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SUBJECT NAME 

-

-88-Inch Cyclotron Magnetic Deflector D.H. Nelson &M.I.-Green 
~-Tests of Three Steel Sa.mples -. DATE 

-Apri 1 22) -1982 

HARDWARE 

Samples 

Coil 
Flux Standard 
Integrator 

Hall Probe 

Gaussmeter 
Multiplexer 
DVM 
Magnet 

Power Supply 

PS Controller 
CAMAC Controller 
Computer 
Clock Calendar 
Printer 
CRT Terminal 
Floppy Disc Sys. 
Plotter 
Hardcopy 

SOFTWARE 

-PERM7 
PROCCl 

---MPXl 
CMCPSl 
DEMAGl 

.- ,0.: - ~ t " --

DESCRIPTION 

Figure 2 gives dimensions. 
Tables II, III and IV provide manufacturers I specifications. 

B-162, nA = 0.0411 (m 2 ), n = 100 (T) 
SLFS 40.02, tJ; (SLFS) = 0.0210 (Wb) 
LBL MOD 71 Serial No.1 
R = 19.6 k, C = 0.1 ~F 
ATT = 360, BAL - 497 
F.W. Bell MOD SAE4-0818, SN 155966 
CAL = 1.000 
F.W. Bell Model 620, DOE #501586, Polarity = + 

Hewlett Packard Model 3495A Scanner, DOE #517528 
Hewlett Packard Model 3455A Digital Voltmeter, DOE #517459 

MME Charging Magnet - 800 turn 
magnetizing windings 
LLNL, LEA 74-4035-01-50 
20 VDC at 30 A, Bipolar 
Regulator LEA 74-4035-41-50 
KS 3160 CAMAC, DOE #512977 
Std. Eng., CCLSI-II, DOE # 512996 

LSI 11/23 
TCU-50D, SN 6446 
LA 120, DOE # 519478 
Zenith H19, DOE # 518712 

DSD 440, DOE # 519465 
Tektronix 4051 
Tektroni x 4631 

- -- F I R -M ~J ARE 

Floppy Di sc * 
Designation Contents 

~- ~--. 

t~ME 39 
. DATAl 

- ._- Lsriii23 ~~ RT -11 OPe SYSTEM (OYO:) 

- DATA ACQUISITION/SAVE '(OYl :) •. -
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NAME 
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DATE 
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,_~'--,-_--, ____ ~,_L~_ ... __ . 

COMBINED AISI & SAE STANDARD STEEL LISTS 

BASIC OPEN HEARTH AND ACID BESSEMER STEELS 

_______ C_h_e_m~ic,·-a,.l-, _C_olB_position Limits, Per Cent 

~~~~~~' I Carbon 'Mang:=-r~~~:~::sT-~:l:::~'-r~~~ 
~ C 1005 II 0,06 Max.,! 0.35 Max'j 0.040 Max. I 0.050 Ma.x·1 ...... 

C 1006 0.08 Max. 10.25/0.40 0.040 Max. I 0.050 Max. 1006 
C 1008 0.10 Ma.X'1 0.25/0.50 0.040 Max. 0.050 Max. 1008 
C101O, 0.08/0,130.30/0.60 io.040Max.,0,05OMax'j 1010 
C 1011 I' 0.08/0.13 0.?0/0.90 I' 0.040 Max. 1 0.050 Max. . ..... 
C 1012 0.10/0.15 o. 30/U. 60 0.040 Max. I 0.050 Max. . .. _ .. 
C 1013 , 0.11/0.161 O.~O/O.~O I' 0.040 Max. 0.050 Max. I ..... . Tk A C1015! 0.13/0.18:0.~0/0.60 0.040 Max. I 0.050 Max. , 1015 

-
"':/:1./ /0"4 .;t'a--L C 1016 I 0.13;\).18 'O,(;O/O.\)O I ~~~40 Max.! 0.050 Max. I 1016 

<. '~ #'reC 1017 1 0.15/0.20 0.30/0.60 10.040 Max. 1 0.050 Max. 1017 
CII~n' ~ /, ~ " C1018 0.15/0.20 0.60/0.90 10.040Max. i O.05OMax. 1018 

;7-4 .0"-' V~~..... I C 1019 I 0.15/0.20 0.70/1.00 0.040 Max. 'I 0,050M:l.X. ! 1019 J t'G:¥4f II¥r. 1020 0.18/0.23 0.30/0.60 0.040 Max. 0.050 Ma.x. I 1020 
tc:J~#Ill -/ ~ ./ C 1021 , 0.18/0.23 , 0,60/0.90 0.040 M.uL! 0.050 Max." lOZ1 

"'..1 a,.,c5!~zecr It".. J ~ l~~Ll ~:~g~~:~~J~J?;6:~Lc g:~1~ ~~~~~ I ~:g~ ;:~~: . __ ~~_~~~ 
C(/)""r~ -,' ~./, ~ 1024 0.lfl/0,25i1.35/1.65 10.040 Max. 0.050 Max. I 1024 -- -1/4' C 1025 0.22/0.28 0.30/0.60 0.040 Max. 0.050 Max. 1 1025 

/? ../ ./ C 1026 0.22/0.28,0.60/0.90 I 0.040 Max. 0.050 M,tx. i 1026 
t-IJl*r.L_- ..... C 1027 0.22/0,29 i 1.20/1.50 1°. 040 Max. 0.050 Max. 1 1027 
~ _ t>",~1>,? C1029 0.25/0,3110.60/0.90 0,040 Ma.x. 0.050Nl<tx·1 ..... . 

~ 
, ~;;;l ~ C 1030 I 0.28/0.34 1° 0.60/0,90 i 0.040 Max. 0.050 Max. i 1030 

.. ~ C 1031 0.28/0.34 0.30/0.60 10.040 Max. 0,050 Max. I ..... . 
I:' >- c.l!i1~~""r _ / C 103!_~~0.36 i 0.60/0.90 , O._~O Max. 0.050 M'L,{., ..... . 

L OFAs",4:/ C 1033 I 0.30/0.36 0.70/1.00 10.040 Max. I 0.050 Max.' 1033 
Q e! ~, /. ~ C 1034 ! 0.32/0.38 0.50/0,80 0.040 Max. 0.050 Max. 1 ...... 

~/"",,'/#i!>-- ~ CI035 I! 0.32/0.380.60/0.90 ,0.040Ma:{. '0.050 Max, 1035 
D ,~q~""'-.~1036 0.30/0,371.20/1.50 1 0.040 Max. 0.050 Max. 1 1036 'v, t"~~C 1037 0,32/0.38Iu.70/1.00 0.040 Max. 1 0.050 Max. I ...... 

--r--"'- -r .-
r ! 

C 1038 I 0.35/0.4210.60/0,00 0.040 Max, 0.050 Max. 1038 
_/ CI039 I 0.37/0.440.70/1.00 0.040 Max. 0.050M,tx·1 1O:J9 c:::=; e) ~10~0 . ____ ? ~7/0. 44.1 0, 6~~0_. ~ ___ o. 0_4? MaJ{. __ ~.:~5~Max. __ :?_~? __ 

r. .~ .'. .~. 

C 1041 I 0.36/0,4411.35 / 1.65 0,040 Max. I 0.050 Max. i 1041 
C 1042 'I 0.40/0.47 0.GO/0.90 0.040 Max. 0.050 Max. I 1042 
C1043 0.40/0.470.70/1.00 0.040 Max. , 0.050M,[x. 1043 
C1045 1 0.43/0.50 0.60/0.90 0.040 Max. I O.O?OMa.x. I 1045 
C 1046 0.43/0.50 10.70/1. 00 0.040 Max. O. O~O Max., 1046 
C 1049 0,46/0.53 10.60/0.90 0.040 Max.! 0.050 Max. 1049 
CI050 '10.48/0.5510.60/0.90 0.040M:-tx, I 0.050 Ma.x. 1050 
C1051 0.45/0.560.85/1.15 0.040 Max. 0.050 Max. I ...... 

--------_. 
CI052 1 0.47/0.551.20/1.50 0.040 Max. I 0.050 Max. I 1052 
C 1053 0.48/0.55 0.70/1.00 0.040 Max. 0.050 IIi'LX'lo .... .. 
C1054 0.50/0.600.50/0.80 0.040iv1<Lx. 0.050 Max ...... . 
C1055 I 0.50/0.60 0.60/0.90 0.040 Max. 0.050 Max. I 1055 
C1057 I' 0.50/0.61 0.85/1.15 0.040 Max. I 0.050 Max. ! ..... . 
C 1059 O. 55;\). 65 0.50/0.80 0.040 Max. O. 0~'0 Max.! ..... . 
C 1060 0.55/0.65 0.60/0.90 0.040 l'vf<Lx.1 0.050 Max. I' 10nO 
C 10(1l 0.54/0.65 0.75/1.05 0.040 Max., 0,050 Max. . ..... 

~-~O~:'5~!~.65-o.85/1~51-;;. ~~O-Max. -0-. 0-50~;:~~r--l062 -
CI064 0.60/0.700.50/0.80 1,0.040Ma.x. 0.050 Max. , 10(;4 
ClOGS 0.60/0.700.60/0,90 ° 0.040 Max. 0.050M~·{.i 1065 
C 1066 0.60/0.71 0.85/1.15 1 0.040 M.lx. 0,050 Max. i 1066 
CI069 0.65/0.750.40/0.70 I 0.040 Max. 0.050 Max. I ..... . 
C 1070 '0.65/0.75 0.GO/0.90 0.(140 M;LX., 0.050 M;Lx.' 1070 
CI071 0.65/0.76 0.75/l.05 0.040Max·L'!:!y_50M'~_.I_:...:_._ .. _. 

TABLE II 

Section K 
Page 9 

, ' 
~"1-'" t._ 
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DESCRIPTION. 1 CD 1018 1" Rd 0'6" 3/11/82 ............................................................................................................................... DATE ............................................................................... .. 

13-754952 SHAPE AND SiZE ....................................................................................................................... OUR ORDER # ..................................................... . 

University of California 
Lawrence Berkeley Lab 

YOUR ORDER # ......... Y..~E~.~} ...... ~ ...... ~ohn 

COLD-FINISHED CARBON BARS - CHEMICAL ANALYSIS LIMITS 

.' 
Commodity Description Carbon Manganese Phosphorus Sulphur Silicon Lead 
-

,~ 1018 '.J .15/.20 .60/.90 .040 Max .050 Max (1) 

.15/.20 - .60ulb -10Ll8 .040 Max .050 Max .15/.35 
1025 .22/.28 .30/.60 .040 Max .050 Max (1) 

1045 .43/.50 .60/.90 .040 Max .050 Max .15/.30 

1117 .14/.20 1.00/1.30 .040 Max .08/.13 .10 Max 
11 L 17 .14/.20 1.00/1.30 .040 Max .08/.13 .10 Max .15/.35 

1141 .37/.45 1.35/1.65 .040 Max .08/.13 .10 Max 
1144 .40/.48 1.35/1.65 .040 Max .24/.33 .10 Max 
11 L41 .37/.45 1.35/1.65 .040 Max .08/.13 .10 Max .15/.35 
11 L44 .40/.48 1.35/1.65 .040 Max .24/.33 .10 Max .15/.35 

1215(2) .09 Max .75/1.05 .04/.09 .26/.35 

LED LOY AX (3) .09 Max i .85/1.15 .04/.09 .26/.35 .15/.35 

12L14 (LEDLOY 300) .15 Max .85/1.15 .04/.09 .26/.35 .15/.35 

(1) - Rounds, Squares and Hp.xagons 2-15/16 and over and Standard Bar Sizes 29.34Ibs./ft. and over have Silicon Content .15/.30. 
(2) - May be Nitrogen Treated. 

(3) - Tellurium Added. 

StHvicp. Cf~llt(~r~ ilt: Bostol1. Buffalu • Charlotte. Chicago 

CIl1(;illl1<1ti. Clovel<1nd • Oiill;15 • D~llver • Detroit. HOl/ston 

Indinn<1pol,s. Kil"SilS Cit V • Los Allqfll(~5 • Mi Iwnukoo • MinllfJ<lpolis 

New York * Philndolphia. Pittsburqh. St. louis. Seattle 

This report indicates the Chemical Analysis to which the items 
listed were manufactured and tested. Based on Test Reports 
and/or Certificates furnished to us by the producer, we certify 
them (0 be within the limits shown. 

Sen Froncisco 0 Spokane 0 Wallingford JOSEPH T. RYERSON & SO N. INC. 

TABLE II I 
Form 720.150-2 May 75 



t. 

Chemical Composition 

Percent 

,.C 

.20 max. 

Mechanical Properties * 

Thickness 

1/2" 

1" 
2" 

,. 3" 

4" 
6" ;. 
8" 

..... ' 'Tensile . 
.. ~ .. : Strength 

P.S.1. 

71,200 
68,300 
67,500 
66,900 
62,100 
61,000 
57.]00 

Mn 

.00/1.35 

Yield 
Point 
P.S.I. 

44.700 
42,200 
40,800 
38,300 
35,100 
29,000 
27,500 

LBID-537 

P 

.05/.10 

MT 316 Page 7 of 17 

',' S Si 

.2'0/.35 .. 15/.30 

% Elongation Surface 
in 2" BHN 

26.0 156 
31.3 149 
31.5 149 
27.7 143 .~ 

25.8 137 
26.5 .131 
25.2 126 

'Data for E·Z·Cut 20 and 45 is based on single longitudinal tests conforming to ASTM A·20. Standard tensile specimens taken midway 
between surface and center of plates over %"-tests under 1;'2" made on full plate thickness using 8 inch gage lengths. 

Heat Treating . .. E-Z-Cut 20 offers excellent response 
to standard case hardening procedures, producing high 
surface hardness and a tough core. The following Rc 
surface hardness values were obtained on test pieces, 
carburized '/16" at 1700°F, reheated, quenched at 1575°F, 
tempered 325°F. 

Thickness Oil Quenched Water Quenched 

% 60-62 Not tested 
Yz 59-61 59-60 
% 59-61 60-61 
% 58-60 60-63 

1 58-60 59-62 
1Yz 57-60 59-61 
2 57-59 59-61 

Welding E-Z-Cut 20-pre-heat not required. Use AWS 
series E70 (E7016 or E7018) low hydrogen electrodes. 
No post-heating or peening necessary. In weld section at 
left, results of tensile test show how weld area resisted 
fracture. 

TABLE IV 
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SU BJ ECT 

88-Inch Cyclotron Magnetic Deflector 
Tests of Three Steel Samples 

RESULTS 

NAME 

D.H. Nelson & M.l. Green 
r DATE Apri 1 22, 1982 

-~ __ .. I __ .....i..-. __ . _____ ~ .. __ -•• 

Figure 3 represents ten complete data sets on four different maierials as 

follows: 

Curve Identification 

Vanadium Permendur (Vd. Perm.) 

1004 

1018 

E-Z-CUT 20 (EZ20) 

Remarks 

Annealed at 1120 °C 4 Hours 

See Table II 

See Table III 

See Table IV 

(As Machined) 

(As Machined) 

(As r~achi ned) 

Figures 4 - 6 represent (immediately after demagnetizing) one data set for each 

material using expanded scales to magnify differences between materials. Figure 4 re-

presents the relative permeability (B 1 III H . ) for magnetizing intensities above samp e 0 alr 

1000 De (0.79 x 105 Aim). Figure 5 represents magnetic induction (Bsample) and 

Figure 6 represents intrinsic induction (B 1 - 1l0H). For Figures 5 and 6, we samp e 

plotted data for magnetizing intensities above 100 Oe (0.79 x 104 Aim). 

From Figures 3- 6, we observed that the most significant differences between 

these materials is in their saturation induction. Differences in relative permeability 

are small compared with variations in the relative permeability of a sample as a 

function of magnetizing intensity. 

Figures 7, 8 and 9 each show data for a single sample to display reproduci-

bility above 100 Oe. 

Figure 10 compares two samples of 1018 steel. The one that has not been annealed 

exhibits slightly higher saturation induction than the annealed sample from LBL stock, 

suggesting that variations between lots of 1018 steel may be significant . 

-.. ~ "1'; "." 
~ >- t·~ i ~ .' - t ~. 
-t--~-t.CQ .. 'f 'I-'~"': ,_. ,·1 -'1 I - - 1', f .---! f . ,~.,- '1 • t + .• ~'- :"t ;' - . ! 

+-H~ :--r;'c,'-+--! ·.--i l' " '-(text:cori-firi"({e's'on~pale;l7) -,-,_~!_t_L 
·j:·~t~t-L·.L....~~_.....!...-~"' __ k~ .~_.;._~, .• .:.,. ~ ___ ~"l'''''~ i- :· • ...,~.~t-~".j_.~ .. .i. ..... t ... ......r ... , .. ~~<l.-.,,....\·.,.. .... ~ ...... ·;. ._.t..-. ..... ~ :r-:4--"~ ~ ....... ___ ! ->-........ ,- ,-

I , 



LBID-537 MT 316 . Page' 9 of 17 

CO"PARISOH OF FOUR SAMPLES (10 DATA SETS). 
9339Al,2,3 = HHB; 933981,2,3 = 1004; '3:3'30r:1.2,3 = E22'1; 1204AZ = ·Vd. Perm. 

12-APR-B2* -- -- 13: 45: 31* ---- 12'34A3. OAT 2.5 - -' ----r-' ~ , r--
- --

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

k? ~ . . . . · . . . • "II' •••••••• 

~.-
• r _ .... ---. 

I 
H 
T 
R 
I 
H 
S 
I 
C 

~~---. .. .. d'~ .. ~-

I 
H 
o 
• 100 

EZ2 
Descen 

B - B . sample alr 
(Tesla) 

-
Ig 

a.a 
1.8E-83 

1----.-

I---

~.-.-

Y.£.:.. Perm. 

---

.,/ 

.,/ 
/ .~ 
~, 
~ 

~ 

1---' 

i--' 

~. 

.---
,..' ,/ 

~~~ 

"... V 
.,/ ~/ /' 

,// ~ 
v/ / 

. / 

$'. 
\1018 

~-
I-- t:-- ,......- .. • .4 

, .. ~', f!'! . .-" ~ 
' -

~'" '-.~..-' · -':''*'* . .... . - .- ..... , ?po" ",. 

........~ .' . .-
.;;fo·~ -..-:-;f::-. ." ,,-.,;. . 

." 
';Y /~ "" :;;.,,0> 

... :-:: " 

1-1-' ;:: r::: v 

'i 
\ EZ20 

Ascending 'po- - P--
'-, - ,- --------------

, - '- r-i-

-LEGEND -
Line/Symbol -i-

Ascending H 
.. I-

Descending H 
-i-------- -

I I I Ascending H, 1018 -i-
- (:)- -8- Descending H, 1018 .-i-

. - _ . 
>-==r=~ rfn~'1F='~---+=-:l~Ff:EF:-. _ H l _____ L .. ___ . _ ~_ _ 

1. [?E+Ou 
Bair {T = 19**4 G) ... MAGNETIC INTENSITY ·fe. 79t·l[" t6¥wr = 10lt4 o€;· ~-

*Date/Time of Processing FIGURE 3 

---

Vd. Perm. 
1004 

1018 
EZ20 
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COMPARISON OF FOUR SAMPLES AFTER ANNEALING. 
1294A3 = VD. PERHEHDUR H.T.~ 0320A2 = 1918, 033083 : 10e4, 933eC3 = EZ29 

P 
E 
R 
H 
E 
A 
B 
I 
L 
I 
T -y 

Bsample 
B ° • 
alr 

(Per Unit) 

14.9 ;--- 12-AP~-82 14:37:11 ---- 1204AJ.D~T 
~', ,..--1 Vd ° Permendur 

1 004 -----~', ° 

1018::/';':: " 

EZ20 ',', " , . .. -.. \ 
" • 

, , 
\ . , 
, . 

• • • 
.. 

• 

. . . 

. • -I' '. \ 

'" , , 
'. , ". , .. ~ , ...... .. 

..... 'I. .. . ", --
"!l.. '" , .... t· .. ,'I. ... "~ .... 

~ '. 
,\~ .... " ... ~. r, 

4.9 I .------

I 

~j. , I 

1.8E-91 1.0E+00 
BClir {T = 19**4 G} ... MAGNETIC IHTEH5IT't' {u.79tl0:tt·t.Ho ori -=: 1(jt':t.4 Oe}~' 

FIGURE 4 

~ 
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COMPARISON OF FOUR DEMAGHETIZED SAMPLES. 
1294A3 = VD. PERMEHDUR, 0330A2 = 1018, 0330B3 = 1e04, e33eC3 = E229. 

11 
A 
G 
H 
E 
T 
I 
C 

I 
N 
D 
U 
C 
T 
I 
o 

·H , 
B 
s 
a 

" p 
1 
e 
A 

T 
y 

3. e i 12-APR-~~ __ -.;=.-:-.,..~:~~6i 1204A3. VAT i i •• 

~--.. I I I I I -t--_.-4--4--I---hl4--I--4-I 

~----__ ----+-------+---~-+-4~~-~~---

~----+---+--+----1f--+--+-+-+-+--

.. 
/ , 

. . 
~------~----+---~~-+I-+I-+I~I~I----------+-~ .. ~-~~~~-+-+~~ 

Vd. Perm. 

." 
" 

" 

. 
.1- • 

. . . . '1 • . . . .. .. . 
I • ~. '1"1 I I ,,&.'-: .: .. : ..... . , '.' 1-+ I I I 

... ..'" 

.,~ .' • t ... ' ," 
.' .. • t 

. , 'I 1.':,::>7~ttl-U 
-- -+ 

I I J. -, I , EZ20 I 

, , ',t I. 
• 1 • I • . I . . . . 

.. :.~ I' I .L' .' 1 t-
2. 9 , ' . 1 • J ..L I I I _. __ _ ._. .1 I • I I 

• 'T0181 I.' 

1.0E+00 1.9E-92 
Bair {T = 19**4 G} ~ MAGNETIC INTENSITY {O.79!1~~l6~. H = 10.tt... U€} 

FIGURE 5 
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COMPARISON OF FOUR DEMAGHETIZED SAMPLES. 
12e4AJ = VD. PERHEHDUR H.T., e330A2 = 1018. 0330B3 = lee4. ~33eC3 = EZ29 

I 
H 
T 
R 
I 
H 
S 
I 
C 

I 
H 
[) 

• , 
B 
s 
Q .. 
p 
1 
e 

B 
Q 

i 
r 

A 
T 
V 

2.5 ---- 12-APR-82 ---- 15:eO:41 12e4HJ.DAT 
-r--

-----

... - ----
. . . .... filii· -- ....... .......... 

....... --_ .... ........... 
.'" . ......... " .... , . . . .. .......... 

.. tI' - _ •••• .. . , .. 
. . --

.- .-f----

____ 1-_ 

...;a",--

-.. .-,-
,"", . 

.... 

t I ++ 1. 
I 

~J, 1.S 
1.9E-92 1.OE+ua 

Bair {T = 18**4 G} ~ MAGNETIC INTENSITY {ee79tl0t!6~.·H = 1~tt4 O~} 
FIGURE 6 

p 

-1 

-1 

-E 

Vd. 
ermendur 

004 

018 

Z20 
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1994 STEEL FOR 8S- MAGNETIC DEFLECTOP 
COMPARISON OF THREE DATA SETS: 833081, B330B2, ~ 0330B3.DAT . 

I 
H 
T 
R 
I 
H 
S 
I 
C 

I 
H 
D 
• , 
B 
s 
Q .. 
p 
1 
e 

B 
Q 

1 
r 
"-
T 
y 

2.5 ---- 30-HAR-Bl ---- 13:35:11 0330S1.DAT ----

I 
I 

i 
I 

I 
, 
1 .-l- f- ro-' .-
I . .. 
I • . 

" 
r 

. /' . . I 
I 

! 
. -. . 

.-f-._--

--

~-

1.5 
I~BE-82 1.9E+ee 

Bair {1 = 19**4 G} ~ MAGNETIC IHTEHSITY <e. 79*10**6A/M = 1~tt4 Oe} 

FIGURE 7 
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1918 STEEL FOR 88- MAGHETIC DEFLECTOR 
COMPARISOH OF THREE DATA SETS: 8330Al. 033e~2. t 0310A1.DAT . 

2.5 ---- 3e-MAR-81 ---- 13:24:50 ---- eJ30Al.DAT 
I ..- ,...;.., r-.--l--~- Tnn-~~I~~~~ I 

H 
T 
R 
I 
H 
S 
I 
C 

I 
H 
D 
• , 
B 
s 
Q 

A 
P 
1 
e 

B 
Q 

1 
r 
1\ 
T 
y 

1 , 

- --~-~---lr-~~-L~LJ 

. ; .: .:. ~ ~ . .:..:. .. --¥- ... -~ - . . .. "' • i 

, . ' ~ I 

o • 

00 -- -- -
--.--~----~--- ~ --

. . 
--l-----t--~--1-J 

- -
.-__ -+. __ L .. 

-t'--'-~ 

~ I ---11

- I -t--'f·~ 
- I _ I I __ _ __ ~_1.. __ . .J . J . .-l-.J 

1.5 
1.9E-92 1.0E+~e 

Buir {T = 10**4 G} ~ MAGNETIC INTENSITY {O.79tlet*6~·H ~ 10tt4 O£} 

FIGURE 8 

.. 
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E229 STEEL FOR 8S· MAGHETIC DEFLECTOR 
COMPARISON OF THREE DATA SETS: 0330Cl, 0330C2, ~ 9330C3 • 

I 
N 
T 
R 
I 
H 
S 
I 
C 

I 
H 
D 
• , 
B 
s 
a. .. 
p 
1 
e 

B 
Q 

i 
r 
1\ 
T 
y. 

---- 39-MAR-Bl ---- 13:15:09 ---- 033eCl.DAT ----2.5,. ii' ii, i • 

-

. . 

, 
.0 

• 

_ ... ---_ ... .--......... 
...... 

1-0 • 

-+---+--~I -+ I I I I 

1.5 I I I I I I II 

1.9E-92 1.9E+ee 
Bair {1 = 19**4 G} ~ MAGNETIC INTENSITY {9.79*10f*6A/M = le**4 Oe} 

-~-

FIGURE 9 
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COMPARISOH OF ANNEALED AND UIRGIN 1018 STEEL. 
1124C2 = AHHEALED, 033eA2 = UIRGIH (AS PECIEUE~ F~OM MACHIHIHG) 

2.5 ---- 12-APR-82 ---- 15:40:56 ---- 1124C2.DAT -----~ tr~~~~~-------------~4r~~~lf~~,-~~~~~~'----
I 
H 
T 
R 
I 
H 
S 
I 
C 

I 
H 
D 
• , 
B 
S 

'Q 
PI 
P 
1 

'e 

B 
Q 
1 
r 

'" T 
y 

r-~~~J--1Tnt--~-+~~~ 

. ' ........ ~.............. -~-
• •• • " ...... 1-

-
. . 

Annealed • • -'-.: . 
'" • [I. --I----,-t-+-+-l--LD 

. / 
.• AS~ -r-----1----t--1--~~-L-LJ 
Machined - -------+----L-.--1r---~~~-1~ 

- -
--T-----+--~~---l~-, ~T~~~~ 

1.5 
._ I I .--1 ---...I I I "'1 

1.9E-92 1.0E+90 
BGir {T = 19**4 G} ~ "AGHETIC INTENSITY {O.79t191t6A/H = 10.t4 Oe} 

FIGURE 10 

___ As 

Machined 

Annealed 
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SU BJ ECT NAME 

88-Inch Cyclotron Magnetic Deflector 
Tests of Three Steel Samples -

'" D.H. Nelson &M.l. Green 
- ---

DATE 

April 22 1982 
. ~ : .. . .. ~ 

t 
c . .' ~ 

~ _.- - l-
_. _ l .. _... + .. _ .. 

The units of the abscissas for all the curves were selected .. for ease.in c,om-
- t ; '- .-~-,~~:... .Coo.. 1" . 

paring our results with commercial data since (1 ) most commercialdata·is".:'p16t"tted 
• '. .,-, - -""- .L--

with H (Oe) as the independent variable; (2) in th~ CGS system, the magnitudes' of 
.-. 1 ''-- , '1 

L ~ ,~ _ - _... :-. 

magnetic intensity and magnetic induction are equal (i .e., B = H)in a vacuum (and 

nea'rly so in afr); and (3) the units of m~ignetic induc'tion.differ:6rjly bypowe;r~'~of--
.... .• _ r- ~ _.. _ ~. _ .'. .. k *.. ~_. -j-

10 between the MKS and the CGS systems, i.e., 104 Gauss = 1 Tesla.·-· 
. I . ~ .-

-_. t" r 

-- -":- "t- -0---0 

". 
Appendix G c6ntains one example of unprocessed (raw) data and all tabulated 

_ • _ _ _ _ • __ _; .__ 1-_ _ .. __ , 
output from PROCC1, corresponding to data plotted in Figures 3 - 10. -Appendix r .... ,---

: .• '0- ,~ \' -. .• --

is available on request. 

DISCUSSION 

. 

Much of the discussion in reference 1 is still relevant. A significant 

improvement in our Phase II Data Acquisition System was made by the addition of 

graphics (reference 1, Section IV G3). We hope to be able to make similar improve-

ments in conjunction with future jobs. 

On April 6th, we reported our results (informally) to Don Elo and Lee Glasgow. 

On April 15th, Elo reported that E-Z CUT 20 had been selected as the material for 

fabricating the magnetic deflector. Since the saturation induction of 1004 was 

only 3% higher than that of E-Z CUT 20, other considerations, e.g., machinability-,~., 

led to this selection. 
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