SSC DETECTOR SOLENOID DESIGN NOTE $#124

TITLE:  Heat Leak Estimate for Type I Solenoid
AUTHOR:  A. M. Stefanik .%w@f

/
DATE: December 10, 1990

ABSTRACT: This design note contains a preliminary heat leak calculation for
the Type 1 solenoid.

SUMMARY:  The calculation was made in August. The coil and shield dimensions
are reasonably close to the dimensions on the SDC SUPERCONDUCTING
SOLENDID; TYPE I drawing. A CDF type support system was assumed.
The helium heat leak is 19.2 watts.

The nitrogen heat leak is 720 watbs.
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HEAT LOADS FOR THE “‘T‘;f%%i T SOLENOIDAL. DETECTOR ARE TO .
BE ESTIMATED BY WSING THE CDF HEAT LOAD CALCULATIONS
AS A GUIDE.
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FERMILARB SECTION CROIBEY SERIAL - CATEGOREY

ENGINEERING NOTE I3 SHPL

BIECT NAME

MA&N%T Hg\ly’éwm HQ&T w&m @A;;}‘MS NEW&B@ DATE
(CDF REPORT PG 221) 8/13 /40 /%

AXTAL. SUPPORTS  (CDF REPoRT 181)

REFER To PAGES 5 -7  FOR CRUOSS SECTIONAL AREA CALUCULATION

3D L AxiaL SUPPORIT CRDSS SECTIONAL AREA _ 12 (o, 76y 2
CDF AXAL SUPFPORT CRUSS SECTIONAL AREA 6 (0.15)

Qipe = L1 @Qeve = 2.0 (15)=_3,2 W

RADIAL SuvPpRTS

REFER TO FAGeS 2-10 FoR CRUSS SECTIONAL AREA CALCIALATION
ESTIMATE RADIAL LECENTERING FoRCE AT 0o OF (O WEIGHT .
MAX MU SUPPRET LoAD = (| (Cpt WELGHT )
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Axial Supports

Next we calculate the forces and deflections on the axial

support members. If the coll 18 1% off magnetic center in the
iu7,;85/éﬁhg»
axial direction and the magnetic spring constant is iﬂw* spiol)

; 8 ~ Cdq~ 71,2044 ¢
ib/in. Then, /@g %43”7‘ﬁ§%t§é:& 2v§4«ﬁﬁéwx- Gﬁigfﬁ o
’ | = — *
no.
F, = tost—u—10- 1b (450 kN) 207,166 Lbg

=
1f this force is divided equally among the & axial supports, then
Lo, 16é [7:2bb Log
T = T@M““ﬁfﬁ@%m 16800--1bs (75 Ly)

6“;%w
The force applied to the supports may be either compressive or
tenslle,

The required erosas section of the supports is given by

17,16k 0Ll ”
A 16800 1bs } ¢ (.26 ip® = 1.62 em? (477 €)
M@ 7 x 10% 1b/in?
b = 0.3@0 in —~eqm? (77-300 K) = &Z@@@ R
\ “;fjlj‘\ - e =0 33T A
,/u}bg f’/b//w\m”yf@ 5 ? c @U
The deflection in the 2 direction is
4 e q
Az = ~al o 6.7 x 10% psi (12.5 in)
E 3 x 107 psi
e 0,028 in (0,71 mm) . 'x%ﬁmﬂ&w

Where we have used L = 12.5" (317.5 mm) as the length of the axial

. : e e Taeegg s fere K
- supports. The axial spring constant of-this support Syst@m(isfu "
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To1, 168
¥, 104—s—104 1bs ?‘¢?</06 ¢
“2 Il wr T R CECI
is 3% times stiffer than the magnetic spring constant.
Finally, since the axial support may operate in compression,
we nust consider elastic bueckling of the supports. The ceritical
stress in the support which would lead to elastic buckling 1is
given by the Euler formula®,
Terit Miiiim (6)
(L/r)@
where
L = length of the support
r o= radius of gy%atiam z L/4 -
I = moment of inertils
@Ax econstant = 1 for fﬁ@é enda
Then for a support wiéb the following cross seetion:
. /ffwwﬁi T00te 1o

ks ek
0D = 7/8% (22,2 mm) KQNiE (H&)

R = 0.4375 (11,1 mm) Wﬁ@/@ﬁ“am

% Ri = 0,334% (8.5 mm) §ZQM§Z,MW§

Wall thickness = Rmaﬁ s O 163w
(2rbmm)— »

Q{Q“st%@o 1o 97= F 148 )
(R=WA )97 0 £= 35,5818 iy

%Roark and Young, "Formulas for Stress and Strain”, Fifth.Edition, M@@z&wwﬁiil$ 4;Q B
New York, (1975), p. 415~ ¢ :}




the cross sectional area is

A=w (RZ - R,?) = 0.25 102 (1.62 cn?) -
Asoo 011 = T (10 1h T-5.01817) = 21426 mm " =0. 332)tm = 0352»@«

’ < i’ puas - oo 7 w é@ N
Agq ma = (9.5%~ 5 T ) = T35 mm T = 0 Lb G 2 0.1 a

K

thus the radius of gyration about axis 1-1 1s

A T
ﬂ L (gm&g Qfm‘wg‘?ﬂ
V300 To 71 = L

e %’ <R2 4 R12> 1/2 - g: %’ 1 W) A}M‘Z@;.
- . a5 V- 5 Al gZ/ .
o = (s
r oz 0,28 in (7 nm) _ ﬁ”/g i . L

using this value in equation (6) and Ls13«5™ for the effective

230 114 = 344 4
length of the support £ 30 L4 %; by

) 7 T8.5 5, > 4 7 ks, Ol
P s d;& ,é ‘[ @ Y - g ) . ' .
T (3 % 10 p%s? = 1P ket (1206-MPE)

[ = -
\ i‘é f )f”uffw/&} Q/z o %/'ifj

which 1s above ¢© h @7* RE ield -petnat-of the material, thus, tj;:} @ f@z{;@»@@%ux

-
Yarit

would ?ai& %y yﬁ@l@img rather than ”giﬁﬁﬁﬁg buckling in
@@ﬁﬁgég%i@m@ B
/f

o

f% QEMC@V mean V&d§£5 Lmﬁugd\f}%VYﬁﬁzg,Cfﬁg-W’ wa%&ﬁ&éﬂﬁ@gdw
Hu wall Farckness Jov Hhe SomL Cross Sectivnad ared .
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Thus taking the 1@@mp@n@mtg of these tensions Iin the V direction

glves

cos 60° = Ty + 8 (Ty cos 60°) cos 60°

(2)

AN

gix times the stiffness of ‘¢ne radial support member.

g Next we calculate the required cross sectional area of the
radio ‘ |

A 8supports. If we assume that the magnet is 1% (25.4 mm) from
;58 ) 7’:; e /'} PE——

. .
magnetle center so that a forece of FV = iﬁgw%w%@i 1b aects upon 1t, |
then the supports with the highest tension supplies

Cotl W=

{;/7@5?
. ﬁﬁ AV = 14667 1bs (51890 N) AT A ¢
. = 0%y OF

RADIAL SurPorRT Lo AD
. = 57,40 (1,1 = 58,2001l
which is 1/6 of the total force applied by the V direction.

Using a # K working stress of 67 ksi (462 MPa) for Inconel T18 it

follows that the required cross section area of a support 1s

?/7@5) 5;@ gégm

1667 = 0,128 inf s 1.12 em® (1-77 K)
FE?C’Q ' @ ° é %Wi .
0.22% in2 = 1.45 em® (77300 K)

g

A = T/g =

8
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W
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N
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o
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A's T/
the former corresponds to rods 47" (12 mm) in diameter. - With
this cholce the spring constant of the 3@?@@§@f§y$tém‘iﬁgéﬁé"vfaﬁ"

ae W o s yaten im e ?

£=4

b




gyajzg@ 179

direction can be calculated from equation (2) wusing L = 11.,25¢%
(286 mm) yields
(,ﬁJQéE)

o, 148
Ky = Py = 6AE = 6(0.47% in2) (3.0 % 107 1b/in?)

e

bv L 11.25 in

7%
= 258 x 100 1p/in (3)
(3.1
clearly this is large compared to the radial magnetic spring of
53 x0° @ S RADIAL MAGMETIC SPRING
w$ﬂw%wﬁ@4 lbs¢in thus the system 1s stable. (onSpani - §Z;Wﬁﬁﬁéﬁ

Finally from (3) we can caleculate the defleection of the coil

= G Be (0 Lesfiy

assuming that it 1s 1% from magnetic center

o000
}? " P
bv = ¥ = 0.025 in (0.64 mm)

otz

Ky

Magnetic forece in the Y direction. Here Wwe

previcus calculation for forces in the Y direction

&Lj = L“@g = \/L{g?; g &Yg - E‘“ﬁ &, &Yg

o

2L

[

ALy = ALyq = AY cos 307 = ( 3/2) ax
ALy = ALy = -AY cos 30°
ALy = ALg = AY cos 30°
‘. Blg = ALg = -BY cos 30°
&&6 = &&? = &h@ |
thus

e

Ty = AB. [aY2
| 2L
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T3
Noting
negligibl

direction

comparing

the same

nagnev

that

e and taking the components of these tensions

180

since AY 1s small the terms proportional to AY2 are

in the ¥

glves

- o AT BT e

75;3 _ﬁﬁf,

= 6 AE Ay ()

L

equation (4) with (2) we see that the support system has b
stiffness in both dirrections. (If the coll were off

é@@& er by 1% then AY Jo2sw , the maximum

tension that one support asupplegs is
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SDC AXAL SUPPIRAT CLISS SECTI0NAL ARER | _ szl 5532;)

i

CDE AXIAL SUPPIRT CROSS .5ECTIONAL AREA 6(0.32)
: - z@g .

Gene = Qepe (21 = 24 (21)=50,4W

BADIAL SUPPORTS

SDC ArIAL SUPPORT (CLISS SECTiNAL AREA 0,187

e

P

CDF AxiAt éwmm CROSYS «gwﬂmwiw ARE A 0,224
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- . N e SEET Bop WhAMDS TATA m; PG 4,
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e 22 W 2. S b (203 | 14 7 W
@W 4{{“% . (ﬁ ﬁy/a / U

VS (5044572014 W)
Fo AVTERMATIE DEs18a)

Q= B0mWN_ | TLLLT760 (258 ( _ 104 W
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Tz

s
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Q= So ég T s ) (35857)
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CoNDUCTonN TO MNER. SHIELD

RATIO  SuppolTs 8y SHIELD SURFACE AREA ,

EN. SHIELD SuRFACE AREA (1577 )(355)
(714£:42)( 196)

= 2.4
Rspe > 2.4 Qepr =2.4(65.5)= 157,72 W

ConducTion TO SUTETR. SHIETD

SDC OUTER SHIELD SURFACE AREA ”‘7’5?&1{;/& 776 ) (355

SDC /NNER SHIELD SURFACE ALEA (/S )EST )

CoNDucTon T END SHIELDS

SDC END SHIELD SURFACE 4 REA ég} { -

CDF END SHIELD SWRFACE :%ﬁe? EA fg; ﬁ"“‘ (;f”zg = 11447 ,«Wg-» ”~

(44
= [,
Qsve = Ll Qevp = 161 (45) =725 W
SummALY - )

CDF =D

Instrumenta on 0.6
Axial supports 2?% W 5p, 4-

[FROM PG 1)

Radial supports 67 W 5»7
Radiation to shells 84 o 2@7

Conduction to shells 176 W 405

Total 351 W




