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Crash-test dummy

Used to test (and improve) automobile safety



Crash-test dummy

Also used in helicopter/aircraft testing



Crash-test dummy

Government regulated
• Specifications and drawings available
• Little room for innovation
• Different crash configurations need different dummies
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Insurance Institute for Highway Safety
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Sanford et al., Journal of the American Medical Association, 2015



Crash-test dummy

Bike Crashes: Cyclist hit by car
• from rear
• from side
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Crash-test dummy

Project goals

• Functional crash test dummy 
• Simulate different bike-car collision scenarios
• Collect collision data



Crash-test dummy

Project goals

• Bike: ~20 km/h
• Car: 30 km/h
• Collision: rear/ side
• Bike must travel > 4m without support



Crash-test dummy

Evolution of crash simulation: first crash 2012



Crash-test dummy

Evolution of crash simulation: March 2013



Crash-test dummy

Evolution of crash simulation: March 2014



Crash-test dummy

Evolution of crash simulation: March 2015



Crash-test dummy (2015-16)



Crash-test dummy (2016-17)



Crash-test dummy (2016-17)



Crash-test dummy

Project goals – this year
• Dummy re-design
• Reliable launch mechanism

• Timing/trigger
• Bike stabilization

• 3D Reconstruction & Visualization
• Quantification of head impact



CUCD Organization
Project Coordinator: 

Crash Dummy 
Lead Engineer: Frei
Shoulder 

Elbow 

3D print skin 

Head

Neck/Spine

Pelvis

Foot interface

Timing and Sensing
Lead Engineer - Speirs
3D video reconstruction

Timing System

Timing Motor

High speed sensing

Head acceleration

Head impact

Dummy balance

Launch System
Lead Engineer - Petel
New buggy support

Redesigned chain tensioners

New crane design

Motor control and analysis

Handlebar-fork decoupling

Fine adjustment capability

Measure bike speed



Crash Dummy
Prof. Frei

• Head redesign (1)
• Spine, neck and neck tensioner redesign (1) 25 

MAAE4907 I Final Design Report 12/04/2017 

accelerometers would be placed front to back rather than side to side. The total weight of the skull including 
the accelerometer bar was 9.35lb.  

  

The maximum amount of impact force would be caused by a head on collision between the cyclist and 
vehicle, however that is not a situation being tested. Although the main goal is to test a vehicle rear ending 
the cyclist, a T-bone of the two would produce more impact force and this situation may be tested as well. 
Therefore, calculations will be done for a scenario of the cyclist hitting the side of the car. The impact force 
acting on the head assuming 80% absorption by the head is 4729N (Appendix C.2), thus all components of 
the design must be able to hold up no matter where this force is applied.  

The design allowed quick access to the electronics as to access them all that needed to be removed is the 
skin layer, and the four bolts in the side plate. 

Figure 3.4: 2016-17 Skull Design 

Figure 3.4: 3D Scan Model of Skin Layer 

Figure 3.3: 2016-17 Skull Design 
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was very stable and survived each crash test, but the desired range of motion in flexion was not 
achieved. [6.2] 

6.1.4 2015-2016 Design 

The external tensioning system 
from the previous year was scrapped. 
To mitigate the resulting increase in 
range of motion, a custom externally 
mountable 3D printed brace was 
made. It was designed in such a way 
to hold the backward protrusions of 
the aluminium discs in place. The 
base of the 3D printed brace would 
then attach to the top of the back of 
the torso. The objective of the piece 
was to keep the neck stable and 
upright during the jerking motion 
caused by the acceleration of the cart 
and shatter upon impact with the vehicle. The internal 
tensioning system was changed as well. The top and bottom plates of the neck had spring pins inserted 
along the side. Wrapped around these spring pins are steel cables that protrude from the front of the 
base plate. These cables pass through a tensioning plate and are crimped. The tensioning plate can move 
forward and backward by screwing in or out two screws. Overall, the neck did achieve its desired range 
of motion and the 3D printed brace shattered upon vehicular impact.  

  

6.2 Objectives 

This project had three main objectives. The first objective was to try to stray away from the 3D printed 
brace. The reason behind this was to eliminate the need to constantly supply and swap breakable parts. The 
second objective was to modify the tensioning system. The way it is currently designed, the tensioning 
system places unnecessary friction forces on the steel cables, meaning they would have to be tensioned at 
a higher value than the desired tension. Lastly, the third objective was to perform a spine test in lateral 
bending to determine the neck’s stiffness in comparison to published results.  

Out of these objectives, only the spine test was accomplished. The reasoning behind this outcome will be 
covered in section 6.3 (Analysis).  

6.3 Analysis 

This section will outline the process behind each objective.  

Objective 1: Stray from 3D piece.  
 Many external fixation ideas were brainstormed, but the majority of these required some sort of 
breakable piece. Briefly, an internal tensioning method was thought of (rod inserted in the center of the 
neck), but the thought of dismantling the neck to change it each time it broke quickly perished that thought. 
After discussing with professor Frei, we agreed that keeping the brace was the best option.  

Objective 2: Modify tensioning system. 

Figure 6.4: Final neck design from 
the 2015-2016 group with the neck 
brace on the right. [.3] 
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Section 6: Daniel Baliki - Neck 

6.1 Background 

Since the creation of the CUCD project, the objective of the neck has been to support the head. This 
objective is vital since the head (and in some years, the neck itself) is where the sensing equipment is stored. 
While doing all of this, it should have properties (movement, stiffness) like a human’s neck. Below is a 
summarized history of each design in the past years: 

6.1.1 2012-2013 Design 

The neck was comprised of alternating layers of rubber 
discs and steel discs. The rubber type and the steel grade were 
not specified, but the shore hardness of the rubber was 70A.  To 
make sure the layers stay together, a steel cable was run down 
the center of the neck with added cables in the front and back. 
The day before the crash test, the steel cable in the center broke. 
During preliminary testing, the front and back cables broke as 
well. A decision was then made to rigidly bolt the neck to 
prevent it from failing. This had the consequence of removing 
all its range of motion. [6.1] 

 

6.1.2 2013-2014 Design 

The use of alternating layers of metal and rubber has not 
changed since 2012-2013. The materials themselves however 
did change. The rubber went from a Shore 70A to a Shore 40A 
neoprene rubber. The metal changed from steel to aluminized 
steel. Small holes were drilled through the metal and rubber to 
insert pins. This lowers the rotational range of the neck. To keep 
all the layers together, a top plate and bottom plate were added 
with the internal steel cable tensioning system wrapping around 
the top and bottom plates. This is possible due to a pulley system 
inside the plates. The final range of motion of the neck was too 
high and it was unable to support the head. It did however 
survive the crash tests. [6.1] 

 

6.1.3 2014-2015 Design 

The tensioning system underwent a massive transformation following 
the previous year’s design’s inability to support the head. The goal was to 
reduce the range of motion of the previous design to a more acceptable 
range. The metallic discs of the neck were changed from aluminized steel to 
aluminium. The Shore 40A rubber remained unchanged. The aluminium 
disc diameter was made bigger (larger than the rubber) to accommodate the 
new external fixation and tensioning system. This new tensioning system 
comprised of external steel cables that passed through holes drilled near the 
edge of the aluminium discs. These cables were then attached to a custom 
turnbuckle attachment at the base of the rigid lumbar spine. Thus, the neck 

Figure 6.1: Final neck design from 
the 2012-2013 group. [6.1] 

Figure 6.2: Final neck design from 
the 2013-2014 group. [6.1] 

Figure 6.3: Final neck design 
from the 2014-2015 group. 
[6.2] 



Crash Dummy
Prof. Frei

• Pelvis design (1)
• Elbow redesign (1)
• Shoulder redesign (1)
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Figure 8.5: Final elbow design 

The gear and the lower arm plate were securely fastened together using two 3/8” bolts so they would move 
as one system. The lower arm plate and the gear would then be free to rotate along the bolt, whereas the 
upper arm plate would remain fixed as it is connected to the shoulder. The extension in the bottom of the 
upper arm plate restricted the movement of the gear and lower arm plate to the required range of motion 
(135 degree flexion, 0 degree extension). The assembled final design of the elbow and upper limb can be 
seen in Figure 8.6. 

 

Figure 8.6: Assembled elbow joint 
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Initial design: 

The initial design consists of a collar bone that bolts onto the neck; the 
previous connection was kept in order to remain compatible with the previous 
shoulder and keep design time short. The shoulder housing is bolted to the 
collar bone with an externally accessible nut going onto a threaded rod.    

Figure 7.2: Initial design 
Mid-year design: 

This design was improved over the initial design by swapping the externally 
accessible nut and threaded rod for an internal machine screw of 5/8” diameter. 
This was done because it would remove less material making the collarbone 
stronger and it would be aesthetically pleasing. The shoulder housing was also 
thickened to improve the survivability. The arm attachment was moved out of 
contact with the ball in order to increase the abduction of the shoulder. A set 
screw that makes contact with the ball allowing the joint to be locked was 
added. 

 

Figure 7.3: Mid-year 
design 

Final design: 

At the mid-year design it was realised that the level of abduction was 
unacceptable so to improve it the shoulder housing was rotated so the long 
edge was on the underside of the shoulder. This brought the maximum angle 
of abduction to an acceptable value. The treaded rod attaching the ball to the 
arm attachment was changed for a sacrificial rod threaded at both ends with a 
notch in the middle. The rod is designed to break before the threads in the ball 
strip.   

 

Figure 7.4: Final design 

    

7.3.2 FINAL DESIGN 

This section will cover the final design, a breakdown of its components and a brief statement about the 
calculation done for that component. A more in depth explanation of the calculations can be seen in the 
analysis section. Unless otherwise stated the components are made of 6061 Aluminum.  

 

The finished shoulder can be seen 
here. They weigh 3.3 kg each, 
have 360 degrees in extension and 
flexion, and 65 degrees in 
abduction. The set screw is able to 
lock the shoulder in place when 
required. The dummy was able to 
hold its self-up when the shoulder 
was locked and unlocked. 

  

Figure 7.4: Finished shoulders 



Crash Dummy
Prof. Frei

• Foot pedal interface (1)
• Skin 3D printing (1)
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To connect the foot design to the leg tubing an ankle adapter was designed. It was made to be inserted into 
the leg tubing and clamped tight. However, due to time constraints it did not get manufactured. 
Consequently for the final crash we reused last year’s ankle adapter. In figure 5 you can see the final leg 
assembly. 

 

 

Figure 12.4   Foot design 

Figure 12.5   Actual leg assembly 
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Figure 1.7: Artec Eva handheld scanner [1.6] 

Various methods were tested to reach that used for the scans that created the models. The Artec Studio 11 
program takes a number of scans to create a mesh that is exported as an STL file. For the scans used, both 
texture and geometry were tracked to gain as much information as possible for the program to “auto-align” 
the scans. The result was that shown in Figure 1.8. 

 

Figure 1.8: Artec Studio 11 

The scan shown is when the subject’s front was scanned, then they turned so their back could be scanned. 
As shown in the figure, the program had difficulty with alignment. For this reason, the following method 
was used. 
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Figure 1.15: Models to 3D printed physical version 

The printed version was curved as shown in Figure 1.15. This may have been because there was a lack of 
heat on the printer base. It was determined that the assembly used for the cut outs did not have the clamps 
in an accurate orientation for the upper arm. 

1.5 Recommendations 

For future years, I have a few recommendations that may facilitate the process and accuracy. For the 3D 
scanner, it would be beneficial to find a rotation device to make scanning easier. It would help the “dummy 
model” stay in one position and minimize small movements that may cause inaccuracies in the scan. 
Hopefully more prints can be made so that the dummy is completely covered in the 3D printed skin. In the 
future, I would recommend incorporating rib-like supports into a 3D printed chest. Finally, for the material 
used, testing should be done to determine appropriate infill and wall thickness properties to mimic the 
damping effect of skin and muscle. The magnets and glue should also be tested to ensure the magnets are 
strong enough to keep the components on the dummy during a crash and that the glue is able to keep the 
magnets in place. When creating the models, it may be effective to scale up the assembly of the joint and 
tubing so that any shrinking of the material during printing does not inhibit its ability to fit in place. 

1.6 Conclusion 

The purpose of the skin is to create a more realistic model for the crash dummy. In addition to improving 
the shape, the stiffness will simulate that of human muscle. A 3D scanner was used to make the parts similar 
to the actual shape of the body. The left forearm and upper arm were printed this year, but models were 
completed for both arms and legs. To make it possible for the 3D printer to print the skin, the parts must be 
printed in various sections. The design allows them to be attached using rare earth magnets glued into the 
printed section. Because of the time constraint with printing, no models were testing during the crash in 
March. Continued research should be done to make conclusions regarding the potential success of the 
design. 



Launch System
Prof. Petel

• New buggy support concepts (1)
• Redesigned chain tensioners (1)
• New crane design (1) 
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Figure 2.8: Chain Release Mechanism system [2] 

Note: See all the design drawing displayed in the Appendix B.2. 

2.4 Implementation 

For the implementation process, all the components of the chain and corresponding sprockets were ordered 
on the McMaster-Carr. The tensioner section was manufactured in the machine shop of Carleton University. 
Four components from the tensioner system were welded on the 1/8-inch thickness steel flat to the track 
except the sprockets of the motor shaft. All the conflicts between the cart and track were adjusted until the 
chain could drive cart smoothly along the track.  

   

Figure 2.9: implementation for the tensioner section 

Table 2.2 shows the list of the expenditure for the chain drive system during these two semesters. All 
materials of the chain tensioner were obtained from the machine shop and Material Supermarket. The 
total cost for the drive section is $700 CAD. 

Table 2.2: list of expenditure 
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The total length for the chain = 744 inch 

The total length for this spool to store the chain: 

24 + 6
2

 x 
24 − 6

2 x 0.457
 x π =  930 inch 

calculation analyzed that the spool has enough space to store the 64-foot-long chain. 

2.3.3 Chain Tensioner 

However, the key design for drive system in this year is the improvement of chain tensioner. Figure 2.5 
shows the design of the chain tensioner used in last 2 years, people tensioned the chain in the horizontal 
direction. While in the test at October 2016, almost half an hour was spent on the tension process, and the 
sprockets could not be set up ideal in a straight along the track.  So the design goal for new chain 
tensioner would be reducing time consuming and fully stretch the chain loop along the track. 

 

Figure 2.6: Design for the chain tensioner from last 2 years [2] 

In this year, the design of the tensioner system was combined by 5 sections: two sprockets at both ends of 
the track were fixed, two main chain tensioners and one sub tensioner were installed in the middle of the 
track, all the tensioners tension the chain in the vertical direction. It means that the sprockets from these 5 
sections was perfectly in a straight line along the track during the launch process. Figure 2.6 shows the 
design of the tensioner system: 

     

Figure 2.6: components of the chain tensioner design 



Launch System
Prof. Petel

• Motor Control and Analysis (1)
• Handlebar-fork decoupling (1)
• Fine adjustment capability on the bike/dummy support structures/

cart (1)
• Sensors to measure bike speed coming off the track (1)
• Rust strip and paint track (All)
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Figure 4.8: Dummy Set Up for Preliminary Testing 

 
Figure 4.9: Dummy Supported for Final Testing 

4.7 Recommendations 

Overall the support systems have seen an improvement from previous years, but there are some 
recommendations that can be made for future project members. One suggestion made by Professor Frei is 
to separate the dummy support systems so they can be adjusted independently. This allows for more control 
over the balancing of the dummy and can help reduce the lean experienced during the tests. Another 
improvement that can be made is the addition of some form of plastic lining placed between the support 
adjustments. This will allow for easier movement of both support systems as the current metal to metal 
surface contact does not allow for quick smooth adjustments. Lastly, a method to determine lean, similar 
to Omar’s idea from last year can be implemented. His method was on the right track, but was not 
implemented properly. It is believed that with a proper method to determine the actual balance of the 
dummy on the bicycle, the lean experienced after launching can be reduced. 
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Originally shelf brackets were selected to provide the biplanar rotation as discussed in Section 5.3.4.3. 
However, Figure 10 (left) below displays the damage undertaken by the brackets using the Preliminary 
Test. It was evident that these brackets were too weak, yielding under the forces during the crash. As a 
result, this design had to be altered to ensure the success and repeatability of the design. This lead to the 
implementation of the pieces shown in Figure 10 (right). Constructed from angle iron, the pieces were 
machined to resemble the initial shelf brackets with just the overall sturdiness and rigidity being increased. 

 

 

 

 

 

 

 

5.5 Verification and Validation 

To verify and validate the design, the design outputs were compared to the initial requirements. Firstly, 
although altered slightly in shape by Yulun, the seat post holder wrapped around the seat post improving 
stability and acting as the main driving element of the system. Secondly, the dummy support, adjustable in 
both the horizontal and vertical direction, hugged the dummy at the sides as intended to balance the dummy 
on the bicycle. The U-Channel and accompanying shims ensured that the bike tires remained in a straight 
position, while allowing for variable tire widths.  

Moreover, Figure 11 below shows the handle bar stabilizer implemented and functioning as intended 
validating the design. The handle bar stabilizer kept the handle bars in a straight position to prevent the 
dummy from falling into a lean, while allowing the front fork to spin freely to self correct.  

 

 

 

 

 

Furthermore, with all the components extracted with ease, and the bolt and lock nut being returned to the 
bicycle, the design proved to be reversible as previously discussed. This being important as the concept had 
not been tested under these conditions and the test may have had to carry on without the design being 
implemented should it fail to work in practice. Finally, through the design analysis found in Section 5.0 of 
Tech Memo V, the values attained with respect to the plastic bars sat well within the parameters outlined. 

Figure 5.10: Original shelf bracket (Left) and Redesigned bracket (Right) 

Figure 5.11: Design implemented showing front fork twisted while handle bars remain straight 



Timing and Sensing
Prof. Speirs

• 3D video reconstruction and simulation (1)
• Timing: system characterization (speed, acceleration, launch time) (1)
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Figure 7.4 Schematic of final crash test setup for 2016/2017. 

7.3 Final Design 

7.3.1 Design Overview 

This year’s design relies on two principal components, described in greater detail in the following 
sections, the first is a laser diode and the second is a Light Dependent Resistor (referred to as LDR from 
here on).  

The complete sensor rig seen in figure 7.5 is adjustable lengthwise at the T-joint in the middle; the 
length is dependent on the sensors refresh rate, we calculated and determined that the length required for 
minimum errors be 7 meters, refer to Appendix G.2 for percent error in distance between sensors graph. 
Both sides of the rig are lined-up with one another, leaving a gap wide enough for the car, such that the 
laser beams are pointing directly at the center of the LDRs. When the car cuts through the laser beam the 
resistance in the LDR increases by a certain value, this change in resistance is used as calibration values. A 
timer starts when the car cuts through the first laser beam and stops once the car cuts through the second 
laser beam. 

 The car’s velocity is used to find the delay time required to trigger the launch of the cart, the post-
crash analysis requires both the speed of the car and the delay time to trigger.  An Arduino UNO 
microcontroller receives the signal from the sensors then stores and relays the information needed to the 
Variable Frequency Drive (referred to as VFD from here on) to time the launch, the VFD is controlled by 
another Arduino UNO, through a wireless connection. The sensor rigs, figure 7.5, must be placed parallel 
to the car’s path to calculate the velocity and to time & trigger the cart's launch. 
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analysis performed during the Winter 2017 test crash at Carleton University. Both the CUCDR and ASP 
use anthropometric data in Appendix 1 [11.8][11.9]. 

11.4 Design 

11.4.1 Animation Software Package (ASP) 

To first gain an understanding of how the Blender user interface works, animations were created in 
Blender using files found online for a man [11.10], a bicycle [11.11], and a car [11.12]. This allowed for 
exploration of the Blender user interface. Figure 11. below illustrates a frame from a preliminary animation 
created in Blender using the direct user interface. 

 

Figure 11.3: Frame from Preliminary Crash Animation [11.10][11.11][11.12][11.13][11.14] 

The key models in Figure 11. above are the man, bicycle, and car. The human model selected for 
animation is a physiologically accurate model of an athletic male [11.10]. The bicycle model selected is a 
low polygon model, which will allow for a faster render speed of the animation [11.11]. The car selected 
was selected for its realistic qualities [11.12]. Figure 11. also depicts peripheral models such as trees 
[11.13], and a truck [11.14] near the collision to illustrate that models are easily available to customize the 
crash scene to the user’s liking. 

Animations work in Blender by creating “Keyframes”; locations, rotations, and scales of objects, which 
define the beginning and end of a smooth transition in the animation. Figure 11. below illustrates how a 
linear interpolation between “Keyframe #1” and “Keyframe #2” keyframes in the x-direction location 
parameter produces a linear velocity within the animation. To create an animation of a realistic crash in 
Blender (as done above in 11.3 above), the user would need to insert keyframes at every frame, as the 
cyclist’s arms and legs could move sporadically within the time of a crash. To create an animation from 
simple user input, less keyframes were utilized (Figure 11. below) and Blender interpolates between the 
keyframes that are created from this input. Currently the interpolation used in the CSV animation generator 
defaults to the interpolation method specified by the Blender user. If the cars are braking before the crash, 
a quadratic interpolation could be used. 
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parameters extracted during the camera calibration [10.4]. A point of interest is selected in one camera view 
and then a line of zero residual error is produced in the other camera views as seen in Figure 10.. 

 

Figure 10.3: Three-dimensional tracking between two camera views. Red circle shows point of interest, blue line 
represents ‘line of zero residual error’ for the point of interest in the corresponding camera view. 

If the point of interest lies on the line, there will be no residual error between the camera views. 
Direct linear transformation residuals result when the (x,y) coordinate pairs from the cameras do not result 
in an exact solution and are the mean square error in pixels about the (x,y,z) location. Currently using this 
the existing calibration protocol, the mean residual error is 2.64 pixels which corresponds to approximately 
± 15 mm of error per point.  

To improve the efficiency and the accuracy of the tracking, fiducial markers were added to the 
points of interest on the dummy. Fiducial marks enable the embedded auto-track features to be used and 
eliminates some of the manual tracking. The three-dimensional reconstruction and animation portion of the 
project requires points on the wrists, elbows, shoulders, head, torso, hips, knees, and ankles to be tracked 
during the collision.  

10.5 Crash Analysis  

10.5.1 Coordinate system definition  

To reconstruct the collision sequence, the data needs to be reoriented to create time vs displacement 
plots and then velocity and acceleration can be determined. The data that is exported from the three-
dimensional tracking program is defined relative to the calibration frame. This axis system needs to be 
reoriented such that the y-axis is along the direction of travel (aligned with the track), x-axis is perpendicular 
to the direction of travel, and the z-axis is upward from the x-y plane. Figure 10. shows the reoriented 
position data of the dummy’s head during the winter 2017 crash from launch, to resting position on the 
ground. 



Timing and Sensing
Prof. Speirs

• Timing: motor/VFD/power analysis (1)
• High speed sensing/logging (1)
• Head acceleration measurement (1)
• Head impact assessment (1)
• Dummy and bike setup/balance (1)
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Figure 4.8: Dummy Set Up for Preliminary Testing 

 
Figure 4.9: Dummy Supported for Final Testing 

4.7 Recommendations 

Overall the support systems have seen an improvement from previous years, but there are some 
recommendations that can be made for future project members. One suggestion made by Professor Frei is 
to separate the dummy support systems so they can be adjusted independently. This allows for more control 
over the balancing of the dummy and can help reduce the lean experienced during the tests. Another 
improvement that can be made is the addition of some form of plastic lining placed between the support 
adjustments. This will allow for easier movement of both support systems as the current metal to metal 
surface contact does not allow for quick smooth adjustments. Lastly, a method to determine lean, similar 
to Omar’s idea from last year can be implemented. His method was on the right track, but was not 
implemented properly. It is believed that with a proper method to determine the actual balance of the 
dummy on the bicycle, the lean experienced after launching can be reduced. 
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Figure 4.5: Signal conditioner on proto-board and logger. 

To reduce data errors, signals were split across both of the A/D converters on the logger, connecting to pins 
1,3,5, and 7. An on-board LED is used to control current in the on the signal conditioning circuit. In 
addition, a status LED is connected to long leads (top of figure) providing visual confirmation that the 
logger is on, as it cannot be seen when the head is sealed. A second pair of leads is connected to a similar 
LED for use in the acceleration measurement system. 

4.5 Implementation  

Building on implementation from the fall semester, sensor construction, 
testing, and calibration were performed. The impact system was 
integrated with the acceleration measurement system and the structural 
components of the head. Figure 4.6 shows the dummy head with all 
systems, as used on the March 24, 2017 test.  

4.5.1 Sensor and Signal Conditioner Construction 

Sensor construction began with the steel plates, which were cut to size 
by the supplier. To increase contact conductivity with the foam and to 
reduce sharp edges, the plates were sanded and polished. Holes were 
drilled in the plates and leads were soldered on, with a full loop of wire 
wrapped between the holes to ensure a solid connection. Conductive 
foam was scissor cut to 1"x1" squares. Four pieces of silicone were cut 
using a jig for each sensor to create the sides of the gaskets. Several 
adhesives were tested to assemble the gaskets, however cloth tape was 
found to be the best solution. 

Figure 4.6: Head as used on March 24 
test. Sensors shown by arrows. 
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• 2-3 presentations per week
• Sign-up on cuLearn



Team Updates

• Each team will give brief update of progress
• Encouraged to use graphics
• Team coordinator is responsible but may call 

on individual team members



Grading

Documentation 40%
• Tech memos
• Design Report (end of fall term)
• Final Report (end of winter term)



Grading

Formal Presentations 20%
• PDR (Preliminary Design Review) (10%)

• End of fall term
• CDR (Critical Design Review) (10%)

• End of winter term



Grading
Performance Evaluation 40%
• 20% for each term

Ranking and 
score

Unacceptable Poor Marginal Satisfactory Very good Excellent Weight Total (weight x 
score)

Area of 
evaluation

1 2 3 4 5 6

Design and 
technical 
contribution

6

Communication 1

Management of 
Resources

1

Initiative and 
Commitment

1

Attitude and 
team spirit

1

Final Mark:            /60



Ranking and 
score

Unacceptable Poor Marginal Satisfactory Very good Excellent

Area of 
evaluation

1 2 3 4 5 6

Design and 
technical 
contribution

Technical work is 
largely incorrect and 
inaccurate.

Work must be 
redone by others to 
meet standards.

Keeps a consistent 
quality of work but falls 
short of satisfactory 
standards.

Quality of work is 
generally of acceptable 
or good quality. Rarely 
added depth or quantity.

Work is of high quality and 
typically above standard. 
Occasionally added depth 
and quantity.

Technical work is always of 
exceptional quality and 
accuracy. Consistently 
more depth and quality 
than required.

Communication Ineffective 
communicator with no 
effort to improve.

Skills ineffective. 
Makes little effort to 
improve.

Frequently confusing – 
improper use of terms, 
descriptions of methods 
and results are unclear, 
with little effort to 
clarify or improve.

Sometimes confusing but 
effort is made to clarify 
and improve.

Clear communication but 
with occasional errors in 
terminology, methods, and 
results. Concerted effort to 
improve weak areas.

Clear communication with 
proper use of terms, 
methods and results that 
are immediately 
understandable by group 
members, project members 
and external stakeholders.

Management of 
Resources

Little to no useful 
work. Takes away from 
the productivity of the 
team as a whole. No 
individual plan and no 
contribution to group 
plan.

Not enough useful 
work done in group 
or out. Sometimes 
wastes his/her time 
and others. Work is 
typically late and no 
consistent planning 
done. No plan.

Does not work well 
within the team, 
occasionally wastes 
team’s time. Has trouble 
doing productive work. 
Some tasks completed 
late. Plan includes some 
tasks.

Is not time-efficient in 
working with the group, 
but works hard when a 
deadline is near. Most 
tasks completed on time. 
Plan includes all tasks but 
incomplete dates.

Uses time effectively in and 
out of group. Completes all 
tasks on time. Plan includes 
tasks and dates but 
interdependencies not 
noted.

Uses time effecitively in and 
out of group and works to 
get others to do the same. 
All tasks completed on or 
ahead of schedule. 
Complete plan with list of 
tasks, task 
interdependencies, dates of 
completion.

Initiative and 
Commitment

Must be constantly 
told what to do by 
supervisors and peers. 
Performs few if any 
assigned tasks.

Lets others do the 
work does the 
minimum he/she 
thinks is needed to 
get y. Performs few 
assigned tasks.

Tends to watch others 
work, but does get 
involved when necessary. 
Volunteers help only 
when a necessity. 
Performs most assigned 
tasks.

Gets involved enough to 
complete tasks. Does his/
her share and volunteers 
for multiple tasks.

Readily accepts tasks, 
sometimes seeks more 
work. Gets involved in the 
project. Sometimes does 
more than required. A 
producer.

Takes initiatives to seek out 
work, concerned with 
getting the job done. Very 
involved with the technical 
project. Consistently does 
more than required and 
motivates others.

Attitude and 
team spirit

Negative attitude that 
adversely affects other 
members. Never 
participates in team or 
group meetings. 
Frequently absent 
without notifying Lead 
Engineers.

Negative attitude 
that adversely 
affects other 
members. Rarely 
participates or 
contributes to team 
or group meetings.

Negative attitude 
toward project and/or 
team. Occasionally 
participates in group 
meetings or discussion.

Neutral attitude. Always 
participates in team 
meetings. Contributes 
moderately to the 
discussions and team 
effort.

Positive attitude toward 
project and the team. 
Actively involved in team 
activities. Shares knowledge 
with team members. 
Communicates design 
updates with other team 
members when requested.

Positive and professional 
attitude that provides a 
positive influence to other 
team members. Organizes 
team meetings. Shares 
knowledge with team 
members. Proactively 
communicates design 
updates with team 
members.



Milestones

Fall crash test October 6
Proposal (tech memo)* October 13
Tech memo – Design Inputs * October 20
Tech memo – Design Outputs * November 13
Design Report * December 8
Design Freeze December 8

Pre-test Early March
Final Test Late March

* Deliverable



Funding
Seed funding from Department

• $2000

CUESEF: www.cuesef.carleton.ca

• Capital purchases, including for 4th year project
• Requires proposal

CSES: cses.carleton.ca/services/sgf
• Smaller purchases
• Requires proposal



cuLearn and Windows Share Drive

• Windows Domain Shared Drives

• There is a network share for each of the nine projects as 
follows:
 \\arrow\2017cucd

• These shares can mapped from non-lab computers by using 
the IP address 134.117.71.23 instead of the server name 
arrow.

Archives: \
\134.117.70.29\projectarchives\2015projects\2015cucd\
\\134.117.70.29\projectarchives\2014projects\2014cucd\


