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1.2 Purpose

The purpose of this artifact is to describe the redesign of the elevator.

1.3 System Overview

The elevator is designed to provide the maximum possible vertical motion of the SCARA arm and
science module while staying under the 1.2m URC height restriction. It consists of 7 main

components:

* Linear Rail: 1.15m long C-Beam Rail from OpenBuilds. Provides vertical structure along

which the gantry plate can move.

* Lead Screw: Transfers vertical motion to the gantry plate.

* Gantry Plate: Point of attachment for arm or science module.

* Bottom Plate: Attaches linear rail to bottom of electrical box. Supports the weight of the
lead screw as well as anything attached to it (gantry plate, arm, and science module).

Provides alignment for the lead screw.

* Top Plate: Provides alignment for the lead screw. 180 degree mounting attachment for the

motor.

* Motor: Provides necessary torque to drive the system.
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* Belt and Pulley System: Allows the motor torque to be transmitted to the lead screw in a
180 degree configuration as opposed to a direct connection. This allows for additional
vertical height.

Figure 1: Model view of elevator design.
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Figure 2: Promotional material for OpenBuilds C-Beam Rail.

The linear rail forms the bulk of the elevator and consists of a 1.15m long section of C-Beam Rail
from OpenBuilds. The built in t-nut channels allows for attaching the elevator directly to the front
of the electrical box via L-brackets. Be sure that the elevator is always connected to the electrical

box by both the bottom plate and the L-brackets.
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Lead Screw

A precision trapezoidal 8mm metric ACME lead screw. According to the product specifications,
the sizing is defined as "Tr8%8-2p (4 starts)" with a 2mm pitch and a diameter of 7.8 (mm).
Additionally, they specify that this lead screw has been customized to work directly with the
OpenBuilds system. A 1.540m section was purchased and cut to 1.185m. The lead screw’s
primary function is to drive the gantry plate (and—in conjunction—the arm and science module) up
and down. The bottom of the lead screw features two threaded lock nuts which are tightened
relative to one another to create a jam nut. This jam nut sits upon a precision shim which, in turn,
presses on a flanged bearing which transmits loading to the bottom plate. Therefore, the weight of
the gantry plate along with any attachment is transferred into the lead screw and is supported by
the bottom plate using the jam nut and bearing combination. This can be seen in Fig. 3.

Figure 3: Lower extremity of the lead screw. Jam nut, precision shim, flanged bearing, and bottom plate can
be seen in descending order.

Gantry Plate

The gantry plate provides the interface whereby the arm and science module can be mounted to the
elevator. Rotary motion of the lead screw is translated to longitudinal translation of the gantry
plate via two nut blocks attached to the back of the plate. A 6mm spacer and a precision shim is
used to verify the relative distance between the gantry plate and the lead screw such that lateral
forces are not introduced due to improper alignment thus removing any bowing from the lead
screw. The gantry plate has four wheels that can be tightened onto the linear rail. These wheels
help the gantry plate traverse the rail smoothly and prevents twisting moments. In addition to these
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wheels, acetal (or Delrin) runners provide a clamping force between the gantry plate and the linear
rail. These runners prevent the gantry plate and lead screw from flexing forward due to the weight
of the arm. These moments and their associated mechanisms for counteraction can be seen in Fig.
4. Furthermore, the presence of the runners prevents the moments caused by the arm to deflect
gantry plate and, in association the wheels and lead screw.

Figure 4: Moments counteracted by various components associated with the gantry plate. Left: The four
wheels counteract torsional moments caused by arm configurations where the center of mass is off centered.
Right: The runners counteract moments caused by the weight of the arm. Notice the small flange extending
from the bottom of the runner. This provides the appropriate spacing between the gantry plate and the linear

rail to ensure further rigidity, thus keeping the plate parallel to the rail.

Bottom Plate

The bottom plate attaches the linear rail to the electrical box. It supports the weight of the rail as
well as the arm as transferred through the lead screw. The plate been machined in accordance with
the OpenBuilds system so as to ensure proper lead screw alignment in reference to the mounting
points for the rail. It has been optimized for minimum deflection and minimum weight as guided
by Altair topology optimization software. The plate features slots at the connection between the
plate and the electrical box so as to be adaptable to different electrical boxes and varying
tolerances in the sheet metal bending process. As such, the exact distance between the holes in the
box and the edge of the box becomes inconsequential. In addition, several areas are counter-sunk
so as to allow the M5 low profile mounting fasteners to sit flush with the plate as well as to provide
a housing for the flanged bearing. This bearing provides radial alignment for the lead screw and, as
previously stated, is the load bearing component of the lead screw and associated components.
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Top Plate

The top plate provides a mounting surface whereby the belt and pulley system can function (see
the following section for more information). As with the bottom plate, the relative dimensions
between mounting holes is such as to provide precise lead screw alignment as it passes through the
top, gantry plate assembly, and bottom. Keeping the lead screw as straight as possible is ideal for
proper elevator functionality.
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Figure 5: Stepper motor data sheet.

The motor is a 2 phase 1/4" shaft NEMA 23 "High Torque Series" stepper motor. According to
product specifications, the recommended range of operation is between 24-48 VDC. It’s listed
torque is 345 oz*in which translates to 2.436 N*m or 21.56 in 1bf. The motor attaches to the
underside of the top plate as seen in Fig. 6, 8, and 9.

Belt and Pulley System

The belt and pulley system allows for the lead screw to be driven by the motor while maintaining a
180 degree mounting configuration. The draw to a belt and pulley system over a direct drive
system is space saving. The lead screw connects to an OpenBuilds 3GT (GT2-3M) 20-tooth
aluminum timing pulley with an 8mm clamping bore specifically made for OpenBuilds lead
screws. The motor shaft connects with another OpenBuilds 3GT (GT2-3M) 20-tooth aluminum
timing pulley with a 1/4" bore. The two pulleys are connected by a 3GT (GT2-3M) 9mm wide
single-sided timing belt.
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