
INTRODUCTION
In late 2013, Electroimpact was working on a proposal for Boeing for 
automated machinery to replace their aging ASAT3 737 spar 
assembly machines. The new SAL (Spar Assembly Line) machines 
were required to be approximately half the size of the ones they were 
replacing in order to facilitate two of them working on a single spar 
at the same time. One of the largest obstacles facing the 
miniaturization of the new machines was reducing the size of the 
fastener feed system.

The old machines used a combination of hoppers and hangers for 
feeding bolts, and vertical cartridges for feeding slug rivets, nuts, and 
collars. The rack of 42 hoppers alone was 3m long in the X-axis, 
longer than the entire new machine. In addition, when feeding nuts 
and collars, only one cartridge could be installed at a time. An 
operator was required to swap cartridges as part of the tool change 
carried out each time a different fastener type/diameter was required. 
Boeing mandated that the new machines carry out tool changes 
without operator assistance. That meant that over 67 different fastener 
type/diameter/grip combinations along with four collar and four nut 
diameters would need to be carried on the machine at all times.

In addition, even though two machines would now be working on the 
spar at the same time, each machine was required to be faster than the 
machine it replaced. With all other aspects of the machine benefiting 
from 20 years of development toward faster cycle times, the new 
fastener feed system would have to significantly quicker than the 
system it replaces.

CONCEPT
Work began on a remote feed system using conventional hoppers and 
vibratory bowls that would send fasteners to the machine when called 
on. This remote feed system would sit just outside the manufacturing 
cell and send fasteners to the machine through the x-axis cable track. 
Unfortunately, it became apparent early on that a system like this 
could not supply the fasteners quickly enough due to the transit time 
over the long fastener feed tubes required to reach the machine.

Next, an intermediate feed system called a buffer was considered 
which would be located on each machine. The buffer would store a 
small number of each fastener within reasonable distance to the tool 
point and would then be reloaded from the centralized feed system. 
This concept would meet the required cycle time spec but it 
essentially meant building two complete feed systems for each 
machine. This represented unfavorable cost, complexity, and 
maintenance downtime risk.

The final attempt at this concept was a “centralized feed system” 
where one remote feed system would supply fasteners to multiple 
machines, each carrying a buffer feed system. Although this concept 
showed a reduction in cost and part count, it increased the complexity 
and also increased the risk since more than one machine would be 
affected by a failure on the centralized feed system.

It has been said that “necessity is the mother of invention”.

At this point, it became obvious that to succeed with the proposal, a 
break from convention was required. Development began on a new 
feed system that was small enough to fit on the machine, fast enough 
to support improved cycle times, and with a capacity large enough to 
feed the full range of required fasteners without operator intervention.
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The new invention is called the Plate Cartridge Flexible Automatic 
Feed System.

DESCRIPTION
The Plate Cartridge feed system is comprised of three main parts. The 
Plate Cartridges which store the fasteners, the On-Line system which 
removes the fasteners from the cartridges and sends them to the tool 
point, and the Off-Line system which re-loads the cartridges once 
they are empty.

Plate Cartridges
The plate cartridge is an assembly consisting of closely spaced vertical 
columns each with an integrated, passive, two-finger escapement 
mechanism at the base. Depending on the size of the fastener, there are 
eight to sixteen columns in each plate. Bolts and other headed fasteners 
use columns with a round cross section, nuts and collars use columns 
with a rectangular cross section. Each plate cartridge also has a Balluff 
RFID chip to carry details such as type and quantity of fastener in each 
column. The plates weigh approximately 6-10 kg (13-22 lbs) each 
when full and are sized to carry the maximum amount of fasteners 
possible without exceeding the customer’s manual handling ergonomic 
limits. The cartridges also have a spring loaded gate at the top to ensure 
that fasteners do not fall out during transport from the off-line filling 
station to the online system.

Figure 1. Plate Cartridge for Bolts

Figure 2. Plate Cartridge for Nuts and Collars

A typical cartridge has lightweight aluminum framework joining the 
base plate with the top plate. There is an escapement plate fastened to 
the base plate. The escapement plate houses pairs of spring loaded 

escapement fingers and actuators, one pair for each column. The top 
plate contains a spring loaded gate. Suspended between the base plate 
and top plate are a series of parallel HDPE tubes in which the 
fasteners are stored head-to-tail. The Balluff chip is mounted to the 
back of the cartridge and a handle is mounted to the front.

Figure 3. Plate Cartridge Exploded View

In a collar/nut cartridge; the baseplate, top plate, and parallel 
channels (taking the place of the tubes) are machined from a single 
piece of Delrin plate, with a polycarbonate cover added to close out 
the feed paths.

The escapement finger and actuator pairs are shown in the figure 
below. When the machine requests a fastener from a column, the left 
actuator is raised against its spring, withdrawing the lower 
escapement finger from the column and letting the fastener drop from 
the cartridge. This actuator is then allowed to return to its at-rest 
position. To re-index the column, the right actuator is raised against 
its spring, withdrawing the upper escapement finger allowing the 
column of fasteners to drop down to the lower escapement. The next 
fastener is now ready to be released.

Figure 4. Escapement Process

On-Line System
The first iteration of the online system is designed to feed fasteners, 
nuts, and collars to the machine’s tool point for automated 
installation. Due to the overall machine constraints, the resultant 
system is very compact, lightweight, and modular. It consists of a 
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