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This report presents design calculations and testing results for
the fasteners to be used on the back of the Middle Coarse Hadronic
ring of the End Calorimeter. The calculations show that the design is
acceptable for AISC code. The test verified that the design was
acceptable.

Background

In the End Calorimeter of the D-zero experiment, uranium and
stainless steel plates are assembled into modules which are to be
installed into the cryostat as individual units. A single inner module
will be surrounded by 16 middle modules, which are surrounded by
16 outer modules. The 16 modules which comprise the middle ring
are to be fastened at the outer radius by a link, which is pinned to
each back plate. These links are connected by eccentric pins. Some of
the pins have an eccentric large diameter, where the link between
modules fits; while the others have an eccentric small diameter,
where the cover link fits. These pins are placed in the modules in a
specific alternating pattern. The link plates are then connected and
the tolerance between the modules is decreased by turning the large
diameter eccentric pins. A center spacer block and two 0.5 in. end
spacers, which allow .183 in. of space to accommodate modules of
slightly different lengths, are then attached. The cover plates are
then connected over the pins. Tolerances here are eliminated by
turning the small diameter eccentric pins. See Appendix 1 for detail
drawings.

The expected forces at each of the 16 connections vary from
1400 1b to 69,000 1b (fastener force calculations are included in
engineering note #3740.225-EN-195). At the inner radius, the forces
are known to be compressive; hence, the edges of the back plates will
be allowed to bear directly upon one another. Furthermore, it was
observed that the static forces between the modules of the ring are
all less than 69,000 lb, and with a coefficient of friction of 0.2
included for thermal motion are all less than 73,000 lb. At this time,
the exact loads are only estimates since it has not been determined
how tlie MH ring will be supported on the OH ring. As a result, a
design load of 80,000 Ib was used. This capability is sufficient for
any of the <urrent designs under consideration. Since it is desirable
to min mize the volume of material used, Inconel 718 was chosen for
the linkage plate and pins of the bottom half, where the load is
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greatest. The same design using S.S. 304 can be assumed to be good
for 1/5 the design load of Inconel, or 16,000 Ib. Although only the
Inconel fasteners were tested, the pins, link plates, and cover plates
of the top half can be made of S.S. 304 because the maximum
expected force on the upper half is only 7,700 1b. Clearly, the S.S.
304 parts are acceptable for a 7,700 1b load, if the Inconel is
acceptable for 80,000 Ib.

The spacer used has a hole for a set screw which prevents the
pin from rotating in place. In the test, the set screw was not used,
but the eccentric pin was situated so as to test the worst case; that is,
the orientation where the pin would be most likely to slip (in
rotation) due to the eccentricity.

Test Setup

We tested an Inconel linkage plate, a stainless steel cover plate,
and a portion of a stainless steel back plate, using two Enerpac
model RCS-1002 hydraulic cylinders. The cylinders were powered
by the same pump, with an effective total area of 39.28 in2. The
Inconel plate and pins had been solution annealed, then age-
hardened (a heat-treatment) to realize the full capability of Inconel.
Dimensions were carefully measured before assembly.

The Inconel linkage plate was assembled between the back
plate and the stainless steel cover plate, and secured with an Inconel
pin. To measure strain of the Inconel link plate, seven 0-600-1200
rosette strain-gages were employed. The movement of the pin end
center points was measured with four separate surveyor's sighting
instruments, all calibrated to the same reference point. The
difference between the pin heights was used to determine the
elongation between the pins (figure 1).

Procedure

Base readings were taken at 200 psi. Then, starting at 500 psi,
the load was increased by increments of 500 psi, recording the straiu
gage readings and elongation at each interval. The combined surface
area of the Jydraulic jacks was 39.28 in2; accordingly, each
successive 500 psi increase generated an additional 19,640 Ib.
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Pressure was decreased in similar increments back down to 200 psi.
Two cycles to 98,200 1b resulted in consistent data.

The load was then increased, in 500 psi increments, until
permanent deformation was evident. Finally, the fastener was
disassembled and dimensions checked against those from before
testing.

“Results

When tested to 100,000 1b, the pin to pin elongation of the
back plate increased elastically at a slightly greater rate than the
cover link. Beyond 100,000 1b, the slopes of the elongations spread
apart further showing that yielding had occurred (figure 2). The
measurements of the tested parts showed that there was no
elongation of the holes in either plate larger than the design
tolerances. At 162,000 1b, the pin failed catastrophically; that is,
shear fracture through the small diameter occurred.

The first two cycles of the strain gage results show nearly
uniform slopes of the stress intensities for loading up to 1.25 times
the design load and for unloading. When the load was further
increased (cycle #3), all seven strain gages showed uniform slopes
until about 100,000 1b, where the slope began to increase. This
verifies that 100,000 1b is the yield point (Appendix 3).

MCH Back Bottom Fastener Test
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Figure 2: Pin to Pin Elongation
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Conclusion

The pin did not slip (in rotation) during the test. Therefore, the
actual installation, using the set screw, will be adequate to prevent
movement of the pin. The results also verify that the fastener links
perform elastically up to 100,000 1b, which is 1.25 times the design
load of 80,000 1b. Therefore, the fastener design is acceptable for the
loads expected between modules of the back of the MCH ring.




Appendix 1

Drawings




i ! I
] 1
i 12580

& ) |

i
| 1
A—_r ‘ T
" . l ' |
! . ! R i
PO S—— P Svmas— ¥ ! T
3 r ’ _{ T t:. i —] ! '} :
. ‘. ! & i ! i ; [ :r %1‘\%‘+~’~‘4' F T E '''''
\ ' : | S
‘ : I| z B 1 E ! § cay ; ‘ E
H . + Lt t] //'//; 4 ' l: . :-
L 1 : !
— I 7 1 :

I

L
A

B
121

i
TN
=

\ “’3‘?' xS
|

R 8 10 (Y S
1 : :

b e e e o« e o o

| BEEE
: i
! |

| |

J SO .

24,800

| p |

SECTION VIEW A—A

BACK LINKAGE TEST PULL
TOHF I GURAT 10N

N7 4 38 Cradn
757 faotn Eram .
# 2.8 080 -\

@w

,,

N

PrTY

|

I |

/]

_.____,__A_7/.__%-_

MFH FRONT LINKAGE TEST PULL

CONF TGURATION

s ekl £
Y Lavihiny? wrw 7
2TEY . 20 w FALL B4
4 mn;ﬂ; I E! " :
Y 1» Siga) g KIT N
M '“Uﬁ!i 2{8 mk( il :
) | : 1
I AN e " T
' it :
T el st w0, | AR 4T (O % $3 48 [N
FARTE L ST
10 “"' e gy by .18 N §an i Serrue o (O kLT o 7
VAl e ad o R Lopyt Koy [y VLR
LIV SN hid -~ L - i3 oy
ISR |
[k} -2 mu IR, e -
k265 EX L€ B Sand
16 lac-2i 38y SISl K AL vng >
ST LTI R N TR
3 258 o foroy
e PLTDC TR
" TRy %\m . *ml WATIONAL, ACTELENATOR LARORATCORY
LIS TSI - e o ) W ATATEE MPATY o S
2 - 3
0, L T AAN
i inh A sien h 00 8& CTWD%"&‘CM.OH
o ST I Yo nsee T 1
+ T
“‘ FRRTTET S




TATTTTTN ek 86 HAD et
EEEITVAN \

Teeses

7 1
ey / ] |

R
e e matLs

» i TR
4, 30 | |
Nl 230 / SN | | S o000 ! !
30 . 11.000 i
Q =1 i
150 I | | . l
' 1.500 ‘
|
S ) S L
.rln-—- -L !.NI—‘
l Y4 e
1 1,000 10,000
—{ 7.000
18,000 ! 4.000 —
A - - -
TOP PULLER WELDMENT
SmaLL B0 ATOCD LAT(R 7O
W At Ui ald TEST ALL
LoV IOATION e T,
24.300 /
v.82? — 1123 1,500 10000
|
. - 2.%00 '—l.uu-.us-l /
j
1,800 “
\ v.000 ]
1Y, 1 ALaces
1.60¢0. 008
0.006 |
| i ( }

Lasens

.0
91,0182 )
A T
wTO4 DAL

\

\

\ o
e,

@ BOTTOM 2ASE PULLER NELDMENT

<313 0P MO, MLl
1 AL

VLUd AR R,

et

'—-.l’l
l..‘.-ﬂ
L3871 4y Cwanr IR
Lo — 2.9 W8, an mces

.su—‘ '—-

21,600,000 ey, QS ~

J ¥
\A o A
$ t 4L
+2.7900,008 ¢ 10,008
| o800
v 230000838 new. rax |
' -
1,508,008 ——
. _ L . i
. 12,500
1 ‘"
A 1000
LRGN HHLL VL VR \/-
STod Bl e he i 0. 16 [T M
——— -
).0008.008 | *
I —f .
I L

$ neu, ra

ACES
TN 1IDG MO, 5,0.17 4 1@

¢ 2.38%1.008 TRy, AL

2,181,008

MCH TEST TIE BAR

— . Y52 o = | 00
] |
‘ -, 378
I 'I.I!Dl 1T
|
— | H
I e
& LJ'IIII-DOQ H
# 1.3208.008 Doy, KT )

@ MCH TEST LINKAGE PLATE

ol e o]

OF AR P i G $1E0

PamTy L 15T
CIOrY

W
0o
Ml

Fe, FOW) MATICNAL ACODEAATON LABCIRA TORY

TS TS MU @ Ve

TOR _END CALOR{ M
HADRONIC M
AL Ve

T ] o




4 280,30 e, WA

WM- R B g [ !~‘
P . i
R k p AL L T2 ] ‘

18,008

L1, e S \ l dorneons
., bt g .
TRV . — 2 ~ a2 13 ray, g 1’
K R AN i Y
. E

et

L PN
S — r‘ — G — H \ |
B ——— 7 [_'N o i { \ | ] ]
j . o . .
. At t o : + otee : 5308
i . il ’
T T S y soan

. ; ; - . Dy s 5 0w an .
B \_ re g TE s ' / A AT o K b
T N R R N
H : : { 3958 w %
. ’ |

i :
’ 1

El M '~
i TR Y
| s (I l’ ..;"‘,. ~ 14.538r,009 r I
| A ] I PP [BamIrscy] :
I 1 HH
. a .50 HH
LA 1 i ..300 ' £.9904,008 /’ pred
A v I i T
( I «
/ P —
LT — ] — j. - 1
[l 1 » - —— R I S
] - . - '
T ! 1,900,003 I
1.0001.008 ; - H
I ———— i ‘}"“—‘ ¥ -t | 0,00
OO — —l= & ‘ N '
| li\\ ‘ __} \ |
TR T L e e 30994 . 803 $ 1o fol e, o )
4.9991.908 — “‘"9"?"‘"-'- e vt v, oS o . 1o l
N >N %M?’H TEST FRONT ENO PLATE H
W TEST MCH BACK LIFTING PLATE ACSSY, l
'
i 718 m— i i s H
; LSO ' l
| i RITTRTIEE H
— 13479008 /_., 2.2608.90¢ tees, AL 4 2308000 N0, L
| R |
4 ] 1 o R |
. 324,008 ]
H H .eu 998 e.37 r [$51
. ! i
-~ ! [ 1 ’ T I [ M E[i
— | e JU T ) PANIIRD) *
i .
(B no‘- (113 t | s !
: o ‘
i [P P TITTY : ~ $.000 -
- 1 \ % @ SUPPORT COLUMN
: .
) ' [ t
P X 17600
il e 1,400 003 [ | !
I / ;
— | C— | | H | N
= 987
) : . ' RYTHTIRS *
RS j e i I i T
i vent WG, | AR P iy OB S IE g ¥y
3.000¢,008 FINT VST
l — Y T T LA LL L G S P
- AR Ll Y UM RV A (LD
@____.__@.\ L B % ERLET FR Y70 S R
. ST 8 i ET e
[ty
I k | \\‘0 sl Ll ney. @t l -
P T ) | h-;’;,& L e w0, “TY‘—' - x .-.mm: WATIONA ACCELENATOR LA Tovy
! J WITD 1S GO i e
’ #a0e § 2.3985.000 T, rQLE s - Jibs A0 DG TOR

MET]

i3
i 112 3740 ezz W23

TR TIR e e T

7
15 P M”%‘F LADRON C M
{3 MM TEST TIE BAR (Jd} MTH TEST L INKAGE PLATE L1NKA




} REV. DESCRIPT(ON ) kil
) A APPD.

MARK DHRECT{ON OF ECCENTRICITY
AND MARK:*S D* & *INCONEL 718* AS SHOWN

3.8821.016

3.570

562 HEX — 625 1.058 1.825

TACK WELD
R.250 \
4
$1.8722.016 % —r

$1.739%2,004

\
)

.049

g‘:}/ ¢1.214 ’ ) T
N 1 7

2 HEX. BAR STOCK SST TY-303]
1 PIN INCONEL 718} 4
ITEM|  PART NO, DESCRIPTION OR SIZE ary.
L062 X 45°* CHAMFER PARTS LIST
TYP, (2) PLACES . UHLESS OTHERWISE SPECIFIED | ORIGINATORIK . PR IMDAML 2~Z1-~8¢
! XX ) XXX | AcLes | DRAWN S.L, MEREDITH {2-21-8¢
b . 005]* 5 |ouEexed
1. EMEAX ALL BARP Epcts | APPROVED 4‘1 +
1794 MAX,
NOTE . 2. 00 NOT SCALE DIRAWING, USED OM
. 3. QIVMENSIONS BASED UPON
: ANSI Y14, SM1982
1. PIN SHALL BE SILVER PLATED TO A .0002 THICKNESS. : - ‘“"-‘a}i“"- FMFACES | MATER 1 AL
2. PIN SHALL BE AGE HARDEN BY PRECIPITATION HEAT TREATMENT: :
PIN SHALL BE MEATED TO 1350£25°F AND HMELD AT THAT TEMPERATURE FOR 8 HOURS. He, FERMI NATIONAL ACCELERATOR LABORATORY
PIN SHALL BE COOLED TO 1150425*F N THE FURNACE AND HELD AT THAT TEMPERATURE N UNITED STATES DEPARTMENT OF ENERGY
UNTIL TOTAL RECIPITATION HEAT TREATMENT TIME HAS REACHED 18 HOURS,

PIN SHALL BE AJR COOLED TO ROOM TEMPERATURE.

DO DETECTOR END CALORTMETER
MIDDLE ECOARSE) HADRONIC BOTTOM MODULE
SMALL _ECCENTRIC DIA. BACK LINKAGE PIN

FILED | ORANING MABER )

2:1 5740.222-MC-273870

e CREATED WiTH 1-DEAS 4.0 | USFR NAMF:SIRA#{F| FE




) )’ REV. DESCRIPTION ‘ ‘:: ::::
MARK DIRECTION OF ECCENTRICITY
AND MARK: L D* & *INCONEL 718° AS SHOWN 3.8824.016
3.570
'
— . 525 1.058 1.825
562 HEX b=
TACK WELD
X R.250
§ \
| — y' ;
] #1.8724.016 AN $1.7394,004
049
$1,370
AR |
v 11 - - -~z - _ - L
| 78 / f
\/ #1.214 \
“*«..,__ )
A Ny
N ! -
—{ : ) 2 WEX. BAR STOCK SST 1v-303] 4
: PIN INCONEL 718| 1
iTEM PART NO, DESCRIPTION OR SIZE QryY,
062 X 45° CHAMFER PARTS LIST
TYP, (2) PLACES ] UNLESS OTWER®ISE SPECIFIED JORIGINATORIK . PR MDAHL 2~21-89
A XX | XXX | awaEs | DRAw S.t. MEREDITH [2.21-89
+ +,005]¢ 5 |odeckeD ]
1. gD AL suane goors | APPROVED €
2. 0O NOT SCALE DRAWING. | USED OM
> uming sty wo
4, WAK. ALL MACH, SURFACES MATER 1AL
, v
NOTE : : =& FERMI NATIONAL ACCELERATOR LABORATORY
1. PIN SHALL BE SILVER PLATED TO A ,0002 THICKNESS. q-F' UNITED STATES DEPARTMENT OF ENERGY
Z. PIN SHALL BE AGE HARDEN BY PRECIPITATION HEAT TREATMENT: DO DETECTOR END CALORIMETFER
PIN SHALL BE HEATED TO 1350225°'F AND HELD AT THAT TEMPERATURE FOR B HOURS, MIDDLE (COARSE) HADRONIC BOTTOM MODULE
PIN SHA COOLED TO 1150425°F IN THE FURNACE AND HELD AT THAT TEMPERATURE
T e T AR R B TAT 10N AT TREATMENT T1ME HAS REAGHED 18 HOURS LARGE ECCENTRIC DIA. BACK LINKAGE PIN
PIN SHALL BE AIR COOLED TO ROOM TEMPERATURE. seALL FILED | DRAWING rasmER ™
2:1 3740.222-MC-273871
CREATED WITH {-DEAS 4 0 ] USER NAME:SIMMIELEF
T LALMAGA B4 R AL AR A SLLARR RS AR A2 aa) T




Arrangement of Ec: Yric Pins

%, .
H-ERFJRRITS R P e

B L3 ol ML o,

B SN

Ao ATV~

. .
it O A
;
sk
A t

| S =D SMaLL oT A
Fccagarnre p

L = cAnee oya.
HCeco +r nre Vo

WAIN SPPOTT BLis PV AL

L Aadry




A TaTE
. ) “)’ REY. DESCRIPTION ) — pye
24.177
TYP,
‘ .780 3.308%,016 16.000+.018 :
& ND.10(.190)-24UNC-28 X ,250 DEEP
1/74-20UNC-28 THRD, HOLE, THRU, TYP. (4) PLACES
% TYP, (4) PLACES
1 TYP, #1.225 HOLE, THRU,
R1.250%,016 . TYP. (2) PLACES | [~ .500%.016
e S A - I H-
i ! 4.375 o,
TYP,
o TYPG. . . / J.921 m
3.3751.01 . 9
. - i F —— T,
o {NCONEL 718 - 2,062 v, - -
| | s | 2.172%.018
ol ie- 1.786%,018 . .
. | 1 Ei
TYP.
+.016
-500 —1, 371 §
; .502.08 X 45* CHAMFER
TYP, (4) PLACES
‘3.5522.016“’ MARK: *INCONEL 718* AS SHOWN ( )
e 7 470 %, 016 —e]
e 8 197 % . 016 6.300%, 016 ~————s ITEM|  PART NO. DESCRIPTION OR S$12E arY,
PARTS LIST
15,1452, 016 i UNLESS OTMERWISE SPECIFIED | ORIGINATOR K . PR IMDAHL }2-21-39
: N . XX XXX | awcLts | DRAWN S. L. MEREDITH {2-21-89
19.0632,016 ——t 3 .0212.005]2 5° |cHECKED
1, BREAX ALL SHARP TOGts | APPROVED
1764 MAX,
21.245 3. DO MOT SCALE DRAwING. | USED ON
3. DIMEMBIONS BASED UPON
AMST TIA, S-1987
22.8617 4. MAX. ALL MACH, SURFACES | \ATERIAL
NOTE - s INCONEL 718
1. UNLESS OTHERWISE SPECIFIED

ALL DIMENSIONS ARE FROM SHARP CORNERS.

2. TIE BAR SHALL BE SILVER PLATED TO A ,0002 THICKNESS.

3. TIE BAR SHALL BE AGE HARDED BY PRECIPITATION HEAT TREATMENT:

TIE BAR SHALL BE HEATED TO 1350425°F AND HELD AT THAT TEMPERATURE FOR 8 HOURS,
TIE BAR SHALL BE COOLED TO 1150%.25'F IN THE FURNACE AND MELD AT THAT TEMPERATUE
UNTIL TOTAL PRECIPITATION HEAT TREATMENT TIME HAS REACHED 18 HOURS,

TIE BAR SHMALL BE AIR COOLED 70 ROOM TEMPERATURE.

e, FERMI NATI
qF UNITED

ONAL ACCELERATOR LABORATORY
STATES DEPARTMENT OF ENERGY

00 DETECTOR END CALORIMETER
MIDDLE_(COARSE) HADRONIC BOTTOM MODULE
BACK TIE BAR DETAIL

FOALE FiLED

1:2

DRANING MABER

3740.222-MC-273872

ARAARME MAALALAS MR MRS RS AR MEAL LSS REMCALMS SLALALAS RAALMLMS MAALAAL LR AL NS RS

CREATED WITH 1-DEAS 4.0 l USER NAME:S{MMIELEE




e’
v
'

eV, DESCRISTION = [ ::
TYP.
7.250
.~ 2,375 3.504%, 005 — — .S00 X 45°' CHAMFER
TYP. (4) PLACES
TYP, @ 1,383,005 HOLE, THRU
* * td * - 0
—= 1.000 p=—, [TYP. (2) PLACES Se
///’/' ,[\ /L~ =,
—8r— —8r— =
4.375
TYP.
13,875
qj K +/ Tf B -
\Z ~ 2.188%.005 -
—<T;»-— —(?)_ =
1TEM] PARY ND DESCRIPTION OR SI2% vy,
\ PARTS LIST
L 20UNC-28 THRD. X .312 DEEP THRD. HOLE MARK: " INCONEL 718" TYP. e T (e ok KEEMPE T2
pa — 500 e LT B ) ——
TYP. (4) PLACES ‘.m&mw- APPPRIAD
- ) e s e [ o
NOTE . . R Ve, 718 PLATE
{. PLATE SHALL BE AGE HARDEN BY PRECIPITATION HEAT TREATMENT: T —p—
. UNITED STATES DEPARTMENT O ENERGY
PLATE SHALL BE HEATED TO 1350+25°F AND HELD AT THAT TEMPERATURE FOR 8 HOURS.
PLATE SHALL BE COOLED TO 1150£25'F IN THE FURANCE AND HELD AT THAT TEMPERATURE RDOLE FADAON G BOTTS - TER
UNTIC TOTAL PRECIPITATION HEAT TREATMENT TIME HAS REACHED 18 HOURS. ATk ME AL CAL CoMNE T ODULE
PLATE SHALL BE AIR COOLED TO ROOM TEMPERATURE. BACK MECHANICAL_ .
1 x 3747, 222-18-273873
CFEA_"’L'H'H CEMODN YeASION 1.64

/07718 11.29.08 93642


http:11.29.08

Appendix 2

Design Calculations
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Appendix 3

Strain Gage Results
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