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This is a modification of the NuMI Carrier Tunnel Magnet Installation Cart (Engineering Note MD-ENG/03-
002). A lug is added between the existing lugs. The wire rope from the winch will attach at the new lug. All
modifications are shown in the drawing for the cart (8875.119-ME-427421).

Figure 1 shows the lug.
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Figure 1 — Dimensions of Center Lug

Let the force pulling on the lug be F = 3000-pounds. (In comparison, a 10,000-pound load pulled along a 9°
slope results in a force on the lug of 1564 pounds.) For a plate in tension that has a central circular hole in it, the
maximum stress that the plate sees is




t:=0.5 plate thickness (inch)
D: =35 plate width (inch)

r:= 0.625 plate hole radius (inch)
P := 3000 force (pound)

2 3
ko=3-3.13 25 )+ 366 25 —1.53-(3'5)
D D D

k = 2.279 constant

P

nom_stress:= ———————
t-(D-27)

nom_stress= 2.667 X 103 nominal stress (psi)

max_stress:= k-nom_stress

max_stress= 6.078 X 10> maximum stress (psi)

According to the ASD Section D1, the allowable stress shall Ft shall not exceed 0.60Fy, where Fy is the
material’s yield stress. For carbon steel, the yield stress is 36,000 psi, so the allowable stress is 21,600 psi. The
maximum stress of 6078 psi is less than the allowable stress, so the lug design is good.
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Fermi National Accelerator Laboratory

PPD / Mechanical Support / Engineering Analysis

Analysis of the Numi Magnet Cart

Zhijing Tang
October 31, 2002

A steel cart is designed to facilitate the installation of the magnet. This analysis is to
make sure that the design is structurally sound.

A finite element model is built using solid element. assuming all the material used in the
cart is steel. The weight of the magnet is 8050 Ib, and we apply 8400 1b as the load. The
weight of the cart 1s about 1484 Ib. The cart is tilted 9 degree.

The result shows maximum stress of 13157 psi and maximum displacement of 0.08 inch.
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For the convenience of manufacturing, the pivot design is changed from tube to blocks.
The blocks are made of 1 inch thick steel plate. and the height of the blocks is 3.5 inch, as

shown in the Figure. The maximum stress in the new pivot is 13297 psi. So this design is
also OK.
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