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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.



[ CODE
‘., - Y ALIFORNIA
. R LAWRENCE BERKELEY LABORATORY - UNIVERSITY OF C MME BOOk

N

a

LBID-516

SERTAL PAGE

ENGINEERING NOTE 1 No. 633 MT 303 1or17

AUTHOR M.i Ch'ae‘l I N Green DEPARTMENT LOCATION DATE
Donald H. Nelson | Flectronics Engineering ' |B25A-124 July 27, 198]

. PROGRAM — PROJECT — JOB

TITLE

General Purpose Data Acquisition System - Status Réport 1 Test of Quadrupole System

~ Introduction

A major milestone in the deve]opment of our Genera] Purpose Data Acquisition
System was successfully passed in May 1981. On May‘28th, we essentially duplicated
. the results of the Tektronix 4051 computer quadrupole data acquisition/harmonic |

analysis program with our LSI 11 system.

Description of Comparative Tests

Figure 1 is a block diagram of the Tektronix system which has been used
successfully for testing magnets for the past three years. Table I lists the
specific hardwaré and software used fdb the comparative tests of our LSI 11 system.

Figure 2 and Table Il identify the new system configured for quadkupo]e mea-
surements. Note that a éignificant portion of the hardware is identical to that
used in the Tektronix system. Our phi]osoﬁhy in defining the first usable version
of our data acquisition system was to minimize the number of changes to the proven
Tektronix system.

We measured an available quadrupole first wi%h_the LSI 11 syétem and immedi-
ately afterwards with the Tektronix 4051 system. Three data sets were collected

-

under identical conditions and fourier analyzed by each system. ~

Test Results

Analysis time has been reduced to ~15 seconds for the computations that require|

several minutes for the Tektronix system to perform.

(text continued on page 6.)
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BT General Purpose Data Acquisition System - Status Report 1 e MIG & DHN .
Test of Quadrupole System °ATE July 27, 1981
Device. ' Manufacturer/Model Identification
Hardware:
Computer Tektronix Mod 4051 DOE 504556 -
Hard Copy Tektronix Mod 4631 DOE 504505
Instrument Coupler - ICS Mod 4883 o o S/N 81045
Logic Bin LBL Drwg. No. 13W4785 —
V/f Convertor Vidar Mod 260DR-03 - 124692
Power Supply/MTR Drive - LBL Drwg. No. 13W4724 o —
Coil Assembly LBL Drwg. No. 17M3204
Software:
“BASIC" Quadrupole Programs Tektronix Data Cartridge MME Data 1

TABLE I Magnetic Measurements Engineering Mu]tipoTe Measurement System
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e General Purpose Data Acquisition System - Status Report 1 "™ MIG & DHN
Test of Quadrupole System °ATE July 27, 1981
Device : ' Manufacturer/Model Identification
Hardware:
Computer DEC LST 11/2 : B - S/N AB 94847598
CRT Control : : HE - 7219 . - ' -~ - .. DOE 518712
Printer LA120-AA . S/N WF14807
N : _ B .- DOE 519478
Disk Storage | DSD 440-120 1 S/N 44-4591
: ‘ : DOE 519465
Plotter (Computer) "7 Tektronix Mod 4051 - DOE 504556
Hard Copy Tektronix Mod 4631 DOE 504505
Instrument Coupler ICS Mod 4883 . - S/N 81045
Logic Bin ~ LBL Drwg. No. 13WA4785 —
V/f Convertor Vidar Mod 260DR-03 - 124692
Power Supply/MIR Drive LBL Drwg. No. 13W4724 —_
Coil Assembly LBL Drwg. No. 17M3204
Software:
RT11 Operating System Floppy Disk ‘ MME No. 16
Quadrupole Data Acquisition/Analysis Floppy Disk MME DAS No. 1
Emulator (Auto Load Type) = ~Tektronix Data  Cartridge 4012 MME QA No. T

TABLE II Magnetic Measurements Engineering Data Acquisition System No. 1
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Test Results (cont1nued from page 1) . : i i

Table III summarizes results of the six test runs described above. We have
listed significant data to facilitate the comparison. There is considerable varia-
tion between data sets, but these variations are a few parts per hundred thousand |
of the quadrupo]e magnitude for the "allowed" error terms uhi]e the amh]itude of
the fundaménta] agrees to 0.1%. A partial explanation for these variations is that
“the quadrunole is rated to operateiat 250 A. whi]e we arehpperatjnévat“yZSWAvjn B
order to avo1d connect1ng coo11ng water to the magnet Variations observed are
beyond the resolution of the measurement system In fact, at the rad1us of mea-
surement, the amplitude of the N = 14 term (10- 12 counts as determ1ned‘by fourier
analysis) is only 15 ppm (of the fundamental) and yet there is less than 0.2% spread
in the determination of that error term at the radius of evaluation (i;e., at the
radius of the pole t1ps 3.1 cm). e

Tables IV, V and VI represent the three LSI 11 system runs and Tab]es VII, VIII

and IX represent the three Tektron1x runs.

' Theory

Appendix A (in progress as of June 15th)'Wi11 relate the theory on which

these measurement systems are based to the geometry of the rotat1ng coil array.

Subsequent Developments

Since the May 28th demonstration, M.I; Green has cleaned up several subroutines
and added others. Table X lists the subroutines that comprise our June 1981 quadru-
pole software and which will serve as the basis for future deve]opment. Unless
gross errors are detected, this software will be frozen in its present state.
Appendix B (distributed on request on1y) contains program listings of the software.

(text continued on page 16.)
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Compared Units
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Amplitude Counts
Fund. Phase Degrees
B'L Tesla
B'L/1 Tesla/A
*

CTABLE TIT A~ Comparison of Measurements of Quadkdbo]‘e‘Ma’ghitude and Phase .- .. .-

6520
5.58
0.4954

0.01982

.

LSI-T11

6537
5.60
0.4944

'0.01978

6519
5.57
0.4944
0.01978

o = Standard deviation as determined by HP 97 computations
** Difference in phase of fundamental may be attributed to one motor step
5.58 - 2.77 = 2.81 degrees

Avg

6525
5.58%*
0.4947

0.01979

0*
(% of
Quantity)

0.16

0.12
0.12

6522
2.78
0.494
0.01977

Tektronix

2

6521
2.79
0.494
0.01977
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2.74
0.494

0.01979

Avg
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2.77%*

0.494
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360 (degrees)/128 (increments) = 2.81 degrees/increment
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I ' ' i

Harmonic - Tektronix
Index  Quantity tst-11 Avg o* Avg
(1) Compared Units 1 2 3 (Parts/103) (% of B{2}) 1 2 3 {Parts/103)
3 S(3) Counts 584 590 592 591 596 587
B(3)/82 Parts/103 1.727 1.744 1.748 1.738 0.001 1.715 1.731 1.703 1.710
Y, Degrees -190.4 -190.7 -191.2 169.3 169.3 169.9
4 s(4) Counts 94 88 93 ' o 88 96 93
B(4)/82 Parts/103 0.537 0.503 0.532 0.524 0.002 0.505 0.552 0.533 .0.530
Yy Degrees -186,1 -186.0 -185.7 -185.6 -183.6 -188.1
5 S(5) - Counts 70 68 67 67 68 - 65
B(5)/82 Parts/103 0.547 0.537 0.527  0.537 0.001. 0.529 0.535 0.508 0.524
Y ’ Degrees 146.6 144.4 146.2 143.8 143.4 146.9
6 5(6) Counts 110 107 108 : 106 108 106
B(6)/82  Parts/10% - 1.465 = 0.431 1.433 1.443 - 0.002 1.416  1.437  1.410 1.421
e Degrees -175.2  -175.7  -177.4 -177.8  -175.4 -178.5
10 s(10) Counts 53 . 50 53 _ 51 52 52
8(10)/82 Parts/103 4,634 4.419 4.669 4,574 0.014 4.419 4.518 4,573 " 4.513
Y10 Degrees -178.6 -180.1 . -180.9 -181.0 -182.0° ~179.9
- s{1) Counts 10 12 10 _ 10 n n
B(14)/82° Parts/103 5.143 6.553 5.691 5.796 0.071 5.230 5.744 5.857 5.610
o Degrees ~194.7 -192.8 -180.3 -190.3 -183.4 -175.2
S = Amplitude of error term at radius of measurement
B(1)/8(2) = Dimensionless error term evaluated radius of iron
v(3) = Phase of error term relative to fundamental

TABLE III B  Comparison of Error Terms (Amplitude and Phase)

*
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2' SEARCH COIL, 2.5* QD 23 75BQG8 4
~25 AMPS, B1/MAY/28 14:19, ALGORITHM a&NHD SER TEST OF L3SI-11
0
7445, CDUNTS DRIFT OVER 129 FOINTE WITH S58. DRIFT PER FOUINT
MAXIUMUM ARFLITULE IS 6520.1 COUNTSE .
DIPDLE_STRENGTH = 0.000323 FH1 = -172.18 FHZ = 5:58
E'L{EFF) = ,0.4954 TESLA BE'L{eff)/AHF = 0.01982
4932¢ . COUNTS DEREIFT OVER 129 FOINTS WITH 3¢, DRIFT FER FOINT
AXIUHUM AHPLITUDE IS 6958.3 COUNTS ' '
M S(N) EI{N)/E(2) ANGLE
2 584, 1.7218 ~-190.4
4 940 ) 0537.’_ "186#1
S 7C., 0.5471. 144,46
é‘ 1100 104646 —'17~J02
7 Q. C.187& 128.1
& 1. 0.0342 -124.4
9 13, 0.7009 2.7
10 53, 4,46342 -178.6
11 1. 0.0776 ~-124,8
2 i. 0,1981 ~-100.6
13 30 00\.\_'9\.) _1106
14 104 Jo 1429 "19407
16 2. +4340 -22,
i7 KN S.28¢%8 11.9
iB 3. S.7342 -270.1
20 2 11,0551 -21.6
21, 4, 49,9470 -190.7
22 3. 55.9210 S7.32
TABLE VII — 7
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2° SEARCH COILy 2.5%* QD 23 7SEGE
REFPEAT OF 14:1% KRUN
0]
743%., COUNTS DRIFT OVER 129 FOINTS WITH 6, ODRIFT FER FOINT
MaxIuMuUM AMFLITUDE IS 4£337.4 COUNTS '
DIFOLE STREHNGTH = 0.000337 FH1 = -162.46 FH2 = 2.60
B’L(EFF) = 0.4944 TESLA B’L{eff)/AHF = 0.01978
51446, COUNTS DRIFT OvER 129 FOINTS WITH 40, DRIFT FER FOINT
MAEXIUMUM AMFLITULE IS 255.0 COUNTS
N SN BIN)Y/RB(2) ANGLE
3 S90. 1.7440 -190.7
4 88. 0.5028 -1€84.0
5 68. 0,535 144.4
& 107, 1.4308 -17%9.7
7 9. 0.18332 103.9
8 1. 0.0271 -1146.4
9 12, 0.6797 94
10 90 4.4186 -180.1
11 . 3. 0.3747 -39.8
12 3. 0.7178 -124.7
13 3. 1.0133 ' -2,
14 12, .5526  -192.8
S 2. 1.7427 ~-249,9
16 1, 1.6408 =36.5
17 00 007180 _5002
18 i. 24761 -209.2
19 3. 12.1000 -202.1
20 2, 12,3143 34,3
21 I - 29.3414 -138.6
22 3. D2.6248 1.8
TABLE VIIT
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SERIAL

"PAGE

MT 303 14 .17

AUTHORMichael 1. Green [PEPARTMENT LOCATION

Electronics Enq1neer1nq’

DATE ;

U1y 27,1981

Donald”H. Nelson B25A-124

2* SEARCH CLCGIL, 2.2° GD 23 73LGE
ECOND REPEAT OF 14119 RUN

5
0

£996. COUNTES D'IRIFT OVER 129 FOINTS WITH 70.

MAXIUMUM AMFLITUDE IS 6319.0 COUNTS o

DIFOLE -STRENGTH = 0.000338 FH1 = -170.2 FH2
B’LCEFF) = . 0.4944 TESLA B'L(eff)/AHF = 0.,01978

6110, COUNTS DRIFT OVER 129 FOINTS WITH 48,

RaXIUMUM AMFLITURE IS 6974.5 COUNTS

N S(M)  EONDAER(Z) ANGLE

3 592, 1.74860 -191.2

4 93, ¢.5318 -18&85.

S 67, 0.3270 144.2

6 10€&. 1.4327 -177.4

7 11, 0.2268€ 122.2

2 S 0.1151 -92.6

K4 12, 0.6370 17.2

10 o3, 4.6693 -180.9

11 1. 0.1474 -196.3

z 2. 0.4985  -163.2

132 3. 1.0096 -13.4

14 10. 5.6907 -180.3

15 2. 2.0813 -197.5

16 2 1.9689. 0.9

17 2. 3.0883 -124.1

18 0. 1.1073 -55.2

19 1. 4.7640 -181.8

20 1. 4.128%5 . -2464.8

21 00 309944 —7109

22 2, 36.8350 -12.0

TABLE IX

{
3
i

IRIFT FER FOINT

DRIFT FER FOINT
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Lé&-Jdun~8

CRELL +FOR 2 08-Jun-&1 GDAHNLJFOR &
RELL +L5T 3 08-Jun-g BhANGL JLET 15
FELL +OEJ & GE-Jun-81 flhaeAL OB 11

CLDEVTEL.TXT 1 29-A~r-81 QLaN&L . SAV 25
"IFZNTG.FOR 3 11i-Jdun-81 »GUSBR LFOFR I
DFZNTGLLST 5 11-Jun-81 QDzhRE (LET &
IFZHNTG.OBY g 1i-Jun—-81 fULSER JORJ &
DRFTC +FOR z 11-Jurn—-81 RUIATA JFOR S
IRFTC +LST 6 2é6-Mhaw-81 RIVATA JLST =
DRFTC L 0OBJ b 26-Mz=-EB1 RODATA +ORJ &
FA4FFT +OEJ 4 19-tlzw-80 SaVELl LFOR 2
€] +COM 1 11-Jun-&1 SAVEL JLET 2
GFIE OB 11 279-AFr-E1 SaVELl JOEJ &
HRDWR JFOR 3 OE-Jun-21 SCALE (FOR 3
HRDWR +LST & 08-Jdun-g1 SCALE L LST ]
HRIDWR +0OEJ & 05-Jun-31 BCALE JORJ S
INIT +FOR 3 ¢3-Jun-51 . SCOILLLFOR 4
INIT LLST & 03-Jun-21 ECJILI.L:T 7
INIT LORJ é C2-Jdun-81 SCOIL1.ORd c
FHaHFL . ORJ 2 19-tzu-8 SCOTL1I.TXT 2
FLOTI FOR 2 1i-Jun-81 . VOMIT FOR 2
FLOT1T «LST ] 1i-Jun-81 YORIT JLET 3
FLOTY JORJ 6 o

11-Jur-81 VOMIT .OBd
FL1OLE.OERJ 30%  2&-tizr-31 -

47 Filesy 4146 Elochks

258 Free blochks

TABLE X Directory for Floppy Disk QA1 &
Index to Listings in Appendix A

I1-Jun-81

ti-Jun—-81
Cii-dun-81
11_Jun—'

~ﬁ~u—31
ﬁ—;___C!'{
0%~Jun 31
08-Jdun—81
08-Jdun-c1

[ SO 0 I O
m G r|

i
Y
wowow
s
!

Ll ot oS I U W B S TN S0 08 O R ORI Sl ]
i
!

ARG EY RS
1
=
o
i

i
o 4
Heowow

ﬁau—-L
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Subsequent Deve]ogmenté (qqggjqued”frpmhpggg_§:)nﬂmu

On June 12th, M.I. Green demonstrated that we can produce graphs on the Tek- -
tronix viewing screen and hard copy unit from LSI 11 codes, i.e., using the Tek-
tronix as a "dumb" terminal.--- - - - . miim —eoe s e emm e

On June 26th, we tested the recently fabricated V/f cdnvertor by substituting
it for the Vidar V/f. We are currently adding. code to eiercise the computer

controls of the new V/f convertor. -- - mu~*~%—;~—-—"' e e -
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