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The purpose of the test was to experimentally verify that the
connector scheme designed for the top half of the MH ring (end
calorimeter) was adequate for the expected structural loads. The test
proved 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 connected at the outer radius by a link, which is pinned to
each front plate. The expected forces at each of the 16 connections
vary from 1400 1b to 69,000 1b (Appendix 1). At the inner radius,
the forces are known to be compressive; hence, the edges of the front
plates will be allowed to bear directly upon one another.

Since it is desirable to minimize the volume of material used,
an Inconnel connector plate and pins were chosen. Furthermore, it
was observed that the forces between the 9 modules of the top half
of the ring are all less than 7,700 lb. Accordingly, a connector was
designed for the top half of the ring, with the intention that a
separate design be performed for the bottom connections.

Test Setup

We tested an Inconnel 3" x 8" x .25" connector plate, a stainless
steel cover plate, and a portion of a stainless steel front plate, using
two Enerpac model RC-251 hydraulic cylinders. The cylinders were
powered by the same pump, with an effective total area of 10.30 in2.
The Inconnel plate and pins had been solution annealed, then age-
hardened (a heat-treatment) to realize the full capability of Inconnel.
This process will be described in more detail in a separate report.
Dimensions were carefully measured before assembly.

The Inconnel connector plate was assembled between the front
plate and the stainless steel cover plate, and secured with a 0.75"
Inconnel pin. The cover plate was attached with two 0.625" Inconnel
pins and a single 0.5" stainless steel bolt (figure 1). To measure
strain of the Inconnel connector plate, four 0-600-1200 rosette
strain-gages were employed. The movement of the pin end center

~points was measured with four separate surveyor's sighting
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Figure 1: Test Set up
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instruments, all calibrated to the same reference point. The
difference between the pin heights was used to determine the
elongation between the pins.

Procedure

Starting at 400 psi, the load was increased by increments of
200 psi, recording the strain gage readings and elongation at each
interval. The combined surface area of the hydraulic jacks was 10.30
in2; accordingly, each successive 200 psi increase generated an
additional 2060 1b. Pressure was decreased in similar increments
back down to 400 psi. At each increment, we measured the
clearance between the bottom of the cover and front plates by using
a feeler gage. Two cycles to 10,300 1b resulted in consistent data.

The load was then increased, in 200 psi increments, until
permanent deformation was evident Finally, the connector was
disassembled and dimensions compared to those from before testing.

MFH Top Half Ring Connector Test
October 24, 1988
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Figure 2: Pin to Pin Elongation
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Results

When tested to 1.25 times the design load, the connector
deformed elasticity, with nearly duplicate results on the second
cycle, The cover plate moved a couple of mills with respect to the
front plate, but did not completely return when unloaded. The cover
plate slipped until the 0.625" pins came into full bearing, after which
the deflection was elastic.

Failure occurred near 27,000 1b. In Figure 2, pin to pin
elongation is plotted as a function of load. At the point of failure, the
0.75" pin began to deflect unevenly. The data for the cover plate
side indicates that beyond 27,000 1b there is no further pin to pin
elongation; in fact, the 0.75" pin was tearing its way through the
cover plate. The front plate side's elongation subsequently appears
to increase in slope; however, this was merely a result of the
changing pitch of the pin.

The strain gages verified the the loading via the hydraulic
cylinders was accurately measured. The Inconnel performed
elasticity as can be seen in figure 3. The permanent deformation of

MFH Top-Half Ring Connector Test

October 24, 1988
60000

50000

40000

30000

20000

Maximum Stress Intensity (psl)

10000

o 10000 20000 30000 40000
Force (Ib)

Figure 3: Inconnel Link Stress Intensity
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the parts (figure 4) shows that the greatest deformation occurred in
the stainless steel cover plate about the 0.75" pin. A small local

deformation occurred in the Inconnel

of the 0.075" pin.

Conclusion

plate due to the twisting effect

The connector design is acceptable for the loads expected
between modules of the top half of the MH ring.

Before test

After test
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Figure 4: Cover Plate Dimensions
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Connector Force Calculations
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Appendix 2

Drawings
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Appendix 3

Test Data



MH Connector Test, October 24, 1988 E= 29800000
Jack Load: 1000 psl 103001b v= 0.3
.Measured Adjust for  Adjusted Stress  Max Princ Min Princ Theta Maximum X-Dir Y-Dir Xy
. Strains  first zero  Strain intensity Stress Stress Shear Stress Stress Shear
(x10e6) (x10e6) (x10e86) (psl) (psi) (psh) (degrees) (psi) (psi) (psi) (psi)
#1 436 436
Front Plate " 49 49 13114 13114 140 3.9 6487 13053 201 887
Side, Edge -18 -18
#2 398 398
Front Plate 28 28 12052 12052 635 0.5 5709 12051 635 93
Side, Center 21 21
#3 385 385 :
Cover Plate 35 35 11657 11657 575 1.6 5541 11648 584 318
Side, Edge 11 11
#4 350 350
Cover Plate 18 18 10612 10612 599 -0.7 5006 10610 600 -119
Side, Center 27 27

page 10



MH Connector Test, October 24, 1988 E= 29800000
Jack Load: 2600 psi 267801b v= 0.3
_Measured  Adjust for  Adjusted Stress  Max Princ Min Princ Theta Maximum  X-Dir Y-Dir Xy
“ Strains  first zero  Straln intensity Stress Stress Shear Stress Stress Shear
“{(x1006) (x10e6) {x10e6) {psl) {(psh) {(psi) {degrees) {psi) {psi) {psi) {psi)
#1 1222 1222
Front Plate 158 158 36915 36915 718 4.5 18099 36697 937 2806
Side, Edge -54 -54
#2 1116 1116
Front Plate 94 94 33821 33821 1826 1.1 15998 33808 1838 635
Side, Center 48 T 46
#3 . 1150 . 1150 .
CoverPlata =~ - 70 ‘ 70 34526 34526 808 1.0 16859 34518 819 5986
- Slde,Edge . 25 - 25
L #4 o088 1063

Covér Plate
 Side, Cen

27 32089 32089 1287 -1.6 15401 32069 1307 -781
86 .

page 22



MH Connector Test, October 24, 1988
Jack Load; -.3800ps] ...
Measured .. Adjust fo

Ad)

'391401b
usted  © Stress

traln -~ Intensity

53980

48889

first- 26 wai
X 7 (%1008) - (psl)

#1 1784
Front Plate 235
Side, Edge . -68

#2 . 1604 2 1604
Front Plate 149 149 ¢
Side, Center 96 ‘ 88

i
ST 428
‘5;:;;’ 1 6. B

52475

48505

Max Pﬁﬂc i‘n',;{grinc " Theta -
Stres
(psi (degrees)
1381 4.4
48889 3587 0.9
52475 1194 1.7
48505 1473 1.2

.. page28

E= 29800000

v= 0.3

Maximum X-Dir Y-Dir XY

Shear Stress Stress Shear

(psh) (pst) (psi) {psi)
26285 53673 1688 4010
22651 48878 3598 701
25640 52432 1237 1482
23518 48486 1493 -966



