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Executive summary

This report summarizes the design features and tests necessary to evaluate a six-legged walking robot chassis for interplanetary exploration.  Bartoszek Engineering designed and built this robot on speculation for NASA, and a NASA evaluation team will test the robot.  

From very preliminary testing at the assembly facility, the robot is known to exhibit certain limitations in its walking, but very little is actually known about the performance of this design.  The tests listed below will be required to establish what its operational parameters are and whether they are adequate to the task of exploration on a planetary body or moon in our solar system and beyond.

The basic mechanism of this design is the slider crank.  Each of the six legs is driven by a slider crank mechanism that gets its rotational energy from a motor/reducer/chain drive train.  Three legs on each side are coupled together in phase and driven from a single motor.  The ultimate power supply is a 12V DC wheelchair battery (chosen for its compact size and sealed design.)

Summary of Required Tests:

1.  Determine the length of time the robot can walk between battery charges

2.  Determine the robot's maximum walking speed

3.  Determine the "allowed" angles that the robot can turn through without mismatching the phasing of the legs on opposite sides

4.  Determine the maximum angle of incline that the robot can walk up

5.  Determine the maximum load the robot can pull on a level surface

6.  Determine the largest "boulder" that the robot can walk over

These tests will require that the test team collect and develop their own test fixtures and tools as described in the details section below.

Additional tests designed by the evaluation team are encouraged, and any information discovered during testing that improves the operation of the robot should be recorded here and passed back to the design team at Bartoszek Engineering.

test details

The details of each test are outlined below under the section heading for that test.

Test 1: Determine the length of time the robot can walk between battery charges

One of the biggest problems of planetary exploration is equipping vehicles with an adequate power source to rove over terrain for a reasonable time between battery charges.  Solar recharging is available on typical exploration missions, but only works when the sun is up on the planetary body.  Night exploration requires batteries, and the power available from those batteries needs to be known so that the exploration vehicle doesn't run out of power before it can return to its charging platform.  This test will determine the time available to the robot for a night mission.

The rated capacity of the battery is 40 amp-hrs.  The full load amperage drawn by the motors is 14 amps each.  During normal walking the robot does not use the full power of the motors, but its fractional usage is not known.  The design team's expectation is that the robot may be able to walk for 1.4 hours under full load conditions, and over 2.5 hours under normal walking.  The last number is an estimate based on the approximation that the robot uses half the full load power during normal walking.

This test requires that the length of time that the robot operates between charges be measured.  This can be done in a couple of different ways.  The team could choose to walk the robot continuously until it stops, measuring the total time elapsed.  Given the estimated times to drain the battery, this is considered problematic.

The suggested test method is to assign a team member a stopwatch.  Every time the robot is operated, this team member will clock the amount of time the robot was running and record these on a time sheet.  The time is to be totaled and recorded on the Results Summary sheet.  The team should estimate the accuracy of this time measurement.  The time between charges will be recorded as Tbatt.  To use it in the next test, the time should be converted to seconds.

Tools required: stopwatch

Test 2: Determine the robot's maximum walking speed

This parameter is necessary to calculate the distance the robot the robot can travel given the amount of battery time available.  Once the time between recharges is known and the walking speed is known, the total distance of a night mission can be calculated.

The test method here is to use a tape measure to measure a length in one of the rooms inside Scitech.  A significant distance (such as 20-50 feet) should be marked off so that the total distance traveled by the robot can be accurately known.  The robot is to be started at the same time as a stopwatch, and the transit time measured.  The walking velocity is calculated as:

Vwalk=d/t

Where: 

Vwalk = robot walking speed, in feet per second

d=distance walked, in feet

t=time to walk given distance, in seconds

Results should be recorded on the Results Summary sheet.

With the time between recharges and the walking speed known, the maximum mission distance can be calculated from the following equation:

Dmax=Vwalk*Tbatt

Where:

Dmax = total distance the robot can walk between charges, in feet

Vwalk = walking speed in feet per second

Tbatt = time between charges in seconds

This distance should also be recorded on the Results Summary sheet.

Tools required: stopwatch and tape measure

Test 3: Determine the "allowed" angles that the robot can turn through without mismatching the phasing of the legs on opposite sides

The walking gait of the robot is balanced when the center leg on one side of the robot contacts the floor at the same time as the two outer legs on the opposite side.  This leads to three legs supporting the weight of the robot, and the tripod alternates as the legs continue through their rotation cycle.  When the center legs become in phase and contact the floor at the same time, the robot begins to lurch and walk in a very jerky fashion.  

The robot currently has no control system to correct the phase of the legs, control is done through the switch pendant.  Turning the robot is accomplished in two ways.  First, the operator can hit the two control switches in opposite directions, allowing the robot to turn within its own body length, or while it is walking simply turn one side or the other off and allow the on side to turn the robot.  Turning always causes the legs to go through the "jerky" phase.  The "allowed" turning angles are the ones the robot can turn through which bring the leg phase back to the balanced walking gait.

The suggested method for this test is to layout a chalk line on the floor that will be the 0-angle line.  The robot will walk along this line until it is turned.  The operator then turns the robot and watches the phasing of the legs.  The turning motion should be stopped when the phase of the legs is correct again.  A chalk line should then be snapped along the axis of the robot on the floor, intersecting the 0-angle line.  A protractor is the tool to use to measure the angle between the 0-angle line and the new line on the floor.  This test should be performed for all turning angles between 0 degrees and 180 degrees.  Record the results on the Results Summary sheet.

Tools required: Chalk line, protractor

Test 4: Determine the maximum angle of incline that the robot can walk up

This test will determine how steep a hill the robot can climb, a very important parameter for planetary exploration.

The suggested test method is for the evaluation team to design and construct a ramp large enough for the robot to climb up and strong enough to support its weight.  This ramp must be adjustable in angle so that the maximum angle can be determined.

The behavior of the robot should be carefully noted during walking up the incline so that recommendations can be made about improving its performance.

The angle of the incline can either be measured with a protractor, or calculated by knowing certain lengths on the ramp.  This calculation comes from basic trigonometry and can be done on a hand calculator.  Evaluators need to measure the length of the ramp, and the height of the end of the ramp to the floor.  With these two numbers the angle of the ramp comes from:

Theta=sin-1(y/L)

Where:

Theta = angle of the ramp in degrees

y = height of end of ramp above floor

L = length of ramp

The robot will not be able to make it up the ramp for one of a couple of possible reasons.  One reason is that the motors cannot deliver enough torque, and the legs stall.  Another reason would be that the friction between the robot's feet and the ramp isn't high enough and the robot simply slips too much to climb the ramp.  The particular reason why the robot stops climbing should be noted on the Results Summary sheet along with the final angle of the ramp.

Tools required: Ramp, protractor or calculator, tape measure

Test 5: Determine the maximum load the robot can pull on a level surface

Vehicles like this robot are intended to be the workhorses of interplanetary exploration.  A possible mission that the robot may be used for is to move supplies or test equipment from one place to another.  The purpose of this test is to measure the maximum load the robot can pull on a level surface so that mission planners can load the robot accordingly.

This test is subtle in that the robot can move very different loads depending on exactly how the load is being moved.  If the robot is pulling a wheeled trailer or cart, the load it can pull may be much larger than the load it could pull if there were no wheels.  This is because wheels lower the load seen by the robot.  The evaluation team should come up with a variety of tests and describe them in detail in the Results Summary sheet.  

The simplest test is to tie one end of rope to a fixed point on a building, and tie the other to a spring scale attached to the robot.  The spring scale will measure the pulling force of the robot as it stalls or stops walking.  Record this measurement in the Results Summary sheet.

Knowing this pulling force, the weight that the robot could pull can be estimated from values of rolling resistance or sliding friction.  This estimate would not take into account the inertia of the actual load, so testing the robot by making it pull a sled loaded with weights would be a better way to know the real capacity of the robot.

Tools required: sled, spring scale, rope, weights

Test 6: Determine the largest "boulder" that the robot can walk over

Rough terrain in a fact of life on the bodies of our solar system.  There are no smooth roads on the moon or Mars.  In this test evaluators will construct an obstacle course for the robot out of materials available at Scitech.  The robot will be made to walk through this course and its behavior should be noted on the Results Summary sheet.  A sketch of the layout of the course with rough sizes of the "boulders" would help mission planners understand the test and determine routes for the robot through terrain that had been mapped by orbiting craft.

Required tools: Boulders, imagination

results summary

Test 1: Determine the length of time the robot can walk between battery charges

The value of Tbatt=_____________ ,converted to seconds: ___________secs

Test 2: Determine the robot's maximum walking speed

d1=_________ft      t1=__________secs     Vwalk1= d1/ t1,    __________ft/sec

d2=_________ft      t2=__________secs     Vwalk2= d2/ t2,    __________ft/sec

d3=_________ft      t3=__________secs     Vwalk3= d3/ t3,    __________ft/sec

d4=_________ft      t4=__________secs     Vwalk4= d4/ t4,    __________ft/sec

The average walking speed is calculated by taking the average of all of the speeds in the last column.

Vwalk = (Vwalk1 + Vwalk2 + Vwalk3 + Vwalk4)/4

Dmax=Vwalk*Tbatt
Vwalk = ____________ft/sec


Dmax = _____________ft

Test 3: Determine the "allowed" angles that the robot can turn through without mismatching the phasing of the legs on opposite sides

In this space record the angles between 0 and 180 degrees that the robot can turn through and end up with correct leg phasing.

Angle 1:   ___________ degrees

Angle 11:   ___________ degrees

Angle 2:   ___________ degrees

Angle 12:   ___________ degrees

Angle 3:   ___________ degrees

Angle 13:   ___________ degrees

Angle 4:   ___________ degrees

Angle 14:   ___________ degrees

Angle 5:   ___________ degrees

Angle 15:   ___________ degrees

Angle 6:   ___________ degrees

Angle 16:   ___________ degrees

Angle 7:   ___________ degrees

Angle 17:   ___________ degrees

Angle 8:   ___________ degrees

Angle 18:   ___________ degrees

Angle 9:   ___________ degrees

Angle 19:   ___________ degrees

Angle 10: ___________ degrees

Angle 20:   ___________ degrees

A sketch of this angle map might be useful to see if the angles are uniform or not.

Test 4: Determine the maximum angle of incline that the robot can walk up

Describe the test ramp, measurements, robot behavior and angles tested below.  Sketches are encouraged.

Maximum ramp angle climbed: __________degrees

Test 5: Determine the maximum load the robot can pull on a level surface

Describe the test conditions in this space.  Sketching is encouraged.

Maximum horizontal pulling force= __________lbs

Test 6: Determine the largest "boulder" that the robot can walk over

Describe and sketch the obstacle course and the size of the largest boulders the robot could navigate through.  Describe the behavior of the robot and the reasons for failing to navigate the course.

conclusion

Discuss whether you think this robot would be useful to NASA on missions to explore the planets and moons of the solar system.  Your recommendations will be used to improve the next versions of the design.  Describe any features you think the robot would need to work successfully on another planet.  What are the significant drawbacks to this design?  Team members are encouraged to sketch any design changes, or suggest alternative designs for future robot missions.
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