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hip roll drive train did not have the required torque need for a walking gate. This was
determined by having the foot swing outward away from the body via the hip roll joint.
This caused the motor to stall before reaching it’s desired angle. Although the hip yaw
motor was able to move the leg, it is unlikely that it would be able to swing an opposing
leg as would be required in a walking gate.

The knee motor was initially tested by placing the leg in a static stance position. It was
determined that the knee was unable to hold the full weight of the upper leg once it past

approximately 30°.

Joint Position Actuator Length

Joint Angle (%)

Actuator Length (mm)
s s ] s

time (Sec) time (Sec)

(a) Joint Angles (b) Actuator Length

(c) Joint Torques (d) Actuator Force

Figure 7.2: Simulation Results
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To test the simulation model the foot and hip locations were specified. Using the inverse
kinematics shown in Section the joint angles were then determined. From there a time
was specified for the motion to complete in and a joint trajectory was calculated this can be
seen in Figure After the trajectory was calculated the linear actuators length for the
knee and ankle was determined and is shown in Figure

Because the Solidworks model had the masses of each part the joint torques and linear
actuator forces was determined through the physics engine in Simscape. The torques and
forces are shown in Figure and Figure respectively.

As with simulation, the foot and hip positions were specified for the hardware test. After
the inverse kinematics were solved the joint angles were then sent to the microcontroller.
As can be seen in Figure[7.3¢ the joint angles from the ankle encoders are slightly off when
compared to simulation. This could be due to the filter implemented on the microcontroller
carrier board.

Figure [/.3a shows the current readings for the knee (top) and ankle (bottom two). As
stated above the linear actuator for the knee did not have enough force to handle the joint
torques required. This can be seen from Figure top, were the current climbs up to it’s
stall value before the knee changes direction of motion. The bottom two plots in Figure
present the ankle’s linear actuators. Now a direct comparison between the simulation
force and hardware current readings for the ankle actuators isn’t possible, it can be seen
that in both simulation and hardware there is a difference in values between actuator 1 and
2. Meaning that one of the linear actuators is providing more force.

As can be seen from Figure there is a lot of noise for the current readings of the
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Figure 7.3: Simulation Results

hip. A windowed filter was used on all of the current reading. While this cleaned up the
linear actuator signals, the servo current readings still have a decent amount of noise. This
is most likely due to the control circuitry not being properly tuned for the harmonic drives.
The pitch motor does have a small amount of current draw at the beginning of motion(2sec)

due to the large gear ratio of the harmonic drives.



Leg Actual Theory
Section Robot (mm)
(mm)
A 150 218
B 556 606
C 3159 326
D 65.9 44.6
E 104 62.9
F 228.8 174

Table 7.2: Link lengths based on height
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_)J . L_ Foot length

Foot breadth k& ¢ >

Figure 7.4: Link lengths based on
height

Table 7.3: My caption

Actual | Underweight | Normal | Overweit | Obese
Pelvis(1) 1383.44 2478.1 35343 | 4468.6 | 5281.1
Thigh(12, 15) | 908.6 2092 2983.6 | 3772.4 | 44583
Shank(13, 16) | 458.323 854.7 1219 15413 | 1821.5
Foot (14, 17) | 290.493 255 363.7 459.9 543.5
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Chapter 8

Conclusions & Future Work

This paper presents a design and implementation of a 3D printed seven DoF biped leg in-
spired by large scale humanoid robots. It has been shown that by utilizing 3D printing
technology it is possible to have a complex design that are easily reproducible. Such de-
signs include the 3-DoF hip comprised of harmonic drives driven by standard RC servos,
the use of linear actuators in the knee and the coupled 2-DoF joint system of the ankle.
There are some down falls to the current design, as was explained the torque produced
by the hip yaw and roll joints along with the knee is just simple not enough to produce
any kind of walking gate. The knee’s lack of torque can be improved by changing where
it is mount with respects to either the shin or thigh. With the L12 linear actuators being
so customizable this change in mechanical design would have little to no effect on the
electrical system. The hip pitch joint does provide adequate torque but at a significant
coast to speed, which also limits the ability to preform a successful walking gate. The hip
over all would need some consideration before the design would be capable of a walking
gate. Change the yaw and roll harmonic gears to that of the pitch harmonic gear would
increase torque output and switching out the RC servos would handle the speed issue of

the hip pitch joint. The RC servos would either be replaced with smart servos or a self
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designed servo with BLDC motors or even stepper motors.

Even though this design has proven the concepts presented above there is still improve-
ments that can be done. The first would be to replace the RC servo with either a smart servo
or self designed servo system. It would be interesting to see the possibility of 3D printing

other complex drive trains such as series elastic actuators.
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Appendix A

Simulink Block Model
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PCB Schematics
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Figure B.1: Schematic for the foot PCB, created in Eagle.
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Figure B.2: Schematic for the Power PCB, created in Eagle.
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Figure B.3: Schematic for the Teensy interface PCB, created in Eagle.



