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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 al ternating 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 lb to 69,000 lb (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 ex act loads are only estimates since it has not been determined 
how tIie MH ring will be supported on the OH ring. As a result, a 
design load of 80,000 lb was used. This capability is sufficient for 
any of the .current 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 lb. 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 lb. Clearly, the S.S. 
304 parts are acceptable for a 7,700 lb load, if the Inconel is 
acceptable for 80,000 lb. 

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 orietltation 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-I002 hydraulic cylinders. The cylinders were powered 
by the same pump, with an effective total area of 39.28 in2• The 

I"" 	 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 straih 
gage readings and elongation at each interval. The combined surface 
area of the llydraulic jacks was 39.28 in2; accordingly, each 
successive 500 psi increase generated an additional 19,640 lb. 
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Figure 1: Test Set up 
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Pressure was decreased in similar increments back down to 200 psi. 
Two cycles to 98,200 lb 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 lb, the pin to pin elongation of the 

back plate increased elastically at a slightly greater rate than the 
cover link. Beyond 100,000 lb, 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 lb, 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 lb, where the slope began to increase. This 
verifies that 100,000 lb is the yield point (Appendix 3). 

MCH Back Bottom Fastener Test 
April 28, 1989 
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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 lb, which is 1.25 times the design 
load of 80,000 lb. Therefore. the fastener design is acceptable for the 
loads expected between modules of the back of the MeR ring. 
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MARK DIRECTION Of ECCENTRICITY 
AND MARK;'S D' & 'INCONEL 718' AS SHOWN 

TACK"'LO~ 

¢1.370 

) 

3.882:t.016 

I 
3.570

i"'T'O,,~ ,. 
1.825 

\ 
~ 

REV. DESCRIPTION )1- 1'':;_. ...n 

:1 

X 45' CHAMfER 
(2) PLACES 

THICKNESS. 

R.250 

.049 

-~ 
...--,

HEAT TREATMENT 
HELD AT THAT TEMPERATURE ,OR 8 HOURS. 

IN THE ,URNACE AND HELD AT THAT TEMPERATURE 
TREATMENT TIME HAS REACHED 18 HOURS. 

TEMPERATURE. 

¢1.739:t.004 

III + III 

2 HEX. BAR-STOCK SST TY-JOJ 

PIN INCONEl 718 

ITEM PART NO. DEseR I PT ION OR SIZE I CTY. 

PARTS LIST 
ORIGIN~TORIK. PRIMDAHL 12-21-8f 
DRAWN IS. L. MERED I TH 12-21-8~ 
CHECKED 

1. 1I01Al< ............ U>C1:' IL:~..;,.;.P.;.R;;;O.;.V::EO=-...I..________J...__--: vu t.&U, r 
•• OO ...T ....., _'NC. USED ON 
l. QIWNtI('IMS I"SCO Uli'CfoI 

AHSI Yl •• w..I'U 

•• - ...., ...C>!. """"""IMATERIAL 

or 
~ FERMI NATIONAL ACCELERATOR LABORATORY 
~ UNITED STATES DEPARTMENT or ENERCY 

DUNTECI0fr[ND CALORTM 
MIDDLE (COARSE) HADRONIC BOTTOM MODULE 
SMALL ECCENTRIC DIA. BACK LINKAGE PI 
2~ 11 ".- 1S7'4G.'222-MC-2738701 

u~r'! "AU,: <:, ioJ" II'" r:" 

.062 
TYP. 

NOTE: 
1. PIN SHALL BE SILVER PLATED TO A .0002 

2. 	 PIN SHALL BE AGE HARDEN BY PRECIPITATION 
PIN SHALL BE HEATED TO 1350:t25', AND 
PIN SHALL BE COOLED TO 1150:t25',
UNTIL 	 TOTAL RECIPITATION HEAT 
PIN SHALL BE AIR COOLED TO ROOM 



) )I REV. DESCR IPTI ON '; ~ I-DATI 
~. DAft 

MARK DIRECTION OF ECCENTRICITY 
AND MARK: 'L D' & 'INCONEL 718' AS SHOWN 

I 

, 3.882±.01fi

1---------3.570 ,I 

NOTE: 

¢1.370 

.062 X 45' CHAMFER 
TYP. (2) PLACES 

1. PIN SHALL BE SILVER PLATED TO A .0002 THICKNESS. 

. 625 ,I. 1.058 

R.2S0 

.049 

1 

2. PIN SHALL BE AGE HARDEN BY PRECIPITATION HEAT TREATMENT: 

PIN SHALL BE HEATED TO 1350±25'F AND HELD AT THAT TEMPERATURE FOR 8 HOURS. 
PIN SHALL BE COOLED TO 1150±25'F IN THE FURNACE AND HELD AT THAT TEMPERATURE 
UNTIL TOTAL PRECIPITATION HEAT TREATMENT TIME HAS REACHED 18 HOURS. 
PIN SHALL BE AIR COOLED TO ROOM TEMPERATURE. 

•1-----1.825 'I 

.' 

III + III 

2 HEX. BAR STOCK SST TY-303 

PIN INCONEL 718 

ITEMI PART NO. DESCRIPTION OR SIZE CTY, 

PARTS LIST 
OAIGINATORIK. PRIMDAHL 12-21-89 

_£5 I [)RAWN IS. L. MERED ITH 12-21-89 
CHEC1<EO 

11•• IMx, I. 
1 ...tAl( ... _ £I)Ot. 1t.:~~P.:.R:::O.:.VE:;O::"'..J..________J..__-I 
2. 00 HO' SeAlE _'NC. USED ON 
3. OIU[frf$IONS """0 I.JI'OM 

Atdil Yn .... ' ..2 

t, '41.)1. ALL MACH. "",,'Aet:S IMATER IAL 

r 
~ FERMI NATIONAL ACCELERATOR LABORATORY 
~ UNITED STATES DEPARTMENT O' ENERGY 

DO D~TECTJR END CALORIMETER
MIDDLE COARSE HADRONIC BOTTOM MODULE
LARGE ECENTR CDIA. BACK LINKAGE PI 
2~; 11 "lle 137'4tT222-MC-273871I 
\"or\t;.""t;.U nl In r-ut.I'\.:l ",V USER NAME:S1~iELEf 

i I Iii If' i ; i , i , ; ; ! , ~- .



...... o 

-

~ ~ 

« . ~ 

I I.. 
! 
I '1: ~! ~i II-
I 

" 

~I I 
i I 
I 
i
I 

"I i. 
! 
i I j 



r~tt: 
REV. DESCRIPTION )

) 
DArt)1 --. 

1 !
r"o<OI' 
I 
I 


1 


r- ,t 
i 


, 

24.177 .\ 

.780-H3.308:1:.016 I TYP. 
I 6 . 000 :I: • 0 1 6 .) 

; NO.10(.190)-24UNC-28 X .250 DEEP 
1/4-20UNC-28 THRD. HOLE. THRU. TYP. (4) PLACES 

\ TYP. (4) PLACES 

, TYP. ~.' .225 HOL'. 'HRU.Rl.250:l:.016 TYP. (2) PLACES
TYP. 

I "KI /-~ -ii- I 
+- I 

71'J TYP. 

( I I -, 14.175 -~f-

\ $, 
TYP . 

""lOl' ... ••• 3.921 

••• ./,. "F , TYP. f I--- -I-----

INjEL 718 '<-V J JTYP 2.062 TYP. 
I I ,.786tOi6·1 2.17y.016

-II 11- - ~f-
"- I I 

1 

iN""El "" AS..., 
I~ .50'.0' X 45' CHA"'" 

L-

TYP . 
. 500:t.016 - I- t1,371 

~3.552:1:.016-
TYP. (4) PLACES 

7.470:1:.016-

I 
8.197t.016 6.300 ±. 016 ITElA PART NO. DESCRIPTION OR SIZE IOlY. 

PARTS LIST 
15.145:t.016- \.HLtsS 01'Hl;:ftW1S( SP[<:I'I£I) ORIGINATOR K. PRIMOAHL 2-21-89 

.' .xx I .xxx IloHCI.u DRAWN IS.l Mf"RF'fH H. 2-21-89 
19,063:t,016- ! .02 I!. 005 I! 5' CHECKED 

t > ...tAK Al.L SHNtP tl)QU APPROVED 
V14 MU. 

21.245 2. DO NOT SCAlo[ DlU.WING. USED ON 
". DI":HS Ict.IS IAStI) \.POH 

Not51 TH.~,.a2 

22.617 t, WAX, ALl .acH, $UR".C£, IdATEIIIAL 

NOTE: r I NCONEL 718 

1. UNLESS OTHERWISE SPECIFIED ~ FERMI NATIONAL ACCELERATOR LABORATORY 
ALL DIMENSIONS ARE FROM SHARP CORNERS. ¥ UNITED STATES DEPARTMENT OF ENERGY 

2. TIE BAR SHALL BE SILVER PLATED TO A .0002 THICKNESS. 
3. TIE BAR SHALL BE AGE HARDED BY PRECIPITATION HEAT TREATMENT' DO DETECTOR END CALORIMETER 

TIE BAR SHALL BE HEATED TO 135D±2S'F AND HELD AT THAT TEMPERATURE FOR 8 HOURS. M!DDLE ~COARSE) HADRONIC BOTTOM MODULE 
TIE BAR SHALL BE COOLED TO 115D1.2S'F IN THE FURNACE AND HELD AT THAT TEMPERATUE B CK TIE BAR DETAIL 
UNTIL TOTAL PRECIPITATION HEAT TREATMENT TIME HAS REACHED 18 HOURS. 
TIE BAR SHALL BE AIR COOLED TO ROOM TEMPERATURE. seAL' 1 n""" 

1 : 21 13740~222-MC-2738721-' 
CREATED WITH I-DEAS 4.0 USER NAME: S IMM IELEE 
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- I ..... q..-.NEV. OESC'..."!' 100 
r .... 

I.. 8.250 "I 


TYP. 

I.. 7.250 -I 


I- 2.375 .. I- 3.504±.005 .500 X 45' CHAMFER 
TYP . (4 ) PLACES 

TYP. ¢ 1.383±.005 HOLE, THRU. 
~ , .000 t--, ~.500TYP. (21 PLACES 

{ . 

l


-{eH -{~}-r '" r 
4.375 

TYP. 
',3.875 

2.188±.00S 

_J}- l-(e}- -,r/
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---;
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=.r 

I....-  1l"EM1 PIoRT ICJ. _ll'1'tOO til 1121: lar\'. 
PARTS I.IST 

TYP.l-20UNC-2B THAD. X .312 DEEP THRD. HOLE ~ MARK: "I NCONEL 718" 1-2H!9 
L- .500TYP. (41 PLACES 

..•• ..r,t"oIlt -." .... __I", ..... GIl-1
,I 

I:: :::: ::::.:~... '==:-::------------1NOTE: sv- 't~ 718 PlATE 

1. PLATE SHALL BE AGE HARDEN BY PRECIPITATION HEAT TREATMENT~ .::.H::. I'UlfI ..,.T low. ACCEI..IRATtIt LMCIIAT\:IrtV umm STATB __ a' _ 

PLATE SHALL BE HEATED TO 13S0±2S'F AND HELD AT THAT TEMPERATURE FOR 8 HOURS. DO DETECTOR END CALORIMETERPLATE SHALL BE COOLED TO 11S0±2S'F IN THE FURANCE AND HELD AT THAT TEMPERATURE MIDDLE HADRONIC BOTTOM MODULEUNTIL TOTAL PRECIPITATION HEAT TREATMENT TIME HAS REACHED 18 HOURS. BACK MECHANICAL CONNECTOR PLATEPLATE SHALL BE AIR COOLED TO ROOM TEMPERATURE. ..... M-'''- ~ ...I X 3741' .222-":8-27387 
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Strain Gage Results 




MCH Back Bottom Fastener 


Cover plate, O.A. (near top pin) 


April 28. 1989 
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MCH Back Bottom Fastener 

Cover plate, I.R. (near top pin) 

April 28. 1989 
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MCH Back Bottom Fastener 
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MCH Back Bottom Fastener 

Link plate, tR. (near bottom pin) 

April 28. 1989 
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