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Inconel Vertical Supports 

Introduction 


A substantial section of the Central Calorimeter flexible support 
system are the Inconel Vertical Support Plates. These plates are designed 
to support the Central Calorimeter's weight, withstand the necessary 
thermal contraction, and position the Central Calorimeter accurately. A 
top view of the Central Calorimeter (CC) shows the plate arrangement. 
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Figure 1 

The box represents the calorimeter and the angled I ines represent the 
position of the inconel plates. FTL is the force exerted along the length of 
the CC due to thermal contraction, FTD is the force exerted in the 
diametral direction of the CC due to thermal contraction, and FTT is the 
vector sum of the two. The plates were chosen in this orentation to best 
withstand the CC's thermal movement. Other than the thermal contraction 
constraint, the plates must satisfy two others. First, the plates must fit 
into a twelve inch Schedule 40 tube, which is nothing more than the outer 
shell of the flexible support. Secondly, the length of these plates must be 
kept under fifteen inches for cost purposes. Drawing number 
3740.21 0-MD-222269 Rev. C (Figure 3) shows the final design that 
satisfies all conditions noted above. 

ThennD1 ContMlct ion 

Since liquid argon is at a much lower temperature (90K) than the 
ambient temperature (295K), thermal contraction in the radial and axial 
directions will occur in the CC when the liquid argon is present. From 
drawing number 3740.220-ME-222256 Rev. G, the outer radlUS of the inner 
vessel is 96.75 inches. From this, the circumference is calculated to be 
607.898 inches. 
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InconeI Vert i caI Supports 

For a cnange In lengtll AL (FrOm Reference 2) 

Where; 

et= J ~t dT = Unit thermal contraction between initial and final 

temperatures 

11= Linear coeffIcient of thermal expansion 

L = Length of the calorlmeter 

T= Ternperature 


From Table 7-6 of Reference 2, using 304 Stainless Steel as an 
approxirnation; 

Al/l=.00291 

The diagrams below show the change in length in both the axial and radial 
direct ion 

Radial Direction Axial Direction 
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Figure 2 
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Inconel Vertical Supports 

Applying the above formula for the change in length to the circumference 
of the calorimeter; 

AC= etC= 1.769 tnches 

From geometry, the change in radius is calculated 

AR= AC/(211) = 0.28154 Inches 

Figure 4 shows that the length between supports is 47.81 inches in the 
axial direction, and that the angle at which the supports are located 
relative to the center of the calorimeter Is 49.470. Since the apparatus is 
essentially fixed In the center, each side of the calorimeter experiences 
only one half of the total contraction. From this and figure 2, AS= 0.0696 
tnches and Al= 0.214 Inches. The resultant of these movements will be 

the total thermal contraction the plates experience. Therefore AlT= 
(AS2+Al2)112= 0.225 tnches. 

E1 ement Constonts 

Central Calorimeter weights are given in Reference 3 as follows: 

EM Module.......... ............ ....... .. .. ..... .... ... .. .. ... ...... .. ... .. ....... ... .. .... .............. ... .21 .49 Tons 

Fine Hadronic Module.. .... ............ ..... ... ...... .. .... .... .. .... .... .. .. ..... ... ... .. .. ... 142.97 Tons 

Outer Course Module... .... ... ... .. .. .................... .. .. .... ........ .. ......... .. .. ..... .. .128.30 Tons 

Inner Cryostat .. ... ........... ........ .... ... ..... .. ...... ....... .... ..... ... ..... .... ... ............. ... 19.39 Tons 

Argon........ .. ... .. .. .. .. ... ... ... .. ... .. ... .. .. ... .. ... ....... ........ .... .. .. .. .. .... .. ..... ... ......... .... .. .29.15 Tons 


Total ...... .. ... .. ... .............. .... .. ............ ....... ....... ..... ... ... .. .. ... .......... .... .... ........ .. 341 .17 Tons 


The load per support is then 85.2975 Tons= 170,585 pounds 

Materia 1 constants for Incone1718 from Reference 5 are as follows: 

Minimum Yield Strength= 150,000 psi 
Minimum Ult imate Strength= 180,000 psi 
Minimum Modulus of Elasticity= 29.8 x 106 psi 
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Inconel Vertical Supports 

Design Equations 

Since thermal contraction occurs in both the radial and axial 
dIrections, two seperate forces will be exerted on the Inconel plates, One 
force w1l1 try to crush and buckle the plates whl1e the other will try to 
bend them <This is assumtng that the deflection of the cradle and the force 
it exerts are ellvlated by the self-Iubricattng bearing and the G-l 0 
support disc, respectively), The AISC code (Reference 4) has an equation 
that if satisfied, the plates w11l be safe, The equation is as follows: 

Where; 
fa= Computed axial stress 

Fa= Axial compressive stress permitted 

Cm= Constraint coefficient:: 0,85 (Reference 4) 

fb= Computed bending stress 

FE= Euler stress divided by a factor of safety 

Fb= bending stress permitted 

Where; 

P= Load per support per number of plates in support 

A= Area of support plate (width*thickness) 


Where; 

E= Modulus of Elast1city 
L = Length of Plate 
r= Radius of gyration (Reference 3 Table 1 Case A for rectangles 

r= 0,2886* Thtckness) 
K= End Coefficient (Reference 4 Section 1,8 K= 1.2) 
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Incone1 Vert i ca1 Supports 

Fb is computed from the formulas in Reference 3 Table 10 Case 1 B 

Mmnx=(WIk) tnn(kL/2) 

Ymax=(WIkP) (2tan(kL/2)-kL) 

S=Fb=Mc/l 

F b =(6Py t8n( kL/2) )/(2t8n(kL/2 )-k1)bt2 

Where; 

W= Lateral load (thermal force) 
k=(P I E I ) 112 

P= Compressive load (weight) 
L = Length of plate 
1= Moment of InertIa <Rectangle l=bt3/12 
b= Width of plate 
t= Tliickness of plate 
y= Thermal contract ion 

Where; 
0.75 Fy comes from Reference 4 sect ion 1.5.1.4.3 

Fy= Minimum yield strength 


The formulas mentioned above are combined in a fortran program that will 
determine Ideal plate length that satisfies all design parameters 
(Appendix 1). 

Moment of Inertin 

Another fortran program was wrItten to determine the moment of 
Inertia of the flexible support relatIve to a reference angle. The program 
calculates the moment of Inertia In plane I-I relative to the angle A of 
figure 5. 
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Inconel Vertical Supports 

f 
B 

~~~A~TE~______~~~________~.l 
M-~----- 0 

Figure 5 

in the ideal case. the plates will line perpendicular to the diagonal of the 
calorirneter (ie. A= 90 degrees Figure 1), The prograrn and its output ar'e 
in Appendix 3. The output shows that if the plates deviate only 3 degrees 
frorn HIe ideal case, the rnornent of inertia, therefore the stiffness, will 
increase by 200 ro, 

Force Due to Thermol Contraction 

Since therrnal contraction rnoves the top of the Flexible foot by 
() ,225 mches, thlS will cause a force on the inconel plates From Appendlx 
} and assummg a J degree misalignment, the moment of mert1a of the foot 
equals 0.734 1n4, The downward force exerted on each support 15 
approx1mately 190,000 Ibs. From Roark and Young, Table J 0 case 1 b 

y=O.225=-(H/kW) (2ton(k1/2)-k1) 

Wrlere 
H= Horizonta I load 
W=Vert ica I load= 190,000 Ibs 
k=(W/EI)ll2=( 190,OOO/33E6(O.734»1I2=0.08802 

I=Effect jve length= 12 inches 


Therefor'e 

H=-0225(o08802)( 190,OOO)/(2tan( 1,056/2)-1 ,056)= 34,063.176 Ibs 
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Inconel Vertical Supports 

Braze Material 


Wall (olmono,>" (orp. in Detroit brazed the Inconel olates to tl1e 
stanchion wit,.; a process called NICRO-BRAZE. This process gives an 
ultimate on the braze of 60 ksi. Appendix 4 shows that for this case a 
factor of safety of 5 is present for shear of the braze material. Since the 
plates are inserted into slots In the stanchion, the brazing does nothing 
more than to secure the plates. Without the brazing, the structure sti 11 
would be safe under the compressive and bending loads. 

Conclusion 

Through many iteratlOns, a final deSign (Figure 3) that satisfles the 
crlterlOn In thlS report was decided upon. Appendix 2 shows a run of the 
deslgn program with the final deSign parameters set From the output, a 
length between twelve and thirteen inches would be ideal. The only 
varlation between the parameters in the program and the final design l~, 

the steppmg of the Inconel plates width . The program generated that a 
i1verage wldth of 7.7 mches would be sufficient The plates are stepped to 
tJllow greater thermal movement, while keeping an average 77 mCh thlCk. 
plate 

A model has been made and distructively tested (EN-87), whlle the 
Tlnal deslgn wlll be load tested to the actual load. 
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Design Prognlm 




ff':L!I..:jF,; AI'l LEl31 ( 1 f'-lF'UT ,[lUTF'UT , TAF'E5 , TAF'E6) 
C*~ 8Y K. KRlMPETZ ON 2/13/86 

-L~~PR[lGRHM 1[1 CALCULATE THE COMBINED STRESS(AXIAL AND 
BENDING) OF A DO CCRYOSTAT SUPPORl LEG IN ACCORDANCE 

_ WITH THE AI GC CODE. 

C~*D~FINING VARIABLES: 

L P=WEIGHT ON SUPPORT LEG 

C V=MAX.MO VEMENT OF lEG DUE TO THERMAL CONfRACTION 


f=THICKNESS OF PLATES 

C 8=WIDTH OF PLATES 

L E=MODULUS OF ELASTICITY 

L l=MOMENT OF INERTIA 

L K=(P/1*EJ**.5 

C N=NUMBER OF PLATES 

C F=EULER STRESS DIVIDED BY A SAFTEY FACTOR 

C G=CUMPUTED AXIAL srRESS 

L L=LENGTH OF PLATES 

, S=CUMPRESSIVE 8ENDING STRESS 

L- ~=rHc COM8INED ~TRESS ~ACTOR (MUST 8E LESS THAN 1) 

B ~8ffi~8ll~DERNES 


1_ r I ", i i I r'< I r'lUr-1 'r 1LLD bTF:Er~b TH 

,_ f-~ 1::,0.-::r11 N 1 r1Ui bcNU 1 NG STh:Eb~; F'E~:r11 TTEU 

L: C:iF :::: L-:i / ~. 

hEAL P,Y,T,B,k,N.F,G,Z,FY,FYS,LR,GF 

~. Y :=; 1 :;>. " )(H) 


r-..j:c~ 1 ,+ 

T:.c.42 


LHll wIDTH=(PLAfE THICKNESS+GAP BETWEEN PLATES;*NUMBER 

E{=i'-l* (T+ • 1 :]~f) 
F-' I"': I I'j' i 1 U 1 

luI FOkMAT('LENGHT=' ,5!,'SLENDERNESS RATIO= ' ,5\. ' COMBINE S,RESS FHcro 

L~*lNLREMEN[ L~NbHT 10 OPTIMIZE SOLUTION 

[10 1 '>C' L '" 1 , .] 0 

F'=-.:: 1 7(J::;f3 ~~ ; • / r'~ 


C**L0UAIIONS FRUM R00RK AND YOUNG 5TH ED. TABLE 10 CASE 18 

K=(P / (.OS J*E*8*T**3»**.5 

S=6*P* v*TAN(K*L / 21 / «2*TAN(K*L / 2)-K*l)*B*T**2 l 


C**EQUATION FROM MANUAL OF STEEL CONSTRUCTION P.S-26 SECTIUN 1.6 

LR=1.2*L /( .2883*T) 


F=.29 7 b*E*T**2/L**2 

F Y:3= • 7'.::;*F Y 

G:=.:: F-' / ( T *B ;1 


GF =13 i' F-' 

Z=(G/F)+( .85*S/( (l-G/F)*FYS» 


L**LKECK b/F IF IT EXCEEDS 1 SUPPORT VIULATES THE CUDE: SET 2=0 

IF U3F.C3T.1) Z=(i.O 

~-' h: I NT 1 ,):2 ,L • LF: , "2 


1u2 FORMH f ( ! X,I2,21X, F5.1,22X, F6.3) 
1 \.'U 	 CCnn 11 '~UE 


f .ND 




Desi gn Progrnm Output 


r 



SLENDERNESS RAT IO= COMBINE STRESS FRCrOR= 
1 9.9 63.722 
..' 
.'­ 19.8 16.048 
...:; 29.7 7 .231 
4 39.b 4.16U 
l:;':'

'-' 49.6 
b ~59 .5 2.()ud 
)' 69.4 1 .::i 76 
8 79.3 1 .315 

89.2 1 • 1 ::i::i 
1 I.) 99.1 1.U62 
11 109.0 1 .015 
12 118.9 1 .003 
1 :3 128. 8 1 • U 19 
14­ 138. 7 1 .061 

1 ::' 148.7 1 .129 
Ib 1 ~,8 .6 1 .227 
1 7 168. "':; 1 .372 
18 17:3.4 1.6U2 

1 '::..' 18::3 . :3 
4 . :337 

21 208.1 .)00 
218.0 .OO U 

"--, ).,.::. ...:., 227.9 • ()()i) 

237.8 .(1)0 

247.8 .1)00 

r. ()('O 
••••••~~I 287.4 . ()()() 

,-:.. q"~ '-~ 
~ , i '~' 

According to AISC code (Reference 4), when the computed axial 
stress divided by the Euler stress becomes greater than 1.00, the formulas 
mentioned in this report become invalid, The program checks for this and 
prints zero for the combined stress factor for these cases, " 

AISC code states that the slenderness ratio (KL/r) should not exceed 
200 for compressive members. For the design of Figure 3, the slenderness 
ratio is approximately 123, 



Moment of Inertia Program and Output 




PROGRAM FOOT 

DIMENSION D(7),AI(7),AIT(200)

DATA D/5.25,6.5,7.375,8.125,8.625,9.,9.1251

WRITE (3,10)


10 	 FORMAT (lH1,11111)

B=.42 

DO 200 1=1,91 

AIT(I)=O.

A=(I-1)*.01745

DO 100 J=l,7 

SSIN=.5*(1.- COS (2*A))

SCOS=.5*(1.+ COS (2*A))

AI(J)=(B*D(J)*(B**2*SSIN+D(J)**2*SCOS))/12.

AIT(I)=AIT(I)+AI(J)


C WRITE (3,90) SSIN,SCOS,AI(J),AIT(I) 
C 90 FORMAT ('SSIN,SCOS,AI,AIT= ',4F7.4)

100 	 CONTINUE 

AIT (I) =AIT (I) *2 

K=I-1 

WRITE (3,101) K,AIT(I)


101 	 FORMAT (lOX, 'MOMENT OF INERTIA FOR FLEXIBLE FOOT AT ANGLE OF 13,I , 

11 IS ',F7.3) 
200 	 CONTINUE 


STOP 

END 




l Af p.f (\ (~ :t .s 
MOMENT OF INERTIA FOR FLEXIBLE FOOT AT ANGLE OF 
MOMENT OF INERTIA FOR FLEXIBLE FOOT AT ANGLE OF 
MOMENT OF INERTIA FOR FLEXIBLE FOOT AT ANGLE OF 
MOMENT OF INERTIA FOR FLEXIBLE FOOT AT ANGLE OF 
MOMENT OF INERTIA FOR FLEXIBLE FOOT AT ANGLE OF 
MOMENT OF INERTIA FOR FLEXIBLE FOOT AT ANGLE OF 
MOMENT OF INERTIA FOR FLEXIBLE FOOT AT ANGLE OF 
MOMENT OF INERTIA FOR FLEXIBLE FOOT AT ANGLE OF 
MOMENT OF INERTIA FOR FLEXIBLE FOOT AT ANGLE OF 
MOMENT OF INERTIA FOR FLEXIBLE FOOT AT ANGLE OF 
MOMENT OF INERTIA FOR FLEXIBLE FOOT AT ANGLE OF 
MOMENT OF INERTIA FOR FLEXIBLE FOOT AT ANGLE OF 
MOMENT OF INERTIA FOR FLEXIBLE FOOT AT ANGLE OF 
MOMENT OF INERTIA FOR FLEXIBLE FOOT AT ANGLE OF 
MOMENT OF INERTIA FOR FLEXIBLE FOOT AT ANGLE OF 
MOMENT OF INERTIA FOR FLEXIBLE FOOT AT ANGLE OF 
MOMENT OF INERTIA FOR FLEXIBLE FOOT AT ANGLE OF 
MOMENT OF INERTIA FOR FLEXIBLE FOOT AT ANGLE OF 
MOMENT OF INERTIA FOR FLEXIBLE FOOT AT ANGLE OF 
MOMENT OF INERTIA FOR FLEXIBLE FOOT AT ANGLE OF 
MOMENT OF INERTIA FOR FLEXIBLE FOOT AT ANGLE OF 
MOMENT OF INERTIA FOR FLEXIBLE FOOT AT ANGLE OF 
MOMENT OF INERTIA FOR FLEXIBLE FOOT AT ANGLE OF 
.MOMENT OF INERTIA FOR FLEXIBLE FOOT AT ANGLE OF 
MOMENT OF INERTIA FOR FLEXIBLE FOOT AT ANGLE OF 
MOMENT OF INERTIA FOR FLEXIBLE FOOT AT ANGLE OF 
MOMENT OF INERTIA FOR FLEXIBLE FOOT AT ANGLE OF 
MOMENT OF INERTIA FOR FLEXIBLE FOOT AT ANGLE OF 
MOMENT OF INERTIA FOR FLEXIBLE FOOT AT ANGLE OF 
MOMENT OF INERTIA FOR FLEXIBLE FOOT AT ANGLE OF 
MOMENT OF INERTIA FOR FLEXIBLE;FOOT AT ANGLE OF 
MOMENT OF INERTIA FOR FLEXIBLE OOT AT ANGLE OF 
MOMENT OF INERTIA FOR FLEXIBLE T AT ANGLE OF 
MOMENT OF INERTIA FOR FLEXIBLE F~T AT ANGLE OF 
MOMENT OF INERTIA FOR FLEXIBLE FOO~AT ANGLE OF 
MOMENT OF INERTIA FOR FLEXIBLE FOOT AT ANGLE OF 
MOMENT OF INERTIA FOR FLEXIBLE FOOT AT ANGLE OF 
MOMEHT OF INERTIA FOR FLEXIBLE FOOT AT ANGLE OF 
MOMENT OF INERTIA FOR FLEXIBLE FOOT AT ANGLE OF 
MOMENT OF INERTIA FOR FLEXIBLE FOOT AT ANGLE OF 
MOMENT OF INERTIA FOR FLEXIBLE FOOT AT ANGLE OF 
MOMENT OF INERTIA FOR FLEXIBLE FOOT AT ANGLE OF 
MOMENT OF INERTIA FOR FLEXIBLE FOOT AT ANGLE OF 
MOMENT OF INERTIA FOR FLEXIBLE FOOT AT ANGLE OF 
MOMENT OF INERTIA FOR FLEXIBLE FOOT AT ANGLE OF 
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MOMENT OF INERTIA FOR FLEXIBLE FOOT AT ANGLE OF 
MOMENT OF INERTIA FOR FLEXIBLE FOOT AT ANGLE OF 
MOMENT OF INERTIA FOR FLEXIBLE FOOT AT ANGLE OF 
MOMENT OF INERTIA FOR FLEXIBLE FOOT AT ANGLE OF 
MOMENT OF INERTIA FOR FLEXIBLE FOOT AT ANGLE OF 
MOMENT OF INERTIA FOR FLEXIBLE FOOT AT ANGLE OF 
MOMENT OF INERTIA FOR FLEXIBLE FOOT AT ANGLE OF 
MOMENT OF INERTIA FOR FLEXIBLE FOOT AT ANGLE OF 
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o IS 244.108 
1 IS 244.034 
2 IS 243.111 
3 IS 243.441 
4 IS 242.924 
5 IS 242.259 
6 IS 241.449 
7 IS 240.494 
8 IS 239.394 
9 IS 238.153 

10 IS 236.770 
11 IS 235.248 
12 IS 233.588 
13 IS 231.794 
14 IS 229.865 
15 IS 227.806 
16 IS 225.619 
17 IS 223.306 
18 IS 220.870 
19 IS 218.314 
20 IS 215.641 
21 IS 212.854 
22 IS 209.958 
23 IS 206.955 
24 IS 203.848 
25 IS 200.643 
26 IS 197.342 
27 IS 193.950 
28 IS 190.471 
29 IS 186.909 
30 IS 183.268 
31 IS 179.554 
32 IS 175.769 
33 IS 171.920 
34 IS 168.010 
35 IS 164.045 
36 IS 160.028 
37 IS 155.967 
38 IS 151.864 
39 IS 147.725 
40 IS 143.555 
41 IS 139.360 
42 IS 135.144 
43 IS 130.912 
44 IS 126.671 
45 IS 122.423 
46 IS 118.176 
47 IS 113.934 
48 IS 109.702 
49 IS 105.486 
50 IS 101.290 
51 IS 97.120 
52 IS 92.981 
53 IS 88.877 
54 IS 84.815 
55 IS SO.798 



Braze Calculutions 
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n-f p-e "'~ \t 
' IDtENT OF INERTIA fOR fLEXIBLE FOOT AT MGLE Of 

MOMENT OF INERTIA fOR fLEXIBLE FOOT AT ANGLE Of 
~ENT OF INERTIA FOR flEXIBLE FOOT AT ANGLE Of 
ADMENT OF INERTIA FOR flEXIBLE FOOT AT ANGLE OF 
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78 IS 
79 IS 
"80 IS 
81 IS 
82 IS 
83 IS 
84 IS 
85 IS 
86 IS 
87 IS 
88 IS 
89 IS 
90 IS 

76.132 
72.921 
69.070 
65.285 
61.569 
57.927 
54.363 
SO.183 
47.489 
44.187 
40.980 
37.872 
34.867 
31.968 
29.180 
26.505 
23.947 
21.509 
19.194 
17.004 
14.943 
13.013 
11.216 
9.554 
8.029 
6.644 
5.400 .­4.299 
3.341 
2.528 
1.861 
1.341 
0.968 
0.743 
0.667 
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