
D0 SOLENOID UPGRADE PROJECT 

Pressure ratings 

for some 

Chimney and Control Dewar components 

O-ZERO ENGINEERING NOTE # 3823.111-EN-341 


May 25, 1993 


Russ Rucinski 



Pressure rating calculations were done for some of the chimney and control dewar -' 
components. This engineering note documents these calculations. The table below 
summarizes the components looked at, and what pressure rating are. The raw 
engineering calculations for each of the components follow. 

TABLE 1: Summary of ratings 

Internal External 
Component pressure pressure Code used Code used 

Rating Rating Internal external 

Chimney: Obround vacuum shell 52 psi 52 psi ASME; Appendix 13 ASME; Appendix 13 

Chimney: 8· sch. 10 vac. shell 445 psi 100 psi ASME;UG-27 ASME;UG-28 

Chimney: 10· sch. 10 vac. shell 398 psi 72 psi ASME;UG-27 ASME;UG-28 

LHe supply tubing >1600 psi nfa ANSI 831.3 n/a 

LHe return tubing 1387 psi n/a ANSI 831.3 nfa 

LN2 tubing, aluminum 2087 psi n/a ANSI 831.3 n/a 

LN2 tubing, stainless >2100 psi n/a calc. not done n/a 

Control dewar 36" '" vac. shell 102 psi 32 psi ASME;UG-27 ASME;UG-28 

Control dewar 12" " LHe vessel 365 psi n/a ASME;UG-27 n/a 
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Comment 
DO chimney vacuum jacket 
Mat 11: Welded pipe 
304 Stn. Stl. Sa-16.0 ksi 
For Fermi S=Sa*0.8 

Collapse Pressure 
Thickness of Shell 
OUtside Diameter of Shell 
Inside Radius of Shell 
Distance Between Stiffening Rings 
Internal Pressure 
Modulus of Elasticity 
Maximum Allowable Stress per CODE 
Joint Efficiency 
Applicable Code Paragraph (int. pres.) 
Thickness per UG-27 c1 
Thickness per UG-27 c2 
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1<.I<Uc:.I..zsJ(/ S/18/Q 3 
St..Input output Cgmment ~~'>J. 5125/<13 

Pc 104.10955 psid 
.165 t in 
10.75 0 in 

R 5.21 in 
220 L in 

P 397.81503 psid 
28000000 E psi 
12800 S psi 
1 Ej 

C1 'UG27c1 
t1 .165 in 
t2 .08046144 in 

t;;:XTt:~t-.JFrt- PI<!..!;SS.<J~J U(;, - ZB 

r-.. \ 0." c:; .... 
vaIt = "": I b5::- & 5 .. I 

'"Z.-z.0/ __ -- L;;..1:6 ~ 1'\ D.75 

DO chimney, 10" vacuum jacket 
Mat'l: Welded pipe, Sa-16.0 ksi 
304 Stn. St1. Sa=16.0 ksi 
Mat'l: Plate, Saa18.8 ksi 

For Fermi S=Sa*0.8 

Collapse Pressure 
Thickness of Shell 
OUtside Diameter of Shell 
Inside Radius of Shell 
Distance Between Stiffening Rings 
Internal Pressure 
MOdulus of Elasticity 
Maximum Allowable Stress per CODE 
Joint Efficiency 
Applicable Code Paragraph (int. pres.) 
Thickness per UG-27 c1 
Thickness per UG-27 c2 

"/ 10 

20.5 

USE: Flb.5-uc,O-Z8.o 

USE. is = Soo 

-(,-'".::; Q'J.I) ;~\ 




.s. 	B.ulA 
"Cylindrical Vessel under external pressure 
"per CGA 341 
pc=2.6*E*(t/D)~2.5/«L/D)-O.45*sqrt(t/D» 

"Cylindrical Vessel under internal Pressure 

"per ASHE BPV VIII div.l UG-27 

if P<O.3B5*S*Ej then Cl='UG27cl 


* 	if and (P<1.25*S*Ej,P>O.3B5*S*Ej) then Cl='UG27c2 
t1=P*R/(S*Ej-O.6*P) 
t2=P*R/(2*S*Ej+O.4*P) 
if Cl='UG27c1 then t=tl 

* 	if C1='UG27c2 then t=t2 
D=2*(R+t) 

-


-




.s.t. I.mmt. 

-
1.25 
8 
1 
.4 

.125 

p 
D 
S 
E 
y 

d 
t3a 
t3b 
t3c 
t3d 
t 
Check 

~ 

1600 	 psig 
in 
ksi 

1.0185185 in 
.11574074 in 
.125 in 
.11468964 in 
.11574074 in 

in 
'Valid Answers 

Comment 
LHe supply tubing-bounding case 
R. Rucinski 5/25/93 

Internal pressure (external o psig) 
OUtside diameter 
Basic allowable stress 
Quality factor 
Table 304.1.1 coefficient (typ. 0.4) 
internal diameter for t3d 
Thickness from equation 3a 
Thickness from equation 3b 
Thickness from equation 3c (Lame Equat 
Thickness from equation 3d 
max of equations 3a, 3b, 3c, & 3d 
Check validity of equations 

® 
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St.·l~t 

p 

.75 D 
8 S 
1 E 
.4 y 

d 
t3a 
t3b 
t3c 
t3d 

.065 t 
Check 

-


QuQ:2lJ.t 

1386.6667 	psig 
in 
ksi 

.62842893 in 

.06078554 in 

.065 in 

.06023548 in 

.06078554 in 
in 

'Valid Answers 

Cgxrmept 
LHe return tubing 
R. Rucinski 5/25/93 

Internal pressure (external o psig) 
Outside diameter 
Basic allowable stress 
Quality factor 
Table 304.1.1 coefficient (typ. 0.4) 
internal diameter for t3d 
Thickness from equation 3a 
Thickness from equation 3b 
Thickness from equation 3c (Lame Equat 
Thickness from equation 3d 
max of equations 3a, 3b, 3c, & 3d 
Check validity of equations 



.s. Bula 
"from ANSI/ASME B31.3-1984 
"section 304.1 Pressure design of straight metallic pipe 
"program checked by hand calculations: no errors present B.S. 22-Apr-93 

* t3a=P*O/2/(S*E+P*Y) 
* t3b=p*o/21S/E 
* t3c=O/2*(1-sqrt«S*E-P)/(S*E+P») "Lame Equation 
* t3d=P*d/2/(S*E-P*(1-Y» 
* d=O-2*t3d 
* t=max(t3a,t3b,t3c,t3d) 
* if or (t>O/6,P/S/E>0.385) then Check='Invalid else Check='Valid 

-


-
.@ 




--

> R. RUC,INSK\.st. .I.mmt. OUtput Corrgnent 5/4/93 
DO control dewar vacuum jacket 
Mat'l: Welded pipe, Sa-l6.0 ksi 
304 Stn. Stl. Sa-l6.0 ksi- Mat'l: Plate, Sa-l8.8 ksi 

For Fermi S=Sa*0.8 

.1874 
36 

60 

28000000 
15040 
.65 

Pc 
t 
D 
R 
L 
P 
E 
S 
Ej 
C1 
t1 
t2 

87.095166 psid 
in 
in 

17.8126 in 
in 

102.20465 psid 
psi 
psi 

'UG27c1 
.1874 in 
.09291795 in 

Collapse Pressure 
Thickness of Shell 
OUtside Diameter of Shell 
Inside Radius of Shell 
Distance Between Stiffening Rings 
Internal Pressure 
Modulus of Elasticity 
Maximum Allowable Stress per CODE 
Joint Efficiency 
Applicable Code Paragraph (int. pres. ) 
Thickness per UG-27 c1 " . 
Thickness per UG-27 c2 

,...... 3b'j,....) c/.-t.. :. . I 8'1 ~ :. I q '2. 

L-= 4Blt-lt" ~(<:o.~ -= 52.1~. 
t 
'-HEAO 

01:(#1'..... 

--:-) G~:T "A ", A::, 00033 

s- UHA-7./i;'.l ('304 5 S PI..A-re') \ . .13'''= '1500 

_ q B L.( ( '+500') 

Po. - j[D 'It')= .3 ( I 9 z.'> 



St. .IDmlt. Qui:J;!ut !In1.t.. 

p 2080 psig 
.5 D in 
8 S ksi 
1 E 
. 4 y 

d .38224638 in 
t3a .05887681 in 
tJ]:) .065 in 
t3c .05841099 in 
t3d .05887681 in 

.065 t in 
Check 'Valid Answers 

CQJmle:c.:t 
LN2 tubing, alum. 6061-T6 
R. Rucinski 5/25/93 

Internal pressure (external o psig) 
Outside diameter 
Basic allowable stress 
Quality factor 
Table 304.1.1 coefficient (typ • 0.4) 
internal diameter for t3d 
Thickness from equation 3a 
Thickness from equation 3b 
Thickness from equation 3c (Lame Equat 
Thickness from equation 3d 
max of equations 3a, 3b, 3c, & 3d 
Check validity of equations 

-


-


-




.st. Input 

Pc 
.18 t 
12.75 0 

R 
30 L 

P 
28000000 E 
12800 S 
1 Ej 

C1 
t1 
t2 

-

-


Output 

749.7368 psid 
in 
in 

6.195 in 
in 

365.54022 	psid 
psi 
psi 

'UG27c1 
.18 	 in 
.08795551 	in 

Comnent 
DO control dewar reservoir 
Mat'l: Welded pipe, Sa=16.0 ksi 
304 Stn. St1. Sa=16.0 ksi 
Mat'l: Plate, Sa=18.8 ksi 

For Fermi 	S=Sa*0.8 

Collapse Pressure 
Thickness of Shell 
Outside Diameter of Shell 
Inside Radius of Shell 
Distance Between Stiffening Rings 
Internal Pressure 
Modulus of Elasticity 
Maximum Allowable Stress per CODE 
Joint Efficiency 
Applicable Code paragraph (int. pres.) 
Thickness per UG-27 c1 
Thickness per UG-27 c2 


