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Larry Bolton was a component engineer assigned to the Minuteman program from 1969 to 1975. In support
of the Minuteman program, we purchased a plated wire element and a raw tunnel structure. These were
used by UNIVAC St. Paul to build the plated wire memory assembly. Larry Bolton’s function on the
Minuteman program was to monitor suppliers to ensure that the program received plated wire and tunnel
structure materials that met the specification requirements.

Clint Crosby was an Applied Research engineer assigned to the Minuteman program and was part of a
plated wire element analysis group from 1969 to 1980. Clint was involved with plated wire testing, plated
wire manufacturing support at Bristol, and Minuteman memory module fabrication support at St. Paul.

Jim Howe was the lead engineer for the three generations of plated wire memories for the Minuteman WSC
computer (the EDM, ADM, and production versions), and was the lead engineer for a company-sponsored
wide-margin plated wire memory design that was done as a backup to the three Minuteman memories.
Unfortunately, even though it was a great success, it wasn't needed (customer political implications).

PLATED WIRE PROGRAM

UNIVAC Commercial in Philadelphia, PA, had developed a continuous chemical plating process to put a Ni-
Fe magnetic plating over a 5 mil beryllium-copper substrate wire. Manufacturing was located at Univac
Commercial in Bristol, Tennessee. The finished product was used in the 9000 series and initial 1110
commercial computers as well as on the Minuteman program.

Plated Wire Substrate

The beryllium-copper wire substrate material was delivered to Bristol in the form of 20 mil wire spools. The
20 mil wire was drawn down to 5 mil wire through a machine having multiple dies. The 5 mil wire was loaded
onto a spool at the end of the drawing process. The completed spool was stored in a sealed plastic bag to
minimize the formation of beryllium oxide on the surface of the substrate. Beryllium oxide is a hard, glasslike
material that could contaminate a wire die in the wire drawing process by causing a groove (gouge) in the
substrate surface. Beryllium oxide could also cause poor adhesion in the Ni-Fe plating process.

Plating Process

A beryllium-copper substrate wire reel was installed on a wire plater, by threading the wire through plastic
modules (cells). Each of the cells had a unique solution flowing through the cell that etched, plated, or
flushed the substrate wire surface. A small current was passed down the wire from the substrate source reel
to a test cell at the end of the manufacturing sequence. The current was used to “attract” material in the
plating steps as well as create a small magnetic field to help magnetically orient Ni-Fe particles.

The first major step was an anodic cleaning to remove contaminants such as oil from the wire drawing
process. Cleaning was followed by a rinse and an etching process to prepare the wire surface to remove
any Beryllium oxide. After another rinse, a copper underplate was added to provide a uniform roughness to
the surface. The Ni-Fe (Permalloy) plate was added between two more rinses. The plated wire
characteristics were continuously evaluated at the end of the plating process by an online tester. When a
failed spot was detected, a cutter was activated, and a new wire was initiated. The short piece was
discarded. If 16 inches of the wire passed without a bad spot, the wire was cut and loaded into a plastic tray
that had separate grooves for each wire. According to the plated wire procurement spec for Minuteman
(Procurement Drawing #7903591), a surface protectant coating was finally added by dipping the finished
plated wire trays in a benzotriazol solution. Figure 1 is a simplified block diagram of the plating process.
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