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Design _and (Test of the CC Cryostat Head Cart

Al Jaques

This Engineering Note documents the design of the stand to be u§cd to
transport the CC Cryostat heads into the D-Zero clean room. Due to thF width of
the clean room access door, the heads will have to be upright to fit through.
This head cart will hold the heads upright and wheel them into the c.lean‘room
on a guided track. Before the wheels are placed on the head cart, it will be
used as a stand to place the heads on for the purpose of test fitting the super
insulation. The head cart will not only be structurally sufficient to support
the weight of the heads but also stiff enough to allow a maximum deflection of
1/2" at the end of the 48" cylinder (see sketch in Appendix A).

The heaviest head assembly weighs about 9000 lbs. Following A.L.S.C.
specifications and using a 9000 1b. design load, the head cart was initially
designed and built and later modified in order to meet the deflection
requirements.  Bending and tension stresses were limited to two thirds the
yield strength. Weld and shear stresses are limited to 0.4*Fy. The C7X12.25
channels, the L2.5X2.5X0.25 angles and the 1/2" plate are all A36 steel

In order to validate the need for an end plate in the 48" cylinder, an ANSYS
model was created of the cylinder itself to determine it's rigidity under a point
load applied at it's outer end. Appendix D contains the results which
demonstrate the rigidity of the cylinder-end plate assembly. Also included is a
Frame-Mac simulation of the head cart which was used to estimate the
deflection at the cylinder end.

A load test was performed to 133% of the rated capacity, or 12,000 Ibs. The test
load was incrementally applied using a crane and hook scale. A graph of
deflection vs. load is shown in Appendix E. A spreader beam was designed and
built to properly test the head cart. Stress calculations for this test spreader
beam are included in Appendix C.
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FRAME MAC file: HEAD CART lil; Last modified at 11:24:48 AM on Mon, Aug 15, 1888
' Above each load are the magnitudes in Ib, lb/in, and Ib-in.
Next to each suppert are reactions in Ib and ib-in.
Next to each node are deformations in inch and radians.
Rositive reactions and deformations are to the right, upwards, and counter-clockwise.
3

DX=
DY=
RotZ=

RfX=
RfY=

DX=
DY=
RotZ=

2.312e-2
2.551e-4
-2.750e-3
.s FY= 1.008+3
il4 5
-7.925¢-21| BRRERCEIID e remmernemrea D= -7 925a.
-2.697e-4. Seemeee&DY= -3.8738-1
-3.631e-3; ot/=—3 801"
0.00e+0
3.0384+3 |2 RfY= 8.95e+
0.0000+0% DX= 3.773e-3
0.000e+0 DY= 0.000e+0
2.250e-3 RotZ= -1.520e-4

1

< 057



. FRAME MAC file: HEAD CART; Last modified at 11:24:48 AM on Mon, Aug 15, 1988

Nbode 4 FNd2 MNd2 FNd3 MNd3 Elem 4,5 Node 5
1.2000e4+1 6.620+3 ----8.626+3 ---L= 1.06006+2 1.18008+2
1.36000+2-9.0508+2 - -9.486+3 - s;—i()()m 1.360004-2

- .o + -2 + = 2. -
~ / §
FD3FD2(*9,000
0.00e+0 0.00e+
1.50e+2 1.0084+3
N
B o
f : in
Load { M Ib-in
E: psi
0.00e+0
Tension Ib
0.00e+0
I ] 1.040+4
Shear Ib
0.008+0
0.00e+0
Moment | e ib-in
-1.036+8
0.000e+0
Defl. 2 inch
-3.973e-1
, iV d e Tlys L2 20/3 alsabbLie V] inch
Distance 0.0000e+0 2.1200e+1 4.24008+1 6.360084+1 8.48000+1 1.06006+2




/Q,Ajff; %ljf) :]:Tr\fDoC7+ 75;7;LEL

Jprep?
/title, "Head Cart Cylinder®
et,1,63
7.,1,0.25
r,2,0.5
r,3,0.33
ex,1,29e06
dens,1,7.3308465e-4
gxy,1,11.5e06
acel,,386.04
nuxy,1,0.27
csys, 1
n,1,23.875,90.0
n,2,23.875,81.57
n,6,23.875,40.721
fill
n,14,23.875,-40.721
fill
n,19,23.875,-90.0
fill
ngen,9,20,1,19,1,,,3.0
ngen,16,20,161,179,1,,,5.4
ngen,2,20,461,479,1,,,1.0
ngen,3,40,461,479,1,-4.4375
csys,0
ngen,2,560,2,482,20,,2.2
ngen,3,1,562,1042,20,-1.75
nrsel,node,564,1044,20
nmodif,all,1.0e-8
nall
csys, 1
e,1,2,22,21
egen,18,1,1
egen,24,20,1,18
real,2
e,461,462,502,501
egen,18,1,433
egen,2,40,433,450
real,3
e,2,22,582,562
e,562,582,583,563
e,563,583,584,564
egen,24,20,469,471
knode,1,166
knode,2,6
k,3,23.875,40.721,-6.0
knode, 7,174
knode,8,14
k,14,23.875,-40.721,-6.0
csys, 0
real,2
kgen,2,1,3,1,,-8.0,,3
kgen,2,7,8,1,,8.0
kgen,2,10,,,,,-6.0
kgen,2,10,11,,,-2o.0
~1,2,


http:ngen,3,l,562,1042,20,-1.75
http:n,2,23.875,81.57
http:nu)(y,l,O.27
http:acel,,386.04
http:r,3,O.33

e
&N

L= W 0N

a,
el
a,
a,
a,
amesh,all
merge,0.001
arrsel,area,3,5,1
Isar

Isusel,line, 3,4
Isusel,line,8

nline,l
d,all,all,0.0
arall

Isall

nall

nrsel,z,0.0
nrsel,x,18.4,22.4
d,all,all,0.0

nall

symbc,0,0,0
nrsel,z,105.0
nrsel,y,25.75,26.0
nrsel,x,3.45,3.55
f,all,fy,-4500
nall

~wsort,z

iter,1,1
krf,1
afwrit,,1
finish
[exe
/input,27
finish



http:nrsel,x,3.4S,3.S5
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"HEAD CART CYLINDER"

A A

ANSYS ~23
AUG 17 1988
13:30:12
PLOT NO. 1
PREP7 ELEMENTS

FORC BC

ORIG
XV=1
YV=1

ZN =1
DIST=50.6
XF=7.8
YF=1.35
ZF=48.7
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"HEAD CART CYLINDER'

ANSYS «2.3
AUG 16 1988 -
10:06:11
PLOT NO. 1
PREP7 ELEMENTS

ORIG

XV=1
YV=.5
ZV=1
DIST=50.6
XF=9.15
YF=2.2
ZF=30.1
HIDDEN



1

N
X

1%
YOV IVIN T

"HEAD CART CYLINDER"

ANSYS )3
AUG 22 1988
11:24:35
PLOT NO. 4
PREP7 ELEMENTS
TDIS BC
RDIS BC

ORIG
XV=1
DIST=61.6
XF=11.9
YF=—.879
ZF=50



I3
1088

ANSYS
AUG 22

11:30:41
PLOT NO.

5

PREP7 ELEMENTS

TDIS BC

RDIS BC

ORIG

ZV="1

DIST=29.4
XF=11.9

YF=—.879
ZF=50

)

_Anw..ﬁu,nu_ R
A D

"HEAD CART CYLINDER"

1
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"HEAD CART CYLINDER"

ANSYS )3
AUG 23 1988
13:03:33
PLOT NO. 1
POST1 DISPL.
STEP=1
ITER=1

ORIG

XV =1
DIST=61.6
XF=11.9
YF=—.879
ZF=50
DMAX=.0441
DSCA=140



ANSYS )3
AUG 23 1988 .
13:06:05
PLOT NO. 2
POST1 STRESS
STEP=1
ITER="1
S| (AVG)

) TOP

—
EPTT IR A
li!" EAH 3,

A

e o

:: ORIG
R XV =1
DIST=61.6
XF=11.9
YF=—.879
ZF=50
MX=8036
MN = 4.4
A=1150
B=2298
C=3446
D=4594
E=5742
F=6890

05 0

mi:%: o3
\

\

\

\
B

"HEAD CART CYLINDER"

1
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ANSYS -+.3
AUG 23 1988
14:02:12

PLOT NO. 5
POST1 STRESS
STEP=1

ITER=1

SX (AVG)

TOP

STRESS ELEM CS

ORIG
XV =1
YV=.5
ZV="1
DIST=50.6
 XF=9.15
YF=2.2
ZF=50.1
HIDDEN
MX=5372
MN=—5414
A=—3873
B=—2332
C=—791
D=750
. E=2291
"HEAD CART CYLINDER" F=3832

1
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"HEAD CART CWK

)

ANSYS 4.3
AUG 23 1988 -
15:10:19

PLOT NO. 1
POST1 STRESS
STEP=1
ITER="1

S| (AVG)
TOP

ORIG

ZNV =1
DIST=26.3
XF=11.9
ZF=105
HIDDEN
MX=4091
MN=407
A=814
B=1224
C=1634
D=2044
E=2454
F=2864
G=3274
H=3684
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"HEAD CART CYLINDER"

)

ANSYS 4.3
AUG 23 1988
15:34:53
PLOT NO. 3
POST1 STRESS
STEP=1
ITER=1
S (AVG)
BOTTOM

ORIG
XV=1
DIST=23.7
XF=18.1
YF=—6
ZF=9

MX=7034

MN=4.5
A=782
B=1564
C=2346
D=3128
E=3910
F=4692
G=5474
H=6256
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From:  FNAL::MULHOLLAND  11-AUG-1988 16:27 W
To: JAQUES , MULHOLLAND
/R\Subj: Update

From: FNAL : ;MULHOLLAND  10-AUG-1988 17:19
To: JAQUES , MULHOLLAND
Subj: Proposed Head Cart Procedure

Head Cart Load Test Procedure...................... 8/10/88
Updated. . ... ...t ittt eeieaaans 8/11/88

1. Design and fabricate a suitable spreader beam for the Head Cart
load.

2. Test the spreader beam to >125% of intended service, i.e.
> 1.25+1.25+9,000§ = 14063§

3. Support the Head Cart ONLY at the four corners, and position to
put the test load and test position neatly under the building crane.

4. Make a load of > 1.25+9,000 = 11,2504 of stackable materials, sling
acccording to good practice, include a 25,0004 spring scale, and |ift to weigh
the load.

5. Mark the spreader beam center clearly and carefully, mark the lon-
gitudinal point of head load on the Head Cart cylinder so it can be easily seen
and check and correct the level of the Cart cylinder, as required.

o~ 6. Rope off the area of the test.

7. Provide a means of deflection measurement of the cylinder end. That
means should not interfere with the loading, allow accurate (1/16" resolution)
determination, and be read without compromising the safety of the reader.

8. Notify any and all interested observers of the impending test not
yet contacted.

9. Lift and load the Head Cart by gradual reduction of the crane load
on the spring scale. Measure the deflection at approximately,

2,500 . ..ttt 6.18
5,000f . . ve vttt J.33_
70000K . . - oo ~50
q 10,0008. .. ...ttt i 0.70
an Full loead. . .......ccviiiiiniinenn. 0.85
(12,000 #)

Plot the deflection as a function of load and cease loading if any
significant deviation from linearity is seen or suspected. Begin again as may
be required.

Continue loading to Full load and hold for 10 minutes. Lift the load
and measure the return toward the initial cylinder position. Repeat the loading
cycle to test repeatability. When the Full load deflections are demonstrated
to have no hysteresis and the deflections are less than a half inch, the test
is complete. Secure the load, take down the ropes, and secure the crane.
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From: FNAL: :MULHOLLAND  11-AUG-1988 16:27 (/\//a l e 8 roces

To: JAQUES ,MULHOLLAND
/*§ubj: Update

- From:  FNAL::MULHOLLAND  10-AUG-1988 17:19
To: JAQUES ,MULHOLLAND
Subj: Proposed Head Cart Procedure

Head Cart Load Test Procedure...................... 8/10/88
Updated. ... .. ...coiiiiiiiiiii e ieancaeanees 8/11/88

1. Design and fabricate a suitable spreader beam for the Head Cart
load. :

2. Test the spreader beam to >125% of intended service, i.e.
> 1.25+1.2549,000§ = 14063}

3. Support the Head Cart ONLY at the four corners, and position to '
put the test load and test position neatly under the building crane.

4. Make a load of » 1.25%9,000 = 11,250% of stackable materials, sling
acccording to good practice, include a 25,0004 spring scale, and lift to weigh
the load.

5. Mark the spreader beam center clearly and carefully, mark the lon-
gitudinal point of head load on the Head Cart cylinder so it can be easily seen
and check and correct the level of the Cart cylinder, as required.

— 6. Rope off the area of the test.

7. Provide a means of deflection measurement of the cylinder end. That
means should not interfere with the loading, allow accurate (1/16" resolution)’
determination, and be read without compromising the safety of the reader. .

8. Notify any and all interested observers of the impending test not
yet contacted.

9. Lift and load the Head Cart by gradual reduction of the crane load
on the spring scale. Measure the deflection at approximately,

2,5003 ............................. 0.15
3 S 0.29
T7,5008. . ittt ittt EN
4 10,0008. . .....ciiiiii ittt g. 33
an FuJl load. .....covviiiiinininnnn... 0.70
12000 #)

Plot the deflection as a function of load and cease loading if any
significant deviation from linearity is seen or suspected. Begin again as may
be required.

Continue loading to Full load and hold for 10 minutes. Lift the load
and measure the return toward the initial cylinder position. Repeat the loading
cycle to test repeatability. When the Full load deflections are demonstrated
to have no hysteresis and the deflections are less than a half inch, the test
is complete. Secure the load, take down the ropes, and secure the crane.
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INFUT DATA FROM FILE NAME 2993, 8F

R s Y

DATE 0O8-30-198%

FERMILAR
RO HEAD CART

UNITS USED THROUGHOUT AMALYSIS

Moment : In—-Lbs
Coordinates : Inch
Member Weioht : Lbhs./7 Ft.
Moment of Inertia : In ™ 4
Crose Sectional Area @ 8g.Iin.
Modulus of Elasticity @ Fsi

Rotation of Support Joint
Shear Modulus of Elasticity
fpplied Load or Force Transmitted

Torsional Constant of a Cross — Section
Dieplacement of Neutral Axis or Support

JOIMT DATA

=
-
5
u
»
-

t

Radians
Fei
Founds
3: n - ‘:l.
Inch

JOINT # +, =X COORD
Inch

LT T LS 3 I ¥ ¥R W R R+, QOO0
EX 22 TX S R RN ERAC,

%I H % T HEXEEEE®+] 1O, QOO0
3 3% % ¥ %4 K EHEEEXN-+] 1D, QOO0
EXET ST I WY K R H R E 1 1O, QOO0
T T2 XL TN EEEEREE®+] 1O, QOO0
oW HT FHR¥®XI+1 10, 0000
EE ] ¥R FHAWEX+1 1O, QOO0
E 2R T FRAEREREE+] 1O, OO0O0
* % HHH 1O KEEEERERRAH] 1O, OO0
EE T SN1 ¥l X XK HEX+1 1O, QOO0
XHEXR®LD ¥R AEHEE®X+] 1O, QOO0
*RWXW] T EEEFEEERE] 1O, QOO0
* %% %% 14 X EEREEH] 1O, Q000

HHN RS
EE X R TSR

W EERERE+HL 1O, 0000
e T WX XX OO0)

+, =¥ CO0RD
Inch

o U e e WM (Y, OO0
3 HH KR WO, OO0
R R KR ARFAD, OOO0

F KRR RO, D000
e I e e He B I KR D, QOO0
W% RO, OO0
e W e b L QD D00
¥k R R w4 1 O0, O000
e YW W R E WL 2O, QOG0
¥ R RENL L0, QOG0
¥ ¥ ¥R R 140, QOO0
W daEREr+ 140, Q000

FHEEEFEEE T EHD, QOO0
W RREREEEF]HO, OO00
AW R 1 SO, QOO0

W R L O, D000

~AGE # 1

+, =7 COORD
Inch

e e WM, OO0
KRN REXFNAL L0, QGOO
ETETTXIT L s alelnls]
KRR HEXELHO, QOO0
I W HWH ] OO0, QOO0
¥ KK %KL HO, QOO0
3 oW K XX GO, QOOO
9 MK ] O, QOO0
W W HRE SO, QOO0
WK H N ®WFE+1 OO0, CO00
¥ W K B K+ SO, QOO0
el XN H WA 1 Q0 QOO0
W N RFREEHEHO, QOO0
RN WEAB0, QO00
FR R FHEH+ 100, OO00
WK XN REEHEO, D000




INFUT DATA

DATE 08-30~198%

FERMILAR
DO HEAD CarT

SUPFORT JOINT RESTRAINTS

O = NO RESTRAINT

JOINT # JTX
IR L T T *3% 1
P T TR 3y %0
EX X2 X 3N *%()
EE XX LT F %)
R T #* %0
W Y * %)
o E R HHT * %)
* - H N X * LD * %0
E 2L XX T 2 E & 28]
XERE 1O *50)
*¥%wwsll %
EETY 2SR *¥%#(
EET 2 XL P * %)
% w%® 14 * %00
EE T TN ] %50
HEWEE] b ¥ %0
MEMEBER DATA
MEMEBER # MEMBER
FROM
ET LT 2N ]
RN ¥ N ]
Fo el # T ¥ NN
R T 22 e e ¥ 4
HREWRT EEE T2 3w
W e W W EE T X SN
ERERRT EX =2 LN
IRy o ot e T
ER e e W e £]

FROM FILE NAME

FULL RESTRAINT

995, 6F

N s NN S PN

TRANSLATIONM

JTY JTZ

#*4#1 * %)

*%1 *% 1

* 51 %03

* %) * %)

* 1) * %0

#% 1 3 0)

% %) * %0

¥ 3() )

* %) *H )

* %) * %)

%% * %)

b2 18! %0

%) * %0}

#* %0 * %0

* %0 ¥*#10)

*H0 * %)
MEMEBER CROSE SECTIONAL

TO AREA
Sqg.In.

e e W W R XRT . GQO00
e KN XXX HO00
ET X 2T Y FRREFERT, SO0
* o EERT *HFEXEET 2000
EL T T WA RNR T HOQO
E L T HREERRFET, HOOQO
*¥ %] XN, TROD
3% W8T FHFEEFFWT, HOOO
e W7 w10, RROO

FAGE # 2

ROTATION

JRX JRY JRZ

£ X 38 * RO * %)

* %) ¥* % EZ I8

* %3 ¥* 1) * %0

* %) * %0 * %)

* %0 * %) * %0}

* %0 % %) * %)

* %0 * K1) T 18]

* ¥ * %) # %0

¥* %0 % %1) % %100

*%0) * %0 #* %)

* %) * %) * %0

* %3 * %O #%0)

* %) * %0 *%10)

% %) * %0 % %)

W* %) * %1 * %)

EX T%) * %) * %)
MODULUS OF SHEAR MODULUS
ELASTICITY OF ELASTICITY

Fesi Fei

®EEXZFOOCO00, OO0
HEX 29000000, OO0
* %% ¥ 22000000, OO0
*EH¥EXD2QO0O0000, QOO
*RXRZFOQO0O00, OO0
*HFHZFOOQ000, OO

EHEEDTFOOQ000, QO

¥ XX 29000000, DO

*#%%1 1200000, 00
#*%%%1 1200000, 00
#E¥%1 1200000, 00

*a¥¥] 1200000, 00

*a%#1 1200000, 00
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INFUT DATA FROM FILE NAME 2295, 5F

________________________________ I W5 P 0 P Ny Fon

DATE 08-30-198%

FERMILAR

Do HEAD CART

MEMEBER DATA CONTIMNUED

MEMBER # MEMEER MEMRER CROSS SBECTIONAL MODULUS OF SHEAR MODLLLIS
FR{OM TO AREA ELASTICITY OF ELABTICITY

5q.In. Fsi Fei

*%#%1O EHREXRT EREERT * % xwEE O, 2EO0 W H o 2FOO0O000 ., OO #¥%%1 1200000, 00

*3%%] 1 36K He fy EX T XX 3 FF R RERT, LHOOO0 XX FEXTDOOOIN0D, OO *¥%x¥E ] 1200000, 00

* KWW ] 2 HEEERDT  KEEX]T * %W EX®¥I, TIOO0 FHEXIZOO0O0OO0, OO0 HW¥% L 200000, 00

*xkx]1T EX X 22 4 EX T XX 3 W ¥ T LS00 *¥FXZOHOOO00, OO #x¥kx] 1200000, 00O

ET T T NS W kET ERERRTG *XEaww 1O, THOO FEF¥EZDO0Q0O00, OO0 KRl 1 200000, 00

¥EXE]T e KRG el ¥EFHFR O, I0O0 ¥WHXZIOOOO00, QO 2¥¥¥ 1 1200000, 00

*ENE ]S ES T X301 ¥Rk 1T FHEEFH 1D, THBOO *k%%] L 2O0000, Q0

*%k%17 ¥EEERD EXX%]10 * ¥ ERHaE ] O, ZROOD *%%% 1 1200000, OO0

*ax%18 ¥EERLO  K¥H¥ID *x%EHELD, THOO *%%x ] I200000, 00

R¥HW®1G ¥HER]D  REER]E *EEwER 10, TEOD *¥¥%% 1 1200000, 00

o e W 20 ¥k kw1 T wR%®]d * R T , 2000 *%¥% 11200000, Q0

EE X S *H %14 weRelH X e HH W T, DOO0 FEx®] 1200000, OO

e e EREERTG EREELLH * %% %5% 10, [5H00 #%¥9 ] 1200000, GO

2T 2 ks Heww] 1 *%%%]dH * AR X3] QL HOOD ¥ F¥EFDIZOOQO0O0 . OO0 *#%%1 1200000, 00

*¥%% D4 EaEE O O ey X% S *x%k%x® 10, H5OOCG * ¥R 2000000, 00 ##%®] 1200000, 00

E 2.2 2 i #Rwn O wEXX1H *3edaxwl O, 5O00

HHFERTEH X 2k XY LR 2 =T ! EHER¥ER], 1900

L2 T iy HREEED KWERET *WAEFE¥ ], 1900

MEMBER FROFERTIES

MEMEBER # MOMEMT OF e MOMEMT OF c TORSIONAL
INERTIA 1Y Y INERTIS IZ 2 COMNBTANT J
Im ™ 4 In ™ 4 In ™~ 4

TR 2R FREREXFXDE, 200 3,5 ***%****'”f;?o szmg*********0.1é1
R X I KEEEEREXD4, 200 3.5 wxkreEEHRL, 170 T 67D kkrxnxw®x0, 161
9 W e BT KHARFEFHZG, 200 35 D wrwxwknsz st 170 ) ¢)  *xxxxeexx0. 161
e K e K 4 **%%**&tﬁﬁkéQQ;hEVW3%*%%**%%22.420 2. EEEREEREELTS, DTO
N E T EXXELRERDL, DOO 16 0 EERKEFERE] 2167 xxExxxxex0,. 161
KERHXH G KrEERERTL, 200 3T wREREEELRL, 170 1. 07 ®EAXAXXRERO, 161
KRR T FHRHE RN RKT, DE0 2T kRN REDD . GO0 U 1T EHEEREERROD L 1BO
S RN ARAEL, 170 LAY wurwwsxsDh, 200 3.5 wxsrxxxes0. 161
5 4 4 S R ERFEFRTO, LOO AT B W TT? "D"??f“\%%%%ﬁﬁwﬁ'g.ﬁzo
SRR SO ¢ . . e S AT ERTHSY
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INFUT DATA FROM FILE

NAME

I995.5F

P P Pl s A B P

DATE

08-30-198%

FERMILAR
Do

HEADR CART

MEMBER FROFPERTIES COMTIMUED

MEMBER #

*xxxw]l
*3% % xw ]2
ET X 2 20N e
9% %% 1 4
HERKR]T
LS L 2 2 N
EREURLT
%% % %% 15
X XER1F
S22 2 le)
LT XL X 0k
B %

EE X T XN
W EHEDY
* R D
2 B Pk T
ET 22T

MOMENT OF
INERTIA 1Y
In "~ 4

1.6
MWK R H T D0 2.71
XEEXEXXE®L 170 .
FHHHEXXXTO, 100 2
L1000 2
100 2

=

L LS T T T Ay
e K W W T
FHEERRXRTO
W XK HXXXTO,

- 140
100 &
EXEXKAXXAIOL100

Cy

~

w}'vsﬁvyés

EHREXEERRTG, BHO 5 5
*EEEREXRETT B0 5.5¢

*%%%10,
*X%X%10
*HEXL10,
*HW% 10
TR NN RRHERD
XH KR HNRD)

MEMBER DESCRIFTION

MEMEER #

KExwFR ]
ES. 2T X X0
KX
EX T LT X
T ]
ET T XX 0N
E X X2 T
EXKEXEED
ERE 2 LT 1)
*&%**1)

MEM.WT. /LENGTH
b,/ Ft.

*HEXR®EX®]D . DH
*REEXEXRKR] D, 25
W ERARRRR LD D
AR W R R TG, T
ERUEHKXFF]ID, DT
* N RN R WRR LD D
ERREXENEX®] S, 3G
EREEEHEXRL D, 25
o W W e B KT DO
HRFEEREEETE IO
EEEEEFEEELT, 25

e e el 3T S TR

713,00 —
, 713,000
713,000
3 713.Q00
TOXE
TO3

it

s

1.7%
1.7

MEMBER DESCRIFTION

PR

FAGE # 4

MOMENT OF TORS IONAL
INERTIA 1Z ¢ CONSTANT J
In ~ 4 * In = 4

180
FRHRHEKRND, 11
**%*****éz.ﬁfﬂ
a0
********ﬁh.QUU
HREWRARRED, FIO
XWX XXX FLD , HIO
KN EAEFESD, GEO
FREEXRX®EO, 184
EREXNRXFRED, 184

HEFERERETT  BHO &5”

*EEKEEFH T, B&0

K% ¥ 12, F40, 000 T X%RXX¥T, T44, 000
*EX¥12,940, 000 ~—— *****d,u4q.000
*2W¥®12 240,000 0 *k%k%%%5, 744, 000
*EXXL2 940,000 *%%FXT , T44 , Q00
Fe I e W R QK HHEREXEXRD, OZT

*W NN u WX, 70T 2.7 3 EX 22 2 IS

(max. 90 chrs.)
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FAGE # S
INFUT DATA FROM FILE NaME IZI995.5F
_______________________________ [V 4a VEAVEL VL VL VL V]
DATE oO08-30~1989
FERMILAR
DO HEAD CART
MEMBER DESCRIPTION CONTINUED
MEMBER # MEM.WT., /LENGTH MEMEBRER DESQURIFTION (MAX. S50 CHRS.D
Lbhs./ Ft.
EZ 2 2 2 %A EHEXAEXRE]LD, D5
EXW*¥14 EXT TR T T IRAISAS)]
ERXER1H E T LT 22 T AP &
*REk¥] S XY KEEERTE, DO
EZ. T 2 5y EE T ETE L LT RIS
AEEERLE XX KXW HEIT L B0
ET T T 30 EX X 22X T T IS
EE T 2T i) B S B TR T T
XKD W R R ERRXDL,TO
e R DD KRR R EX®TL ,F0
ES T X T ani RN RN DL, GO
RN D4 R RN, PO
FRERRDTT W EERREERTL, GO
¥HEHRDE HEEEEEREERL 10
R TT ERERYXEEXEL, 10
JOINT LOADS (CONMCEMTRATED LOADS)
Global Force Components
JOINT # +, —WX +y WY +, —WZ
Founds Founds Founds
EXXA¥] S X I HHHREFAO, QOO0 ¥ % E- 10, D00, 000 P S We N HW N H X, OO0

END OF DATA INFUT




STRESS CALCULATION

It o 1 B30 o S . Sl S S Wt Sy S 90 W YO0 D I WO SAOHS P WATE SHID SRERY S RS NS SHOT Ay PR SR S SR S PO AT S e b

DATE

FERMILAR

OHE~Z0—~ 1989

DO HEAD CART

UNTITS USED THROUGHOUT

RESULTS

FOR FILE

ANALYBIS

Moment

Coordinates

Member Weight

Moment of Inertia
Cross Sectional Area
Modulus of Elasticity

Rotation

RN EM s ex ww 23

of Support Joint

Shear Modulus of Elasticity

fipplied Load or
Torsional
Displacement of

JOINT DISPLACEMENTS

Force Transemitted
Constant of a Cross Section
Neutral Axis or

In-lLbs
Inch
Lbhs./
In
Sg.1In.
Fsi

Ft.
4

ETI T T Y 2

Support

{(Translations)

JOINT #

E X 2T B
WGl e I e 2
R FW %R
ET T E T XN
B2 2 X T
FERFEEREG
X3 o e W T
EE L 2 R 1
ET XX X 24
EL L E 258
EL S X
S 2 2 X
* ¥ W Wk 1T
*xxxxl 4
¥uxnkls
FRAw®] S

s —~X DIGF
Inch

e e W3, DOCO
X H WX+, OT10
REXKRERXHQ, QOO2
KX, QR
X R HRERE D, OO0
HFHXXEXAO,OFL D
RN RN+, 1 TES
EARRXEX+O, 1BAT
*xxERX%+0, 1284
*xRE®EN-+O, 1361
XN R W ¥, OF9G
EREEUEXEFD, 6T 6
* 3% % %% ¥ %0, Q050
kR X XN, OO1O
*H RN F+ O OOZT
N HER+O, QOFEO

+, =Y DISF
Inch

*X¥ %t ®k®+0, QOO0
¥ ¥ % F 0, QOO0
e e W WX, OQOO
EZ T 2 22T TSI aluler:
XX wH—, OO04
Wk XN R %%+ (), QOO0
B KR KX X1, QOO4
e W N FH ) OO0D4
* % % X% K -1, OO04
XN ¥ % W—C, OO0
kR0, OO0
N H X, Q001
XX X® X+, QOO
*HH¥REE—O, QOO
KK W RN+, QOO
* X REXN—Q, TLHTL

FAGBE # 1
NAME 3995.5F

Fup I T P T Oy

Radians
Fsi
Founds
In
Inch

4

+, -Z DISF

Inch

EX T T LT T SIEslniah]
W2 e N W0, OO0
*EHEHEX—0, 02184
*REHEXN—0, OZ1 G
W W W), O
%R0, 0211
KRR, Q215
HHRRXEXEX~Q, 0215
*REXXR®—Q, Q217
XHWHXFHN~O, 0211
KR ENRR®-C, OR14
HEFREN®—(I, 0214
FREXXRX—O, O211
XRNWNNR~O, 0214
HWRER®R~, D215
R HREX-Cy, OOL1O




STRESS CALLCULATION RESULT

DATE

QB-50~1989

FERMILAR

DO HEAD CART

JOINT DISPLACEMENTS

JOINT #

3% %% %% 1
E X EL X T
E2 2T 2T
EE TR Y
I 2 =TT
ELZ XX I
EZ T T 2L e
R
EXE X 2T 1
X T 2 TN
*¥%kW¥%] 1
T2 X2 3
L2 T X X IR
¥xxE®ld
*¥%H% 15
LTS = RN

+, —X Rot.
Radians

FEEEXEAO, OOO42
HeF -0, OQ0A2
¥R EEFEHO, QOOOR
EE T 2T T e slsTulnlal
W ¥ X%+, QOO0 ]
W XM, QOO0
WX W W), QOO0
R EH+O, QOOOT
*HEEAHAC, QOO0
¥ W ¥ W0, QOO0
XX+, QOO0
¥ XXX FW40, DOOGO0
3 W HH 0, QO0O0OR

%3 R w40, OOOO0

¥ EEHXA4C, OOOO0

MEMEER ERND LOADS (Forces)

AT JOINT #°

HMEMBER #

]

S LABLED

{(Rotations)

+, ~-¥Y Rot.
Radians

¥ EEELO, OOOLT
* WX EEKRAC, DOD2EH
* ¥ w8 XH -+, OO0 ]
R ERE¥LD Q0023
HEXEFEHD, QOGLD

O 0, DOCQ0

HHEHEEECQ, QOORSH
EWERERAQ, QOOL1 S
*HEERF-HD, QOOLG
R W TR, D020
¥ REEREHD, O001Q
R X H NN, OO0
*KEX¥NAHD, OO0
*HEEEERAC, OO0
*AEX¥H®HO, Q0018

HwEEERLD, OOOLP

FRGE # 2

FOR FILE NAME 3%93.%F

P NP N T M e

+, —Z Rot.
Radians

R wF R~ , OGOLOCG
¥ WX~ , Q3100
Wik R %—O, QOOFR
R HX—D, OO298
XXX, OQZPE
* KXW XT3, QOOFR
kM MHRE, Q0145
HENAEUR+O, OO14T
XN, QOTAT
W kWX, OOR4T
¥ XXX+ 0, GOTLE
X XXX+, OOT48G
* ¥ kR0, OO0
* %% % X%+, OOTOR
XX RkE+0, DOTOH
¥ %X N HX4-O, OOT4LY

SHEAR

, —FY

Founds

KRR W N0, OO
WX e W N He e ), VO

LET E T 3 T IR
Fefe RN H N DT, D

JOINT # AXIAL FORCE

- FX
Founds

1 *EEpEF~B1, TT

et ¥R FEE+B] I

1 HHERFEN~D2L,T0

e AEERRFHTIT,TO

I *hEFEEE—L LT FO

4% EEEEXE+1 LD, TO

W W AR, OF
R REARNAD, O

FOSITIVE aAXIal FORCE VALUE = TENSION FORCE

SHEAR
+, —-FZ
Founds

F W NN X+ OO
KRN KA, 00

FHERERE—TD L4
XX ¥ EX+TD, &4

HRUFEE+1HT 4G
L2 T X 2 L el WA TN




FABE #
STRESS CALCULATION RESULTS FOR FILE NAME 3I995.5F

P O N N B P Py

DATE  08-30-198%

e s i o o B s 100 s ot S5k b i et e s

FERMILAR
DO HEARD CART

MEMBER END LOADS (Forces) Continued

-
KA

AT JOINT #°8 LLABLED % FOSITIVE AXIAL FORCE VALUE = TENSION FORCE
MEMEBER # JOINT AXIAL FORCE SHEAR SHEAR
+, — FX +, —~FY +, —~FZ
Founds Founds Founds
4 3 *H%%®—1710,47 RN RX N~ , OF ¥ KX R B R, O
S *EAEE+LT710.47 W e KR R X %+, O PR T X R N G B Nt
5 = *HAkEERX—-146H2,. 41 ********+0.0? *EkAUN—167.42
b* ¥UEAEXER+162.41 WX RHEER—, OF *AEE¥R+1E6T7 .47
b 2 X SR DR R DU Y P T 22 3 TN S XX RN+ TD A
X XREEEEFDIIT, bbb * R KR REFTT, 2 WX KRR -TD L4
7 1 *FRFXHR+T90E], &0 HEFREERL20T, 11 *¥¥¥iuu+14, 74
17 *ERER-F5781 . &0 *XXEE®-205, 11 XNXEX®X—14.74
a = ET T T L R a1t e H R X AT, L0 ¥RHERRELS, 2D
T¥ FHHERR-D2D0 O EX X R e Tt 6 *AXAXNR—GLH, 24
9 4 N W NPT *%%*%%+3T044, 14 W RN RN -2, BT
7 % *e K N XN+ 20, T *HAX%—-Z044, 14 FRFERRRFFD0 47T
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1. Position Head Cart in designated area and attach
come-alongs to front, rear and both right and left
sides.

2. Anchor the free ends of come-alongs and lock Head
Cart wheels in place.

3. Obtain a "B" size concrete shielding block for the load
test.
8165# x 125% = 10206.25#

(Head wt. = 8165#, "B" block wt. = 10150#)

4, Position slings approximately 12" from the outer end
of the barrel, ready to accept load.

5. Load "B" block onto Head Cart barrel and slings using a
forklift.

6. Once the barrel is fully bearing the load, stop and
inspect the Head Cart visually for any signs of yield
or fracture.

7. Lock wheels in lateral direction and move the loaded
Head Cart with the come-alongs about 4 or 5 feet.

8. Lock wheels in forward direction and place 1.5" ramps
in front of the two front wheels. Move the loaded
Head Cart over the two 1.5" ramps using the come-
alongs.

*

A second sling attached to the "B" block and accessible
to the overhead crane will be loosely fitted to the load
and crane as a back -up in case of Head Cart failure.

L7z
Safety Reviewer / / / M Engineer/Tester ( %% [é f ém
0 & Lhow
Safety Witness (é’
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10.
11.

HEAD CART PROCEDURE

Place the cart on the south sidewalk outside the prep room with the
tube pointing north. Lock the casters for E-W motion.

Clean the cart by wiping with solvent coated rags, paying special
attention to the tube.

Using the overhead crane position the south head on the tube of the
cart. Secure the bottom edge of the head to the rear bottom rail of the
cart to prevent swaying of the head on the cart.

Position ramps on the floor of the prep room to allow the cart to roll
over the tracks on the floor. Attach a chain-fall, come-along, or
similar manual towing mechanism to an anchor(s) in the east wall
of the prep room. Attach a similar device (to be used for braking) at
some point on the sidewalk to the west of the cart.

Raise the prep room overhead door and attach the chain-falls to the
bottom rails of the cart near the corners.

Draw the cart into the prep room in line with the cryostat, disconnect
the chain-falls, and close the overhead door.

Wipe clean the head and the cart.

Rotate the casters on the cart 90 degrees and lock. Place ramps over
the tracks on the cleanroom floor.

Attach a towing device to the north bottom rail of the cart and a
braking device to the south rail.

Draw the cart into the cleanroom under the overhead crane.
Rig and lift the head off the cart.
Return the cart to the south sidewalk for the next head.




