This week, | worked on selecting the electrical components of the robot arm based on
guantitative use case requirements.

Z-axis:
Use Case Requirements: 10mm/s speed, 2mm translational resolution.

We determined that the best way to achieve Z-axis motion would be a lead screw. This way, we
have a large mechanical advantage, so that the weight of the gripping mechanism can be
overcome without using a very powerful motor.

Fig. 1: stepper-lead screw mechanism for linear movement [1]

The vertical loading of the Z-mechanism is estimated to be 750g. This includes 300g of payload
and 450g of the Z-platform itself, including the wrist rotation motor

The lead screw most commonly sold online for our dimensions (0.25m vertical motion) are T8
threads. This means for one turn of the screw, the Z-platform travels 8mm. The formula for
torque to move a load is given by T = FL/(2ME), where F is the vertical load, L is the lead, E is
efficiency of the lead screw and M is the coefficient of friction for the thread interface [2].

The typical lead screw has a coefficient of friction between 0.2 and 0.3, and efficiency under 0.7
[2]. Taking the middle of the typical range yields E = 0.35 and M =0.25. F =0.75kg *g =7.5N. L
= 8mm = 0.0008 m. Using these numbers, the required torque comes to 0.034 Nm, or 34 Ncm.

Based on the required torque, the StepperOnline 17HE24-2104S is a good selection with more
than 60 Ncm of torque at 0 RPM [3].

The 17HE24-2104S has a step angle of 1.8 degrees. This is 1/200th of a rotation. We know that
1 rotation is 8mm so one step = 8mm/200. This is far better than the required translational
resolution.

In order to achieve the 10mm/s speed, the motor must turn faster than (10mm/8mm = 1.25)
rotations per second. 1.25 RPS = 75 RPM. Referencing the torque curve of the 17HE24-2104S,
75 RPM is near the torque peak at about 80 Ncm [3]. Therefore, the motor can easily handle the
vertical load at the required speed.



With speed, resolution and torque requirements satisfied, the 17HE24-2104S is a suitable motor
for the Z-axis mechanism.

XY-axis:
Use Case Requirements: 100mm/s speed, 2mm translational resolution.

For the X/Y-axis, we opted for a belt driven linear slide due to their low cost and the fact that belt
mechanisms are zero-backlash.

Fig. 2: stepper motor driven linear slide [4]
Unlike the Z-axis, the motor is not constantly fighting against gravity. Instead, the main
constraint in the design is acceleration. While acceleration is not specified in the initial use-case
requirements, we felt that 0.1m/s*2 would be a reasonable figure based on hand movement
speeds when we attempt to perform daily tasks.

We have chosen to use GT2 timing belts with 20 tooth pulleys to transmit linear motion to the

robot arm assembly. 20 tooth GT2 pulleys have a pitch diameter of 12.73mm [5]. This means

when the belt is wrapped around the pulley, measuring from the middle of the belt’s thickness,
the diameter is 12.73mm.

The axis with the most moving mass will be the x-axis, since the Y/Z mechanisms are all
installed on top of the x-platform in our design. A back-of envelope combined weight was set at
1.5kg. Since the mechanism slides on ball bearings, it should be sufficient to ignore friction. This
puts the required translational force at 1.5kg * g = 15N. At a radius of (12.73/2) = 6.365mm, the
torque required at the motor shaft is 15 * 0.00064 = 0.0096 Nm or 96mNm.



Typical stepper motors rotate 1.8 degrees, or 1/200th of a rotation per step. At 12.73mm, one
rotation is approximately 40mm translational movement. Therefore, one step is 40mm/200 =
0.2mm translational motion, which is exactly our required precision.

To achieve a speed of 100mm/s, the motor needs to turn (100mm/40mm) = 2.5 times per
second. This is equivalent to 150 rpm.

Based on these requirements, | chose the StepperOnline 17HE15-1504S motor. At the required
speed of 150rpm, it can output 320mNm of torque, more than enough for the acceleration
requirements [6] . While the torque figure can be overkill, the 177HE15-1504S is less than 1$
more expensive than smaller motors. Therefore, we feel that the commonality achieved by
buying a motor with the same NEMA 17 form factor as the Z-axis motor is worth the small
increase in price. We can now design one set of mounting hardware for all three axes.

Wrist Tilt Motor:
We felt that the best way to implement the wrist would be to attach the gripper directly to the
shaft of the wrist tilt motor without using gears or pulleys.

In order to determine the torque required, we modeled a worst-case load scenario. This would
be a long-necked flask filled with liquid.
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Fig.3: worst case scenario



We are going to model this flask as a 300g mass attached to a 100mm long massless rod. This
would roughly correspond to the gripper grabbing the flask by the neck. This is 300g *g * 0.1 =
0.3Nm of torque. The stepper motor selected for the X/Y axis happens to be able to achieve this
torque for speeds below 540 rpm [6]. In reality, we would probably be rotating the wrist at less
than a quarter of that speed. Therefore, | chose the same motor out of commonality
considerations.

Power Supply:

The sum of the rated currents of the above motors comes to (1.5A/phase) * 2 phases * 3 +
(2A/phase) * 2 phases * 1 = 13A. In reality, the system is very unlikely to need to reach the rated
current for any sustained amount of time because the XY/wrist motors are all oversized. Stepper
motors are current-controlled devices; we can limit the current by adjusting the settings of the
stepper driver boards. Therefore, we have opted to use a 24V 15A power supply, just above the
combined rated current, accounting for the small amount of thermal losses at the motor driver
boards. The stepper motor torque curves were measured at 24V, so we chose 24V to get the
same performance as advertised.

Stepper Driver

I have chosen to use 4x TB6600 stepper driver boards to control the 4 stepper motors.

These boards come with a max current setting switch, should we choose to limit the current
below the rated amount. They are also rated for 4A current, the same as the maximum current
of the Z-axis motor. They also support microstepping, a technology that increases the
quantization levels of stepper PWM signals to increase smoothness and resolution.
Furthermore, they come with a metal casing, which increases the reliability of the system by
improving the heat dissipation.

Arm BOM
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Stepper controller pack of 4

NEMA 17 motor

24V 15A power supply

Z-axis motor

limit switch pack of 12

1 28.99
3 6.36
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