/beam pulse). Time of 
fault, measured from beam start, is indicated on a 
LED display and aids the neutral beam source 
operators to troubleshoot the cause of the fault. A 
computer interface has been designed for future fault 
display and analysis.. The type of fault and the type 
of output response (level 1, Z or 3) are also marked 
by a LED display. (Fig. Z) The output pulses (50 V, 
10 11 sec) are used to turn off the high voltage and 
suppressor supply; the logic level pulses (10 V) are 
used as input signals to the computer timing circuits. 

Circuit Design Notes 

Threshold Detector 

The input voltages to the threshold detectors are 
f n the range of 0 to + 10 V. They can-- be fil tered 
with a two pole bessel filter ff noise rejection 1s 
required. The input signals are compared to 
reference voltages using signal comparators (LM311); 
their outputs are enabled with an external logic 
pulse. The enable pulse is usually synchronous with 
the beam request gate pulse (strobe) and can be. 
delayed by means of an internal adjustable delay, 
thus disabling the fault detector output during accel 
turn-on transient time. The adjustabfl i ty of the 
persistence time and inhibit delays is accomplished 
with an analog timer (LM555). 

The time at which a threshold detector generates 
an output signal (level l, Z or 3) 1s referenced to 

Pao• •••H 
ttOIUTGe8 AT 

ACCIIL POTittTIAL '------. 

••o• ••••• 
•OttiTOIII AT 

CUtOVeiO POTittTIALI-------------, 

PaOli DeGITAI. 

II .. ALI AT 

oaou.o POTIIn'IALL-----------------------, 

PaCMJ OHUTAL 

II .. ALI AT 

ACCIL P01'11a1UL l.----,j 

the start of the "oeam request• pulse. The elapsed 
time is registered with a seven segment display; its 
accuracy is a few microseconds (a 1 MHZ crystal 
oscillator is used as the clock frequency). Tile 
display is driven with a digital·counter (ICM7217A). 

A "test• button located on the front panel of the 
threshold detector, when activated, causes the seven 
segment display to indicate the internal enable delay 
or the fault persistence duration of each detector. 
It also generates output signals for system test 
purposes. 

OR-Gate Logic 

The desired level of response (level 1, Z or 3) 
to a fault signal is determined by diode connections 
between the input (fault) and output (level). The 
logic circuit 1s designed to acconmodate any user 
defined choice of response to fault input signals. 

Pulse Generator 

The pulse generators are blocking oscillators. 
The output pulses are 50 V and about 10 11 sec wide; 
their driving capability is 50 V into 50 Ohms. Tne 
output pulses are transformer coupled to eliminate 
ground 1 oops. Tne 50 Y 1 eve 1 is chosen to obtain a 
high signal to noise ratio. 

Packaging 

Two fault detector discriminators are packaged in 
a NIM plug-in module (Fig. Z). Tne fault detector 
OR-gate logic, the 50 Y pulse generators and the LED 

, fault indication display are also constructed with 
plug-in modules, thus providing quick access to the 
electronic hardware if service is needed. 

IIAtt lttTIIIUfiT 
TO ICI T•tQQt:l 

TO COMPUTII 

I•TIIIU"T TlttlttQ 

lttD (W Ill&• l'ilLII 

TO ICI TRtOMI 

••• (W ..... 

lttD o• IIAM PULIII 

TO ICI TltQQII 

TO M.Y.POWII IUPII't. T 

TO 410 W POWIIt IUPPL Y 

TUIHI Ot'P 

TO COMPVYila 

FAULT AttALYIII 

XBL 831Z-46dJ 

Figure 1 Block Diagram of Fault Detection and Protection System 
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F·igure 2 Modular Fault Detector System With Time of Fault and Type of Fault Display 

Performance Description 

The fault detector system has been operating 
successfully at NBETF for the last 1-1/2 years. 
During this period, test sources, built in Berkeley, 
have been operated at a power range of 40 to 120 kY 
for 0.5 to 30 sec pulse lengths: the system has been 
operating well recently with the Oak Ridge neutral 
beam source. Its adaptability has been noteworthy. 
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NEUTRAL-BEAM PLASMA SOURCE METAL-ARC PROTECTION CIRCUIT* LBL-12721 

G.J. deVries, D.B. Hopkins, A.F. Lietzke and H.M. Owren 
Lawrence Berkeley Laboratory 

University of California 
Berkeley; CA 94720 

SUMMARY 

Neutral beam sources occasionally suffer from 
metal arcs inside the plasma chamber. This arcing 
can cause serious damage when it is sustained. 
Experience has shown that arcing for less than 10 
msec is tolerable. This paper describes an 
electronic circuit designed to detect such an arc (or 
"cathode spot") and generate a signal which can be 
used to turn off the source arc current and the accel 
voltage. 

One principle of spot recognition is based on the 
detection of abnormal, fast ·fluctuations in a 
Langmuir probe signal. 

A second detection principle looks for an 
abnormally low plasma source efficiency by comparing 
the probe's saturated ion current to the arc 
current. Both of these principles are exploited in 
the circuit described in this paper. 

METAL ARCS IN PLASMAS 

Metal-arcs in plasma sources are frequently 
observed when the plasma source is operating under 
the conditions where electron density =6 x 
loll;cm3,· Debye length =20 JJm, and average 
positive ion current density =200 mA/cm2. The 
phenomenon represents a "punch-thru "' of the voltage 
sheath which separates the plasma from all 
relatively-negative electrodes. It is frequently 
labeled by such names as "cathode-spot" and 
"unipolar.-arc", depending on whether the electrode is 
"hard-wired" to the arc power supply negative 
terminal or floating, i.e., with zero net current. 
It is believed to be the vacuum analog of the common 
arc welder. The sheath's potential difference is 
generally a substantial fraction of the arc voltage 
(Vanode- VcathQdel and may be viewed as a 
measure of the relative difficulty which the plasma 
encounters in obtaining electron emission from the 
electrode surface. This interface can be ruptured 
with the formation of on~ or more tiny, high density 
metal-plasma plumes. These are believed to be 
maintained by very local, very intense electron 
emission through a dense metal-vapor cloud (resulting 
from intense cathode sublimation). 

This electron emission reduces the sheath 
impedance. Hence, the spot causes the arc voltage to 
drop and/or the arc current to increase (Figure 1); 
the average ion output current then becomes reduced 
and noisy. For a unipolar-arc, the electron cooling 
effect of the spot is believed to be responsible for 
the s 1 i ght increase in observed arc impedance; most 
noticeable is the noisy probe signal. 
Negative-electrode material coats surrounding 
surfaces in both cases. Variations of this general 
description have been observed. 

Sustained operation of metal arcs have produced 
at least six bad effects: 

*This work was supported by the Director, Office of 
Energy Research, Office of Fusion Energy, Development 
and Technology Division of the U.S •. Department of 
Energy under Contract No. W-7405-ENG-48. 
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Figure 1 A metal arc usually causes the arc 
voltage to lower (top trace) and the 
arc current to increase (center trace) 
due to a lower arc impedance. 

1. Melt-thru of the anode wall; 

2. Insula tor 
puncture; 

metallization, carbonization, or 

3. Little balls or flakes of cathode material, 
transferred to the accelerator grids, interfere 
with voltage-holding and beam production; 

4. Filament destruction by pitting or melt-thr~; 

5. Retrograde (-JxB) motion in a magnetic field can 
move a "spot" from a relatively innocuous 
location to one where a, b, c, or d occur; 

6. Unipolar-arcs, usually relatively innocuous due 
to their small current, can trigger the formation 
of high-current cathode spots. 

For these reasons, when a spot occurs, the arc 
current is terminated until the sheath's 
voltage-holding capability is restored. 

DETECTION PRINCIPLE 

The operation of a neutral beam plasma source 
includes power supply, plasma source and. accelerating 
protection circuitry as standard equipment.l 
During the years of neutral beam operation in 
Berkeley, various methods of metal arc (spot) 
detection have been tried and found to be 
inconvenient because of neutral-beam source 
character is tic dependence. The detection pr i nci pl e 
described in this paper is relatively independent of 
source characteristic variations. 

The detection principle is based on the following 
two techniques: · 

a. The unipolar-arc usually causes a fast 
fluctuating Langmuir probe signal. These fast 
fluctuations (in the range of 1 kHz to 40 kHz) 
are detected when the amplitude exceeds a preset 
threshold value of a signal comparator. The 
output of this comparator is linearly integrated 
by means of a charge pump and compared to .a 
preset adjustable threshold. If th1s 



threshold is exceeded, a fault signal is 
genera ted. 

b. The plasma efficiency is measured by comparing 
the DC component of the probe current with the 
arc current. The ratio is ·.approximately constant 
for varying operating conditions of a given 
source. A fault signal is generated when the 
ratio Iprobeiiarc drops below a preset value, 
thus indicating low-efficiency plasma production 
or a cathode spot. 

SIMPLIFIED CIRCUIT DIAGRAM (FIGURE 2) 

Plasma Fluctuation Detector 

The probe signal is amplified via a high-pass 
filter with a corner frequency of 650 Hz. Probe 
signal fluctuations with frequencies above 650 Hz 
generate an error signal if they exceed the 
comparator's amplitude threshold. Each time an error 
signal is detected, the integrating capacitor is 
charged a fixed amount. For a repetitive error 
signal (with a frequency of 3 kHz and above), the 
capacitor will be charged continuously, thus causing 
the voltage to rise linearly. This voltage on the 
capacitor is compared with a preset reference voltage 
and an arc termination signal is generated if this 
reference voltage is exceeded; 

XBL 8110-12233 

Figure 2 Simplified Circuit Diagram of the 
Metal Arc Detector 

Arc Efficiency Detector 

The DC component of the probe signal is obtained 
from a low-pass filter with a corner frequency of 180 
Hz. This signal is then compared to a signal 
prQportional to the source arc current. The arc 
current signal is amplified via a low-pass filter 
with a corner frequency of 90 Hz. This filter delays 
the rise of the arc current signal, with reference to 
the probe signal, in order to maintain the 
Iprobe/Iarc ratio above the preset fault trigger 
1 eve 1 during the turn-on of the source arc current, 
thus preventing an unwanted fault .signal from being 
generated. The Iprobeiiarc ratio is measured 
with a signal comparator ·whose output controls the 
current source feeding the integration capacitor. A 
fault sig.1al is generated by means of the same type 
of comparator described above· for the repetitive 
fluctuating probe.signal detection circuit. 

OPERATIONAL CONTROLS OF THE DETECTOR 

Operation of the detector requires only a few 
adjustments. These are: 

a. "Noise threshold" adjustment (calibration range 
of 1 volt peak-to-peak, full-scale). This 
probe-signal noise threshold has been set 
empirically at 100 - 150 mV on the neutral-beam 
sources in Berkeley (a 100 current viewing 
resistor is used.) 

b. "Persistence" adjustment (calibration range of. 25 
msec full-scale). This adjustment sets the time 
duration that a suspicious probe signal may 
persist before a command is generated to 
terminate the arc current. For clean-source 
operation, a few milliseconds usually suffices. 

c. "Arc efficiency threshold". (calibration range of 
probe signal gain is xS full-scale). This 
adjustment controls the gain of the DC component 
of the probe signal for comparison with the 
Iarc signal. The gain should be adjusted for 
the particular arc current shunt in use and the 
plasma source. efficiency. Figure 3 indicates the 
exact trip level. An 6perational margin of 30-
50% is usually added. 

d. "Test". A circuit allows the user to quic~ly 
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check the unit for proper performance. This is 
accomplished by means of a local oscillator 
(frequency is 6 kHz) with a variable amplitude. 
By activating the test circuit with a front panel 
push button, one injects a simulated "noisy 
probe" signal. By varying the amplitude, the 
noise-threshold trip level can be checked. The 
Iprobeiiarc ratio is checked by injecting a 
test signal (frequency approximately 30 Hz) into 
both input circuits~ 

PROBE V /1000 A 

0.1 

Figure 3 

TRIP LEVtl 

10 I.S 

1 10 
PROBE GAIN 

. XBL 819-4980 
This figure shows the arc efficiency 
detector trip threshold for various arc 
current shunt values. ·The probe signal 
amplitude for 1000 Amps arc current 
is graphed versus the pr6be gain. 



SCHEMATIC AND CIRCUIT DESIGN NOTES 

A detailed circuit diagram is given in Figure 4. 
A few functions are described below. 

The Charge Rate Control 

The charge rate is controlled by means of a 
retriggerable monostable which switches the 
current-source that charges the integrating 
capacitor. The capacitor discharges (time-constant 
is 0.5 sec) to an adjustable negative offset voltage 
in order to bias the comparator slightly negative, 
thus preventing spurious fault signals from being 
generated when no input signal is present. 

The Frequency Filters 

Two pole Bessel filters2 are used. They do not 
suffer from overshoot in· response to a step voltage 
on the input. The necessary de 1 ay difference 
mentioned earlier between the !probe and Iarc is 
accomplished by a difference in the corner 
frequencies of the fil tei-s. An active diode circuit 
in the arc signal filter removes the filter delay 
during arc turn-off time, thus preventing an unwanted 
fault signal from being generated. Figure 5 shows a 
photograph of the filtered signals _of !probe and 
Iarc when square-wave input signals are employed. 

Figure 5 The square wave response of the two 
frequency filters are shown above. 
The top trace is the low-pass probe 
filter response; the bottom trace is 
the arc current filter response. 
Time scale is 1 msec/division. 

(F.S. = 10 ms) 

Operational Amplifier 

The operational· amplifiers have been selE:_ted 
according to the gain bandwidth performance (20 MHz 
for the HA2525 and 100 MHz for the HA2625) needed for 
the amplifiers of the AC component of the probe 
signal. These op amps also offer a relatively small 
offset voltage (<5 mV) so that no external 
adjustments are required to obtain high threshold 
accuracy. 

Indicator Light 

A light-emitting diode has been added, for fault 
analysis purposes. It remains l.it after a 
"termination command" has been generated • A reset 
pulse, for resetting the light-controlling flip-flop, 
is obtained from the next beam "turn-on" pulse. 
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CIRCUIT PACKAGE AND PERFORMANCE 

Circuit Package 

The detector circuit has been built on a printed 
circuit layout, one side of which is used as a ground 
plane. The circuit is housed in a NIM module. 

Performance Results 

The detector has been in service steadily this 
year on different plasma sources. In general, the 
unit has performed satisfactorily (Figure 6) provided 
that the operational adjustments have been set 
according to the specific source in use. 

Figure 6 The photograph shows an increase in 
arc current (center trace) and a 
decrease in probe current (lower 
trace), indicating a spot and causing 
the arc efficiency detector to 
terminate the arc. The top trace 
shows the arc voltage. 

Possible Improvement 

Some consideration has been given to an automatic 
adjustment of the noise threshold in the fast 
fluctuating (AC) probe signal detection circuit. The 
idea is based on the fact that the ratio of the AC 
component of the probe signa 1 to the 1 ow frequency 
component of the probe signal should be nearly 
independent of plasma source operating levels. To 
achieve this feature in practice, the DC component of 
the probe signal could function as the ·reference 
voltage for the noise threshold comparator. This 
function has not yet been implemented. 
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Surimary 

ARC POWER FEEDBACK LOOP ELECTRONICS 

G.J. devries 
February 16, l9d4 

The arc power supply output voltage is controlled by a SCR rectifier 

phase control unit. To obtain a constant arc power level, a feedback loop 

is formed with the application of an integrating differential amplifier 

housed in a NIM module. This module processes the measured arc voltage 

and/or arc current, compares it to a reference voltage, integrates the error 

signa~. and controls the phase of the arc power supply SCR rectifier unit. 

Description of the Feedback Loop 

The feedback loop has been designed to accommodate for slow changes, 

during 30 sec neutral beam, in gas pressure or filament temperature. A 

simplified diagram of the electronics used is shown in Figure l. Inputs A 

and Bare the feedback signals, arc voltage and arc current monitor signals 

(the range of ll to +10 volts). An analog multiplier is used to obtain a 

signal which is proportional to the product of A and B, thus proportional to 

the arc power. Its output is compared to a reference signal .. with a differ­

ential amp and the output error voltage is integrated and used as an input 

to the SCR phase control unit of the arc power supply. A given arc pO\'Ier 

level will be maintained with the feedback loop within the range of the SCR 

pnase control unit. An adjustment of the arc power supply IVR might be 

necessary when the SCR phase control unit reaches its control 1 imi ts. Dur­

ing the initial arc power supply turn, the feedback loop is closed internal-... 

ly (for about 50 msec) to prevent oscillations in the arc current, related 

to turn-on transients. The voltage reference is S\'litched, after this 

initial turn-on time, from a second voltage reference to the feedback 

voltage reference to dimi~ish the effect of the load change on the power 

supply when the neutral beam accel voltage is turned on. 
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Operating tlotes 

1. Feedback can be used with either one or two inp~ts (inputs, A and 8). 

If one input is used as a feedback input, the other is internally con­

nected to the +10 ~. Inputs A and B have a gain adjust of 0 + xl0. 

2. A and B input-impedance is 1 M o. 

3. Using A orB as feedback, input, then: 

a. measure input signal at the scope (for example, probe signal); 

b. set signal gain such that (input A or B) x Gain= Reference Signal, 

where (A or B) x Gain ~10 Volts. (If Gain % 1, the reference 

signal should be approximately equal to signal at input A or B.) 

4. Using Ax B input (for example, power of beam): 

a. input A and Bin the 0 + 10 V range gives AB/10 as the feedback 

control input; 

b. set the feedback signal level accordtng to: 

V = (A x G)(B x G) 
Ref 10 (Ax Gain~ 10 V; B x Gain< 10 V) 

5. The SCR voltage control (feedback module output) should be ~s V +1~~-

Lower voltages seem to introduce excessive ripple qn the arc power 

supply. The goal is to maintain the SCR voltage in the "right" oper­

ating range (5 V _!15%) during the long pulse. One should increase or 

decrease tne SCR control voltage for a given fixed arc current by 

decreasing or increasing (respectively) the arc power supply IVR. With­

in the SCR range, the arc level can be adjusted by changing the refer­

ence voltage. A green/red LED indicates whether or not the output, 

voltage is in range (green) or out of range (red). 

6. Deactivate Feedback Loop 

The switch "Feedback In/Out" enables/disables tne feedoack function; in 

the "Out" position, the SCR voltage is controlled by the nelipot "SCR 

Control" calibrated in 0 ++lU V. 
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Page 1 of 8 

ARC NOTCHER 

Jan deVries 
Apri 1 26, 1982 

This note briefly describes the operation of the arc notcher, designed 

for the Neutral Beam Engineering Test Facility (NBETF). 

The functions of the arc notcher are: 

1. to match the arc current during beam turn-on with the shape of the 

accel voltage rise in order to maintain desired plasma density, 

2. - to divert the arc current from the plasma source into the arc notcher 

during a fault. (A fault can be generated by various sensors, such 

as V1_2 , spot detector; etc.) 

Description 

The arc notcher (consisting _of two elements) is connected across the 

arc power supply (also two elements) and functions as a variable load to 

the power supply-as shown in Figure L* Each-arc notcher has been con­

structed from 64 transistor switches which can turn on and off in the order 

ofpsec. Each transistor switch consists of one or more transistors with 

collector resistors. _(A breakdown of the number of transistors per switch 

and the calculated current per switch is given in Tables 1 and 2.) 

The transistor switches are controlled by an analog input voltage of 

0 ~ +10 volts by means of 64 signal comparators. The input voltage is 

compared to a voltage divider with 64 voltage taps (10 volts/64 = 155 mV/tap). 

*The two power supplies with the two arc notchers can be switched in parallel 
or series mode. The two arc notchers are identical and are contr.olled from 
one electronics control unit. 
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The design approach has been to achieve a linear response of arc current 

when a linear varying input voltage is applied. Since the arc current 

depends on the s·ource impedance and the power supply impedance, the design 

center is based on the following source characteristics: 

Source Impedance RA = 50 milliOhms Maximum Arc Voltage = 100 Volts 

Arc Zener Voltage v8 = 25 Volts Maximum Arc Current = 1500 Amps 

(For lower arc impedance and higher arc current sources, two arc notchers 

are switched in parallel mode~) The power supply output impedance is 

represented by a 300 lJH inductor. Table 2 shows the calculated power 

supply current buildup for a divert time of 10 msec as a function of the 

number of switches turned on. 

Figure 2 shows the calculated arc current versus the number of switches 

for a 10 msec and a 100 llsec divert. 

Figure 3 shows the calculated arc current versus number of switches 

for various arc source impedances .. 

Input signals to the arc notcher can be: 

1. START BEAM (Strobe): This digital signal initializes the protection 

maximum time circuit at the leading edge of the gate pulse. 

2. ARC FULL-ON: This digital signal overrides the analog control 

voltage and turns all switches off during the presence of this gate 

pulse, thus allowing arc current to flow independently of the controll­

ing analog voltage (Vaccel input). 

3. VACCEL: This analog input controls the arc notcher ·current and is 

obtained from the accel voltage divider. (-10 ~ 0 V) 

4. VACCEL (Telemetry): The function of this input is the same as mentioned 

under #3. (0 ~ +10 V} 
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5. POWER SUPPLY CROWBAR: This digital signal turns the arc notcher 

switches on and can be used to divert the arc current as a spot 

protection input when connected to the output of·the spot detector. 

6. DIVERT: This digital signal turns the arc notcher on, to depress. the 

arc current, to a preset level (notch depth). The notch depth keeps 

the arc alive during DIVERT and can be varied to accommodate different 

source characteristics. 

7. NOTCH DEPTH: This is a 16 digital input connection which can be 

used to set the notch depth level. (The notch depth level can also · 

be controlled with a switch on the rear panel.) 

Output signals from the arc notcher are: 

1. FAULT: This output generated a pulse (10 V, 7.5 psec long) when the 

maximum divert time of 1 sec has been exceeded (100 interrupts), or 

generates a pulse when overvoltage has occurred. It can be used to 

turn off the arc power supply. 

2. NOTCH SHAPE ·MONITOR:· This analog signal monitors the arc notcher ·-

controlling input voltage, and can be used to monitor the accel voltage 

turn-on shape. 

3. MAXIMUM TIME: This monitor signal indicates the maximum divert time 

has been exceeded, and is used simply as an indicator to distinguish 

between a fault ca:.Jsed by overvoltage or by maximum divert time. 

Limitations 

1. The divert time per interrupt is internally timed and set at a maximum 

of 10 msec to limit excessive power supply current buildup, causing 
• 

overshoot in arc current after divert. 

2. The maximum divert time per beam pulse is set at 1 sec in order to 

protect the power transistor collector-resistors"from overheating. 
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RValue 
I 

Value R No. of R No. of Value of 0 
0 

Group No. of Switch Switch Transistor Transistor Transistor Each R __, 
co 

1 1 thru 8 0.4 n I 3 3 1.2 n 3.6 n I 

2 9 thru 16 o. 7 n 3 2 1.4 n 4.2 n 

3 17 thru 24 l.Oo 3 2 2.0 n 6.0 n 

4 25 thru · 32 1.3 n 3 2 2.6 n 7.8 n 

5 33 thru 40 1.6 0 3 2 3.2 n 9.6 n 
I 

N 6 41 thru 48 1.9 n 6 1 1.9 n 11.4n 
0 _, 
I 

7 49 thru 56 2.2 n 6 1 2. 2 n 13.2 n 

8 57 thru 64 2.5 p 6 1 2.5 n 15.0 n 

(Total Number of Transistors is 112) 

TABLE 1 

I 

J, c .,..::, ..... · . .,:.:. 
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IR= 1500.000 

H 

H 

57.000 
49.000 
41.000 
33o000 
25.000 
17.000 
9.000 
1.008 

8.000 
IP<H>= 1785.905 

16.000 
IP<H>= 1539.656 
24.000 

IP<H>= 1308.294 
32.000 

IP<H>= 1077.586 
40.000 

IP<H>= 840.271 
48.000 

IP<H>= 591.180 
: 56·. 000 

IP<H>= 325.771 
64.00'8 

IP<H>= 39.475 

H 
8.000 
16.000 
24.800 

· 32.000 
40.008 
48.000 
56.000 
64.008 

H= 64.000 

RP 

.312 

.146 

.091 

.062 

.045 

.033 

.024 

.816 

IA 

389.396 

473.563 

627.804 

781.610 

939.819 

1105~ eaa 
1282.820 

1473.684 

R-SWITCH 
.408 
.788 
1.080 
1.388 
1.680 
1.988 
2.208 
2.580 

OAK-RIDGE REGUIREMENTS 
************************** 

VA 

40.470 

48.678. 

56.398 

64.080 

71.991 

80.294 

89.141 

98.684 

I-SWITCH 
101.149 
69.538 
56.385 
49.289 
44.992 
42.258 
48.517 
39.472 

IPS 

2095.302 

2013.219 

1936.098 

1859.195 

1780.~90 

1697.060 

1608.590 

1513.158 

WATTS 
4093.492 
3384.603 

. 3179.535 
3158.455 
3238.984 
3393.046 
3611.706 
3895.271 

HOH.LIHEARITY FROM STRAIGHT LIHE I<H>-1<1> NOTE. 

H 

8.008 
1€.000 
24.000 
32.eee 
40.000 
48.000 
56.000 
64.000• 

%ERR8R 

2.669 
1. 810 

.-1.336 
-2.758 
-3.237 
-2.885 
-1.791 

0.000 

TABLE 2 
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I-n;rr 

8.043 
4.733 

-8.501 
-22.171 
-31.437 
-32.852 
-23.388 
0.000 

N Number of Switches 
RP - Arc Notcher Resistance 

lA - Arc Current 
VA - Arc Voltage 

IPS - Power Supply Current 

R-SWITCH - Resistance/Switch 
I-SWITCH - Current/Switch 
WATTS - Collector Resistor 

Power Dissipation 

') 
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