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ABSTRACT/SUMMARY:

The Mu Sweep Il magnet for E872 is analyzed for mechanical soundness. The magnet will
be operated in the HIL enclosure. Due to the geometry of this magnet and the behavior of a
dipole magnet of this nature, it is shown that the steel forces are merely compressive and that
the steel of this magnet under operating conditions will act as a clamp, not allowing the steel
to move. Tack welds are the only necessary fasteners to maintain structural soundness in
this design. Calculations are shown for coil forces, restraint bracket stresses, boss plate
weldment, water manifold code requirements, and system cooling.
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Andy,

The drawings for the E872 Mu Sweep II magnet can be found in my rdmd02 account
*= the following directory: /rdmd/v02_1/dmitchel/e872/drawings

i

A draftsman can easily copy these drawings into his own account for proper
detailling. The drawings are:

aluminum bus connect.dwg
aluminum inner restraint.dwg
aluminum lug flag.dwg
aluminum outer_ restraint.dwg
aluminum strap.dwg

full assembly.dwg
steel boss_plate.dwg

Also included in this directory is a drawing that Ray created which shows the
steel dimensions he measured in the field. These numbers should be verified
and appropriate modifications should be made to the assembly drawing. This
drawing is:

steel block layout.dwg

NOTE: THE ASSEMBLY DRAWING DOES NOT REPRESENT THE ACTUAL STEEL BLOCK SIZES.

THE SIZES ARE APPROXIMATE AND MUST BE FIELD MEASURED AND VERIFIED.
APPROPRIATE CHANGES SHOULD BE MADE BEFORE DETAILING BEGINS.

The individual steel block drawings can be retreived from XDCS with the
; Yllowing search information: (these drawings were drawn by Ray and most of
.:.1ese blocks, if not all, have been fabricated.)

DWG series number: 9204 .250-M*-328%%*

The water manifold drawings already exists. DWG # 3832.235-MD-267838

The following work still needs to be accomplished:
Drafting tasks:
Design and detail manifold clamps
Detail aluminum "bus connects”
Detail aluminum "Green Die Lug" flags
Detail steel boss plates
Detail aluminum outer restraint bracket and aluminum strap
Detail aluminum inner restraint bracket

Detail Full Assembly Drawing (show magnet in layers similiar to
KTeV’'s Mu Sweep II magnet. Dwgs 3832.235-ME-267685 -01 -02

Insure that ALL steel block drawings are correct

* %k %k Field verify ALL steel block dimensions and make necessary changes to



¢ . .
- .gineering Tasks:

Order ARBORON filler material from Western Slate (see old P.O.)
Order Rubber, 1/4" thick. Suggested vendor, Aero Rubber (see old P.O.)
~— Verify beam line height and calculate how much floor shim is required
Find out the "Z" center position for this magnet in HIL and have the
surveyors properly mark the floor as to where the floor pads

are to be located.

Follow up on field installation and coordinate testing.
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MSD-EN-009-E872

Section I
General Operating Parameters and Summary of Findings

Useful Data:
Mechanieal:
16.75 x 49.88 x 188 Block weighs 44,380 Lbs, QTY: 2
5.75 x 98.38 x 106.38 Block weighs 17,000 Lbs QTY: 6

7.5 x 48 x 62 Block weighs 6339 Lbs QTY: 24
8 x 33.25 x 49 Block weighs 3702 Lbs QTY: 6
5.5 x 40 x 51 Block weighs 3186 Lbs QTY: 4
17.5 x 40 x 184 Block weighs 36,579 Lbs QTY:2
4.81 x 51 x 120 Block weighs 8360 Lbs QTY: 24
27.5x 40 x 51 Block weighs 15,932 Lbs QTY: 4
Coil weighs 5,745 Lbs. (2.87 Tons) QTY: 2

Magnet total weight isroughly:  358.6 Tons

Electrical:

Each coil is 8 twrns x 8 turns (conductor size: 1.25" x .75" with a .40" diam. cooling hole)
1200 amps maximum

250 KW power supply

180 volts

Physics:
5.2 meter length
76,800 Amp-Turn/pole

The Mu Sweep Il magnet is a simple dipole conventional magnet. Due to the circulating magnetic flux
through the steel, the magnetic forces tend to pull the sieel together in a clamping fashion. Therefore, it can
be stated that if the steel blocks are stable in a non-operating mode, then the blocks will also be stable imder
the full power of the magnet. ie. only compressive stresses exist on the steel blocks which do not actin a
direction that would allow the individnal blocks to move. Because of this fact, the blocks have been
designed to stack together with very few air gaps and are tack welded into their final position. This magnet
block configuration is very stable and is supported on 4 grouted and shimmed base pads.

When the magnet is energized, an electromagnetic force is created which causes the coils to push away
from the steel pole which they are nested around. In reality, the stiffniess of the coil and the stiffness of the
restraint brackets limit the deflection. Ang Lee's attached calculations show that the coil deflection can be
limited to less than /16" if there is one center restraint bracket. Ang assumed that there would be at least
three restraint brackets which he calculated would keep the coil stresses down below 300 psi. The actual
design will use five restraint brackets which will more than adequately provide coil support. Ang
performed a 2-D and a 3-D coil analysis with the 3-D analysis yielding a 30% higher horizontal force than
the 2-D case. The 3-D results are used in the analysis of the restraint brackets,
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The large added benefit of the coil stiffness in Hmiting the deflection of the brackets will be ignored. The
coil will initially transfer the entire load into the coil restraint brackets. However, as the restraint brackets
start to deflect, the load immediately begins to decrease as the coil pack, due to its stiffness, absorbs most
of the load. It would require a complex study of this behavior to understand the true load distribution. By
not including the stiffness of the coil and by assuming all of the load is taken by the restraint brackets, the
bracket design becomes robust. The inner and outer restraint brackets were designed for stress not
deflection. Again, calculated deflections are meaningless since the stiffness of the coil pack was ignored in
the analysis. All bracket stresses are below the prescribed allowable stresses. This simplified analysis
implies that the final design is adequate. Bolting calculations are also presented and shown to be adequate.

The water manifolds were designed by Fred Renken with MAWP of 250 psig at up to 166 °F. The
manifolds are made from copper pipe with brazed-on female adapters for mounting brass hose barbs. The
hoses are made by Gates with a maximum working pressure of 300 psig. Calculations which conform to
ASME B31.3 part 2 are shown in section VL

The temperature rise and pressure drop of the water/glycol cooling system were completed by Andy
Stefanik of RD/MSD. The results show a temperature rise of 56.6 °F and a pressure drop of 200 psi, The
maximum temperature that the system should reach will be 166 °F. The maximum pressure will be 200
psig. A spreadsheet formula for these calculations is shown in section VL

Finally, this magnet will be installed in HIL. with the appropriate safety measures taken to protect personnel
from electrical hazards.
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E872 MU SWEEP |l MAGNET INNER RESTRAINT COIL BRACKET ANALSYSIS

i=1..120 j=17..120 k=1..6
% =-25+ 25k
% =125+ 25-(j—6) (X ranges from 1.5 to 28.75 in increments of .257)

I, =925

I..j =9.25— (274336 X; 411504)

Distance from neutral axis to extreme fiber; 2 cases

75-(1;)2
———— 4 45 (L + 375)

i 45+ 751

The value of G2 is always larger than C1. Therefore, C2 will be
Cl, =L, +.75— C2 used as the distance from neufral axis 1o the exireme fiber in
bending stess calculations.

10 s T T 1 T

8 ~ —
I -
I 6~ - e . .
2, -

(] 5 10 15 20 25 30

Moment of inertia Calculation {see attached sketches for more details)

1 3 1 3
Iy, ' 5=—6.75 Iy == .75 (L.
AT B =73 )

i3

2
L
= 2
Viotal, ‘=14 +6.75(L;+ 375=C3)" +1p + 751 ((:2i —~ .-5.)



=1,

BEEENEE RN

14

C2

I total

m m . m
0 9.25 6.592| [117.914
025/ |9.25 6.592| 117914
0.5 9.25 6.592| |117.914
0.75| 19.25 6.592) |117.914
1 9.25 6.592| 117914
1.25f (9.25 6.592| |117.914
15 9.25 6392 (117914
175§ 9.181| [6.553 115.692
2 %.113| |6.514] |113496
2250 9.044| (6475 111.327
2.5 8976; |6.436| |109.183
2.75| 8907 |6.397] |107.065
3 8.838] |6.353| |104.973
3.25 8.77 6.319{ (102.90G7
3.5 8701 16.279] |100.866
375 |8.633 6.24 98.85
4 8564 16.201 96.86
4.25] (8496) |6.161 54.895
4.5 8427 16.122 92.955
4.75| 18.358] |6.082 91.039
5 8.29 6.043 89.149
525 |8.221] |6.003 §7.283
5.5 8.153] |5.963 85.441
575, (8.084] |5.924 83.624
6 8.015| |5.884 81.831
6.25] 7.947| |5.844 80.062
6.5 7.878| |5.84 78.318
6.75 7.81 5.764 76.596
7 77141 |5.724 74,899
7.25] |7.673] |[5.684 73.225
7.5 7.604] [5.644 71.575
7.75) |7.5351 I|5.604 69.948
8 7467 5.564 63.344
825] |7.398] |5.524 66.763
3.5 7.33 5.483 65.205
8.75] 7.261| |5.443 63.67
9 7.192{ 5402 62.158
925 |7.124| |5.362 60.668
9.5 7.055) (5.321 59.2
9.75] 6987 |(5.281 57.754




n:=41,. 80

, L ocy o
10 6918 524 56.331
10.25 6.85 5.199 5493
105 [6.781 5.158 53.55
10.751 [6.712 5.117 52.193
11 6.644 5076 50.856
11.25] [6.575 5.035 49,542
115 ] |6.507 4.994 48.248
11.75} (6.438 4.953 46.976
12 6.369 4911 45725
12.251 [6.301 4.87 44 494
125} 16.232 4. 829 43.285
12,751 |6.164 4787 42 096
13 6.095 4,745 40,927
13.25] (6.027 4.704 39779
13.5] |5.958 4.662 38.651
13.75] [5.889 4.62 37.543
14 5.821 4578 36.455
14.25} |5.752 4 536 35.387
145} |5.684 4.494 34.338
14.75} |5.615 4452 33.309
i5 5.546 4 400 323
15.25] |5.478 4.367 31.309
155 {5.409 4324 30.338
15.75] |5.341 4282 29.386
16 5.272 4.239 28.452
16.25] |5.204 4.196 27.537
165} 15.135 4.153 26.641
16.75} [5.066 411 25.763
17 4,998 4067 24.903
17.25] |4.929 4.024 24061
175§ |14.861 398 23.238
17.751 (4.792 3.937 22432
18 4723 3.893 21.643
18.25] (4.655 3.849 20872
185 |4.586 3.805 20.119
18.75| [4.518 3.761 19.383
19 4 449 3.717 18.663
19251 (4.381 3673 17.961
1951 14312 3.629 17.275
19.75] 4243 3.584 16.606




o.=81..120

o x L C2, Ltotal,
81 | | 20 | |4.175| |3.538) 115954
82 | 12025| i4.106| [3.495| 115318
83 | [205) [4.038] |345| [14.697
84 | [2075| 3.969| |3.405] [14.093
8 | | 21 | 39| (3359 [13.505
86 | [2125| |3.832] |[3.314] |12.932
87 | [215] 3.763] |3.268] [12.375
88 | [21.75| |3.695| |(3.223] |[11.833
89 | | 22 | |3.626] [3.177] |11.306
90 | |22.25| |3.558] (3.131] 110.795
91 | |22.5] |3.489] [3.085| |10.298
92 | |22.75| |342| {3.038] [9.816
93 | | 23 | 13.352] i2.992] |9.348
94 | [23.25| |3.283] |2.945| |8.895
95 | {23.5] |3.215| 2.898] | 8456
96 | [23.75| |3.146] [2.851| |8.031
97 | | 24 | [3.077] [2.804] | 782
98 | 124.25| |3.009] |2.756| |7.222
99 | [245| [294] [2.708] |6.838
100| [24.75; [2.872] [2.661| |6.467
101] | 25 | |2.803] (2612 | 6.11
102| [2525| 2.735| |2.564| |5.765
103| [255| 2666 [2.516] | 5.434
104| |25.75| 2597 |2467) |5.114
105| | 26 | 2529 [2.418] |4.807
106| |26.25| |246| [2.368] |4.513
107| [26.5] (2392 [2.319] | 4.23
108 [26.75| |2323] [2.269] | 3.96
109 | 27 | |2254] :2.219| [3.701
110] |27.25] |2.186] [2.169| |3.453
111} [275] 2.117| [2.118] [3.217
112| [27.75] [2.049) [2.067| |2.991
13| | 28 | 1198| |2.016] [2.777
114| |2825) 11912 [1.965| |2.573
115] |285| |L843| |1.913] 12379
116 [28.75| |1.774] [1.861] |2.196
117) 1 29 | [1.706} |1.809| |2.023
118 29.25| |1.637} |1.756] | 1.86
119| [29.5| |1.569] [1.703| |1.706
120| (2975 | 1.5 1.65| |1.561
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Type of Stress Type of Member or Component S::c. ‘“h'u::‘ Strem, Tabie 3.3.27
Allowable Stresses for
TE:SSIC()‘N. axial. Amy tension member 1 9 BUILDING and Similar
net section
Type Structures
Reciangular tubes, structural 6061 —~T6, --T651, —T6510
TENSION IN shapes bent about strong axis ‘I ﬂ"‘f ANy 2 9 T6511 ’ ’ !
BEAMS. . O{} o
Round or oval tubes - 3 3 . .
- extreme fiber, ‘4 Extrusions up thru 1 in., Sheet
el section Shapes bent about weak axis, | — — & Plate, Standard Structural
rectangular bars. plates. 4 128 Shapes, Rolled Rod and Bar
[ )
On rivets and bolis s 14 Drawn Tube’ Plpe
BEARING On flat surfaces and pins and on bolts in slotted
boles 6 2 6351-T5 Extrusions
AHowabbe Stress, Slende: Allowable Stress, ki Sheod Abowable Stress,
i, Limit, , Sknderncss Liralt, 5, ksd
Slenderness < §, Between §, and §,; Stenderness = 5,
COMPRESSION 10 [__=95 51,000
IN COLUMNS, All columns 7 I ’ (Lir)?
anial, gross T N R T A
section s ST 2
b 1,970
Outstanding ke “r:_*' i 8 19 S =52 oY
fianges and legs S e et e e Aol FRkil ‘ o
L+ wo LD _ B S Gl
fr?:ipo ‘:ﬁfg:q%’:ﬁs Fat platcs with R 19 LI 23.18.252 bn S
i both edges '\E 9 1 4 4 {bir)
OF COLUMNS. AN e el B T s | 2t o T Rt
d : L =7 -
gross suppamie = T e - e w o 1%% @“ :‘%ﬁﬂ
section —
Curved plates N X 19 _ I R 3,200
supporicd on both ! @ 10 Tt 221.050«? T i (RING1 + \/"R—n'd35)'
edpes. walls of ! ; ! T I Tl et St i SN "'W T e "
round or gval tubes ! o 3= 508 E3.5-0.50. i : ﬁJ "'E m;‘m+ m’w
Single web beams 21 L =73 23.9-0.!24& .L:= 87'«”‘
bent about strong —I—T E - 1t o AT . ] l'..ru“"w”wﬂ_ (;;mww
i Gl e 20 5 0 0
R, R Same as Specifica-
f 7, R, 35 LY 39.3-2.7\/51 - tion No. 10 {See Par.
i i
Round oF aval tubes 12 . - - - M é:ﬂlz) 2 SpeciRéss
COMPRESSION " . ) i i} T Same a3 Spe 2
' 142 Bone naim tion No. 10 (See Par.’:
IN BEAMS. ! t 3412 g
exireme — p =
; AND
fiber. — ™ d L dibe 1 ils_ e
sec;uirms Solid rectangular = 13 AV RS M'S'o'gi-r\" d N7 T » (dit ) (Lald}
beams - Iiﬂ d _l: . q - l—.. d .1‘4 R Bl -—-l-im‘-:g-g--«r:
1% L Le _ﬁ_ e SR
Ya=- = ““”EJ d Va2 | uwddd g
[P (.5 . 24,000
21 < 146 XYL e o
Rectanputar tubes 14 I 290 24\‘ i, e 170 (Loleliy)
and bos secuons 1 T
ue - 12T
COMPRESSION b oo b 2 b b
IN COMPONENTS ?““‘a“d"‘ﬂ I [ b — 15 ; =68 77.3-0.937
. anges
OF BEAMS. NS 120 —— 1ne
(component
under uniform Fla1 plates with —b '_—! b kit 4 =22 27_3.0_19&
compression). both edges 16 ! T 1
gross sechon supported N 129 v - um ém 50 -——~l S
. . Tl
Flat platey with L . b b b
COMPRESSION compression edpe i _ [ T 17 28 s 39 40.5. I'“T 1
- - {ree, 1ension ) T b b b
IN COMPONENTS edge supported 160 - =17 0.5 141 -
OF BEAMS. £ LA !
Icompanent Flat plates weth T \-h 28 A = 4 4(15-0.2?ﬁ h
under bending toth edpes 1 h /V 18 ! . !
In own supported <+ 160 —_——— 1% A
plaae). L
Flat plates with o e [ D44y h h h
f:::_m horantul siiffener. ! T:[dv 19 = Pl 030177 e
both edges It o @ @ Iy
supported - 1 T i t
—_ 12 " 15.6-0.005% A
Unsidfened i i R 20 o f 1
SHEAR 1 l A
IN WEBS. e - 750 ke 759 l:
gross e < o = -
seclion Suiffened fat webs IM{IEEH]} 71 12 - 12 =
0= o./\fu 0. 718, 7o, 750 —— 150 ﬁf

WHITE BARS | apply to nonwelded members and 10 welded members at locations farther than 1.0 an. from a weld.

@ For all thicknesses with {iller alloys 5356 or 5556. With filier alloys 4043, 5554 or
8654 values apply 1o metal 0,375 in. or less in thickpess: for greater thicknesses
multiply allowable stre<ses By 0.8,

apply within 1.0 in. of a weld

(& For all thicknesses with Filler alloys 5356 or 5556: for metal
0.375 in, or less in thickness with filler alloys 4043, 5554 or 5654,
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ECHHICAL FOR STAINLESS STEEL AND NONFERROUS IF1—104
BATA 1968
. BOLTS, SCREWS, STUDS AND NUTS
1
MECHANICAL REQUIREMENTS FOR BOLTS, SCREWS, STUDS AND NUTS
Meachanical Requirements
Bolts, Screws and Studs MNuts
Eull Size Bolty, Machined Test Specimens of
Grodel Generol Screws, Studs Bolts, Screws, Studs Proof
¢ Description Hardne:ls lood ’;::“:";
Yield2 Tensile | Yield? Tonsile | o * Stress il
Strength | Strength | Sirength | Strength | 73
Min Min Min Min « Min Min psi Min
psi psi psi pai
Austenitic
m— 303-A Stainless Steel 30,000 75000 30,000 75,000 20 B75 75,000 B/S
Sol. Annealed
Austenitic
I04A Stainless Steel 30,000 75000 30,000 75,000 20 B75 75,000 875
Sol. Annecled
Austenitic
304 Stainless Steek 50,000 *0,000 45,000 85,000 20 B35 20,000 B85S
Cold Worked
Austenitic
L See See See See See
1
3045H .E;:?;T:\e;;f;e;td Note & Note 6 Note 6 Note & 5 €25 Note & €20
Aystenific
305-A Stgintess Steel 30,000 75,000 30,000 75,000 20 B70Q 75,000 B7D
Sol. Annealed )
Austenitic
305 Stainless Steel- 50,000 90,000 45,000 85,000 20 B85 20,000 B&S
Cold Worked
Austenitic
305-SH | Stainless Steel- See See See See 15 €25 See C20
Strain Hardened Note & Note & Note & Note § Mote &
Austenitic
3t4-A Stainless Steel- 30,000 75,000 30,000 75,000 0 B70 75,000 B70
Sol. Anncated
Auystenitic
k11 Stoinless Steel 50,000 20,000 45,000 85,000 20 B85 90,000 B85
Cold Worked
Austenitic
s See See See See See
&S | StainlessStoel | Notes | Notes | Notes | Notes 13 €25 | Notes | X
Austenitic
Xi7-A Stainless Steel- 30,000 75,000 30,000 75,000 20 B70 75,000 B70
Sol. Anneoled
Austenitic
7 Stainless Steel- 50,000 90,000 45,000 85,000 20 B85S 90,000 B8s
Cold Worked
Austenilic
3845 Stainless Steel 30,000 75,000 30,000 735,000 20 B70 75,000 B70
Sol. Annecled
Austenitic
384 Stainless Steel- 50,000 90,000 45,600 85,000 20 B85 90,000 B85S
Cold Worked
Martensitic
a1op | Stainless Steel 95,000 | 125,000 | 95000 | 125000 | 20 czz | 125000 | €22
Hardened and
Tempered
Martensitic
Stainless Steel.
410-HT Hordened ond 135600 | 180,000 [135000 | 180,000 12 Cl 180,000 C3s
Tempered
{continued)
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Aluminum Strip for the Coil Support of the Mu-Sweep II Magnet
Anglee
March 1, 1994

This note contains a calculation of the coil support for the Mu-sweep-II magnet.
The purpose of this calculation is to find a proper method to prevent the coil horizontal
displacement due to the magnetic force. The magnet force__ Lorentz's force is calculated
based on the 2-D finite analysis for the possible maximum current supply NI=76800 A-
turn/pole. This number is based on the 8 layers x 8 truns x 1200 A. Two values of the
‘horizontal force are obtained. One is for the coil located outside of the iron. It is smaller
than the one located inside of the iron. The larger number appears to be 4043 N/m (23
1bf/in). This number is taken for the purpose of the design. Since the length of the coil on
the straight side is about 216", the design of the coil structure without intermediate
supports reveals a large and unacceptable horizontal displacement (0.5"). In order to
control this large displacement to a reasonable number (assuming less than 1/16"), the
span length has to be reduced. The calculation shows that the minimum span length should
not exceed 126". At least, one intermediate support is needed for both sides coil. It is
proposed to use three intermediate supports for each side of the coil with a support
dimensions 0.25" x 4" (thickness x width). It could be either aluminum or stainless steel.
If aluminum is used, the calculation shows that the maximum deflection is less than 3 mils
based on the simple support beam model. Finite element model shows a even smaller
deflection because of the better representation of the boundary condition. Nevertheless,
three intermediate supports should be more than adequate. Further calculation also shows
that the stress of coil itself is also very small (less that 300 psi) compared with the
allowable stress based on the ASME code (2666 psi). The stress for the support itself
shows only about 700 psi. It is far below to the allowable for the both aluminum and
stainless steel material. One more command is that the 3-D magnetostatic calculation
shows a 30% higher horizontal force density. Even so, the current design is considered to
meet requirement and to be very safe.

All calculation details are attached in Appendix.




Appendix:

Calculation details



%Cor? 5'03?/2&/'7' C’a/WWm 74;4 ﬂx-fwa{?:f . Alee 2]

/7ot

{
I
|
1

/77@/@& érc'e /[fv'ﬂ A= 7515’@%/ Sot. boaed on

NI =76:300 (A-Tonfple ) grol By =t && 7
;t%ﬁ!% ) #345/.& &

/

|

|

1

1
I
Loy AN \

T N

maede
g,g,g.:a “%
R
4 ¢
ﬂ—- =7 —%
o 22&"  ———>]

a): Bean 4 -‘7%/«7 wnfernradesie ﬁ*ffmf

§e} x 2287
3¢4 (E1),
Wtwo - E =00 500°  (hbimimmnn )
#* )3
I = LSl 240 it

o =




simee. e gne /047‘@'/’ foles 1rsiole o
csif, G aplect %ﬂ// be nedute éjj‘:\

M? votid oo abimadicd aa.

75: /- Aviy Zx oAt v
Alcondud,) oisxiy =

%?W,‘fo 75_-_-_ 8.8 Ty mga&o‘fé{ S’If‘]ﬁm

(EI//Y} = ¢ . El = 04X Zﬁ X/dJX/Oé:-: / 2.(/4)?

Tlen,
y Sx23:100 X 22&"‘ ,
MoK = 3dyuxnexn? 247

o Pt dxM—e.cj #o f‘afzfﬂ?eaéa-f% ju%fj

w

b): /JW,;,J He makmum oﬁzf/m!;;,. g houle
be, Less +than /l/é”, Wt will be The marsu,

QPan Le,%?ﬁ. 2




A/mﬂﬂ( = _f_— gl ZMW < ’/6 rr
264 ‘(EI/M
0 ~
| / < j__jd-ql (EZ)r mé)v/
e o 3,

- 0.

344 Xﬂzxngp L4347
- $H 2300 \]’""74 ’

* //L%glﬂe o st sne i Tor et ds W
i (8 neaddet . Lo propose o use 3 mler-

1 2& o
!F \ = KX - S/(?-zjoxt—zz—d)': \{g
i mﬂ‘% 3:?'{"(51)‘ 3&—{/)(/ 2x/47 ( ﬁ )

0,{_&,




f)~ 37‘7@&5 OJL corl.

2L Y

(Ps1).

Aw?v? He. miatsreat -7511 ﬂn—éwﬂf—.f /s e
Rome 24 An&y%_ ﬁ%jmj‘ ’EKJL&:LIJ 2Tress
7 le&n :

l ﬂf:—.%ooo (?9\)7
Poaed an ASMP - cade |  Albwable stress 13 axlelaz

Tl "‘Sz'ﬁ} =26b6 @) -




jos ez wpay o werdiy

Z-Buw deoms aA®qy JONg

MS‘.\K u.ukxhi.\\.mm

tsd[sue eanqoniqs

Mks\& > &ut:\\

¥

v’
'y

s sl

1w
> boyavd 197\ Ja\%

> ity nw u;ﬂ@.\:&m

3903

rI-= d7
gz2°9= dA
algte=x X
¥19-€1=18I0
I= AZ

1= AX

= AX

fn

RNN 3dAL
SINIW3T3

4 “ON LOTd
JEIPEEL

vegt o%, B3 | :




- i
> &
[l =
;L)
L N = ]
0 v Zw ot )
UHN - P I T
b o w v
i QU@ E >
2 B =D W
L S Oonn -

[3] =z
g 2
w a
] m o b
- O hd W~ I
= - w W N oW
+ ) o0 L B L T
R oM Mot =D D
H oI [T L (- O T T T
o - - O L
> O L3 "y uw o
=z W (2 0 - R S IR T S T e
[~ X QX > AW

R i i dm— — — —— — —

o G m— e AL e e m—

sa it e e d—— — —— _— ——

— — ——— — — —— —— — —

— . m— mbin i r— ——— —

N A e e w— — — — ——

S L e . i — — — ——

—— e — T TR R G W MR A

S ——— v o — — — — — —

MAONNMAANANNANN

e N mie de— o g—— — — — — wo—— —

NANMAAANADNAANANND

— o —— — — — —— — — — p— d—

MO NADNNMAANNNAN

— e . — — —— — — — — ———

—— A T W — — w—— — — —

— — — —— —— ———— o—. W———

—— e ——— L NS S SR SN S =

e — i — — —— T— ——— v —— —

g il — — — —— A N W —

O G A AP S o e i e SRS
\\\\\

—— - d—— — — — — — —— {— —— w—

. ey, e et " a e “evrn "o —o—— ' —

—— o it el e il ' dbiitns s,

it “sinte, s ey o e " rme s " "t ‘wamtene s

— e —iite sttt "ttt st it "t Wb Skt

T e

structure anaiysis for Ktev sweep mag-2

Te Slemen] Resnl? fon dalc?/aomwfff/ |

)
14

L'ﬂ

_,Ej’wre A



a¥*4e89=
1+6°509=
1E¥ 929
ZI6 orr=
Zi¥’Loe=
EQ6° L8Z=
€6g 8@e=
¥88°8ZI=
riEGP=
GITT=gXNS
99Z%°9TL= XAS
81876= NKS
£@-36¢3° 2= XNQ
(DAY) AINIS
I=3nIL

I= dans

1=d4318
NOILNT0S TYQON
I "ON L0
8ZigFIEL

I

g ILE R R TVIR VIR L e i

%%Kn\sn Mwmub 4“ \Smg..wv\ \.N.\m&«\w\w ‘N.F\ E,\.N- < m\:&ﬂﬁ

Z-Buu deems Ael) Joy sisd|wue esnjanags




force ol put f’"‘””

cr*» for NI=76800 A- turn/pole

PARAMETER FX1
PARAMETER FY1
PARAMETER FZ1
PARAMETER FX2
PARAMETER FY2
PARAMETER FZ2
PARAMETER DIS

CHERRn

CEERREE

PARAMETER FX1
PARAMETER FY1
PARAMETER FZ1
PARAMETER FX2
PARAMETER FY2
PARAMETER FZ2
PARAMETER DIS

I TITTTIY

CEXEAR%R

PARAMETER FX1
PARAMETER FY1
PARAMETER FZ1
PARAMETER FX2
PARAMETER FY2
PARAMETER FZ2
PARAMETER DIS

CHExkkk

CheksER

i

]

2 -7 ol ( )
I,eld *"/l&g 7 AJ

~4004.704
3692.807

0.1648992E-10
4605.102
4637.271

0.2126460E-10
11.34230

-4013.125
3691.328
-0.6306452E-11
4622.677
4636.462
-0.3372451t-11
31.97941

-4026.022
3685.182
0.1386258E-11
4652.011
4631.810
-0.5714237E~11
48.89111



PARAMETER FX1
PARAMETER FY1
PARAMETER FZ1
PARAMETER FX2
PARAMETER FY2
PARAMETER FZ2
PARAMETER DIS

CEEdRER
CHERRAR

PARAMETER FX1
PARAMETER FY1
PARAMETER FZ1
PARAMETER FX2
PARAMETER FY2
PARAMETER FZ2
PARAMETER DIS

ChERNES
Cridkns

PARAMETER FX1
PARAMETER FY1
PARAMETER FZ1
PARAMETER FX2
PARAMETER FY2
PARAMETER FZ2
PARAMETER DIS

ChREANFE

CEERAER

PARAMETER FX1

H

]

n

i

H

H

]

]

-4037.576
3666.401
-0.7861249E-11
4691.033
4618.576
-0.3028354E-11

62.74993

~4043.449
3623.606

0.1937653E-11
4740.319
4591.300

0.3984232E-11
74.10697

-4042,295
3542.382

0.3286250E~13
4801.556
4545.639

0.9882813E-12
83.41384

-4037.577



PARAMETER FY1
PARAMETER FZ1
PARAMETER FX2
PARAMETER FY2
PARAMETER FZ2
PARAMETER DIS

CRRdRnR
T TTTTT

PARAMETER FX1
PARAMETER FY1
PARAMETER FZ1
PARAMETER FX2
PARAMETER FY2
PARAMETER FZ2
PARAMETER DIS

ChHuadkn
Chixkkik

PARAMETER FX1
PARAMETER FY1
PARAMETER FZ1
PARAMETER FX2
PARAMETER FY2
PARAMETER FZ2
PARAMETER DIS

CRERERR

CRERVES

PARAMETER FX1
PARAMETER FY1

i

]

]

L]

I

H

1

"

]

]

H

3407 .546
~-0.6013848E-11
AB74.782
4478.447
0.1202796E-10
91.04064

-4046.006
3205.158

0.1200128E-11
4056.483
4383.766

0.3922869E~11
97.29066

-4088.804
2940.731

-0.4714795E-11
5027.212
4254 .414

0.1245710E-10
102.4124

-5124.535
2648.894



PARAMETER FZ1
PARAMETER FX2
PARAMETER FY2
PARAMETER FZ2
PARAMETER DIS

CERekkx

CEehdis

"

~-0.5709456E-11
5062.299
3993.861

-0.7519662E-11

106.6096



IVaIECY

FERMILABE . SECTION PROJEQT | SERIAL.CATRGORY | PAGK

/Uu Sweev I\ Ne APER

- ENGINEERING - NOTE | XTeV | ooooopde

THeEAD [oAarr€x CALCCUCATIONS

ConEarms TN B3.3 Covi
APPLICABLE SE CTtoas 304, 3, 3 Fog g&(ﬂ;@f\-@g__ |
A A . ‘
Al = LD REINCOLCEMENT Alea 1 T
— 6& <l (,2.__SM‘?’> : . ...._.___fﬁ.-f,i_-_..__
- Ay T EFFE TG L&l TH.  REATNELD e
= C. 92 S
ChA - TusE THicra€ss pEsipaed 0 T
= 0.064 '
T AN s T Q0" S
A, s .9a)(-004) [T~ 5~ 30%) T
A, = O0.059 ;4"
Avr As + Ay 2 A, TO me€T (oot L
Al = D A2e APAITIOAI R RE I NRBREE AT~
Py = Eyies s oA TEHICKUESS - CIre oo
= (2da T ) (Tu-b&l - D
Jz-* DiameTEL GF Av4eTex /z
NP SR T
A T AcTuar TUSE THURVES = D.083F 0
< L ORAE o [rn€en eChercemel = S
A - (2(0*15“)—-092,1 (Ooa:—*uoeq-m) ]
Az~ oy N? T ‘_;i:“'.““"’_"
/q3 z T L (T-b" é:,-—c)/,ﬁm
Ty = THILLCSE ACArTER = O 28D . S
-- Liem BLAM emNaTid = 099 T
éu = 2EStaN m']c.gu‘u - ?—‘;:2{:(0@69]1 d cqs',‘
Thteap oFrTH =2 Q.06S
Az = ?.( ‘3(.9){0'269 0.4~ - Q. ahs—) /;
e Az 0. BAT tat SRS
Ai*”*af*ﬂq = c:> 'sr*fa 23 @o&"? “fal H*_*f"
* Rt bl weares ws f:*r’;'
- R s s ARy NI Sy S PO S BV S S




FERMILAD . BECTION PROJECT BERBIAL :CATRGOARY_ | PAGK

ENGI NEERING NOTE. .

SUBJICTY

Ao Sweer 11 dEAPER

S e g e e e g

— Heaoer {(Sulicy Ay pPrg- u,z;U) fffffoié' cﬁ{(-—(.ut_ﬁ-rmug

~ WATEE SueitY L g SYSTEM
PRESSURE -~ 250 PSSl mxfrwum“ -
TEaP ECATORE = o °F T T

— (o NSTRJICTION o
~ LY MNosmiual TYFE K Correl Tusmailh
RATE ¥V For Yoo Ps/ @ o0tk ..
C AL C weAT eon  TD SHOW ARV IEOLY (o FQean € T
ASAE  B31.3 Paer T - PRESIURE PESIaA oFf PiPHiNG

JECT o Jogld AN AN Wkl THICLAESST

£ = (eson(z.azs )
2 {sioo (o.g) +250(-4))

E 2 OLOCbe iy o

AcTumc. €= ©.083 S s.oedy Sa lxsfc.uf

A/OTE - TUBE —~AS Mau+t Fearncies (19)
CAL €CL2L-ATLOAS AL Drd Nc,rr ,0466.

495 edihen.  UNS Mo. - Civzoo0, Sgec. Mo.. 5g- 42. -stpu‘ 061“(&93(\:«*‘\%)

e R

f— - — m —_— - L. L4 L m o i h g e - -

L O TR | P I T, R R i R e S .\._._.-__..._.._...__?_f_..-._‘__.__..--._-

§o7481

Z“"z_—(‘g"—;—ﬁ?) €asd Za, 111
o neLE P+ Pagssore = 250 PsS( UL

P o2 = 2-.125 A

E @ty Taste. A-1A = D=8 ... .
¥ 5 7 Atcow 83LE sTeess [Tasc 1

= I700 Pl @ So°E '

Y - cocfel Cie~rT  [Twsie 304,103
= 0.9 -

MEeTS SOECL #tc.A-T'YMJ .

¥* A’]ouq\o\e, slress -Q-N“'\ RSME 60\\51? ¢ Pressu.rl Veisel CoJe S&‘)nm ]\_'b zor |

T Toyw +_.._‘__._. _——— e




+

KTeV MuSweap Il Magnet - Water/Glycol Cooling A, StefanikF. Renken 7-29.94

GENERAL INPUT DATA:
Coolant supply stafic pressure - coolant return static pressure = 200 psi
] Coolant supply temperature = 110 F
Conductor cooling passage inside diameter = 0.4 inches
Conductor cogling passage absolute roughness «|  0.000005  [feet - Roughness is for commercial steel,
Hose absolute roughness = 0.00015 feat - Roughness is for commercial steel
Hose barb absoluta roughness = 0.00015 fest - Roughness is for commercial steel.
Conductor cross sectional area = 0.812 square inches
Operating current = 1200 lamps
Volume parcent of water in coolant = 40 vol %
¥olurne peccent of glyco! in toolant = £0 vol %
CALCULATED DATA:
Conducr cooling passage relative roughness = 0.00015
Friction factar in Zone of complete turbuience for conductor cooling passage={ 0.013174831
Conduclor cooling passage flow area =t 0.125663706 &g inches = 0000872665 |souara feat

Mass parcent of water in coolant = 40 mass % (Approximately equal to vol %)
Mass percent of glycol in coolant = 650 mass % (Approximately equal to vol %.)
RESULTS FCR ONE 8 LAYER COIL: NOTE: Input data are in itakcs.
Paramoter Urits layers 142 laysrs 344 | layers 546 layers 74 8 Totals
Conductor Jength [feat] 672.6 5726 £72.6 6726
K for conducior bends -] 56.98 54.61 64.61 64.61
Total length of hoses [feat] [ 5 -] &
Hose insidg diarmeter [inches] 0.75 0.75 0.75 0.75
K for hose barbs {-1 3.54 2.2¢8 2.29 2.28
Total length of hose barbs finches] 15.78 10.52 10.52 10.52
Hase barb inside diamaler [inches] 0.525 a.625 0.625 0.625
Praasure drop results:
Coolant mass flow rate {Lbmihour} 1322.10 1324.87 1324.87 1324.87 5296.71
Coolant volume flow rate at supply temp {gpm] 2.49 2.50 2.50 2.50 §.98
Coolant return lemp [F} 166.70 166.58 166.58 166,58
Coolant average temperature [Fi 138.35 138.2¢ 138.29 138.29
Coolant density at ave temp [Lbm/ft*3) 65.49 £5.49 65.49 £5.49
Cootant abs viscosity at ave temp {centipoise] 1.93 1.93 1.83 1.93
Coolant specific heat at ave temp {Blu/lbm-F] 0.791843865 | 0.791801758 | 0.791801759 | 0.791801750
iCootant Reyrold's No, in conductor at ave tamp {-] 10827.41 10840.53 10840.53 10840,53
Barcy friction factor for conductor passage {-] 0.030580148 | 0.0305703148 | 6.030570318 | 0.030570318
Covlant infet velocity [fest/sac] 6.36 6.37 8.37 6.37
Coolant velocity at ave lemp [teet/sac] §.43 5.44 6.44 6.44
Coolant exit velocity [feet/sec} €.50 6.51 6.51 6.51
Average coolant velocily in hoses [feet/sec] 1.83 1.83 1.83 1.83
Coolant Reynold's No. in hosas at ave temp i{-1 5774.62 5781.62 5781.62 5781.62
Darcy triction factor for hoses -1 0.039332159 | 0.039320568 | 0.038320568 | 0.039320568
Average coolant velocity in hose barbs [feat/sec] 2.63 2.64 2.64 2.64
Coolant Re No. in hose barbs at ave temp [-1 6829.54 6937.94 6937.94 6937.84
Darcy friction factor for hose barbs [-1 0.038287131 0.038276911 0.038276911 | 0.038276011
Static pressuire drop due o conductor length [psi] 180.14 180.83 150.83 180.83
Static pressure drop due conductor bands [psi] 14.55 1894 18.94 18.94
Static pressure drop due to hose [psi] 0.09 0.09 0.09 0.09
Static pressure drop due o hose barbs [psi} 0.22 0.14 0.14 0.14
Static pressure changs due to velocity change [psil 0.012692534 | 0.012717498 | 0.012717499 | 0.0127174909
Total static pressure drop [psi} 200.01 200.01 200.01 200,01
Averaae conductor temperatire [F] 140.27 140.21 140.21 140.21
Conductor electrical resistivity [ohm-in*2/ft] 1.45813E-056 1.45799E-05 1.45799E-05 1.45799E-05
Conductor electrical resistance [ohims] £.012078036 | 0.012076892 | 0.012076892 | n.012076892
Layer heat joad [watts] 17392,37 17380.72 17390.72 17350.72 69564.54
Layer heat load [Btu/hour] 59359.62855 | 59354.00812 | 59354.00812 | 59354.00812 237421.7
Check coofant retern temp from the macro [F} 166.70 166.58 166.58 166.58
Heat transfer rasuits:
Average coolant heat transfer cosfficient [Btu/hr-ftA2-F) 438,01 439.55 439.55 439.55
Difterence between bulk coolant and conductor|
temperatires [F} 1.919671568 1.9170987 1.8170887 1.9170887
Coolant average film temperature [F} 139.31 139.25 139.25 139.25
Coolant abs viscosity at ave film temp [centipuisa] 1.90 1.90 1.80 1.80
Coolart specific heat at ave film lemp [Btu/Lbm-F] 0.78251584 0.792472743 | 0.792472743 | 0.792472743
Coolant tharmal cond st film temp [Btu/hr-fi-F) 0.22 0.22 0.22 .22
Coolant Prandti No. at ave film lemp {-1 16.66 16.87 16.67 16.67
Coolant Reynold's No. at avg film temp [-1 10880.61 10993 58 10853.58 10893.58
Conductor heat fransier surfacs area [r*2] 7043 70.42 70.43 70.43
Coolant mass velocity per unit flow area [Lom/hr-ftn2] | 1515020.681 | 1518186.507 | 1516186.507 | 1518186.507

Average heat transler coetficiant

{Btu/hr-ft*2-F]

439.0051802

438.5527851

498.5527861

439.5527851

Check ditfersnce belween bulk coolant and

conductor temps from tha macro eale

I¥]

1.919711864

1.917138703

1.917138703

1.817138703

Ry



KTaV MuSweep It Magnet - Water/Glyeol Cooling A, Stefanik/F, Renken 7-20-94

RESULTS FOR TWO COILS

Coolant mass flow rate [Lbm/hour]) 10593.42

Coolant volums flow mte at supply temp [gpm] 12.95
Heat joad [watts] 139129.08
Heat load [Btuthour] 474843.31

Combined return lempetature [F1 166.80

Cootant temperature increass [F} 56.60

Input value lor coolant pressure drop [psil 200




Header-MuSweep

Pressure Drop in MuSweep Il Magnet Header

F. Renken
5-25-94
Properties and constants: i
funits] value
Viscosity:|lbm/s/ft 0.00134
Density:|[bm/ft*3 65.5
Accl. Grav.|Ibf/s*2 32.2
G Constant|lbm fi/lbf s42 32.2
Line Press.:|psig 250
Tube and Pipe Characteristics:
Flow Rate:|ft*3/sec 0.047
Diameter:|in 2.1251Type K copper tubin ;
Thickness:|in 0.083 !
ID:|ft 0.16325 :
Roughness E|ft 0.000005 i
E/d|- 3.06E-05 :
Position Length: Flow Velocity | Reynoid's Friction K i Delta Press | Pressure
[#] [ft] [ftr3/s] | [ft/s] [-] [Moody Chart]| [—] [psid] [psig]
0 0.25 0.047 2.25 17919 0.0265 10.11 -0.108 250.11
1 0.167 0.047 2.25 | 17919 0.0265 0.90! -0.043 | 250.15
2 0.187 0.0423 2.02 16127 0.0265 0.90; -0.050  250.20
3 0.167 0.0376 1.80 | 14335 0.027 0.90] -0.055 | 250.28
4 0.167 0.0329 1.57 12543 0.0275 0.850; -0.060 250.32
5 0.167 0.0282 1.35 | 16751 0.028 0.90f -0.064 | 250.38
6 0.167 0.0235 1.12 8959 0.029 0.90 -C.068 | 250.45
7 0.167 0.0188 0.80 7167 0.03 10.90[ -0.071 250.52
8 0.167 0.0141 0.67 5376 0.03 10.90| -0.073 | 250.58
9 0.167 0.0094 0.45 3584 0.03 0.90| -0.075 | 250.67
10 0.167 0.0047 0.22 1792 0.03 0.90; -0.076 | 250.74
Minimum Pressure in header: 250.11i[psig]
Resulting Pressure Drop: -0.111[psi]

Page 1
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the components of the branch connection. Sampie
problems illustrating the calculations for branch rein-
forcement are shown in Appendix H.

(a) Nomenclature. The nomenclature below is used
in the pressure design of branch connections. It is illus-
trated in Fig. 304.3.3, which does not indicate details
for construction or welding. Some of the terms defined
in Appendix J are subject to further definitions or varia-
tions, as follows:

& = subscript referring to branch
dy = effective length removed from pipe at branch
d; = “half width” of reinforcement zone
=dy ofr (Ty ~ ¢) + (T}, — ¢) + d,/2, which-
ever is greater, but in any case not more than
D,
h = subscript referring to run or header
L; = height of reinforcement zone outside of run
pipe
= 2.5(Ty — c)or 2.5(1, — ¢} + T,, whichever
is less
7, = minimum thickness of reinforcing ring or sad-

dle made from pipe. (Use nominal thickness if

made from piate.)

0, if there is no reinforcing ring or saddle

¢ = pressure design thickness of pipe, according to

the appropriate wall thickness equation or
procedure in para. 304.1. For weldeg pipe,
when the branch does not intersect the longi-
tudinal weld of the run, the basic allowable
stress § for the pipe may be used in determin-
ing ¢, for the purpose of reinforcement calcu-
Iation only. When the branch does intersect
the longitudinal weld of the run, the product
SE (of the stress value S and the appropriate
weld joint quality factor £ ; from Table A-1B)
for the run pipe shall be used in the calcula-
tion. The product SE of the branch shall be
used in calculating 7,.

B = smaller angle between axes of branch and
run

(b) Required Reinforcement Area. The reinforce-

ment area 4, required for a branch connection under
internal pressure is

4 =1, d\ 2 — sin@) (6)

For a branch connection under external pressure, area
A, is one-half the area required for internal pressure,

(c) Avarlable Area. The area available for reinforce-
ment is defined ag

4y + A3 + Ay > 4, (6a)

22

8

ASME B31.3-1990 B4,

These areas are all within the reinforcement 2o,
and are further defined below.

(1) Area A, is the area resulting from excess thy

ness in the run pipe wall;

Az“(wz*d!)(n"-fﬁ,*d M

(2} Area 4, is the area resulting from ezcess thy
ness in the branch pipe wall:

Ay =2y Ty ~ 1, ~ c)sing

(3) Area A, is the area of other metal provided iy
welds and properly attached reinforcement. [See ¢
below.] Weld areas shall be based on the minfmupe
dimensions specified in para. 328.5.4, except that 1
dimensions may be used if the welder has been spe
cally instructed to make the welds to those din

(d} Reinforcement Zone. The reinforcement zona
a parallelogram whose length extends a distance of ¢
on each side of the center line of the branch pipe:
whose width starts at the inside surface of the ran pip
(in its corroded condition) and extends beyond ¢
outside surface of the run pipe 2 perpead
distance L,.

fe}) Multiple Branches. When two or more b
connections are so closely spaced that their reinfa
ment zones overlap, the distance betwean cente:
openings should be at least 134 times their av
diamneter, and the area of reinforcement betwee:
two openings shall be not less than 509 of the
that both require. Each opening shall have adeqs
reinforcement in accordance with (b} and {c) sbove.
part of the metal cross section may apply to more &
one opening or be evaluated more than once
combined area. (Consuit PFI Standard BS<7 §
tailed recommendations on spacing of welded B

(P Added Reinforcement

(1) Reinforcement added in the form of a
saddle as part of area 4 ; shall be of reasonably ¢
width.

(2) Material used for reinforcement m
from that of the run pipe provided it is comg
run and branch pipes with respect tg ¥
treatient requirements, galvanic co
e€xpansion, eic.

{3} If the allowable stress for the
material is less than that for the run pipes
area must be reduced in the ratio of all
values in determining its contribution

(4) No additional credit may be
rial having higher allowable stress val
pipe.
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