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INTRODUCTION

Cryostats need to be constructed underground for the
DUNE experiment at SURF. Each are constructed from
a framework of large steel beams. Logistical challenges
involve transporting the beams down the Ross Shaft.
The longest beams, Beam G, will be pulled out of the
Ross Shaft 4850L Station from the North Skip
Compartment using a winch. The pull force needs to be
calculated to specify the winch required to extract the I-
beam.

Constraints
The pull force depends on the max. load capacity of

Additionally, the displacement out of the shaft was given
at 10ft. Finally, due to the hanging position of the I-beam
and the pull of the winch, there is a swinging motion of the
I-beam out of the shaft—forms an arc (s = R6).

Constraints

Max. Height Under Crane Hook

of Work 1.0 skip

| Ross Shaft i ion Skip ("REP 20: Cage" and "UGI H1227
Center of Ross Steel Set| 21 150 i0
North Skip 17 183 14
Center Line of North Skip Hook Height| 08 1457 2.4
Max. Load Constraints:| 1.1 136 05
Lift load off Skip Floor:| - 06 -

L8 TON
Mas, Material Mass on Integrated Hoist inside of Skip: 18739 85
Max. Hoist Capacity Requirement:| 25353 115
Tare and Payload:| 37000 1638

I-Beam Ci ints ("Doc No.: ST0806378_04")

3. Using concepts from Conservation of Energy, the
work-energy theorem for motion along a curve for
initial position to final position of the bottom of the I-
beam 10ft out of the shaft is[!]

Py

J F cos@ dl

Py

W = Fys = (F cosf)s =
]

= f(w tan®@) cosf (Rd6) = wR(1 — cosH)

0,
Results

The static and dynamic mathematical results for the pull
force 10ft out of the shaft are as follows:
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’ rom CL of Skip Rope to Drift Ceiling 146 is
t f th h ft Rope hoist in Skip Leny 09 it U7 14.0 m = 350
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leasures m!! -Direction -Dir n
Displacement’ A in meters (m) 3.05 1396
R onclusion
Bridge crane Time At in seconds (s) 60 60 .
Average Velocity ™! AV in meters per second (m/s) 5.08E-02 2.33E-01 The pu|| force Of 24625 Newtons (5536 ft—le) Wlth a pOWer
szmgeA(refEruU‘unm a in meters per second-squared (mlsll 8.47E-04 3.88E-03 of 1 84 kWattS (247hp) us'ng the max. |oad CapaCIty
[1] Note: The following are assumptions based on design specifications. 11500kg (2 5353 le) Of the North Sklp Cage iS Sufﬁcient tO
2 v {21 Mot The are based on: . The rafes will I factvary pull the I-beam out 3m (10ft) given its mass is 7500kg. The
= Table 2. Basic kinematics for motion of I-beam 10ft out of Ross Shaft . . . .
Fputt ) selection of winch ought to match the power required to pull
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4 2. The pull force was derived from the x-component, 3F;, = {he |-beam out of the shaft.
A Fpuu — Tsin® = ma, = 0 (N), and the y-component, ¥ F, =
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| \ Tcos6 —w = may = 0 (N), of the sum of forces involved.

SCPs Set T equal to each other to solve for the pull force as
Figure 2. 3D model of Ross Shaft 4850L Station with incorporated fO”OWSI
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