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1 Project Charter

1.1 Mandate

The goal consists in creating a rugged device which uses a biomimetic inspired locomotion

system to remove waste from waterfronts. It must be self-reliant and be resistant to exterior

environments such as areas with minimal accessibility, weather and rough terrain.

1.2 Requirements

The design is to be solar powered, with a locomotion system inspired by biomimetic mor-

phologies. The device must be able to operate in waterfront environments and difficult

terrain such as sand, mud, rock, plants and bramble. It must be completely sealed to the

elements such as rain, water, humidity, wind, sand, dust and high heat. It is also to be

self-reliant and only require human intervention to empty the waste holding tank. This

includes the consideration for potential vandalism. The design created by this group (2A)

must interface with the litter collector of a size of 1 to 5000 cm3 and litter capacity from 1

to 5 kg, which is designed by another group (2B).

1.3 Constraints

As the design project is open-ended and covers a relatively new technology, there are very

few constraints. The only constraint is that the device should not have any continuously

rotating joints.

1.4 Criteria

The following criteria were selected as guides to optimize the design. First, the power

consumption per kilogram (device and litter) is to be minimized. Additionally, the operating

time of the device is to be maximized for more waste collecting efficiency. More specifically

to the above required operating terrains, the ability to operate on sandy and pebble beaches

as well as shallow water, mud and small plants (foot design, mechanical stability) should be

optimized. The range of mobility of the device, such as turning and operating on slopes, is

also to be optimized. Lastly, as the device will operate in public areas, the aesthetic appeal

is to be considered.
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2 Design Concepts

2.1 Concept 1 - Linkage

This concept uses the basic principle of a rotary-to-linear linkage by imposing movement re-

striction. The rotary movement is created by the motor, which is connected to the crankshaft.

The rod connected to the crankshaft is modified to allow vertical sliding and rotation around

the fixed guiding pin. The crankshaft mechanism allows for the leg/connecting rod to be

lifted off the ground. The guiding pin restricts certain movements of the connecting rod, cre-

ating a pendulum movement. By combining both mechanisms, the connecting rod is moved

front to back on the ground and back to front off the ground. By combining the pattern

for each leg of the robot, a walking sequence is achieved. Figure 1 shows the concept of the

mechanism.

Figure 1: Linkage Side View - Concept

In this concept, all legs are powered by their respective gearmotor. The shaft assembly

from the gearmotor to the crankshaft is shown in Figure 2. The gearmotor is face/flange

mounted on an L bracket mounted to the structural mounting plate (not shown in figure).

The crankshaft is coupled to the gearmotor using a setscrew shaft coupler, and the crankshaft

is supported on the opposite end of the gearmotor by a pillow mounted bearing.

2



Figure 2: Linkage Top View - Motor Crankshaft Assembly

The connecting rod is the leg/limb of the robot. It is coupled to the crankshaft using

typical mounting procedures. As shown in Figure 3, the connecting rod is mounted on the

crankshaft using two bolts and nuts and will rotate around the crankshaft through the use

of bushings.

Figure 3: Linkage Side View - Connecting Rod
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The guiding pin is the critical component in this concept as it enables the walking pattern

and will be subject to multiple forces. The guiding pin is inserted through the sliding hole

and fastened using the threaded end to mounting blocks. The sliding hole enables the pin

to be supported on both end avoiding a cantilever support. The pin is also mounted with a

spacer and bearing to facilitate rotation and reduce wear on the connecting rod. A top view

of the guiding pin assembly is shown in Figure 4 and a side view of the guiding pin is shown

in Figure 5. The Figure 5 also shows the mounting procedure for the bellow, the mounting

plate and the exterior material. The mounting plate is a sheet metal acting as structural

element to the chassis of the robot and will support all components. All major equipment

are mounted on the mounting plate. The exterior material, most likely polycarbonate due to

its weather resistant properties, will be an outer shell protecting electronic and mechanical

components from water, salt and other destructive particles. The bellow is face mounted

through the exterior material and through the mounting plate to allow for better structural

integrity between the mounting plate and the outer shell. The other end of the bellow will be

elastically tightened to the connecting rod between the feet and the guide pin sliding hole.

Figure 4: Linkage Top View - Guiding Pin Mount Assembly
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Figure 5: Linkage Side View - Guiding Pin and Bellow Mount Assembly

The case’s (or outer shell) purpose is to protect all equipment and components from exte-

rior activities. Access to the components is required as they may be subject to maintenance.

The case is thus separated in two parts, the top and bottom as shown in Figure 6. Both

parts are sealed using a gasket as shown in 7 and they are fastened together using multiple

bolts surrounding the casing. Figure 7 also shows the holes and bolt mounting location of

the bellows on the outer shell case.
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Figure 6: Linkage Side View - Water and Weather proof casing

Figure 7: Linkage Top View - Water and Weather proof casing

To achieve a stable and reliable locomotion, the robot will be equipped with six legs. The

mounting plate must mount all components required for the locomotion, and power system.
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The Figure 8 depicts the layout of the equipment and their respective mounting holes. The

robot will rotate using the same principle as a tracked tank, such that on one side the leg

will complete the walking pattern more quickly than on the other side.

Figure 8: Linkage Top View - Structural Mounting Plate

2.2 Concept 2 - Crab

The second concept is based on the movement of sideways-walking crabs. This idea was

further developed to include legs at the front and back of the chassis instead of at the sides,

as shown in Figure 9. The legs are thus making pulling and pushing motions. There are five

legs in total, as a space is left at the front to accommodate the waste collection system.
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Figure 9: Crab Top View - Concept

Figure 9 also shows the layout of the various electrical components within the chassis.

Five battery packs are managed by the central Batter Management System that will then

distribute the power to individual motor controllers. In case a battery pack dies, the system

should be able to keep running fully with four, three or even one battery pack at reduced

run times. The segmentation also allows for better weight distribution. One computer

is responsible for locomotion and general computing and the second is used for computer

vision/machine learning algorithms to identify litter and obstacles.

Figure 10 shows a side view of a full leg. The legs have two DOF: one up and down

rotating motion at the hip, and another one at the knee. This allows for extension of the

leg and up and down rotation. Both motors (here Maxon Motor EC 60 100 W, shown

in Appendix D) controlling the motion are located inside the chassis, with a belt drive

mechanism being used to control the knee. This will reduce the inertia of the leg and the

use of electronics outside the chassis. There is no rotating motion on the legs which would

cause them to be able to turn the robot left and right. However, this is possible by having

the legs on one side walking faster than the other, or having one side walking forwards while
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the other walks backwards. This method has been used in robots before, such as Stanford

Doggo, and is also the method by which tanks turn on themselves [1].

Molded bellow covers are being used to cover the openings at the knee and the chassis.

Both the clamping (cuff) mounting method (at the knee) and the flange mounting method

(at the hip) are shown as possible options. As the bellows are rectangular/square, the flange

mounting is more readily available, and thus was used for the cost estimate (rectangular cuff

ends might require a custom bellow). The mounting of a square flange type bellow at the

knee would be similar to the method shown in concept 3. The shin linkage has a corner in

order to reduce the angle for the bellow. The linkages representing the thigh and shin may

vary in length, thickness and material, depending on the results of the kinetic analysis. A

carbon fiber square tubing was used for the linkages as a preliminary material for the cost

assessment. Mechanical properties are shown in Appendix D

Figure 10: Crab Side View - Full Leg

Figures 11 and 12 show the detailed concept for the hip joint (Sections A and C as per

Figure 10). The leftmost motor and gearbox in Figure 11 are attached directly to the leg and

turn it from the hip; the second motor (on the right) turns the pulley, in turn manipulating

the knee joint. Figure 12 illustrates the bracketing not shown in Figure 11, that connects
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the hip assembly to the chassis. It is cut perpendicular to the cut shown in Figure 10.

The gearbox is a Harmonic Drive CSD series component set, allowing for high torque in

a very thin form-factor [2]. Their outer diameter varies between 50 and 170 mm, thickness

between 11 and 33 mm, and output torques between 3.7 and 370 Nm. Their primary weakness

is low efficiency (shown in Appendix D).

Figure 11: Crab Top Section View (Section A) - Leg and Hip

Figure 12: Crab Side Section View (Section C) - U-bracket Mounting

A detailed concept of the knee joint (Section B as per Figure 10) is shown in Figure 13.
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It consists of a pulley (driven by one of the motors in the hip) which is directly fastened

onto the lower shin linkage. The pulley is free to move on the shaft, which is supported by

flange hub bearings on the thigh linkage. For this reason, no hub mount was drawn for this

pulley, however in further design it may be required to add one to reduce the shaft size. In

this case, a spacer would be added on the other side of the pulley to keep balance between

the two sides. The knee can be easily assembled due to the simple shaft and the fastened

side plates on the thigh linkage.

Figure 13: Crab Top Section View (Section B) - Leg and Knee

Figure 14 shows the foot design for the crab. It consists of a molded flexible silicon piece

which can be slipped onto the shin linkage and is retained by a protruding ridge.
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Figure 14: Crab Side View - Leg and Foot

A possible configuration for the weatherproofing and accessibility of the chassis is shown

in Figure 15. A hinge is used on one side to facilitate access to the inside components for

maintenance. A flange-type gasket is included all around the chassis to seal the ”lid”. It is

secured by bolts.
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Figure 15: Crab Side View - Chassis

2.3 Concept 3 - Spider

The third concept, shown in Figure 16, is based on a spider-like leg morphology. Six legs

provide superior stability to four; each leg has three degrees of freedom, allowing it to rotate

and lift at the hip, as well as extend at the knee [3]. Round flange-mounted bellows are

used to seal the joints from water, dust, amongst others. The leg linkages are made out of

I-beams for structural rigidity. Figure 16 also shows the location of the various electrical

components. These are positioned onto mounting plates inside the chassis. A front view of

the chassis is also shown in Figure 17.
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Figure 16: Spider Top View - Overview

Figure 17: Spider Front View - Frame

A detailed drawing of the knee joint is shown in Figure 18. There are plate discs mounted

onto the end of the I-beams to help in the mounting of components. They provide easy

mounting points for the bellow flanges. Support plates for the motor are then added using
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L-brackets. The motor has a shaft that extends on both other ends, which allows it to be

supported on both sides and balances the forces acting on the motor. The motor then is face

mounted onto the multi-stage planetary gearbox. Only one of the motor shafts is attached

to the gearbox and fixed to the lower link to move it with a flange collar. The other side is

simply floating in bearings.

Figure 18: Spider Top View - Knee Joint

The hip joint, shown in Figure 19, uses similar principles to the knee joint. However,

there are two motors positioned perpendicularly by U-shaped brackets, which allows for two

degrees of freedom at the hip. Cord grips are used to feed the cables from the knee joints to

the chassis for a waterproof design. The hip joint is mounted onto the chassis using longer

bolts and a mounting plate positioned inside the chassis. A gasket is also used to seal the

joint from the environment. Also, corner-mount draw latches are mounted at each edge of
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the octagon upper casing for a quick connection with the lower casing.

Figure 19: Spider Front View - Hip Joint

2.4 Solar Panel Concepts

Three solar panel concepts were created to explore various configurations. The concepts were

not created based on any specific robot/locomotion concept as seen previously. Instead, they

were made with the intention that they could be accommodated on those designs easily or

with minor changes. The major goal was to explore options to maximize solar panel surface

area, and consequently maximize power.

2.4.1 Concept 1 - Solar Roof

The solar roof, as shown in Figure 20 consists in a light hollow tube structure with a curved

sheet on top, on which a flexible solar panel is fastened using its grommets and some bolts.

The curved surface that droops over the sides of the robot allows for maximum surface area.

The solar panel is also elevated away from the robot, making it less likely to interfere with

16



the waste collection system and legs. The structure consists of four side support beams (2

per side) bolted on the curved sheet and the side of the chassis. It also has two crossed beam

structures bolted on top of the chassis, with the curved sheet simply resting on top.

Figure 20: Solar roof concept

2.4.2 Concept 2 - Solar Awning

The solar awning, as shown in Figure 21, allows easy compatibility with any garbage picker

concept requiring access to the roof of the robot. The concept uses typical metal stud tracks

and wall angle channels as structural support for the solar panels. The metal studs are

mounted using regular fasteners such as bolts on the side of the robot’s chassis or casing/shell.

The flexible solar panel is secured onto the studs using grommets and bolts.

Figure 21: Solar awning concept
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2.4.3 Concept 3 - Solar Cells

The third option is installing the solar cells onto the robot chassis and legs themselves with

adhesive, as shown in Figure 22 [4] [5]. The useful area is whatever surfaces are exposed

on the robot. A possible downside of this design is that depending on the form-factor of

the litter collecting unit, the amount of space available for solar cells on the chassis may be

limited. If the collector is in the form of a cube, then there is useful area on the top. Other

shapes may provide less space for mounting solar cells. Additionally, increasing the width of

leg linkages to accept solar cells will also increase the weight of the linkage, increasing the

overall weight and power consumption.

Figure 22: Custom solar cell positioning concept

18



3 Cost Assessment

3.1 Concept Summary

Table 1 summarizes the two primary subsystems identified for the WaterFront Robot; the

robot leg topology and chassis, and solar panel mounting. The selected solution from each

subsystem is framed by a rectangular form. Concept 2, the crab, was selected for the robot

chassis and leg topology, and the Concept 3, the direct solar cell mounting, was selected for

the solar panel mounting.

Table 1: Summary of concepts, broken down by sub-

function

Concepts

1 2 3

Robot and

Legs

Solar Pan-

els

3.2 Cost Assessment

A detailed cost assessment was conducted on all concepts and is shown in Appendix C. The

summary of overall prices for each concept is shown in Table 2 for robot concepts and Table

3 for solar concepts. The robot concept 2 is the most expensive. This may be due to the

fact that more pricey components were used, such as carbon fiber legs and harmonic drives.

It would be determined with further analysis whether these pricier options are necessary,
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or if cheaper elements can be used, for example planetary gears and metal or plastic legs.

Although the cost assessment result is higher for concept 2 compared to concept 3, it was

determined that overall the concept 2 would be less expensive if similar graded components

and parts as concept 3 were used. For the solar concepts, concept 3 is cheaper as it does not

require additional material for a frame. Solar concept 1 is more expensive as it has a more

complex frame as well as more solar panel surface area, and thus costs more in solar panels

(albeit with higher power collection).

Table 2: Robot Concepts Cost Summary

Concept Number Concept Name Cost ($)

1 Linkage 17,035.56

2 Crab 27,804.74

3 Spider 24,785.87

Table 3: Solar Concepts Cost Summary

Concept Number Concept Name Cost ($)

1 Roof 1,645.22

2 Awning 589.51

3 Solar Cells 207.20
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4 Discussion

The selected robot solution is concept 2, with the crab-like morphology. Various criteria were

used to analyse all concepts and a decision analysis was performed, as detailed in Appendix

B. The results for all concepts were close, however it is seen by observing the scoring that

concept 2 is the better rounded solution. The feasibility and design complexity criteria is

a driving factor in the decision, as the solution for concept 2 is believed to have a better

balanced and simplistic approach. For example, although concept 1 seems relatively simple,

it is likely to have a large force concentration at the guiding pin. It also has a smaller range

of motion and stability. Concept 3 is inherently more complex due to the added motor for

the third degree of freedom. It also has a motor on the exterior of the chassis, adding weight

(inertia) to the leg and electronics on the outside.

A cost assessment was also performed, as summarized in Table 2, and is presented in

detail in Appendix C. Concept 1 costed around $16 000, Concept 2 costed around $27 000

and Concept 3 costed around $24 000, making Concept 2 the most expensive. For this

design, however, cost has very little effect on the decision as the market is not competitive.

Additionally, much of the cost putting it above Concepts 1 and 3 came from the use of

carbon-fibre for the linkages (which could be substituted with the cheaper materials used

in the other concepts) and Harmonic Drive gearboxes (whose zero-backdrive property may

prove beneficial to improving battery life while individual legs are not active, as current

will not be required to hold the motor in place). In the latter case, they could be replaced

with the much less expensive planetary gearboxes used in Concept 3 if a power consumption

analysis shows them to not be worth the additional price.

The chassis and sealing design for the selected concept 2 may be slightly modified and

inspired by the chassis designed for the other concepts. It is dependant on further analysis

and design of the legs as well as the final location of various components.

The solar panel concepts have also been analysed using a decision analysis table (Ap-

pendix B) and a cost assessment (Appendix C). The concept with the highest score is Concept

3, where custom solar panels or solar cells are positioned wherever possible on the top sur-

face of the robot. This solution is retained as the best option for now, but may be changed

depending on compatibility with the waste collection system solution and further analysis

of power requirements and chassis surface area.
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A Additional Material

No detailed additional literature review material was required for the creation of the concepts.

B Decision Analysis Tables

Decision analysis’ are shown in the following tables. Concepts are scored (S) from 1 (worst)

to 3 (best). This is then multiplied by the weight to get the weighed score (WS) and a total

sum is calculated for each solution. The concept with the highest total is the winner.

Table 4 shows the decision analysis for the robot locomotion concepts. The highest weight

of 30/100 is attributed to power consumption, as the solution must be solar powered, making

power a limiting factor. The scores are attributed based on the number of electric motors

on each solution.

The next criteria, weighed at 20/100, is mobility and terrain operation. This includes

ability to turn, navigate on slopes and walk in various difficult terrains such as sand, pebbles,

shallow water, mud and small plants.

The next criteria weighs 20/100 as well and consists of feasibility and design complexity.

This relates to the the simplicity of the design as well as the complexities that may arise

in further analysis of the design (force concentrations on parts, number of components to

consider, etc).

Furthermore, maintainability and longevity is added with a weight of 15/100. This is

included due to the fact that the robot should be self-reliant. It takes into account frequency

and ease of maintenance.

The last two criteria are: aesthetics (10/100) as the robot operates in public areas, and

cost (5/100) which is a minor consideration due to the fact that this solution has very little

existing competition. It is still considered in order to ensure the designs’ feasibility.
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Table 4: Decision analysis table for robot and leg concepts

Criteria Weight Concept 1 Concept 2 Concept 3

S WS S WS S WS

Power Consump-

tion

30 3 90 2 60 1 30

Mobility and Ter-

rain Operation

20 1 20 2 40 3 60

Feasibility and De-

sign Complexity

20 1 20 3 60 2 40

Maintainability

and Longevity

15 3 45 1 15 2 30

Aesthetics 10 1 10 2 20 3 30

Cost 5 3 15 2 10 1 5

Total 100 200 205 195

Table 5 shows the decision analysis for the solar panel solutions.

The most critical criteria, weighed at 35/100 is to maximise the sun exposure surface.

This includes maximising the surface area of the solar panels as well as orienting them in

a favourable manner towards the sun. It determines the amount of power output from the

solar panels.

The second highest weighed criteria, with 30/100, is compatibility and integration. This

includes whether the solar panels could impede with the movement of the robots’ legs or

other moving parts. It also takes into account whether it could potentially interfere with

the integration of the waste collecting system designed by group 2B. It was discussed that a

garbage container might be positioned on top of the robot, with an arm moving to deposit

waste in the container.

Stability, weighed at 20/100, takes into account the effects of the solar panels on the

center of mass of he robot and whether they could get caught in the wind. Lastly, cost is

included as a measure of complexity of the solutions, and weighs 15/100.

26



Table 5: Decision analysis table for solar panel concepts

Criteria Weight Concept 1 Concept 2 Concept 3

S WS S WS S WS

Maximise Sun Ex-

posed Surface Area

35 3 105 1 35 2 70

Cost 15 1 15 2 30 3 45

Compatibility and

Integration

30 2 60 1 30 3 90

Stability 20 1 20 2 40 3 60

Total 100 200 135 265

C Detailed Cost Assessment

The references to all sources used in the cost assessment tables can be found in Table 12.

The quote for Harmonic Drives provided by Electromate was given in CAD; this number was

converted to USD for a fair comparison with other expensive components such as motors

and gearboxes.

Table 6: Cost Analysis for Concept 1 - Linkage
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Table 7: Cost Analysis for Concept 2 - Crab
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Table 8: Cost Analysis for Concept 3 - Spider

Table 9: Cost Analysis for Solar Concept 1 - Roof
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Table 10: Cost Analysis for Solar Concept 2 - Awning

Table 11: Cost Analysis for Solar Concept 3 - Solar Cells

Table 12: Part Source References

3D Hubs [6]

18650 battery store [7]

Acklands-Grainger [8]

Alibaba [9]

Amazon [10]

Canadian Tire [11]

DigiKey [12]

Electric Motor Wholesale [13]

Electromate [14]

ePlastics [15]

Speed-Talk [16]

Global Industrial Canada [17]

Home Depot [18]
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Hot Rod Network [19]

Indeed [20]

Lowe’s Canada [21]

Maxon Motor [22]

McMaster-Carr [23]

Metal Supermarkets [24]

Metals Depot [25]

PayScale [26]

REDARC [27]

RobotShop [28]

Rock West Composites [29]

Summit Racing [30]

TAP Plastics [31]

The Big Bearing Store [32]

Webo Solar [33]

C.1 Battery Selection

Batteries were selected in the following manner:

1. Power consumption per motor was set at 50W; not all motors will be running at the

same time, nor at full capacity, so 50% of total capacity was selected.

2. Power consumption for computers is set conservatively to the full power of NVIDIA

Jetson TX2s; these consume more power than Raspberry Pis and Arduinos, giving a

conservative approximation [34] [35] [36].

3. The battery voltage matches the highest voltage element in the robot. This is likely

the motors, which in the given configuration need 24 V, compared to up to 15 V for

the NVIDIA Jetson TX2 [36] [37].

4. A runtime of two hours was selected. This is in line with the two to four hours ad-

vertised by ANYbotics’ ANYmal and hour-and-a-half advertised by Boston Dynamics’

Spot [38] [39].
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5. The Panasonic NCR18650B variant of 18650 cell were selected (same model as used in

Tesla batteries), with 3.6 V and 3400mAh (12.58 Wh) [7] [40].

6. The number of cells required is equal to the number of cells required to achieve the

desired voltage, times the number of cells required to achieve the two hour runtime.

In the case of the crab model, it requires seven cells in series and 42 is parallel, or

approximately 300 cells in total.

Table 13: Approximate Power consumption of Crab

Model (see Figure 9) (does not include losses)

Device Name Power Consumption (W) No. of device Total power consumption (W)

Computer 7.5 2 15

DC Motor 50 10 500

Total 530

D Data Sheets

Table 14 contains references for all data sheets beyond this point.

Table 14: Part Source References

Item Source Part Number (if applicable)

Harmonic Drive CSD [2] N/A

Maxon Motor GP42C [22] 203126

Maxon Motor EC 60 [37] 645604

Maxon Motor ECi 40 [22] 496660

Panasonic 18650 Cell [41] NCR18650B

RockWest Composites Carbon Fibre [29] 25516

McMaster-Carr DC Gearmotor [23] 6409K11

32



















m
ax

o
n 

g
ea

r

 
 

354

M 1:2

203113 203115 203119 203120 203124 203129 203128 203133 203137 203141

3.5 : 1 12 : 1 26 : 1 43 : 1 81 : 1 156 : 1 150 : 1 285 : 1 441 : 1 756 : 1
7⁄2 49⁄4 26 343⁄8 2197⁄27 156 2401⁄16

15379⁄54 441 756
14 15 9.1 15 9.4 9.1 15 15 14 14
10 10 8 10 8 8 10 10 10 10

203114 203116 260552* 203121 203125 260553* 203130 203134 203138 203142
4.3 : 1 15 : 1 36 : 1 53 : 1 91 : 1 216 : 1 186 : 1 319 : 1 488 : 1 936 : 1

13⁄3 91⁄6 36⁄1 637⁄12 91 216⁄1 4459⁄24
637⁄2 4394⁄9 936

9.1 15 5.0 15 15 5.0 15 15 9.4 9.1
8 10 4 10 10 4 10 10 8 8

260551* 203117 203122 203126 203131 203135 203139 260554*
6 : 1 19 : 1 66 : 1 113 : 1 230 : 1 353 :1 546 : 1 1296 : 1

6⁄1 169⁄9 1183⁄18
338⁄3 8281⁄36

28561⁄81 546 1296⁄1
4.9 9.4 15 9.4 15 9.4 14 5.0
4 8 10 8 10 8 10 4

203118 203123 203127 203132 203136 203140
21 : 1 74 : 1 126 : 1 257 : 1 394 : 1 676 : 1
21 147⁄2 126 1029⁄4 1183⁄3 676
14 15 14 15 15 9.1
10 10 10 10 10 8

1 2 2 3 3 3 4 4 4 4
3.0 7.5 7.5 15.0 15.0 15.0 15.0 15.0 15.0 15.0
4.5 11.3 11.3 22.5 22.5 22.5 22.5 22.5 22.5 22.5
90 81 81 72 72 72 64 64 64 64

260 360 360 460 460 460 560 560 560 560
0.6 0.8 0.8 1.0 1.0 1.0 1.0 1.0 1.0 1.0
41.0 55.5 55.5 70.0 70.0 70.0 84.5 84.5 84.5 84.5

RE 35, 90 W 130 112.1 126.6 126.6 141.1 141.1 141.1 155.6 155.6 155.6 155.6
RE 35, 90 W 130 MR 420 123.5 138.0 138.0 152.5 152.5 152.5 167.0 167.0 167.0 167.0
RE 35, 90 W 130 HED_5540 429/431 132.8 147.3 147.3 161.8 161.8 161.8 176.3 176.3 176.3 176.3
RE 35, 90 W 130 DCT 22 438 130.2 144.7 144.7 159.2 159.2 159.2 173.7 173.7 173.7 173.7
RE 35, 90 W 130 AB 28 480 148.2 162.7 162.7 177.2 177.2 177.2 191.7 191.7 191.7 191.7
RE 35, 90 W 130 HED_5540 429/431 AB 28 480 165.4 179.9 179.9 194.4 194.4 194.4 208.9 208.9 208.9 208.9
RE 40, 150 W 132 112.1 126.6 126.6 141.1 141.1 141.1 155.6 155.6 155.6 155.6
RE 40, 150 W 132 MR 420 123.5 138.0 138.0 152.5 152.5 152.5 167.0 167.0 167.0 167.0
RE 40, 150 W 132 HED_5540 429/432 132.8 147.3 147.3 161.8 161.8 161.8 176.3 176.3 176.3 176.3
RE 40, 150 W 132 HEDL 9140 436 166.2 180.7 180.7 195.2 195.2 195.2 209.7 209.7 209.7 209.7
RE 40, 150 W 132 AB 28 480 148.2 162.7 162.7 177.2 177.2 177.2 191.7 191.7 191.7 191.7
RE 40, 150 W 132 AB 28 481 156.2 170.7 170.7 185.2 185.2 185.2 199.7 199.7 199.7 199.7
RE 40, 150 W 132 HED_ 5540 429/432 AB 28 480 165.4 179.9 179.9 194.4 194.4 194.4 208.9 208.9 208.9 208.9
RE 40, 150 W 132 HEDL 9140 436 AB 28 481 176.7 191.2 191.2 205.7 205.7 205.7 220.2 220.2 220.2 220.2
EC 40, 170 W 213 121.1 135.6 135.6 150.1 150.1 150.1 164.6 164.6 164.6 164.6
EC 40, 170 W 213 HED_5540 430/432 144.5 159.0 159.0 173.5 173.5 173.5 188.0 188.0 188.0 188.0
EC 40, 170 W 213 Res 26 439 148.3 162.8 162.8 177.3 177.3 177.3 191.8 191.8 191.8 191.8
EC 40, 170 W 213 AB 32 482 163.8 178.3 178.3 192.8 192.8 192.8 207.3 207.3 207.3 207.3
EC 40, 170 W 213 HED_5540 430/432 AB 32 482 182.2 196.7 196.7 211.2 211.2 211.2 225.7 225.7 225.7 225.7
EC 45, 150 W 214 152.3 166.8 166.8 181.3 181.3 181.3 195.8 195.8 195.8 195.8
EC 45, 150 W 214 HEDL 9140 436 167.9 182.4 182.4 196.9 196.9 196.9 211.4 211.4 211.4 211.4
EC 45, 150 W 214 Res 26 439 152.3 166.8 166.8 181.3 181.3 181.3 195.8 195.8 195.8 195.8
EC 45, 150 W 214 AB 28 481 159.7 174.2 174.2 188.7 188.7 188.7 203.2 203.2 203.2 203.2
EC 45, 150 W 214 HEDL 9140 436 AB 28 481 176.7 191.2 191.2 205.7 205.7 205.7 220.2 220.2 220.2 220.2
EC 45, 250 W 215 185.1 199.6 199.6 214.1 214.1 214.1 228.6 228.6 228.6 228.6
EC 45, 250 W 215 HEDL 9140 436 200.7 215.2 215.2 229.7 229.7 229.7 244.2 244.2 244.2 244.2
EC 45, 250 W 215 Res 26 439 185.1 199.6 199.6 214.1 214.1 214.1 228.6 228.6 228.6 228.6
EC 45, 250 W 215 AB 28 481 192.5 207.0 207.0 221.5 221.5 221.5 236.0 236.0 236.0 236.0
EC 45, 250 W 215 HEDL 9140 436 AB 28 481 209.5 224.0 224.0 238.5 238.5 238.5 253.0 253.0 253.0 253.0

  maxon gear	 June 2018 edition / subject to change

Stock program
Standard program
Special program (on request)

overall length overall length

maxon Modular System
+ Motor Page + Sensor Page Brake Page Overall length [mm] = Motor length + gearhead length + (sensor/brake) + assembly parts

Technical Data
Planetary Gearhead 	 straight teeth
Output shaft 	 stainless steel
Bearing at output 	 preloaded ball bearings
Radial play, 12 mm from flange	 max. 0.06 mm
Axial play at axial load	 < 5 N	 0 mm
		  > 5 N	 max. 0.3 mm
Max. axial load (dynamic)	 150 N
Max. force for press fits	 300 N
Direction of rotation, drive to output	 =
Max. continuous input speed	 8000 rpm
Recommended temperature range	 -40…+100°C
Number of stages		  1	 2	 3	 4
Max. radial load, 12 mm
	 from flange		  120 N	 240 N	 360 N	360 N

Planetary Gearhead GP 42 C  ∅42 mm, 3.0–15.0 Nm
Ceramic Version

Part Numbers

Gearhead Data
	 1 	 Reduction
	 2 	 Absolute reduction   
	10	 Mass inertia 		  gcm2

	 3 	 Max. motor shaft diameter 		  mm
Part Numbers

	 1 	 Reduction
	 2 	 Absolute reduction   
	10	 Mass inertia 		  gcm2

	 3 	 Max. motor shaft diameter 		  mm
Part Numbers

	 1 	 Reduction
	 2 	 Absolute reduction   
	10	 Mass inertia 		  gcm2

	 3 	 Max. motor shaft diameter 		  mm
Part Numbers

	 1 	 Reduction
	 2 	 Absolute reduction   
	10	 Mass inertia 		  gcm2

	 3 	 Max. motor shaft diameter 		  mm
	 4 	 Number of stages
	 5 	 Max. continuous torque 		  Nm
	 6 	 Max. intermittent torque at gear output 		  Nm
	 7 	 Max. efficiency 		  %
	 8 	 Weight 		  g
	 9 	 Average backlash no load 		  °
	11 	 Gearhead length L1**		  mm

*no combination with EC 45 (150/250 W) and EC-i 40
**for EC 45 flat L1 is -3.6 mm
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625854 625855 625856
647691 645604 647692

12 24 48
3760 4300 4020
797 493 221
3210 3730 3460
261 269 298
8.72 5.14 2.61
3340 4300 4870
111 81.9 43.2
84.1 85.3 86.4

0.108 0.293 1.11
0.0911 0.279 1.28

30 52.5 113
318 182 84.8
1.14 1.01 0.837
9.99 8.86 7.32
835 835 835

M 1:2

� 2.5 K/W
� 3.8 K/W
� 41.4 s
� 90 s
� -40…+100°C
� +125°C

		   	 < 12.0 N� 0 mm 
		  > 12.0 N� 0.14 mm

� 12 N
� 170 N 

� 8000 N
� 112 N

� 7
� 3
� 355 g

ESCON Module 50/5	 455
ESCON Mod. 50/8 (HE)	 456
ESCON 50/5	 457
ESCON 70/10	 457
DEC Module 50/5	 459
EPOS4 50/5	 463
EPOS4 Mod./Comp. 50/5	 463
EPOS4 Mod./Comp. 50/8	 465
EPOS4 Mod./Comp. 50/15	 466
EPOS4 70/15	 467
EPOS2 P 24/5	 470
MAXPOS 50/5	 473

100 W
625855

0 100 200 300 M [mNm]
0.48 2.3 4.1 5.9 I [A]
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1000

2000

3000

4000
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7000

Specifications Operating Range Comments

n [rpm] Continuous operation
In observation of above listed thermal resistance 
(lines 17 and 18) the maximum permissible wind-
ing temperature will be reached during continuous  
operation at 25°C ambient.
= Thermal limit.

Short term operation
The motor may be briefly overloaded (recurring).

Assigned power rating

maxon Modular System Details on catalog page 36

Stock program
Standard program
Special program (on request)

Part Numbers

April 2019 edition / subject to change 	 maxon EC motor	

EC 60 flat  ∅60 mm, brushless, 100 Watt

Motor Data
Values at nominal voltage

1 Nominal voltage V
2 No load speed rpm
3 No load current mA
4 Nominal speed rpm
5 Nominal torque (max. continuous torque)	 mNm
6 Nominal current (max. continuous current)	 A
7 Stall torque1 mNm
8 Stall current A
9 Max. efficiency %

Characteristics
10 Terminal resistance phase to phase W
11 Terminal inductance phase to phase mH
12 Torque constant mNm/A
13 Speed constant rpm/V
14 Speed/torque gradient rpm/mNm
15 Mechanical time constant ms
16 Rotor inertia gcm2

	 Thermal data
17	 Thermal resistance housing-ambient�
18	 Thermal resistance winding-housing�
19	 Thermal time constant winding�
20	 Thermal time constant motor�
21	 Ambient temperature�
22	 Max. winding temperature�
	 Mechanical data (preloaded ball bearings)
23	 Max. speed� 6000 rpm
24	 Axial play at axial load 	  

		
25	 Radial play � preloaded
26	 Max. axial load (dynamic)�
27	 Max. force for press fits (static)�  

(static, shaft supported) �
28	 Max. radial load, 5 mm from flange�
	 Other specifications
29	 Number of pole pairs�
30	 Number of phases�
31	 Weight of motor�
	 Values listed in the table are nominal.
	 Connection V1 	 V2 (sensors, AWG 24)
	 Pin 1	 Hall sensor1	 Hall sensor1
	 Pin 2	 Hall sensor 2	 Hall sensor 2
	 Pin 3	 VHall 4.5…24 VDC	 Hall sensor 3
	 Pin 4	 Motor winding 3	 GND
	 Pin 5	 Hall sensor 3	 VHall 4.5…24 VDC
	 Pin 6	 GND	 N.C.
	 Pin 7	 Motor winding 1
	 Pin 8	 Motor winding 2
	 			   V2 (Motor, AWG 16)
	 Pin 1			   Motor winding 1
	 Pin 2			   Motor winding 2
	 Pin 3			   Motor winding 3
	 Pin 4			   N.C.
	 Wiring diagram for Hall sensors see p. 47
	 Connector	 Part number
	 Molex	 46015-0806	 43025-0600
	 Molex			   39-01-2040
	 Connection cable for V1
	 Connection cable Universal, L = 500 mm	 339380
	 Connection cable zu EPOS4, L = 500 mm	 354045
	 1Calculation does not include saturation effect (p. 57/162)

V1 with Hall sensors
V2 with Hall sensors and cables

Encoder MILE
512 - 4096 CPT,
2 channels
Page 413

Planetary Gearhead
∅52 mm
4 - 30 Nm
Page 367

Recommended Electronics:
Notes	 Page 36



m
ax

o
n 
E
C

-i

248

18 36 48
4540 4550 5000
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2860 3160 4330
76.3 42.2 47.5
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0.236 0.853 1.01
0.169 0.675 0.995
37.5 74.9 91
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100 W
496661

496660 496661 488607

ESCON 36/3 EC	 455
ESCON Mod. 50/4 EC-S	 455
ESCON Module 50/5	 455
ESCON Mod. 50/8 (HE)	 456
ESCON 50/5	 457
ESCON 70/10	 457
DEC Module 50/5	 459
EPOS4 50/5	 463
EPOS4 Mod./Comp. 50/5	 463
EPOS4 Mod./Comp. 50/8	 465
EPOS4 70/15	 467
EPOS2 P 24/5	 470
MAXPOS 50/5	 473

	
� 7.17 K/W
� 1.35 K/W
� 20.7 s
� 1400 s
� -40…+100°C
� +155°C
	

		   	 < 9.0 N� 0 mm 
		  > 9.0 N� 0.15 mm

� 7 N
� 87 N 

 � 3000 N
� 29.9 N
	

� 7
� 3
� 390 g

Specifications Operating Range Comments

n [rpm] Continuous operation
In observation of above listed thermal resistance 
(lines 17 and 18) the maximum permissible wind-
ing temperature will be reached during continuous  
operation at 25°C ambient.
= Thermal limit.

Short term operation
The motor may be briefly overloaded (recurring).

Assigned power rating

maxon Modular System Details on catalog page 34

Stock program
Standard program
Special program (on request)

Part Numbers

  maxon EC motor	 April 2019 edition / subject to change

EC-i 40  ∅40 mm, brushless, 100 Watt
High Torque

Motor Data
Values at nominal voltage

1 Nominal voltage V
2 No load speed rpm
3 No load current mA
4 Nominal speed rpm
5 Nominal torque (max. continuous torque)	 mNm
6 Nominal current (max. continuous current)	 A
7 Stall torque1 mNm
8 Stall current A
9 Max. efficiency %

Characteristics
10 Terminal resistance phase to phase W
11 Terminal inductance phase to phase mH
12 Torque constant mNm/A
13 Speed constant rpm/V
14 Speed/torque gradient rpm/mNm
15 Mechanical time constant ms
16 Rotor inertia gcm2

	 Thermal data	
17	 Thermal resistance housing-ambient�
18	 Thermal resistance winding-housing�
19	 Thermal time constant winding�
20	 Thermal time constant motor�
21	 Ambient temperature�
22	 Max. winding temperature�

	 Mechanical data (preloaded ball bearings)
23	 Max. speed� 8000 rpm
24	 Axial play at axial load 	  

		
25	 Radial play� preloaded
26	 Max. axial load (dynamic)�
27	 Max. force for press fits (static)�  

(static, shaft supported) �
28	 Max. radial load, 5 mm from flange�

	 Other specifications
29	 Number of pole pairs�
30	 Number of phases�
31	 Weight of motor�

	 Values listed in the table are nominal.

	 Connection motor (Cable AWG 20)
	 red	 Motor winding 1	 Pin 1
	 black	 Motor winding 2	 Pin 2
	 white	 Motor winding 3	 Pin 3
		  N.C.		  Pin 4
	 Connector	 Article number
	 Molex	 39-01-2040
	 Connection sensor (Cable AWG 26)
	 yellow	 Hall sensor 1	 Pin 1
	 brown	 Hall sensor 2	 Pin 2
	 grey	 Hall sensor 3	 Pin 3
	 blue	 GND		  Pin 4
	 green	 VHall 4.5…24 VDC	 Pin 5
		  N.C.		  Pin 6
	 Connector	 Article number
	 Molex	 430-25-0600
	 Wiring diagram for Hall sensors see p. 47
	 1Calculation does not include saturation effect 

(p. 57/162)

with Hall sensors

Recommended Electronics:
Notes	 Page 34

Planetary Gearhead
∅42 mm
3 - 15 Nm
Page 362

Encoder 16 EASY
128 - 1024 CPT, 3 channels
Page 418
Encoder 16 EASY Absolute
4096 steps
Page 422

Encoder HEDL 5540
500 CPT, 3 channels
Page 446

Encoder AEDL 5810
1024 - 5000 CPT, 3 channels
Page 438

Encoder 16 RIO
1024 - 32 768 CPT, 3 channels
Page 436
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Sacramento, CA 
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                           PYROFIL™ TR50S 12K 
 

                Typical Fiber Properties 
Strength 

710 
4,900 

ksi 
MPa 

Tow Tensile 
Modulus 

35 
240 

msi 
GPa 

JISR 7601 

Typical Density 0.066 
1.82 

lb.in3 
g/cm3 

JISR 7601 

Typical Yield 12K 
620 
800 

yds/lb 
mg/m 

JISR 7601 

 

Typical Mechanical Properties 
Strength* 

430 
2950 

ksi 
MPa 

ASTM D3039 / Vf=60.0% 
0º 

Modulus* 
20.6 
142 

msi 
GPa 

ASTM D3039 / Vf=60.0% 

Strength 
11 
79 

ksi 
MPa 

ASTM D3039 / Vf=56.0% 
Tensile Properties 

90º 
Modulus 

1.3 
9 

msi 
GPa 

ASTM D3039 / Vf=56.0% 

Strength* 
230 

1600 
ksi 

MPa 
SRM 1-88 / Vf=60.0% 

Compressive Properties 0º 
Modulus* 

18.7 
130 

msi 
GPa 

SRM 1-88 / Vf=60.0% 

Strength 
430 

3000 
ksi 

MPa 
ASTM D790 /  L/d=40 / Vf=60.0% 

0º 
Modulus 

19 
130 

msi 
GPa 

ASTM D790 /  L/d=40 / Vf=60.0% 

Strength 
20 

140 
ksi 

MPa 
ASTM D790 / L/d=16 / Vf=56.0% 

Flexural Properties 

90º 
Modulus 

1.3 
9 

msi 
GPa 

ASTM D790 / L/d=16 / Vf=56.0% 

Short-Beam Shear Strength 
13 
90 

ksi 
MPa 

ASTM D2344 / L/d=4 / Vf=56.0% 

- 250F Epoxy Prepregs 
- Resin:  Mitsubishi Rayon #340 resin system 
- Tensile and compressive properties are normalized to 60% fiber volume 



Compact Square-Face DC Gearmotor $62.74 Each
6409K11
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