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ERRAT OK

To < Standard Distrbuton—Technology-Xaterinla Testing Accelerator

From z Information Division

Subjecta Erratum to UCRL—1885

It is requested this erratum be attached to your cow(a) or UCaL-1885.
The dravings listed on page 6 are the assembly dravings of the 
drift tnbaa shoving the zagneta la place. The ansenbly dravinga 
of the magnets are as follovss

DTK 1

DTM 2

DTM 3

•M 4

DTK 5, 6, 7 and 8

503126, 503136

503146, 5G3156

503166, 503176

503186, 503196

503206, 503216

••• O' • 
oo : * 5 
O J 2 8

ea= a ee=- + -
• a « • •

• • ==e



TAELE or cor

IRODUCTION

Personnel
Nomenclature

4 
4
4 
5

MECHNNICAL DESIGN 5

MRASURING EQDIPNT
Mngnetic Field

Magnetization and Unformitg
Field — the Drift Tobe Surfaoe

Axial Forces
Fover, Rosistanoe, Motor Pressure, Motor Flow
Mlectrical va- Magnetic Polarity
Thar—l Cycling

6
6
6
7
7
7
•

MASURGIS
Magnetiza tion
Uniformit
Megnetic Field on the Drift Tube Surface

8
8

Pover, Resistance, Hater Pr
Tank Folarity
Thermal Cycling

Hater Flow

9
9
9

10
10

RESULTS
Magnetization
Unirormit
Pield on Drift Tube Surface
Axial Forces
Motor Pressure, Fover, Resistance, Hater Flow
Tank Polarity
Thar—i Oycling — DT8

10 
10
11
11 
11 
12
13 
13

2 ** 5
: •

* •



-4- UCRL-1885
Technology-Materials Testing Aoceleratar

FULL SCALE DRIFT TUBE MAGNET REPORT

D. Sewell and H. Parmentier

Mediation Laboratory, Depertment of Fhysics 
University of California, Berkeley, California

July, 1952

ODUCTION

TzpeofNeasurementa-
r tm were made on the full scale drift tube magnets to check

values prattoUd from the model magnets naaaurowento. • The following none

l. Magnetie Field

Magnetization--current vB- magnetic field.

b. Qhlfornity—axial field vs. position on Um axle of magnet.

c. Magnetic field tangent to the drift tube surface.

2. Axial Forces

3.

5.

Fever, resistance, water pressure, end water flow

Electrical vs. mngnetie polarity

Tbermal cycling on drift tube we gnat no- 8

Porsonnel-
These investgations were carried out by the magnotic measurementa

group vhich included, in addition to the authors, the folloving personnel-

Fag ere Cox
Frank Grobelch 
Fred Eolmquist

George Pluneaer
EAmund Mittry

• The model maget measurements were reported in DCaL-1633.
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The following nomenclature Will be followed in this report-

1. The drift tubes are numbered from the injector and of the

cavity with the one half drift tube at the entrance end being

The drift tube mmgnets are numbered according to the drift

tube in vhich they are plmced, 1-•- the magnet far drift

tube weber J la designmted as DTK-3-

The axial forces are thoee parallel to the axle of the machne-

Matenoee mossured la the direction of the bemm are designated

as positiv, those against the drection of the beam aa naga

5.

6

7.

The "required current" in the current which will produce

the required focunsing-

The "uinmum current" la 85 percent of the "required current".

The "anximu current" for DTK-1 la 120 percent of the "required

current"; for DT-2 la 115 percent of the "required current"j

and for DT-3 through DTK-S ia 110 percent of the required

current.

The full scale unita wore eonstructod to scale the model magneta as

nearly as possible. The notable exceptloos are the steel terminal bozes

and the steel support structure on the outer shell, which were not included

on the model magnets. The magnetic steel noopon onto were constructed of

steel in the rang AISI C 1020/23, with the exception of the tank eztensions

vhich are constructed of cast steel, AST grads -27. The bore tubes on

• e•ex Z
-s- - *eu
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DTM-1 through DTN-4 are of nonmagnetic eta 1 al eno steel as are ths and platen

of DT-5 t hr math DTX-8. Figure 1 shovs DT-5. The full scale magnets are

wound of Rear a copper conductor with two layers of glass tape insulaton

between each tern. 1 round hole centrally locsted in the oonductor is need

as a passuge through which pooling water la forced- Figure 2 shovs Um magnet

soils. MU as tie are spananted in a arias electrically and la parallel for 

water conductlon. The following is a list of ansembly drawings maahero for

the eight magnets.

omui 
WU-2 
DTM-3 
DTK-4

507186
507196
507206
507216

DIK-5
DTK6
DT-7
DI-8

vrriah
507236
507246

igures 9 through 16 show Um tank eztensions, barrels, and bore tubes

as well as the plan—at of the coils.

MEASUR DG EQUIPI

MamnetieField-
The magnetization and uniformity curves

war a made with search soils and an integral ar spasdnnar set up. The signal 

from the cofls was fed into a voltag integrator vhich is described in

UCRL-1677- The signal from the Utefrator was applied to Um "x" axis of 

an z-y recorder (loads and Morthrup ^pe art mar no. 69950, 50 =v. full scale.

trowel in both directions.) Figure 3 eh owe the speedm ar and integrator.

In the case of magnetizmtion curves, a signal from a 50 mv. shunt in series

vith the ourreot was applied directly to the "y" axis of an z-y recorder.

For the unif orally runs a voltage algoal proportional to the position of

the coils vas applied to the "y" axis. This signal was obtained from a 

slide wire nonet ad on Um track that vas need to position the coils. Figure 4

shovs DIM-5 and search soil track Mt up for ata.

one e a • one • * ?
• 6 e* a • see • • •»e e • • • e •e - • « •
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Field an Mm Drift Tube gMFfbOO- For owe wur lag the field ow the drift

tube murfaco a calibrated General Electrie gaumsmeter waa wood. The mag-

nitude and polar IV of the radial (perpendicular to the magnet axis) and

axial (parallel to the magnet axle) components of the field were moasured

at several points on the surface of Um drift tube.

AxialForcom-
The axial forces between magnets 1 and 2; 2 and J were measured drectly

by using three calibrated stran gages, typ Sa-4 5-1- The magnets were

mounted vith their axes horzontal- One megnet waa nc anted on Um floor

on wooden abide. while Um other magnet waa coopended from a crone to elm-

inate fricton. The etrela gages were planed oa stanless steel roda that

wore spaced 120° apart. Two strain gages were wo ante if diametrically oppo-

site one another on ench of the roda and eted in series for Um hi

The stainless steel roda were attaobod to magnets at each end

through unversal joint n coneOttawa. Seo Fig- 5 which illustrates the not

up vith magneta 2 and 3.

DM axial forces between magnet 4 and 5; 5 and 6; 6 and 7) 7 and 8 wore

not direct measurementa but values calculated from Um fall owl n< ements.

The "required current" was put through Um magnet coils of a given

A General Electrie jaw—tar was used to anaeura the radial component of

the negnotic field at several points throughout a volume that would normally

be occupied by Um ooil of Um neighboring magnet.

Power waa weecured as a function of current and voltage. To woo aura

voltage a Hevlett Packard vacuum tube voltmeter wee need. A Heater d.e.

millvolt water. Model 45, waa used la conjunetion vith a shunt to a one uro
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A General Electric portable double bridge no. 5927123 WN used to

measure magnet resistmnce-

The Inlet and outlet water pressure MN moasured uith V. S. pressure

gages.

The wmter flow through the magnet coils MN measured with a Fischer

Porter Flew Meter no. S31146/2. Iron constantin thermocouples were usod

to measure the inlet and outlet Meter temperature- The cold junction t —

perature was measured with a mercury thermometer placed MT the cold juno-

tion-
Al of the above on ■ nr 1n< equpment mn calibrated before measurements

vere taken.

The magnetic polarity of each magnet on determned by a magnetic

compass vhen a fev amperes from a storage bettery were floving through

the magnet colls.

Thermalczcling-
A simple nutomatic svitching device mn wid to periodically torn Lhe

current through a magnet on and off.

MEASUN22NIS

Maznetzatien.
Field strength at the center of each eegnet mn measured as a function

ant f cr»|Vr.

The value of flux density MN determined N a funetion of the postion 

along the magnet axis. Data wi taken were threw dirferent values of

current for each magnet—"required current", "ainmum current", and "auimum

a =e ♦ a • =e ee • =e= • e • • • • e e« • •• • • wee e a •*-a • • • a • • • • ♦ e• ••• a ♦ • • » --e • • a ee==• •e •• « •

ea• e* • - -» •» * a
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current*. Individuel runs free -45 la. through the center and on to *45 in. j 

-60 la. through the ceter and on to 60 ia i from the center to >120 in., 

free the center of "120 la. along the mngnet axle were made for each of

the above values of current.

Magnetic Field oa the Er Aft Tube Surface-

The magnituie and polarity of the magnetic field were determined at 

several points on the drift tube surface- To get those Eeasurements a line 

ums drav to represent the cross section of the drft tube surrounding a .

magnet. At each point the radial and axial components of the magnetic field

were measured.

Force WawMT—
Direct axial force neeeurewnts ware made only on magnets 1 and 2, and

2 aad J. A constant ratio of ampere turns was mainteined as the current

was raised and lowered incrementally. The three strain gages that were

used were interchanged ao that each gage had been in every postion- 1 

full net of measurements was taken for each of the three configurations of 

the gages. For each nagnet, 4 through 8, the redial components of the

mmgnetc field were measured at points throughout a volumo that would be

normally occupied by the coil of the positive adjacent magnet coll and the 

negative adjacent =agnet cell.

To determine the power the voltage across the magnet windng and the

current through the vindinga were neaenred when the magnet was at th a real 

equilibrium. The point of ther=al equilibrium was determined when the 

lalot and outlet water t asp er sture reached a constant eel ue. The water 

pressure across the magnet vindinga and the water flow through the magnet 

vindings were also measured- To determine magnet resistanco the resistance
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of magnet coils was measured with no current Mowing through them and with 

the inlet and outlet water temperatures equal and constant. The magnet 

resistance at 20°C was calculated from the measured resistance and temper-

ature.

lank Polarity.,

After connecting the storage battery to the magnet with ths positive

terminal on the lead nearest the entrance end of the magnet, the field di

rection at points approximately 10 feet from the entrance end of the magnet 

and 10 feet from the exit end of the magnet ms determined.

Thermal Cycling.

The test consisted of cycling the magnet 162 times. For each cyclo 

1500 amperes was allowed to pass through DTM-8 until the temperature of 

the outlet cooling water had reached equilibrium. Each of those cycles 

took approximately 30 minutes.

RESULTS

Magnetisation.
The full scale magnetisation curves compared very well with model 

measurements. The variation between model and full scale measurements on 

magnets 2 through 8 was 2 percent or less, while on magnet no. 1 the var- 

lation was 5 percent. The magnetisation curves with adjoining magnets on 

(shown on Fig. 6) were computed from the magnetization and uniformity meat .

urements made on each mag ent alone. The magnitude of the corrections to 

the magnetisation of a single magnet were determined from the stray field 

shown on the uniformity curves of the adjoining magneto. These orrection

were made ass-ming that the fields would add algebraically. This is not

exact in cases where.steel is present, but since the corrections were small.

the error is negligible. 1• »
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Uniformitz-
The curves shoum in Figs. 7 and 8 are the computed uniformity curves

with the neighboring full scale magnet on. The curves. Pigs. 7 and 8, were

determined by adding algebracally the magnetic fields taken from the uni-

formity measurements of adjacent individual magnets. The relative shapes

of the three curves run at "required", ana *h1 n iana* current were

identical. To find the current required to produce the required focussing, 
thefIH2dl- was calculated from curves 7 and 8. The B2 required was found

by dividing the value of this integral into the value of H?dl supplied

by L. B. Henrich- (See model report UCRL-1633.) The an per a a required to

produce this value of B were then found free the magnetization curve with

adjacent magnets on. These values for the current required and the cetera

turns required are liated in Table I. The greatest variation between model

and full scale values is 5 percent.

The resultant field and its angle was computed free the measurements

of axial and radial field on the drift tube surface. There were no model

measurements with which to c-~pare the full scale naaaur anenta. The results
«

are shown in Pigs. 9 through 16.
Axial Forces-

The full scale ats between magnets 1 and 2 gave a force of

188 pounds. Comparable model naaeurnBoate gave 193 pounds. This represents

a difference of about 3 percent. Pull scale uta between magnet

2 and 3 gave a force of 1970 pounds, while nodal naaauraneeta gave 1680

pounds. This represents a drrerencecof 15 percent. Be error could be

• The fields are measured in terns of percent of the central field strength.

2- 2 :
0*0 * •••
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found to explain Um difference betveen the model and full scale measure-

ments in thia case. However, since the allovable force la around 6000 pounds

the full scale measurements art well vithn this wl—i e

For magnets 5 through 8 the force on each vindng of the magnet vas 

calculated from the mearrements of radial components of the field. The 

total forco is determined by ntegrating over the entre volume of the 

ooll. Thia method of determining for— la only valid where the —o—t

of steel in the presence of the coil la small. Therefore thin technique 

could only be need — magnets 5 through 8. The greatest variation bet—on 

calculated waaaur—ante — the full scale magnet a— direct nodel measure- 

ments vas 15 pore—t. Thio vas considered to be good agra —t for the

type of measurement involved.

From Um —our—ato made on 1-2, 2-3, 5 through 8 it — concluded 

that the —del —a our—an to are aocurate within 15 pore—t and therefore

it was no t considered advisable to take the —e— a ary time for direct measure-

menta — magnets 3-4, 45.

The values for the —ter flow war a determined from naaaw—anta —do

at 70 pounds pressure drop across Umi magnet terminals. These values were

reduced to the 64 pounds pr——ra drop that will be available at the pl—t

alto by Ing that the flow rate varies directly — the aquare of the

Pover vas determned — the product of voltage and cur rout

across the magnet windingo.

The resistance and water flow — te were dfrect, 411 the above

values for —tor proaoura, power, resistance, and —ter flow are listed

in Table I.

me
• o ■

" 2 : 
a e e • • =s • eea 0 • •e

• woo
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TankPolaritz-
The measured magnet polarity vas checked against assembly drawings

and found to agree. Figure 17 shovs the magnetic vs. electrical polarity

of the magnets.

ThermalC
The cols, clamps, and insulation in this magnet were Inspected vhen

it van dsassembled after ths test. There were no indications of damage

to any of these parts due to this cyoling-

♦ O’ • •« <•« • • •• • • ♦ •• ♦ • • * •: :e..
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1

Table X

REQUIRDnS FOR FULL SCALE DRIFT TUBE MAGNEIS

1 2 3 4 5 6 7

Required Current 
(for theoretical 
J‘H?dl along 
center-line")

598 572 890 956 1045 1000 1070 1100

.424 .574 .588 .695 .665 .712 -732

Voltage Drop across
■ognei terminals for 
required amps

69 148 167 167 149 142 154 157

Required Pover-KM 42 82 152 160 156 142 164 173

Hater Temp. Rime at 
Required Pover - °C

114 
14

114 
24

64
34

64
37

64
39

64
39

64
39

64
39

11 13 17 16 15 14 16 17

Coll Resistance at 
20°c - ohms

.1086 .2405 .1737 .1616 .1324 .1320 .1326 .1322

Includes —it—6ert effects of adjacent magnets

Information Division
7/29/52 bu

• • • •• :.4 ♦• • • * •
• •••
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