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Abstract

This Mechanical and Aerospace Engineering (MAE) 156B project, sponsored by Triton Racing,
was based on the Formula Society of Automotive Engineers (FSAE) team’s need to develop a power
measuring device that can test small combustion engines. This device will allow the team to optimize
engine performance, by increasing the team’s competitiveness in the FSAE Lincoln international
competition held annually. The project’s mission was to develop an engine dynamometer (dyno) test bed
to measure an engine’s performance, primarily by monitoring the parameters of engine torque and rpm.
The dyno provides a real-time visualization of collected data, and allows the engine to be tested under
various conditions for differing durations. Critical to the project success were two additional features;
reliability — to accurately and consistently test and diagnose new and used engines; and safety — since
the dyno would be operated by FSAE students in close proximity. The requirements of the dyno included
simple operation, capability of measuring the power of a 89.48 kiloWatt (kW) engine, measurability and
recordability of revolutions per minute (rpm) and torque, and expandable capabilities of the test bed in
the future. The dyno components consists of: a welded steel frame, a manufactured aluminum water
brake, a driveline connecting the engine to the water brake unit, a closed water cooling system, and a
data acquisition system. All components of the dyno were desighed, manufactured, and assembled in
parallel by members of the MAE 156B team. The team was also able to run a mock test to verify the data
acquisition system and ability to write data to an editable text file.
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Chapter 1: Project Description

Project Background

Triton Racing is the University of California, San Diego’s Formula SAE team. Formula SAE is a
collegiate society with an engineering project focus. The project is to design, build, test, and compete a
Formula style race car from scratch (Fig. 1). The multidisciplinary team includes not only many types of
engineers, but also students in business and other non-engineering majors who have a passion for
design projects and in particular, race cars. At the end of each school year, Triton Racing competes
against 80+ teams in an international competition held in Lincoln, Nebraska. This competition
incorporates project management, engineering, and business to give teams a holistic view into
real-world projects and their requirements.

Figure 1: Triton Racing’s Cars On Display
(From Left: TR-9, TR-11, TR-15, TR-14, TR-13)

The competition gets tougher each year, and teams like Triton Racing are pushed to innovate and
improve their design and testing methods to achieve the best results. Currently, the team is seeking to
improve the performance of various parts and systems by utilizing better instrumentation for testing.
The team has focused on measuring engine performance, and the proposed solution is to create an
engine dynamometer (dyno) that will test the engine and measure specific parameters like torque and
hp versus rpm.
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Dynos are currently used in a wide range of applications. One such application is emissions
testing, where road-like conditions are simulated to load a car’s engine, and the results of the test are
compared to national and state-wide standards. An engine dyno allows a user to measure engine torque
and rpm while also providing real-time data visualization. The engine’s performance can be measured
and recorded across a range of different conditions and durations. This ultimately allows the team to
perform diagnoses on new or used engines to determine their reliability and performance, while also
providing measurable feedback for iterative improvements for competition.

There are two main types of dynos that exist for the team’s application: chassis and engine (Fig.
2). A chassis dyno measures the power delivered to the road through the wheels of the car. An engine
dyno measures the power output of the engine that goes directly into the transmission. To satisfy their
testing needs, Triton Racing has been able to use a chassis dyno at a nearby shop in San Diego, but the
cost and availability of the dyno limit the team. In addition, the chassis dyno does not provide the most
accurate performance of the engine.

Therefore, the engine dyno solution
created by this Capstone Senior
Design team enables Triton Racing
to best characterize their engine
performance at a fraction of the ENGINE
cost, and with much more flexibility
in their own schedule. Furthermore,
the dyno created features an engine
subframe specifically designed for

the Yamaha FZ6R motorcycle engine

the team currently uses. The ENGINE BYNAMOMETER
subframe will also allow for
. o . 4
adjustability— to test a new engine; S aEn
H i
only a new subframe will have to be A OMETER

made. Additionally, the dyno allows
for increased capabilities of testing
with  future developments by
incorporating more sensors.

STATOR
CHASSIS DYNAMOMETER

Figure 2: Engine (Top) and Chassis (Bottom) Dyno Diagram!!!

With this new dyno, Triton Racing will gain an upper hand in the building and testing of its race
cars, enabling a possibility for better performance at competition. In addition, it also allows team
members to learn and use a critical performance tool that is commonly used in the automotive industry
and recreational projects.
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Review of Existing Design Solutions

Engine dynamometers are made in a wide variety of horsepower capacities and range from a
$1,000 to over a $100,000. A primary requirement of an engine dynamometer is to measure the power
produced by an engine. In many of the different designs, the engine is loaded with a device that absorbs
the engine power into a medium, such as water or air, using a pump or electrical load and fan.

The main categories of dynamometers are:
Hydraulic

Electric (AC, DC, eddy current)

Water brake (toroidal and straight rotor)
Mechanical brake

YYVYVYY

Inertia-based

The simplest method to understand is the mechanical brake design, which typically includes
some brake disks attached to a load cell for torque measurement, and an rpm sensor. Input engine
power is converted to heat by the friction of the brake pads on the brake disk, and the torque and shaft
rpm required to hold the engine at a constant speed are measured to calculate power as shown in
equation (1.2.1). This design type has some drawbacks, however, including limited run time, inconsistent
applied load from brake pads heating up and cooling down, and slow response time compared to other
design solutions.™

Power = Torque * ( Revolutions/Minute) /60 * 2 + 7 (1.2.1)

The least expensive type of dyno is an inertia based system. In this design, the engine spins a
drum of a known inertia, usually through a relatively high gear reduction. The acceleration of the inertia
drum is measured, which can then be correlated to a relative power value.™ This system cannot test
steady state performance and therefore is difficult to calibrate correctly. It should only be used for
comparison purposes when altering some part on an engine after a baseline performance and tuning has
been done.

Hydraulic dynos include a pump, valve, pressure gauge, and heat exchanger. This operation
consists of an engine which spins a pump to pressurize hydraulic fluid as much as possible while the load
is controlled by an outlet valve, where pressure is measured. Because of the nonlinearities of this loading
approach and its limits on accuracy, these dynos are not typically used for engine tuning applications. In
older systems, pressure is measured across the valve and correlated to horsepower through a table. The
hydraulic fluid is assumed to be incompressible and valve volumetric flow rate is relatively constant. This
approach is gaining traction in testing hybrid electric vehicles with complicated powertrain systems.
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Figure 3: Dynojet 224x Eddy Current Dynamometer'

Eddy current dynamometers have the best engine control performance capabilities, and can
achieve very smooth feedback control through an engine rpm range (Fig. 3). They operate by loading an
engine with a rotor system that is slowed by eddy currents. Heat in the coils is dissipated into the
surrounding air by a fan connected to the shaft. Electricity used by the eddy current coils is measured to
give power as shown in equation (1.2.2). Unfortunately, due to their expensive cost, they are usually
limited to high performance automotive applications, where reliable new testing systems can cost at
minimum tens of thousands of dollars.™*

Power = Clurrent = Voltage (1.2.2)

AC and DC generator dynamometers also operate by using electricity. They are not as accurate or
smooth as eddy current dynamometers but they can be made at a lower cost. They operate by loading
an engine with a motor connected to a resistor load bank of variable capacity where the energy is
dissipated as heat. Electricity generated by the generator is measured to give horsepower.

Figure 4: Stuska Dyno Used By Berkeley FSAE Team'®!

Water brakes, also known as hydraulic brakes; hydraulic retarder; or an inefficient pump; absorb
engine power into water or another fluid that is pumped through the system. Across different water
brake designs, the most common way to measure engine power is to continuously measure torque and
input shaft rotational speed (Eqn 1.2.1).
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An SAE paper on the Theory of Hydraulic Dynamometers states:

The hydraulic dynamometer (Fig. 5) consists essentially of an impeller keyed to the main shaft
and a stator mounted on trunnions. The rotor and the stator are each provided with an annular
half-torus facing each other and fitted with radial blades. When the toroidal space is filled with
water and the impeller is rotated by an external source of power, a toroidal flow is established
outward in the impeller, which acts as a centrifugal pump, and inward in the stator, which acts as
a stalled turbine. Due to the shock experienced by the water in passing from the rotating
impeller to the stator, the torque impressed on the water by the impeller is transferred to the
stator, on which it can be measured by any of several devices. ©!

Water brakes are also used in large automotive bus applications as a backup in case of brake failure, as
they have a very large energy dissipation capacity relative to their weight.
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Figure 5: Diagram of a Water Brake®®

Recently, automotive enthusiasts and other senior design teams have built their own
dynamometer systems with varying degrees of success. This is likely due to the recent trend in
electronics sensors and data acquisition becoming much less expensive as well as an increased access to
online knowledge, resources, and manufacturing capabilities. This project aimed to bring the best out of
a low budget dyno system, utilizing knowledge gained from previous published attempts at such a
system.
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Statement of Requirements

e The project requires the design and manufacture of an engine dynamometer test bed that will:
o Measure maximum power output of 90 kW (120 hp)
o Measure power while changing engine rotational speed
o Measure power with repeatability of +0.1 kW (0.134 hp)
o Perform a duty cycle of 50% at one minute intervals
m one minute of continuous operation, followed by one minute of no power
transmission
Be safe to operate for a user with minimal experience
Be adjustable so that different engine models can be tested
Be compact and easy to transport

Deliverables

The following will be provided to the FSAE team at the end of the project:
e A functional water brake engine dynamometer test bed with:
A 30.48 cm (12 inch) diameter water brake with a torque arm
Water recirculation system including: a pump, a pump filter, and a 26.5 L reservoir
Cooling system composed of two radiators
Mobile frame enclosing all moving components
Sub-frame for ease of mounting different engines
Integrated sensors including: S-type load cell, rpm sensor, thermistors
Programmed data acquisition with LabVIEW and myRIO
Emergency stop button
Operator’s manual
Report with design, analysis, test data, and overall performance review
Bill of Materials (BOM)
SolidWorks CAD files and drawings

0O 0O o 0 o 0 o 0o O o O
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Chapter 2: Description of Final Design Solution

Design Solution

The heart of this project’s design solution is a custom water brake dynamometer and a myRIO
data acquisition device (DAQ). This dynamometer was designed to test a motorcycle engine for use in
the Formula SAE program. Other primary design considerations besides those listed in the functional
requirements above are a relatively small budget and a high performance capability. In Figure 6 some of
the main components are annotated. The engine under test is mounted onto a subframe that is
connected to the rest of the system through U-bolts. Dual radiators are used to dissipate the power
generated by the engine and absorbed by the water brake. Safety panels on the sides, front, and top
protect the operator from any unpredictable accidents. In addition, the operator will stand behind the
control station and monitor system parameters at all times the system is running. Operator controls
include a inlet and outlet flow control valve, an emergency stop switch, a fan switch, throttle, clutch, and
shifter controls.

| Power Supply

& DAQ Operator

Controls

Radiator |
Safety

T Fire
Panels \\!:-‘ Extinguisher

Figure 6: Isometric View of Final Design Solution
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Figure 7: Section View of Final Design Solution

In order to measure engine power, measurements of shaft speed and torque produced by the
water brake are needed (Eqn 1.2.1) To measure shaft speed, a Littelfuse Hall-Effect Sensor detects the
rotation of a gear tooth wheel implemented on the output shaft of the engine. For continuous torque
measurement, an AnyLoad NH-500 load cell is mounted at a moment arm, 0.1524m(6in) away from the
rotational axis of the water break’s output. The calibration mounting distance for the load cell is 0.3048m
(12in). The load cell assembly is mounted on rod ends to ensure the load cell is purely in compression
and includes a sandwich mount vibration isolator to filter out unwanted disturbances in the data.

The current design is operated manually by opening or closing the inlet valve to the absorber
system, thereby restricting the flow of water to the rotor blades and reducing the load on the engine.
With this method, the engine output speed can be varied between idle and redline for a given throttle
position. If the inlet valve is in a completely open state, with the maximum water flowrate into the water
brake, the engine will stall. Figure 8 shows the completed system.
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Figure 8: Final Design

Flow contral valve

Radiator

Airventline ‘ COutput Restrictor valve

Water C i % ‘_I_ FReservoir

pump _~

Pump filter

Figure 9: Water System Connection Diagram

The water system, as shown in Figure 9, includes several key components including: a pump
filter, reservoir, circulator pump, radiator, two control valves, and flexible PVC tubing. The 26.5 L reservoir
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is actuated by a Taco 0011 circulator pump, which is primed by being located beneath the water level of
the reservoir. From the pump, the water travels through a radiator and up to an inlet flow control valve
actuated by the operator. From the inlet valve, the water flows into a T-fitting and into both inlets of the
water brake for even loading. An air vent line connected to the reservoir at atmosphere prevents both
high and low pressure from accumulating inside the water brake. An output restrictor valve allows the
water brake to function in a specific power range for each engine used, by allowing for controlled
unloading. Water brake output flow can be up to 55°C before testing must be stopped to let the system

cool down.!

Figure 10: Water System Plumbing on Final Design
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Figure 11: DAQ System Connection Diagram

The data acquisition connection circuit is shown in Figure 11 and includes a myRIO DAQ system
which was donated to the project by National Instruments. Connected to the data acquisition system are
four one-wire waterproof thermistor DS18B20 temperature sensors, a AnyLoad NH-500 load cell, and a
Littelfuse Hall-Effect Sensor for shaft speed.

The fan power circuit includes a 12V, 360 W power supply to power all four of the 80 W radiator
fans. The pump is powered directly off of mains power voltage, as it includes its own controller circuitry.

The engine power circuit includes a Yamaha FZ6R battery to start the engine and provide power
for the engine harness. An emergency stop switch is put in circuit to allow shutdown of the system at any
time via shutting off power to the fuel injection system. All frame components are grounded to reduce
stray electromagnetic interference (EMI). An extension cord is run from where testing is done outside to
the nearest building or to an onsite generator.
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Chapter 3: Design of Key Components

3.1 Frame

Functional Requirements

YYVYY

Provide mounting for all system components

Allow system mobility on a variety of outside surfaces

Provide comfortable control panel usage for a range of operator heights
React engine torque through the frame to the load cell

Five subframes make up the overall structure of the system (Fig. 12). The subframes are
connected at specific locations with 6.35 mm (% in.) thick L-brackets. The engine subframe is connected
with U-bolts to allow for easy removal and flexibility in the future. Overall, this modular frame design
choice allows for easy access when performing maintenance or fixing a specific subcomponent of the
design.
alignment with shims due to manufacturing uncertainties. The frame design is relatively lightweight (91
kg) compared to other dynamometers as it needs to be mobile. The frame was powder coated to a
durable outdoor black finish as shown in Figure 13. The design is intended to provide a long lasting

This design also allows for adjustability should a subframe or driveline component need

sturdy platform for testing many years into the future.

Safety/Main
subframe

Engine
subframe

subframe

Figure 12: Subframe CAD Assembly

19/135



Figure 13: Subframe Final Assembly

Analysis on the performance of the frame design was done with Solidworks FEA using beam
elements and applying loads at the joints. Two load cases were considered. First, the engine torque
output (75 Nm) and consequential water brake reaction torque were applied to two of the four corner
frame joints. Two fixed joint constraints were applied on the other two of the four frame corners to
simulate a ground constraint and fully constrain the model. These boundary conditions allowed for
simulation of the rigidity of the frame when exposed to this torsional load. The results, which are shown
in Figure 14 reveal a maximum deflection of less than a millimeter which is acceptable in this design and
will not impact measurement performance or system function.
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Figure 14: FEA of Frame Under Load Case 1 (Maximum Engine Torque)

The second load case considered the weight of the components on the base frame as well as
additional weight from persons or other misuse conditions. Load was applied at a worst case scenario
condition, in the middle of the frame. In a similar fashion to the first load case, all four of the outer
corners of the frame were fixed to simulate a flat ground surface reacting the force. The cargo weight
was estimated at around 1300 N (300 Ibf) and the results are shown in Figure 15. These results show the
frame has a factor of safety of 4.
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Figure 15: FEA of Frame Under Load Case 2 (Frame Cargo Weight)
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3.2 Water Brake

Functional Requirements

> Ability to absorb and dissipate 90 kW (120 hp) of power continuously
> Rotate at speeds between 1500 and 6000 rpm

Torque arm (x2) Stators Water Inlet (x2)

Ball Bearing (x3)

Trunnion (x2)

.ﬁz/‘%:;?j

b

Load Cell Pillow block bearing (x2)

Water outlet

Mount for
calibration
mass

Vibration Isolator

: Vent
Mechanical (to relieve negative

Seals pressure in housing)

Figure 16: Exploded View of Water Brake

Since the water brake unit must absorb all of the power output by the engine tested, it is the
most critical component of the dynamometer system. Designing the water brake was thus an iterative
process which took several weeks to complete. Since this project must be completed within 12 weeks,
designing a water brake from the ground up was a difficult task; however, water brakes have been in use
since the late 19th century as devices for absorbing mechanical power and are well understood in their
respective industry. To expedite the design process of the water brake unit, the design was loosely based
on a currently existing water brake: the XS-111, which is manufactured and sold by Stuska Dynamometer.

(13]

Torque capacity of a water brake is governed by the following equation:®

T=K+N'xD’ (3.2.1.1)

Where T is the torque capacity, K is the capacity constant, N is the rotational speed of the machine, and
D is the diameter of the rotor. The capacity constant, related to the geometry of the rotor and stators,
requires intense calculations and testing beyond the scope of this project. As such, known parameters
from the XS-111 were used to determine the appropriate sizing of the water brake.

The water brake assembly consists of multiple important parts (Fig. 16), of which several were
designed and manufactured as prototypes for the purpose of this project, including the rotor, stators,
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trunnions, and torque arms. A cross sectional view of the assembled water brake unit can be seen in
Figure 17.

Double Bearings
e Interference fit on trunnion

e Slip fit on shaft to allow for thermal

expansion of shaft

Water Inlets (x2)
/ e One on each side for

balanced water entry

Water passage
e Allows water to cool
carbon-ceramic interface
of mechanical seals

Grease fittings (x2)
e  Allows for bearing
maintenance

Single Bearing
e Interference fit on trunnion
e Interference fit on shaft
e  Positive axial constraint

Water Outlet —

Figure 17: Section View of Water Brake

Rotor

The rotor in the XS-111 has a diameter of 30 cm and is rated for 300 kW. Power is directly
proportional to torque (Equation 1.2.1) and the torque capacity is proportional to the fifth power of the
diameter of the brake (Equation 3.2.1.1). With these realizations, the parameters of the XS-111 were
used to approximate the minimum required diameter of the water brake rotor, which was calculated to
be 20.5 cm. To account for uncertainty, the rotor was designed with a diameter of 24 cm, giving a
theoretical power limitation of 200 kW. Furthermore, the rotor vane profile was designed to be similar to
the XS-111, with minor exceptions to simplify the manufacturing process. To reduce system harmonics,
the rotor blades are variably spaced such that they are not equidistant to each other (Fig. 18).

After completion of manufacturing, the rotor was coated with type 2 anodizing to prevent
galvanic corrosion between the shaft and rotor. The assembly final shaft assembly was professionally
balanced for high speed rotation.

The stainless steel water brake shaft is heat shrink press fitted into the rotor as an 80 micron
interference fit. Typically in applications such as these, positive retention with a shaft key is preferred,
however, this was deemed unnecessary to satisfy the requirements. The required interference between
the water brake shaft and rotor was calculated using a program which considers material properties
including yield strength, modulus of elasticity, poisson’s ratio and friction coefficient of the mating
materials, as well as interference and contact area. Results are shown in Table 1. With an 80 micron
interference, the theoretical torque required for relative movement between the rotor and shaft is
1744.5 N-m. Since the maximum torque specified by the design requirements is 110 N-m, a factor of
safety of 10.6 is achieved.
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Table 1: Rotor-Shaft Interference Fit Holding Force at Different Temperatures

Temperature Condition 80 °C (MAX Condition) | 20 °C (MIN condition)
Engine torque(ft*Ibs) 55 55
Engine final drive gear ratio (2:1) 110 110
Engine torque reacted at press fit diameter (lbs) 1744.5 1744.5
Press fit calculator results (N) 30524 81444
Press fit calculator results (Ibs) 6937.3 18510.0
Factor of Safety at MAX Temp condition 4.0 10.6

Figu

Stators

re 18: Rotor Design

The stators (Fig. 19 - 20) provide a chamber for the rotor to operate as well as machined features
by which viscous and shear forces will accumulate and provide a measurable torque corresponding to
the output of the engine being tested. The stator has vanes which cause torus flow as the water
circulates. As the rotor rotates, water is sheared in between rotor and stator blades®. Furthermore, the
stators will house dynamic pump seals to prevent leakage of the system. Each stator was designed with a
water cooling pathway from the water inlet to the carbon-ceramic interface of the seals to prevent
overheating. An outlet at the bottom of the stator allows water to escape the chamber at an adjustable

rate via a gate valve.
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Figure 20: Outer Side Stator Design

Trunnions

The trunnions (Fig. 21) house the internal bearings as well as grease fittings for periodic
maintenance of the bearings. The trunnions mount directly to the stator and provide a provision for the
water brake to be mounted to large external pillow block bearings which reduce the system to a one
degree of freedom (rotational) system. The water brake has two unique trunnions, one of which holds a
single 6006 ball bearing with an interference fit on the outer race of the bearing,and the second holds
two 6006 ball bearings, both with an interference fit on their outer race. The bearings are axially
constrained due to the interference fit, as well as the sidewall of the trunnion and stator when
assembled. Four threaded holes are included in the single bearing trunnion for ease of disassembly (See
operator’s manual in Appendix H for more details).
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Figure 21: Trunnion Design
Axially Constrained Side (Left); Slip Fit Side (Right)

Torque Arm

The torque arm (Fig. 22) is mounted to the outside of each stator at its base and is tapered to a
narrower section where it is attached to the load cell which is fixed to the frame via a rod end joint. The
arm thus reacts to the torque produced by the water brake such that the system is fully constrained and
purely in compression. The load cell is mounted 0.1524m (6 in.) away from the rotational axis of the
water brake and the calibration mounting distance for the load cell is 0.3048m (12 in.).

Figure 22: Torque Arm Design
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3.3 Radiators

Functional Requirements

> Dissipate maximum engine power output 90 kW (120 hp) at steady state with no wind
> Operate with water at a maximum of 100° C for engine cooling

> QOperate with water at a maximum of 55°C for the water brake side

> Minimize cost

Comparison of Designs Considered

The dual radiators in this dynamometer design are used to exchange heat energy from the
engine coolant and the water brake system into the air. Critically, the radiators must be able to operate in
a stationary condition which is unlike the configuration typically used in moving automobiles. The
radiator fans alone must provide enough cross flow to generate sufficient heat transfer.

There are many different types of radiators that could be used in this application. To narrow the
design scope, a thermodynamic analysis was done to estimate the radiator requirements. This analysis is
presented in section 4.1.1. In summary, through the analysis, it was found that an automotive radiator
would meet and exceed performance requirements.

Now that the size requirement was taken care of, the focus was shifted to optimizing the cost of
this component. After investigating various aftermarket, OEM, and custom fabrication solutions, it
became clear that the best price to performance ratio was found in an after market solution that was
modified to fit the project’s requirements.

Final Design Choice

With the results of the performed analysis, an inexpensive radiator which was comparable to the
one used in the analysis was found on eBay and retrofitted to mount into the design and tubing size (Fig.
23). The radiator used in this design has a core size of 66.67cm x 32.385cm x 4.445cm and is an
automotive type after-market radiator originally meant for an Acura Integra. Modifications made to the
radiator are shown in Figure 24. The fans are mounted to the radiators with springs to prevent vibrations
from transferring into the frame. Custom fan shrouds were also manufactured to fit the radiators.

The second radiator used in this design is for engine cooling during testing. It was determined by
the sponsor that the same model radiator could be used for both cooling the water brake system as well
as cooling the engine.

The dual fans used for each radiator have the following specifications:
e Maximum Fan Flowrate (m3/s): .816

Fan Diameter (cm): 30.6

Thickness (cm): 6.35

Number of Blades: 10 blades

Maximum Fan (rpm): 2,250 rpm

Amp Draw (A): 12.70
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Figure 24: Mounting Brackets and Inlet/Outlet Modifications Made
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3.4 Pump

Functional Requirements

> Pump water at a flow rate of 0.946 L/s (15 gpm) max at 3.32 meters of head
> QOperate with water at a maximum of 50 °C
> Be compact and fit on the frame

The pump is used to draw water from a reservoir, through a radiator for cooling, and to the
water brake to create a load that is read with a torque arm and load cell. A water circulation pump was
chosen because it best met the functional requirements of the system listed above. It is necessary that
the water pump in the dynamometer system provides a high enough flow rate to load the water brake.
The Stuska XS-111 Dynamometer operation manual states the maximum flow rate needed for their
water brake system design is 0.946 L/s (15 gpm).™®! A pump flow analysis was done to determine the
total head loss including frictional losses in the water system. Since this calculation was done without the
actual fittings and tubings that will be used, the results will vary slightly to the true head loss. Through
flow and head loss calculations, it was concluded that there would be a total head loss of 3.32 m (10.89
ft) as shown in Chapter 4.2.1. This information is useful to determine the specifications required for
pump performance. Therefore, a proof of concept for the water system was performed to ensure that
the pump functions as needed. The pump was able to empty the 26.5 L reservoir in ten seconds and was
found to be sufficient as this is a flow rate of 2.5 L/s.

Pump Designs Considered

Table 2: Pros and Cons of Pump Types Considered

Model Pros Cons

Red Lion 6.309E-4 m3/s (17 gpm) max, 2 year high price, not self-priming
warranty

Graymills Immersion | High operating temp, submersible and Most expensive, made for coolant
self-priming

TACO 0011 High operating temp, 32 feet max head Not self-priming

Astro 210 Cl Check valve, meets requirements High price

Wayne Self-priming, durable cast iron, 1.514E-3 | High price, not self-priming
m3/s (24 gpm) max

Arksen Self -priming, lowest cost 9.65E-4 m®/s (15.3 gpm) max
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Final Design Choice

After careful consideration of multiple water pumps, the TACO 0011 (Fig. 25) pump was chosen.
After reviewing the spec sheet and the pump curve, the team determined that this pump would work
best for the system because at 3 m of head it produces 1.4 L/s, and this would allow for frictional losses
through the fittings and piping system since the water brake requires a max of .946 L/s for loading. This
pump is typically used in household hot water applications and has an operating temperature of 110 °C
maximum, which was another deciding factor because the water will be at 50°C. The TACO 0011 was also
the least expensive pump, and it was possible to cut cost by purchasing it on eBay. Low cost was a
deciding factor for pump consideration, as the project budget was very tight.

Figure 25: TACO 0011 Pump'*!
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3.5 Data Acquisition (DAQ)

Functional Requirements

> Simple to program and read data
o Any Triton Racing member should be able to operate the dyno after some basic
instructions and safety guidelines are explained.
> Have expandable capabilities to incorporate more sensors in the future
> Sampling rate (critical for rom and load cell) should be at least 500 Hz
o 500 Hz was the maximum signal frequency the rpm sensor was chosen to read (See
“Rpm Sensor” in Section 3.6 “Sensors”)
> Withstand typical outdoor environmental conditions in San Diego as well as moderate engine
vibrations
> Multi year service life with occasional heavy use for a couple weeks at a time

Comparison of Designs Considered

Three options were considered for use of a DAQ system: Arduino, Raspberry Pi, or a National
Instrument’s DAQ. The DAQ was considered solely because of the availability of DAQs by the MAE
department for testing purposes. Initially, the team had chosen a Raspberry Pi over the Arduino because
of its general ease of usage for data visualization as well as having experience with programming it.
However, after a lecture on LabVIEW and the DAQs owned by the MAE department by Greg Specht, the
team saw a potential for using the National Instruments hardware. After exploring sponsorship
opportunities from National Instruments and representative Ingo Foldvari, the team reasoned that the
free DAQ as well as the resources available with programming in LabVIEW gave enough motivation to
switch over. In addition, testing and programming with the DAQ could begin immediately since one was
provided by the Electronics Lab of the MAE department rather than having to wait for a Raspberry Pi to
be purchased and delivered. In addition, the Triton Racing team primarily consists of MAE students who
are taught to use LabVIEW. This advantage would allow more members to be familiar with programming
in LabVIEW and thereby minimize the learning curve.

Final Design Choice

Once the National Instruments brand of DAQ systems was decided upon, the choice of which
DAQ to use was next. Between meeting the basic requirements of the six sensors to be implemented,
the myDAQ and myRIO were the available options. While both met all the remaining requirements, after
speaking to the National Instruments representative and the Triton Racing team, it became apparent
that the myRIO (Fig. 26), would give the team the best chance to grow and incorporate more sensors and
control as needed. In addition, the myRIO also has many more analog and digital I/O pins than what was
required, as well as a separate field programmable gate array (FPGA) which could expand future dyno
capabilities. While the myRIO’s cost was more than that of the myDAQ or significantly more so than that
of the Raspberry Pi, the team was able to ensure a donation of an additional myRIO by National
Instruments, which nullified the cost issue. Conclusively, the myRIO was the best choice , and the team
could jump-start testing and programming within a week of choosing the DAQ system.
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Figure 26: myRIO Data Acquisition System!*”!
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3.6 Sensors

The base requirements of the project deemed that solely torque, rpm, and temperature would
need to be measured by the test bed. Future improvements by Triton Racing would include the
expansion of the sensor portfolio as the team saw fit.

Load Cell

Introduction

The primary measurement sensor that is required in the dyno is the load cell. The load cell is
attached to a torque arm which is securely mounted onto the water brake. As the water is pumped
through the system, it will exert a torque on the brake as the rotating shaft inside pushes the water to
the stator walls. This torque is exhibited through the torque arm located at a set distance of 15.25 cm (6
in.) away from the center of the brake to create a small vertical force. To measure this force, an S-type
load cell was mounted in line with the force through two tie rods that mount to the torque arm and the
base of the frame (Fig. 27).

Functional Requirements

> Mass requirement of 150 kg for worst-case scenario (see calculation below)
> Capable for use in tension and compression setups
o Decision to purchase load cell was made before final frame design was completed
Determining the mass requirement (from above):

From previous engine dyno data that was provided by the Triton Racing team, the team knew
that the torque exerted by a 64 kW (85 hp) engine would be 163 Nm (120 ft. Ib.). To consider a 90 kW
(120 hp) engine as stated in the functional requirements of the project, a simple ratio calculation was
made since no true method of determining max torque can be used.

120hp x Nm
85hp = 163Nm
(3.6.1.1)

This ratio gave the torque requirement for the system to be 230 Nm (170 ft Ib). Since the load
transmitted through the torque arm to the load cell decreases as the length of the arm increases, a
worst-case design for the torque arm was assumed to be 15.54 cm (0.5 ft.) since that is the smallest
length the arm can be since it is mounted to the 31.08 cm (1 ft.) diameter water brake. As such, the
capacity required by the load cell would be 1480 N (340 Ibf). Assuming gravity constant as g= 9.81 m/s?,
the mass requirement is 150 kg.
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Figure 27: Section View of the Final Design Showing Load Cell Mounting Location

Comparisons of Designs Considered

An in-depth comparison of designs considered can be seen in the Appendix . First, the type of
load cell selected for the final design was chosen based on their different applications and use. As such,
S-type load cells were chosen, since professional dyno manufacturers as well as many enthusiasts use
S-type load cells in their dynos. Secondly, the cost of the load cells was another consideration since the
team had a limited budget to work with. A less expensive option could be considered because the design
of the load cell system allows for the possibility to replace the original load cell when Triton Racing’s
budget permits to improve the precision (and/or) accuracy measurement capabilities. While comparing
the options, the team wanted to choose a load cell with a capacity well beyond what was required of the
dyno, to prepare for any accidental issues like an object falling and overloading the cell.

Final Design Choice

Initially the DTec Load Cell (see Appendix “Individual Component Analysis”) was decided upon,
however, after looking into the supplier further, the team reasoned that getting the load cell from
Australia would incur additional import costs as well as potential for significant delays in receiving the
part. As such, a similar load cell was chosen from AnylLoad, which is based in the U.S. (Fig. 28). In
addition the AnyLoad NH-500 load cell was rated for a capacity of 224 kg (500 Ibs), which is well beyond
what is required of the component. This load cell is also powered with 10 V, which is a standard supply
voltage that can be supplied through either the DAQ or directly through a power supply. Another
justification for using this load cell was the material of the load cell itself--it is made of nickel-plated steel
which has excellent corrosion resistance. The nickel-plated steel load cell would be able to prevent any
rust or water from damaging the component itself.

Figure 28: AnyLoad 101NH-500Ilb Load Cell Internals
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Rpm Sensor

Introduction

In professional dynamometers, both the engine and dyno rpm is measured using rpm sensors.
The dyno rpm is measured in order to first calculate the engine rpm, and then the engine horsepower.
This is done by knowing the transmission ratio from the engine to the dyno which is often provided in
the engine specifications. The rpm of the engine is additionally measured find the transmission ratio (if it
is unknown) or to validate the known ratio. With the tight budget, the 156B team determined that the
sole dyno rpm sensor would be enough, especially since the transmission ratio was known. In the future,
Triton Racing would easily be able to implement a rpm sensor for the engine to eliminate some error
with using provided transmission ratio.

Functional Requirements

> With a transmission gear ratio of 1.995 and a known max engine rpm of 15,000 the sensor would
need to measure to 7500 rpm
o With four teeth designed on the flywheel:
m 7500 * (4 teeth) / 60 min = 500 Hz
> Compact design to fit tight spacing along the driveline
> Easily mountable, usable, and adjustable

Comparison of Designs Considered

There are three categories of rpm sensors: rotary (shaft encoders), optical (photoelectric), and
proximity (magnetic)!*®

Rotary types sensors work great for high resolution systems since the pulse output is guaranteed
to be symmetric™® . In addition, they are incorporated into the driveline itself, reducing any external
space requirements. However, they are not as easy to incorporate into a pre-designed system and are
more expensive because of their higher resolution.

Optical type sensors are primarily used in low-resolution settings because they cannot measure
as many pulses per rotation’® . Photoelectric sensors work by sensing a reflection off a target placed on
the rotating shaft. Photoelectric sensors are more moderately priced than encoders, but their drop in
accuracy at higher rpms is a significant concern. In addition, since most of the driveline is metallic,
reflection noise is a possibility since the sensor will likely read more than just the reflective target.

Proximity sensors are a common application in dynamometers. Their resolution is low to
medium depending on the number of pulses. A pulse is generated by the magnetic field induced by the
magnet located in the sensor as well as the magnetic trigger. Using these sensors, therefore requires a
trigger wheel, which is commonly designed as teeth on a gear. The gear must be magnetic and its teeth
must be designed to meet the specific requirements of the proximity sensor in order for a signal to be
generated. These sensors incorporate a simple design and are relatively easy to mount. In addition, the
cost of proximity sensors is low, which makes it ideal for the project’s application.
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Final Design Choice

Out of the three sensor types, it was determined that the proximity sensor would be the best
choice. Most of these types are sensors are rated for 10 kHz or more and are relatively inexpensive. In
addition, basic mounting is possible and easy as long as proper spacing to the trigger wheel is accounted
for. The only additional work created by using this sensor is designing and manufacturing a trigger wheel,
which is not a difficult task. Using an encoder would have been ideal in the case that higher resolution
was preferred, but since the max rpm is only 7500, this was not needed. Besides, incorporating the
rotary encoder into the existing driveline would require a redesign of the entire dyno driveline.

Once narrowed down to just proximity sensors, the next deterministic quality was the ease of
use. The team wanted to minimize the circuitry required to use the sensor since it would be more wires
and components to keep track off. A good option that incorporated an analog-to-digital converter (ADC)
was ultimately chosen. Figure 29 shows the Littelfuse Hall-Effect Sensor - 55505 chosen.

Figure 29: Littelfuse 55505 Hall-Effect Sensor*!
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Temperature Sensor

Introduction

For safety reasons, four temperature sensors were included into the system. Three would
measure the water temperature at critical locations: inlet of the water brake, outlet of the water brake,
and reservoir. Because the internal water temperature of the brake system should not exceed 50°C,
active monitoring of the temperature sensors through the DAQ will notify the operator if the maximum
temperature is exceeded, prompting the operator to safely turn off the dyno. The fourth sensor
measures the coolant for the engine side at the location right before the radiator.

Functional Requirements

> Temperature rating of at least 60 °C

> Response time of less than 10 seconds
> Waterproof

> Usable with myRIO DAQ

Comparison of Designs Considered

Three common temperature sensors were considered for use in the system: thermocouples,
resistance temperature detectors (RTDs), and thermistors.

Thermocouples are the most common in lab settings because of the ease of use. In addition,
they are more accurate and have a very fast response time. However, thermocouples are more expensive
in the long run because it requires an amplifier board. In terms of design, thermocouples also require
design consideration of the cold junction. Placement of the cold junction is critical to performance of the
thermocouple. As such, the dyno system design was determined not to be ideal for a thermocouple
because a proper cold junction location could not be guaranteed.

RTDs as temperature sensors are currently the best option for quality and for a narrower
temperature range than thermocouples. RTDs are also more reliable over a longer time period and
therefore readings can be accurate and precise. Like thermocouples, RTDs require connection in a bridge
configuration, as well as an amplifier. Because of their varied use in applications, waterproof RTDs are
now common.

Thermistors are the least expensive temperature sensors and also the easiest to set up since
calibration tables are provided by manufacturers. The resistor in a thermistor is much more temperature
sensitive than standard resistors. In addition, thermistors are more accurate in a smaller temperature
range, making it ideal for the dyno since the temperature range is about 20 °C (room temperature water)
to 50°C (worst case temperature of water in the water brake). In addition, waterproof thermistors are
easily found.
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Final Design Choice

The team chose to go ahead with a thermistor because of the low-cost, applicability with the
temperature range needed, and because one option that was found had already been used with a myRIO
and LabVIEW. This Sparkfun waterproof temperature sensor (Fig. 30) incorporates a standard thermistor
- DS18B20 - encased in a protective plastic covering shielding it from water.

The added benefit of using this sensor was that it was a 1-wire interface that could directly
output temperature readings by communicating over a data line to the microprocessor. Communication
with the four temperature sensors through the myRIO required a custom designed FPGA VI (see
Appendix M).

Figure 30: Sparkfun Temperature Sensor - Waterproof (DS18B20)
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Chapter 4: Prototype Performance

Theoretical Predictions

Thermodynamic Simulation

To predict cooling system performance, a thermodynamic simulation of the system design was
done. This simulation also helped explore the design space and was helpful for choosing a radiator. To
find power requirements, previous dynamometer data was studied. As shown below in Figure 31,
maximum engine power occurs at 9000 rpm and results in 63 kW (85 hp). To give a factor of safety of
1.4, the system is designed to be rated for 90 kW (120 hp).

TR-16 Dyno Data: HP vs RPM
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Figure 31: Triton Racing Team Engine Dyno Data

Assumptions used in the thermodynamic simulation include:
e Constant flow rates
o constant inlet/outlet water flow rate(assume no effect from the water brake vent)
o constant input kW
o flow rate of 0.00063 m>®/s (10 GPM)
e Worst case ambient external temp

o 30°C
® Reservoir capacity
o 37.85 liters
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o Instant reservoir mixing at every timestep
e Radiator efficiency

o Effectiveness - Number of Transfer Units (NTU) method

o pulled results data from study done on automotive radiators for accurate numbers
o Water brake efficiency

o assume 100% energy transfer
e Pump energy

O add as heat input (<1% of total)

To find an appropriate radiator size, a thermodynamic simulation of the system design was done
to explore the design space. To find power requirements, previous dynamometer data was studied. As
shown below in Figure 32, maximum engine power occurs at 9000 rpm and results in 63 kW (85 hp). To
give a factor of safety of 1.4, the system is designed to be rated for 90 kW (120 hp).

The thermodynamic analysis solved the system in Figure # for every timestep and iterated the
results until a steady state operating condition was reached.

Figure 32: Aftermarket Radiator Used in Analysis™!

Table 1: Basic Radiator Dimensions
Lradimur Hrﬂdialor Wradialor mee Hiuhe Lﬁn Wﬁu Hﬁn the Nﬁn
inches | inches inches inches inches inches | inches inches
26.125 | 18 2.375 l 0.083 0.156 23 0.003 86 780
Table 2: Properties of Water at Average Temperature
pwaler cp,water Prwater kwaler “waier
kg/m’ J/kgK unitless W/mK kg/sm
982.20 4185 5.26 0.59 7.61E-4
Table 3: Properties of Air at Average Temperature
Pair cp,air Prair ksair Vair
kg/m’ J/kgK unitless W/mK m’/s
1.16 1007 74 2.50E-2 2.20E-5

Figure 33: Aftermarket Radiator Specifications in Analysis¥
Water tables"” were used for enthalpy calculation. For the radiator component, data from an

independent lab test'™ was used for an overall effectiveness-NTU parameter to simulate heat rejection
performance. Energy balance was used to simulate the effect of the reservoir.
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The energy balance equation for the water brake is shown below and simplifies down to heat
energy being added to the system. This energy balance equation is to solve components in a
thermodynamic system.”!

~ 1&2 ~ Hz
AE + AEp+AU = 3 mJ[HJ.wL?’nngj] >, mj[Hj+7j+gzj]+wa

input streams oulput streams

(4.1.1.1)

The radiator efficiency equation allows the calculation of the radiators heat rejection capability

for solving the temperature at the inlet and outlet of the radiator. This equation is used to get an
aggregate heat transfer efficiency for a compact cross flow radiator based on temperature.'®

e=1-— exp[(CirNTUﬂzz)(exp[_crNTUo'?B)_ 1)]

(4.1.1.2)

The equation for the reservoir step is shown below through energy balance, and is solved for the
outlet temperature.
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Continous Thermodynamic simulation of engine dyno cooling system at 85HP=~63.38Kw
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Figure 34: Thermodynamic Simulation Results of Cooling System Temp vs. Time

As shown in Figure 34, system temperature reaches an equilibrium about 50°C after over 40
minutes of a constant engine output power of 63.38 kW (85hp). This worst case analysis matches the
design goal of less than 55°C.

Thus, the system is predicted to allow for continuous testing of the sponsor's current engine.
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Water Flow Rate

In order to choose a pump with enough flow rate at a certain head, it was necessary to calculate
the total head loss through the system. Head loss occurs when fluid flows inside a pipeline and the
friction between the stationary pipe wall and the fluid causes the hydraulic energy of the fluid to be
converted to thermal energy which is lost. This loss of energy in the fluid is called head loss.

The system in this prediction consisted of a reservoir, radiator, and pump. The head loss
calculation was done before all fittings and plumbing were decided upon, therefore some assumptions
were made for a theoretical prediction of the total head loss.

The following assumptions were made to calculate the total head loss:

25 feet of flexible tubing

Max flow rate of 9.946 x 10* m3/s (15 GPM according to the Stuska manual)
Fittings include a non-return valve and a bellmouth outlet

Inner diameter of pipe is .0195 m

The static head is .6096 m (the height from the reservoir to the pump outlet)

N2 2 2 27

The total head loss through the system is
Hrurrtf = H.'srrm'[' - Hrfynrmu'[' (4.1.2.1)

The static head is the energy loss of the fluid due the height of the fluid column, as mentioned in the
assumptions to be .6096 m.

The Darcy Weisbach Equation is used to calculate the dynamic head through a system with

incompressible fluid due to friction
y,
e

2g (4.1.2.2)

Where v is the velocity in the pipe (m/s), which was determined from the volumetric flow rate equation

¢ (4.1.2.3)
Therefore, (-.}' (4.1.2.4)
From the assumption that the max flow rate, Q needed is 9.946 x 10™* m?/s and A is the cross sectional

area, A=xr’ with a 0.0195m diameter pipe is 0.0011945m’. The velocity was calculated to be .79225 m/s.

Where k is the Darcy loss coefficient

ke = Erittings + Kpipe (4.1.2.5)
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Kfittings are the loss coefficients due to fittings in the piping system. These include a non-return

valve k=1, pipe entrance k=.05, and bell-mouth outlet k=0.2 for a total of 1.25.

Kpipe is the loss coefficient due to pipe friction where f is the friction factor, L is the length of the
pipe, and D is the inner diameter of the pipe. The friction factor f was determined through finding the
Reynolds number
vl

v (4.1.2.7)
where v is the velocity in the pipe (m/s), D is the inner diameter and v is the kinematic viscosity for

R, =

water which is 1 x 10_6(m2/s). R. was determined to be 15,092 which means that the flow is turbulent

following the Reynolds number condition that R, > 4,000 is turbulent flow.

For turbulent flow, the friction factor f, follows the Blasius equation
a1 p—1/4
f =316k, (4.1.2.8)
Therefore, f was determined to be .0285.

Finally, kpipe was calculated to be 11.4. And the total loss coefficient k, is 12.65.

Using these values the dynamic head Hp was calculated to be 0.4046m. Therefore, the total head, (Eqn.

4.1.2.1) is 1.014 m. This value was used to determine the pumping head needed to account for this head
loss.
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Load Cell Predictions

In preparation for testing the dyno system, the load cell was calibrated after water brake
assembly onto the frame was complete. Refer to Appendix H “User Manual” for details on the calibration
procedure of the load cell. Details on connecting the load cell to the myRIO can be found in the “Test
Conditions” section below (Fig. 37). Due to time restrictions, the team was unable to use proper weights
for this calibration procedure, and instead had to use the varying weights of the team members as
replacements. The test was conducted twice to determine the repeatability of the load cell. However,
due to the fact that team members had to be used in place of dead weights, perfect balance on the
torque arm could not be achieved which likely resulted in different voltage readings.

Table 3: Data From Load Cell Calibration

Mass Used True Load Load at Load Test 1 Voltage | Test 2 Voltage | Difference in
(kg) Cell (kg) (V) (V) Voltage
Steel Cylinder | 8.53 17.06 0.402 0.416 0.014
Person 1 61.69 123.38 2.601 2.588 0.013
Person 2 85.18 170.36 3.552 3.533 0.019
Person 3 92.17 184.34 3.78 3.75 0.03

From this data, a linear fit was imposed onto the two tests to determine the equation of best fit.
The results in Figure 35 show that the two equations are fairly similar to each other, giving a good sense
of repeatability in the measurement data.
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Figure 35: Plot of Linear Fits to Experimental Data From Calibration
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In theory, by taking the data from Test 1 and using the determined linear equation, output
voltages from the load cell can be determined by knowing the torque applied by the water brake to the
torque arm. At max predicted power of the Yamaha FZ6R (using previous dyno data) the max torque
exerted by the water brake onto the torque arm would be 230 Nm (see Chapter 3.6 “Load Cell”). This
torque is transmitted at a length of 0.1524 m (6 in.) to the load cell which would feel 153 kg. Using the
equation from above, it is assumed that the voltage reading of the load cell in the myRIO 3.178 V. Table 4
below summarizes the theoretical voltage values for a variety of loads applied that can be checked upon
testing.

Table 4: Theoretical Load Cell Voltage Outputs For Given Loads

Load Cell Load (kg) Theoretical Voltage Reading (V)
25 0.574
50 1.082
75 1.591
100 2.100
125 2.608
153 3.178
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Test Conditions

Preliminary Testing

To ensure proper functionality of the dynamometer system, a series of preliminary tests were
conducted, examining the durability and functionality of several of the key components.

Testing of the pump was done by performing a proof-of-concept of the reservoir and pump
assembly by running water through the pump from a full 26.5 L reservoir to a drain, and measuring the
time it took to fully drain the reservoir. Further testing of the entire water system was later conducted by
connecting the reservoir, filter, pump, radiator, and water brake with flexible PVC tubing to ensure that
no leaks occurred, and then measuring the time to drain the system.

The data acquisition system was initially tested as a proof-of-concept connecting substitute
devices to a myRIO DAQ to hold the place of a sensor for the purpose of programming the data
acquisition (Fig. 36). Potentiometers were used in place of thermistors to measure water temperature, as
well as the load cell to measure water brake torque. A square wave signal generator was used in place of
a hall effect sensor to measure rpm of the motor. After assembly of the dynamometer system, the
corresponding sensors were connected to the DAQ and sample data was shown in the VI interface,
confirming that the sensors were connected properly.

Figure 36: Proof of Concept Setup for myRIO DAQ

The next step of testing the DAQ required implementing the actual sensors that are used in the
dyno. The four DS18B20 thermistors were connected to digital I/O pins on Connector C of the myRIO.
The 55505 Hall-effect sensor was connected the digital I/O pin on Connector A. Finally, the AnyLoad load
cell was connected through an instrumentation amplifier and an operational amplifier into an analog
input pin on Connector A (Fig. 37).
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Figure 37: Sensor Connection Guide to myRIO

Communication with the digital and analog pins on the myRIO required programming a VI

specifically for the FPGA Target. This was primarily done for the 1-wire temperature sensors, but had to
incorporate the remaining sensor pins on Connector A as well in order for the custom FPGA VI to read all
the pins connected to sensors. If Triton Racing were to add more sensors in the future, they would need
to first program it into the FPGA VI, and incorporate it into the Real-time VI which is where the operator
will see the necessary parameters displayed on the Front Panel. See Appendix J for details on the Vis
incorporated. Thus the validation of the data transfer from all the sensors to the visual interface of the VI

was observed.
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Figure 38: LabVIEW Interface for Dyno Operator

Final Test: Mock Setup

Since manufacturing of the dyno driveline was not completed by the end of the quarter, the
156B team chose to set up a preliminary test that proved the functionality of the DAQ, sensors, and the
water system. This test eliminated the requirement for the driveline to be completed because there was
not enough time to machine the sprocket adapter that was needed to connect the driveline to the
engine. In this test, a waveform generator was used in the place of the Hall-effect sensor to simulate the
changing rpm. The load cell was tested by applying a weight to the torque arm and compressing the load
cell. Water was run through the system and into the water brake to test that there were no leaks and
that the three thermistors in the water system (Inlet, Outlet, and Reservoir) all gave the same
temperature reading. In addition, a top-level monitoring VI- “Dyno Data Monitoring”- was created so
that the operator could simultaneously monitor and save data collected from a test cycle. The final visual
interface for the dyno operator can be seen in Figure 38. When first running the program, the operator
would be prompted by the VI to identify a file location to store data in the form of an Excel file type.
Once accepted, the VI would begin to monitor the parameters while also storing the data into the Excel
file. This VI utilizes a variety of network variables that are called out from the “Dyno (RT)” VI which
primarily deals with data processing from analog and digital inputs to required variables like frequency,
dyno rpm, and load.

Results

The mock test performed as expected and a portion of the resulting Excel file is below in Table 5.
The adjustments in rpm and torque can be seen over the samples taken at one second intervals. In
addition, the temperatures at the inlet, outlet, and reservoir all maintained about 21°C. The engine
radiator temperature sensor was not connected which resulted in the irregular (-0.0625) value. With this
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test, the overall functionality of the DAQ and sensors was proven to ensure that the Triton Racing team
would have an accurate DAQ system once the FZ6R Yamaha engine is connected to the dyno and tested.
Also, the simple data file outputted from LabVIEW would be easy for Triton Racing to work with in
MATLAB to create the necessary power curves using the recorded data.

Table 5: Dyno Mock Test Sample of Data File

. . Engine

. Dyno Engine Inlet Outlet Reservoir )
Time Torque Radiator

Rpm Rpm Temp Temp Temp

Temp
6/15/2017 01:06:12.516 299.9871 586.4748 3.90096 21.75 21.3125 21.5 -0.0625
6/15/2017 01:06:17.200 299.9402 586.3832 4.00932 21.75 21.3125 21.5 -0.0625
6/15/2017 01:06:18.200 300.0067 586.5131 3.90096 21.75 21.3125 21.5 -0.0625
6/15/2017 01:06:19.201 300.0007 586.5014 4.00932 21.75 21.3125 21.5 -0.0625
6/15/2017 01:06:20.201 300.0302 586.5591 4.00932 21.75 21.3125 21.5 -0.0625
6/15/2017 01:06:21.201 299.9723 586.4459 4.00932 21.75 21.3125 21.5 -0.0625
6/15/2017 01:06:22.202 299.9472 586.3968 4.00932 21.75 21.3125 21.5 -0.0625
6/15/2017 01:06:23.203 300.033 586.5645 3.90096 21.75 21.375 21.5 -0.0625
6/15/2017 01:06:24.203 299.959 586.4199 3.90096 21.75 21.375 21.5 -0.0625
6/15/2017 01:06:25.204 300.0253 586.5495 3.7926 21.75 21.375 21.5 -0.0625
6/15/2017 01:06:26.204 299.9639 586.4295 3.95514 21.75 21.375 21.5 -0.0625
6/15/2017 01:06:27.204 299.9947 586.4896 3.84678 21.75 21.375 21.5 -0.0625
6/15/2017 01:06:28.205 300.0125 586.5245 3.90096 21.75 21.375 21.5 -0.0625
6/15/2017 01:06:29.206 299.9803 586.4615 19.99242 21.75 21.375 21.5 -0.0625
6/15/2017 01:06:30.206 299.9711 586.4435 32.34546 21.75 21.375 21.5 -0.0625
6/15/2017 01:06:31.207 299.9787 586.4584 35.00028 21.75 21.375 21.5 -0.0625
6/15/2017 01:06:32.207 300.002 586.504 36.3006 21.75 21.3125 21.5 -0.0625
6/15/2017 01:06:33.207 300.0615 586.6203 35.70462 21.75 21.3125 21.5 -0.0625
6/15/2017 01:06:34.208 299.9986 586.4973 34.45848 21.75 21.3125 21.5 -0.0625
6/15/2017 01:06:35.208 396.0579 774.2933 33.97086 21.75 21.375 21.5 -0.0625
6/15/2017 01:06:36.209 851.1776 1664.052 4.00932 21.75 21.375 21.5 -0.0625
6/15/2017 01:06:37.209 1066.723 2085.443 27.74016 21.75 21.375 21.5 -0.0625
6/15/2017 01:06:38.209 1197.326 2340.771 40.25574 21.75 21.3125 21.5 -0.0625
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Chapter 5: Design Recommendations and Conclusions

Design Recommendations for the Future

The team foremost recommends Triton Racing to incorporate electronic control of the inlet valve
of the water brake and throttle for the engine. This will greatly reduce the skill level necessary to operate
the dynamometer successfully and will also provide better and more repeatable testing. Electronic
control also allows the system to measure engine performance under simulated racing conditions. This
can be achieved by recording throttle and fuel data while racing at a racetrack and then extrapolating the
water brake inlet valve positions needed to achieve those conditions.

Another recommendation from the team is to expand the sensor portfolio allowing the operator
to monitor many more engine performance parameters than are currently measured in this design.
Additionally, this expansion advances Triton Racing’s ability to tune and modify their engines to lead to
better performance overall at competition. Possible sensors include engine rpm (inductive clamp on
spark plugs), O measurement in the exhaust pipe for better air to fuel ratio tuning, temperature sensors
at various places throughout the engine cooling system, multiple intake pressure sensors fuel sensor,
airflow sensor, throttle position sensor (from throttle control lever) and others.

Comparison of data taken from a dyno run on a professional $50k system is recommended for
validating the accuracy and quality of this system’s measurements. Also, compensation factors for air
temperature, pressure, humidity and other variables affecting engine performance can be found in SAE
engine dyno testing papers or in the Stuska Dynamometer operator’s manual. They are necessary to
achieve good results when dynoing an engine.

Safety Considerations

A primary concern of the project was and will continue to be safety. The drive shaft of the dyno
has a significant inertia and will be rotating at 6,000 rpm which results in a significant amount of
rotational kinetic energy. Any failure point along the driveshaft may result in damage to the system. The
operator, when standing behind the control panel, is protected from projectiles by plates of perforated
sheet metal. However, the operator is not protected from hot water or electricity discharges. In the
event of drive shaft failure, whipping is prevented by a 6.35 mm (1/4 inch) thick steel collar according the
National Hot Rod Association (NHRA) safety requirements for drive shafts. More information about this
standard can be found below in the “Applicable Standards” section. In addition, steel mesh surrounds
the frame, which encompasses the drivetrain and dyno to provide another level of safety. Certain safety
precautions will be taken to ensure that the operator and anyone else stays out of the plane of rotation
of the driveline system; the operator (and anyone else) shall stand behind the dyno out of the rotation
plane of the driveline to prevent any exposure to impact, should the system fail.

In addition, the dyno’s water circuit will operate at a maximum temperature of 42°C as

concluded by the thermodynamic analysis. Energy.gov!? states that the recommended temperature for
hot water in a home is 48°C , since 60°C can cause scalding. Any direct contact with hot water in the
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dyno due to a failure in the water circulation system will cause a minor (safe), temperature shock if
skin-contact is made. The safety precaution to mitigate this will be to ensure that the operator’s arms
and legs are fully covered by clothing.

More safety guidelines can be found in Appendix H (User Manual).

Applicable Standards

There are many standards to adhere to when testing combustion engines due to their high
energy operating characteristics. The following are standards which apply to this project.

® SAE J1349 Revision JUN9O. This standard provides conversion factors to compensate for varying
air temperature and density during dynamometer operation, allowing for dyno testing to take
place in a wide range of climate conditions, reducing testing constraints.

e (OSHA 1910.106. Provides guidelines for safely containing flammable liquids without risk of
combustion, proper labelling for notification of hazardous substances.

e (OSHA 1910.212. Provides standards for safety in regards to machine operation, general safety
requirements and good practices.

e (OSHA 1910.219: Mechanical power-transmission apparatus. This standard provides details on
power transmission devices and is relevant to sections of this project including the bearing shaft,
driveshaft, and torsional coupler.

e NHRA general regulation number 2:4. This standard provides guidelines for safely containing a
high rpm driveshaft in the event of a catastrophic failure by means of a safety loop designed to
prevent the driveshaft from causing harm.

e ANSI/ASME B1.20.1. This standard defines the dimensions of national pipe thread (NPT) fittings
used for plumbing the water system of the dynamometer.

In addition to these standards, common bolt fasteners and heim joints were used throughout
the project which are designed according to SAE standards. Further, electronics were wired according to
the National Electric Code (NEC) guidelines.

Impact on Society

An engine dynamometer can provide numerous advantages to UC San Diego’s Formula SAE
team Testing of internal combustion engines and better education of engineering fundamentals
conveyed through this project will help future engineers in the racing team receive a better engineering
education. From a different perspective, however, this project sustains the growing negative
environmental impact of internal combustion engines in a period of time where the world needs to
move to alternative energy sources.
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Environmental

An important environmental impact is fuel consumption. It is projected that running the engine
dyno for a couple of hours will consume on average 19 liters (5 gallons) of fuel. This of course contributes
to pollution and overall air quality. Noise pollution is another consideration, although it is likely that this
project will be used in a more remote location, such as a parking lot. The noise level due to operating the
engine will be in the range of 60 to 70 dB, which will require ear protection for the operator or anyone
near the dyno.

Fabrication of this dyno requires steel and aluminum as well as some more minerals for the
electronic equipment. This project constitutes only a single dynamometer build and therefore not many
resources compared to the entire economy. The average lifecycle for a well-built dyno is five to twenty
years, assuming there are no accidents. Therefore, the impact of requiring replacement parts and
components will not take a large toll on the environment's natural resources.

Also, the dyno has a water recirculation system, instead of a total loss system that will help to
reduce the amount of water use. This was done for environmental considerations to help water
conservation.

Global

Taking the environmental impacts and expanding them to a larger scope to cause a global impact
is only likely if dynos are more easily fabricated. If this project proves successful, other FSAE teams will
potentially chose to build their own engine dynos. However, the likelihood is still small because the
resources required for the project as well as the maintenance does not entice many teams. Only a few
have attempted to create a dyno of their own. It is important to consider that in theory, more dynos will
cause more environmental impacts due to the potential for unregulated greenhouse gas emissions and
wasted water.

Economic

The economic impact will only affect FSAE teams, and nevertheless it is a small impact for most
teams. While the price of building a dyno would be about $2,300 (not including custom fabrication of
components), on average, teams have budgets of $30,000 or more. An engine dyno project requiring
10% of the budget would likely cause a double-take, but not a disastrous problem. Teams can properly
budget out a dyno across a couple years if they are worried about the price tag.

Current Infrastructure

The one physical effect on infrastructure caused by this project would be the required 1.67 m?
(18 ft?) of floor space to store the engine dyno. The mobility of the designed dyno allows the team to use
the dyno in a variety of places, including ones without a space constraint (like a parking lot). The only
requirement for the project is that the university be able to support the safe storage of the dyno with
adequate project space for the Triton Racing team.

Another possibility for affecting current infrastructure would be the ability for engineers to get
experience collecting experimental data and practice optimization of systems by using this dyno for
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testing their engines. This would be a huge benefit for Triton Racing which does not have the budget to
pay for a dyno run at a shop, or the free time to organize such an event. Overall, using this dyno will
allow Triton Racing to increase their performance at competition in both the design presentations and
actual racing events.

Lessons Learned

The first lesson the team learned was that the design process takes a lot of time. For example,
the water brake, even with the Stuska manual for the water brake design, it still took a significant
amount of time to go through design iterations and ensure that all components were designed correctly
according to the drawings. The second lesson was that using more resources to better understand the
scope of the project would have been helpful so the team wouldn’t underestimate the amount of work
required for the project. There are plenty of reports and documentation by other universities who have
also taken on similar projects. Using more resources would also help narrow down the project from the
beginning, rather than towards the end.

A main lesson learned was to not underestimate the time it takes to manufacture and assemble.
The team initially allocated more time for designing and less time for manufacturing because it was
understood that members of the Triton Racing team would lend more of their time to the manufacturing
process. This was a mistake because there were many parts to manufacture and the team did not receive
as much help as was initially perceived and this added significant time to manufacturing and cut into
testing time.

Another big issue is the limited budget the team was facing. Keeping to the budget required
cutting corners in some places of design and manufacturing. This inadvertently led to risks including
potential part failures, rushed decisions, and performance gaps. A larger budget of about $2,500 would
be advised for a similar project that requires full manufacturing of the system. More money would be
required to purchase a water brake from a manufacturer, as was the original plan. To accommodate this,
a large budget of around $5,000 would be recommended. In addition, the team has learned that more
time is needed for this project. Fourteen weeks simply was not enough when considering the full scale of
design and manufacturing required, as well as the amount of testing and calibrating time needed. If a
larger budget would have allowed, buying a water brake would have been helpful and would have
reduced the time it took to design and manufacture and would have made it possible to allocate more
than one week for testing.

Another lesson is that strictly following the Gantt chart is crucial to completing the project in
time. Ordering all parts early is also essential to allow for shipping errors and long lead times that are
inevitable when purchasing parts online, especially from overseas suppliers.

This project also allowed the team to learn more practical and hands-on engineering skills.
Manufacture and assembly of components is essential for a Mechanical engineering student to learn in
order to gain an upper hand in the competitive job market.

Overall, the lessons learned include time, project, and budget management.
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Conclusions

The water brake engine dynamometer test bed will be of great use to the Triton Racing team.
Having their own dyno will allow for ease of testing that will enhance the performance of the race car in
future competitions. This MAE 156B project taught the team valuable lessons in project management,
budgeting, time management, as well as practical engineering skills.
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Appendices

A: Project Management

Al: Positions, Tasks, and Responsibilities

MAE 156B Team

o Overall design, manufacturing, and assembly: Luke Bockman
o  Water brake design and manufacture: Justin Moreno
o DAQ, sensors selection, preliminary testing, project management: Chinaar Desai
o Website, water system design and assembly: Cassandra
Sponsor Team:
o Triton Racing Faculty Advisor: Rob Shanahan
o Triton Racing Technical Lead: Daniel Morris
o Triton Racing Powertrain Lead: Brad Anderson

A2: Risk Reduction Effort

Water Brake vs. Torque Converter

O

During the initial design process the team researched the type of dynamometers that
existed to see what type would be chosen for the FSAE team. After some deliberation,
the team narrowed the choice down to a torque converter or a water brake dyno. While
researching the two types, the team also looked into the feasibility of buying or
manufacturing each type. From this, the team was able to reduce risk by noting the
issues that could result by choosing one type over the other. In the end, the water brake
was chosen for the project based on this risk reduction effort.

Thermodynamic Analysis

o

A basic thermodynamic simulation was created in MATLAB to determine the
temperature that the water system would reach when kinetic energy from the engine
was converted in thermal energy in the water through the water brake (See Chapter 4;
Theoretical Predictions; Thermodynamic Simulation). First, the team looked at existing
dynamometer data to determine the power output of the same engine that was going to
be tested (63 kW). Then by combining assumptions (ie. steady state and constant flow
rate), radiator specifications, design requirements, and water tables into the energy
balance equation and effectiveness-NTU method a simulation was determined at each
time step. The simulation showed a maximum temperature of 50°C and allowed the
team to choose components for the design therefore reducing the risk of failure for the
dyno system.

Visit to Schlossnagel Racing

O

Since the team did not have any experience working with dynamometers before, the
project sponsor was able to arrange a meeting with Bill Schlossnagel, at Schlossnagel
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Racing, who had a custom designed water brake engine dyno. By speaking with Mr.
Schlossnagel and the project sponsor, the team was able to take note of design features,
safety considerations, as well as experience Schlossnagel had with operating his own
dyno. The greatest benefit came from Schlossnagel’s Stuska manual which was utilized
for water brake design. The Stuska manual was for the water brake absorber unit that
was used in Schlossnagel’s dyno which eventually aided in the design of the team’s own
water brake unit.

A3: Intermediate Deadlines

Final Water Brake Design: 4/15

Finalized Design of Entire System: 4/28

Pump Demonstration: 5/22

Water Brake Manufacture: 5/27

Working Sensors and VI: 5/31

Completed Fabrication: 6/2 (late and incomplete)

Working Machine: 6/5 (late and incomplete)

Testing Complete: 6/12 (incomplete, but revised plan for mock test)
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Gantt Chart

A4

arch 2017 April 2017 May 2017 June 2017

Complete ~ | Task Name ~ | Duration ~ Start ~ Finish « Resource Names »|| 3 8 131823 28 |2 | 7 (12 17|22 |27 | 2 |7 [12|17 |22 27| 1 6 |11 16|21 26
100% Frame and Overall 30.75days  Tue 3/14/17 Fri4/14/17 Luke [ + Luke
100% Water Brake 32.38days  Tue 3/14/17 Sat4/15/17 Justin [ Justin
100% Risk Reduction 0 days Tue 3/21/17 Tue 3/21/17 ¢ 3/21
100% Torque Arm and Other Sensors 36.75 days Wed 3/22/17 Fri4/28/17  Chinaar [ .} "_ Chinaar
100% Water System 33 days Sun 3/26/17 Fri4/28/17  Cassandra I I ; Cassandra
100% Individual Comp. Analysis 0 days Fri4/7/17 Fri 4/7/17 + 477
100% Design Proposal 0 days Wed 4/12/17 Wed 4/12/17 +|4/12
Frame and Subframe 20 days Sun 4/16/17 Sat 5/6/17 Luke and Chinaar 1 Luke and Chinaar
85% Water Brake Manufacture 33.38 days Mon 4/24/17 Sat5/27/17 Justin — 1 Justin
100% Water System Purchase 5.63 days Mon 5/1/17 Sat5/6/17  Cassandra Cassandra :
60% Working Sensors and VI 30.75days  Sun4/30/17 Wed5/31/17 Chinaar K o Chinaar
100% Proof of Concept 0 days Wed 5/3/17 Wed 5/3/17 + 3/3 :
100% Pump Demo 15.75 days Sat 5/6/17 Mon 5/22/17 Cassandra I ““_ Cassandra
25% Driveline Manufacture 25.38days  Mon 5/8/17 Fri6/2/17 Luke WL _._.__Amm
15% Demo of working system and validation 7 days Mon 5/15/17 Mon 5/22/17 Cassandra oy Cassandra
100% Preliminary Design Review 0 days Wed 5/24/17 Wed 5/24/17 «|8/24
25% Water Brake Assembly 3.38 days Sat5/27/17 Tue 5/30/17 Justin _.U Justin
0% Completed Fabrication 0 days Fri 6/2/17 Fri 6/2/17 team + 6/2 :
0% Assembly of Full System 6.38 days Mon 5/29/17 Sun 6/4/17  team N 1 nmm_.w.
S__oa_n:._m Machine 0 days Mon 6/5/17 Men 6/5/17 team . m\mm
Basic testing and data collection 4.38 days Mon 6/5/17  Fri 6/9/17 team [ wmm:._
0% Sensor calibration and real testing 6.38 days Tue 6/6/17 Mon 6/12/17 team i team
0% Final Design Review 0 days Wed 6/7/17 Wed 6/7/17
0% Poster Presentation 0 days Thu 6/15/17 Thu 6/15/17 team 6/15
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B: Drawings/Layouts

Reference folder “Final CAD&Drawings” attached on website to find all 42 drawings in PDF format.
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C: Bill of Materials (BOM)

BOM for FSAE Engine Dynamometer

Manufacturer Part
Subassembly Vendor Number Description Qty
Custom N/A Control subframe 1
Custom N/A Safety subframe 1 I
Custom N/A Driveline subframe 1 I
Custom N/A Engine subframe 1 |
Custom N/A Base subframe 1 I
Custom N/A Tie rod mounts 2|
Custom N/A Motor tie rod 2|
Custom N/A Top panel 1 I
Custom N/A Upper side panel - perforated 2|
Custom N/A Lower side panel - perforated 2|
Custom N/A Front panel - perforated 1 I
Custom N/A Parts tray 1 I
Pressure distribution plate - 2
Custom N/A hole 2
Test Cell Pressure distribution plate - 6
Frame Custom N/A hole 1
#10-32 aluminum bolts for
Supplied by Sponsor N/A mounting radiators 8
M6x1 Vibration isolator
Supplied by Sponsor N/A screws 4
Supplied by Sponsor N/A sheet metal screws 30|
Home Depot ZAB201EG-10 Steel L brackets 17|
McMaster-Carr 1608A44 Piano hinge 1 I
McMaster-Carr 306T45 2" Square U-bolts 4|
1/4-20 hand screws (pack of
McMaster-Carr 91185A921 10) 24
Home Depot 802254 1/2"-13 nut 25|
Mcmaster-Carr 91236A724 1/2"-13 x 3" bolt 24|
Mcmaster-Carr 91236A726 1/2"-13 x 3 1/2" bolt 4|
Marshalls Hardware G002097 1/2"-13 x 4" bolt 4|

Home Depot

Model # 807240
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Grizzly Industrial

G8177

5" Swivel casters with brake

Supplied by Sponsor N/A Washers 50+|
Custom N/A Rotor 1 |
Custom N/A Stator - driveline side 1 |
Custom N/A Stator - outer side 1 |
Custom N/A Trunnion - driveline side 1 |
Custom N/A Trunnion - outer side 1 |
Custom N/A Thrust washer 1 |
Custom N/A Torque arm 2|
Custom N/A Water brake shaft 1 |
McMaster-Carr 98491A136 Shaft key 1 |
Custom N/A 1/2-20 <-> 5/16-24 adapter 1 |
Custom N/A 1/2-20 <-> 1/2-13 adapter 1]
Custom N/A 1/2-13 <-> 5/16-24 adapter 1 |
Marshalls Hardware G003086 1/2-20 threaded rod 2|
Custom N/A Load cell rod end mount plate 2|
Pac Seal 9281K352 Mechanical seal 2|
VXB KIT18473 2" Pillow Block bearing 2|
Water Brake nachi 60062ZE 6006 ball bearing 3|
Marshalls Hardware B221031 .3125 x .75 shoulder screw 8|
Supplied by Sponsor N/A .3125 x 1.25 shoulder screw 9|
Supplied by Sponsor N/A .375 x 1 shoulder screw 1|
Supplied by Sponsor N/A 5/6 rod end 2|
Supplied by Sponsor N/A 1.25" external retaining ring 1|
Marshalls Hardware B011249 .375-16 x .625 SHCS 16|
Mcmaster-Carr 1095K27 Grease fitting 2|
Mcmaster-Carr 9213K62 Load cell vibration isolator 1 |
Mcmaster-Carr 160003 1/8 NPT plug fitting 2|
3/4 in. Brass PEX Barb x 1/2
Home Depot UC138LFA in. Male Adapt. 1
90 Degree Elbow Adapter, 1/2
Mcmaster-Carr 9151K19 NPTF Female x Male 2
Mcmaster-Carr 160004 1/2 NPT plug 1 |
3/4" NPT 90 degree brass
Marshalls Hardware 32-314 hose barb 1
Custom N/A Bearing block 1
Driveline :
Custom N/A Bearing cover 2|
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Custom N/A Bearing block shaft 1 |
Custom N/A Shaft key 2|
Custom N/A Driveshaft coupler 1 |
Nachi Bearing Shielded C3
Nachi 6006ZZE Japan 30x55x13 3
Lovejoy 68514462016 Torsional coupler hub 1 |
Torsional couple isolator (98
Lovejoy 68514462070 shore A) 1
Mcmaster-Carr 90967A297 30mm external retaining ring 1 |
Supplied by Sponsor N/A Universal joint driveshaft 1
US Plastic Depot 14257 Water reservoir 1
Sheet metal water reservoir
Custom N/A lid 1
TACO Taco 0011 Water pump 1 |
RA-AI90OMT-2+RAF
KO Speed -12+FMK-X2 Radiator and fans 2
Marshalls Hardware L-19 1305 3/4" NPT PVC hose barb 8|
Marshalls Hardware 100-404NL 3/4" NPT gate valve 2|
eBa 3/4-Inch barbed PVC
y N/A bulkhead fitting 3
Worm-Drive Clamps for Firm
Water Ci it McMaster-Carr 5415K14 Hose and Tube 0
g (EI' Ir)c ul McMaster-Carr 44615K425 threaded pipe 1 |
no
y Supply House LF777SI 3/4" NPT Water filter brass 1 |
Lowes Item # 130931 Apollo 1-in Tee Barb Fitting 1 |
Internet 1in. x 3/4 in. Brass PEX Barb
Home Depot #202270619 Reducer Coupling 2
Custom N/A 1.25" to 3/4" NPT hose bung 2|
PVC Tubing 1/2" ID, 11/16"
McMaster-Carr 5231K451 OD (10ft) 1
PVC Tubing 3/4In ID, 1in OD
McMaster-Carr 5231K385 (25ft) 1
Supplied by Sponsor N/A 2 hole pipe strap 8|
3/4 in. Brass PEX Barb x 1/2
Home Depot UC138LFA in. Male Adapt. 3
| Water Circuit FlexFab FlexFab 5526-087 7/8" silicone heater hose 1
(Engine) Custom N/A 1.25" to 7/8" hose bung 2
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Electronics &
Data
Acquisition

National Instruments myRIO-1900

AnyLoad

Mouser
Microchip
N/A

N/A
N/A
N/A

Sparkfun

N/A

Mouser

Digikey

SUPERNIGHT

Caltric

101NH-5001b

584-AD623ANZZ
MCP6271

0.1 microFarad

2.05 kOhm
1 kOhm
5 kOhm

SEN-11050

10 kOhm

653-A22E-M-01
55505-00-02-A-ND

N/A

CZ1743BA125CZ

DAQ for system
Load Cell (500 Ib capacity)

Instrumentation amp (AD623)
for load cell circuit

Op amp for load cell circuit
Capacitor for low pass filter

Gain resistor for
instrumentation amp

Gain resistor for op amp
Gain resistor for op amp

DS18B20 - waterproof
thermistor

Pull-up resistor for temp
Sensors

Omron A22E-M-01 E-stop
switch

Littelfuse 55505 RPM Sensor
360W DC 12V 30A Power
Supply

AGM Battery - 12V 10 AH
CCA 160
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D: List of Suppliers and Information

Marshalls
Type: In-Store
8423 Production Ave, San Diego, CA
Contact: N/A
Parts: Barbs, Valve

Amazon
Type: Online
Contact: N/A
Parts: Water Pump Fittings

AnylLoad
Type: Online McMaster Carr
Contact: Edmund Young Type: Online

edmund.young@anyload.com
Customer Service Manager
973-866-7931

Parts: Load Cell

Contact: N/A
Parts: U-bolts, Hinge, PVC Tubing, Pipe
Fittings, Clamps, Bolts, Grease Fittings,

Seals, Isolator, Fuel Tank, Key Stock

Motion Industries
Type: Online
Contact: N/A
Parts: Torsional Coupler Hub and Spider

DigiKey
Type: Online
Contact: N/A
Parts: Rom Sensor

eBay Mouser
Type: Online Type: Online
Contact: N/A Contact: N/A
Parts: Pump, Hose, Power Supply, Parts: E-Stop and Instrumentation Amp
Radiators, Battery, Bulkhead
Sparkfun
Grizzly Type: Online
Type: Online Contact: N/A
Contact: N/A Parts: Waterproof Thermistors
Parts: Casters
Supply House
Home Depot Type: Online

Type: In-Store

4255 Genesee Ave, San Diego, CA 92117
Contact: N/A

Parts: L-Brackets, Nuts, Washers, Barbs

Industrial Metal Supply

Type: In-Store

7550 Ronson Rd, San Diego, CA 92111
Contact: N/A

Parts: Metal Stock, Tubes, and Mesh
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Contact: N/A
Parts: Water Filter

US Plastic Depot
Type: Online
Contact: N/A
Parts: Water Reservoir

VXB
Type: Online
Contact: N/A
Parts: Bearings and Pillow Blocks


mailto:edmund.young@anyload.com

E: Specification Sheets for Key Purchased Parts

Alphabetized
Analog Devices AD623 Instrumentation Amplifier (Through Mouser)

ANALOG Single and Dual-Supply, Rail-to-Rail,
DEVICES Low Cost Instrumentation Amplifier

AD623

FEATURES GEMERAL DESCRIPTION
Easy to use The AlMI3 isan i.llhs,mbﬂ],ﬂ'nuk‘- or dual-supply instrumentation
Rail-to-rail output swing amplifier that delivers rail-to-rail output swing using supply
Input voltage range extends 150 mV below ground voltages from 3V 1o 12 V. The AD23 offers superior user
[single supply) flexhility by alkowing single gain set resistor programming and by
Low power, 5350 pA maximum supply current comforming o the 8-kead industry standard pineut configuration.
Gain set with one external resistor With n external resistor, the ADG23 is configured for unity
Gain range: 1to 1000 gain (Gi=1), and with an external resistor, the ADG23 can be
High accuracy de performance programmed for gains of wp to 1000.

0.10% gain accuracy (G= 1)

0.35% gain accuracy (G = 1)
Moise: 35 aV/yHz ATl noise at 1 kHz
Excellent dynamic specifications

BO0 kHz bandwidth (G = 1)

20 s settling time to 0.01% (G = 10}

The superior accuracy of the ADG23 is the result of increasing
ac comman-masde rejection ratis (CMRER) coincident with
increasing gain; line noise harmonics are rejected due 1o
consant CMER up to 200 He. The AD623 has a wide input
common-moxde range and amplifies signals with common-
mmarde valtages as bow as 150 mV below ground. The ADE23

APPLICATIONS maintains superior performance with dual and single polarity
Low power medical instrumentation power supplies.
Transducer interfaces Table 1. Law Power Upgrades for the ADW23
Thermocouple amplifiers Part No. Total Vs [V de) Typical Iy [pA]
Industrial process controls

ADBZ35 55 30
Difference amplifiers & 5 s -
Low power data scquisition A 2 . A

ADBZ26 6 350

ADB22T7 36 325

ADB420 36 BS

ADB422 36 300

ADB4IE 36 325 (per channel)

FUNCTIONAL BLOCK DIAGRAM

Ny
2 T

v
L]
DT
i e a2
OREF |
i
Rev.E Decument Feedback
Informuation thermished by Amalog Devices i bebewed %o be accursty wed reliabie. Howsvr, o
P R " onar
s f——— o riw - b r) Ome Techmology Way, P.O. Box 9106, Norwood, MA 020628106, UL5A.
i o " ghets of Ry Ersican. Tel: TE1 3294700  ©199T=2016 Analeg Devices, Inc. All rights reserved.
Tradermats : dernarks arath 1S - Tachnical Suppart WL AN 0. Com

Full data sheet can be found at: http://www.mouser.com/ds/2/609/AD623-877194.pdf
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AnyLoad 101NH-500 Load Cell

101NH ANYLOAD

A"nv’t steel Capacity:80.80010 L

e i ("J‘_

— — —
- |

. we ppa L
LTI T (IO bl #5.1 memxEm ]
nin

Capacity:1Klb=-20Klb

-]

R %i&_

_;1;

W & C€ RoHS & -3
RATED DIMENSIONS
CAPACITY H L W T
Ibfinches
50350 2.50 200 13 oo 1/4-28 UNF-ZB
500 2.0 o [-3] oTes 1/2-20 UNF-ZB
1,000-2,000 a.00 o0 L - 1/2-20 UNF-ZE
5,000; 10,000 400 .00 .00 - 3/4-18 UNF-ZB
16,000 G.60 4.00 136 - 1-14 UNS-ZB
20,000 T7.00 4.52 .00 - 1;' -1Z UNF-ZE
kgimm (cosvarsion of absva dimarions)
22.62-113.4 BLE 0. 16,6 127 1/4-28 UNF-2B
226.8 T [ E] 8 151 1/2-20 UNF-ZB
463.5-1,360.8 782 S0LE =z - 1/2-20 UNF-ZB
2,268; 4,535.9 1018 TE.2 4 - 3/4-18 UNF-ZB
BEOLE 138.7 1016 3.8 - 1-14 UNS-ZE
507018 17718 1250 s0.8 - 1 -12 UNF-ZB

SPECIFICATIONS

Full Scale Qutput A0mvivx 1% Recommended Excitation 10 (15% Maximum )

Zero Balance £0.02 E"‘"N Insulation Resistancos =2 [E\l’ oolGa

Hon=linsarity == 0.017% Compensated Temperature Range 10" to SO°C { 14°F 1o 123°F

RIEI‘III:IIIH.‘!I <= 001 ?! Safe Overload 150% of full scale

Hysteresis Error <= 00175 Braaking Overload A00% af full scale

Croep in 30 min. == 0.023% Soal Type ! IP Rating Environmienially Ssalsd / IP&T

Input Resistance MO0 =T Cable Color Code Exo+ Red Excs Black

Output Resistance AB00 =3 Sig+ Green Sige White

Element Material Adioy Steel, Mickel Plated Shield Bare
Rated Part Shipﬁ:“ INTERCHANGEABLE PRODUCTS |

Weigh T vis Wish Visha

Capacity | Number | VESCo, Coti-Global Rice Lake cnﬂ?n_m’:‘ﬂ. ¥

Sl 101 H Hai50ID [N CEEHA0I0 RIL2000 05010 STC.A00 ) 363.50b | S0001.5000

10016 101HH= 1001k [N CGEB-10010 RIL20000. 1001k STC.1001b | 3631006 |  &0001.1001

e (o] 101 HH= 2001k [N CGEE-200ib R 2000 O 200k STC.20010 | 3632000 | S0001-20010

2601k 101 HH=2801b [N CGSR.1.2801b | RL20000- 28010 325000

5001k 101HH=5001E 0.7 CGEB-200Ib | CG58.1-5001b | RL20000-800I0 |RL20001-50010 | STC-50010 | 263800 |  &0001-500ib

{H:3.0% [H:2. 8% LH:Z.E'] I [H:2.5%

TKID 101HH= 1Kl 1.0 CGSB1K CGESB1=1K RL20000:1KIb  [RL20001-1KID | STC-1K ELENTA E0001=1K

{H:3.0%) {H:2.5%) I (28"

1.5KIb 10T HH=1. 8Kl 1.0 CGEB-1.8K | CGSB.1.1.5K | RL20000:1.5K1b [RL20001.1.8KIb| STC.1.8K | 363185 BO001=1.5K

{H:3.0%) LH:Z.E'] I [H:2.8%

ZKIb 101 HH=2KIl 1.0 CGEB-ZK CE581.2K RL20000-2K1b RL20001-2K1b S5TC-2K 62K BO001-2K

{H:3.0%) {H:2.8%) (H:2.5%)

2.5KIb 101N H=2.5KIb 1.0 CGESBZ. 8K | CG58.1:2.55 | RL20000:2 5KIb |RL200072.5K1b) STGa2. 8K | 3632 58 E0001-2. 5K

(H:3.0%) (H:2.8%) (H:2.5%)

3K 101 HH=3K Il 1.0 COSEAK CESR1-3K RL20000-3K1b |RL2I:|D-‘.'|'|-3KH: STC.AK EIAK EO001-3K

{H:3.0% (H:4.0% {H:4.0% (H:4.0%

EKib 101N H=-5KID 1.5 CGEB-EK CGER-1-8K RL20000-BK1b  |RL20001-8Kb | STC-BK A63.EK E0001-5K

{H:4.8% {H:4. 8%y o4 28" {H:4.28%) | (H:4.8% LH:-H.!!n':I

10&Ib 101 HH= 10810 1.5 CGSB10% CGESB1=108 | RL20000:10KIb [RL2000110KIb | STC.108 | 363 10K H0001=108

{H:4.0%) {H:4. 757} -] (H:4. 787 JiH:4.0% {H:4.75%)

186 101 W H= 18K 3.0 CGEB-16K BO001-188
|08k 101 HH=2081b [ ] CGEB.208 BL20000-20KIE | STC-20K EO001=208
@ T00W-8000h: NTEFR 1:4 500 Class M, Single Cali; 1Kib=20/ih: NTEP 1:5 500 Class U, Single Cail
E- 200dg=1. 8t QI MAA €3, ¥=17 000; 20« 100 OIML MAA C4.8, V=14 000

www.anyload.com
50 © 2017 ANYLOAD V2 dimensions and specifications subject to change without notice
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Littelfuse 55505 Hall Effect Speed Sensor (Through DigiKey)

E Littelfuse Hall Effect Sensors

Fangs Mount Gearteoth = 55505

[T S [ Tty [eps——

55505 Hall Effect Flange Mount Geartooth Speed Sensor

Description

I BB ks 2 sabasr Honge mownting hall o™ioct sorenn primerily For Jaariaeih
SRR MGG, Procind 338851 Sewed 3 SRS Ve e Tents. [1is
Capaiboba o o Wb o L0 3 TN oed 3Dl il vl dboha a8 Do v Pl g
T e a8 S g e Pt o i g ke 11 ok kol by
suitad Lz whwesl, rarmrimim e ceehe™ spesd smTdng sawicelk dsman
oty e, rvhnd s oy el ete menerzine appiesione

Features
= o targai apess nprung L] r'-ll1rﬂn|-!|rhrrn.r.'|:lr:rn'
= il G prelesion = High spoed apetaion
= Prodog ion 333 nel e a6 = thor aeost ond ree voliage
B . minTiee FrviTITasie PICEC LT
Dimensions = Sall acpsting magain rarge & [ b 000t AT ol ma b
Lymensimns i mam lnchl
andn "
- lom 00= Benefits
= he chopper da s = Furiznnl sirprrerl m bargel
10 = Imrwrm ia Farpet e ool ok eritical
— Applications
l:/d_ = Whoel Doresissmn 4 = Indusiria
et spond sanang = Ll
"‘h,_ = G toath 36rEar * i LETRRRY
S # Ratarp ooodah
24.80
ekl v
— (26 [
(]
—m| "L
330
L
[ sanwn | [
¥ L .
Il ¥ -
[Flic 1
4 o
Block Diagram Application Example (Geartooth Sensor)

J\/;l e
S 0) I
JULL

S

=G Lk Bpvimd TS e T
Crecboalivn ms 3zbpr! la chwroe withoal et
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Lovejoy 68514462016 Jaw Coupling Hub (Through Motion Industries)

m Eomria Wi English w (Fy
IHIJIISI'IIIES

Search Keyword, Part or Bem Numbe Fird '
L4 i ] v M 1] = &
Hioa About Mi Locatioss = Enowlesge Heb Owder Stabes Support

Produod Calegorise  Wechanical Power Transmissken > Staf Couphigs, Celam & U-Joins + Elesosran: Paxdbe Couglngs > Jow Sl Couplings

» Jaw Coupling Hubs = BES1L48 2018

Lovejoy 68514462016

Jaw Coupling Hub - CJ28/38, Finished with Keyway, Curved Jaw, 2.5500 In OD, 354 [Aluminumi (4 Styls) In, 354 [Aluminumi (B Styls) In,
3.54 (Powder Metal] In, 5.51 [Aluminum (BX Style] In, 551 {Powdsr Matal) In Length, Aluminum, Powdsred Metal
B fhem & CEOET4ES

O Reviews - Be the first bo review this B=m

:40.32 mah

IN STOCK 6

anry

'g $9.98 Fat Rats Ground Shipoing

Zee ESnipping Cplions

i B4
Passs hots: Froto may MO T secresss! schusl Sem pesss csler © B
wrel ookt wpeec ficwons for al calsls

How cmn we meks cur Product Comter! Setier ?

Product Features & Specifications

Cougling Size Code:
Eaore Type:

Baore Diameter

Jaw Type:

Hutr Maberial:
Cutside Diameter:
L=ngth Through Bon

Goupiing Crvemll Lengtic

Hutr End Dismeter
Tomue Capacty:

Warimum FRLL

Ecrew Clamp Type:

Earies:

Wanutacthurer Product Page:
Instructional Wideo
Manutactuner Catsiog

CLIZEIE

Finiched with Meyway

A1.008 In

Caarved

Aluminum, Powdersd Metal

25800 Ini

1.38 [Aluminumj (& $tyle] In, 1.38 {Sluminum] (B $yis] In, 1.28 Powdar Matal) In, 2 83 [&luminum) §8X
Ehyla) Im, 268 [Powdsr Metal) in

.54 [Aluminumj (& Style] In, 3.54 {Aluminam| (B $tyie] In, 3.64 Powder Matal) In, £ &1 (&luminum) j8X
Bhyla) Im, 61 [Powadar Mstal) in

1.88 (Aluminum) (A Ztyle] In, 1.88 {Powder Metal] In

1850 (Ursihane Epider-82 3hore A-vellow] In-h, 2630 (Unsthans Spider-B&B6 3hone A-Fnd) Indh, 354
{Urethans &pider &4 3hors DuSresn) In-ib, B14 (Unsthans 2 pldsr-80 2hore & 3 lzec 14-33-Blus) In1b
2500 APM

Sot Torew

L]

Click hare

Click hare

Tlick hare
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Lovejoy CJ 28/38 SPIDER 98-SHORE RED (Through Motion Industries)

MI mﬂllimmlﬁ o e
S=arch Keyword, Part or Bem Mumbe Fird '
# LiJ v * (1] &
4ome About Mi Locations SEFVILES Enowlespe Hab Order Stabes
Produot Catsgories Machanical Powar Tranafmesien « Shafl Couplfgs, Colars £ U-Jeints > Elitoren: Faxdbe Couglings ~ Jew Shafl Couplngs

w Jiw Cougling Spiden & Emrments > GJ 2658 SMDER 98-8HORE RED

Lovejoy CJ 28/38 SPIDER 98-SHORE RED

Jaw Coupling Spider & Element - Potyursthans, Spider - Open Centsr, Curved Jaw
M Ibem = kgl

A Description: BES1448207D

o
Pissss hioks: Photo may MOT secress=d schosl Ssm, pissss reler S
wrg preciust epecficwions for sl Selsis

Hizw cun we

Coupling Size Code:

Blement Material

Element Type:

S Type:

Tormue Capacky:

hasiirmum FFLE

Blement Duromeier:

Blement Thickness:

Cperating Tempemture Range
Codor

Cuiside Diameter

Maximum Paraliel Misalignment:
Maximum Anguiar Misalgrment:
Compiatibie Hub Fart Mumber,
Series:

kanuacturer Catalog Number:
Instaliation Insfructons:
Inesiructional Wideo
hanutachurer Product Page:

mmk e cur Product Conted betier 7

Product Features & Specifications

2
Potyurathans
Eplder - Dpen Cenfer
Carved

330 -1k
508 AFM

3 Zhors &
16 mimi

41 to =248 °F
[Fad

& mm
BLOET In

1a3r®

G2

[l
EBE148520T0
il har
ik han

Click hara

55-95 aach

IN STOCK

ary

!g $9.98 Fat Rat= Ground Sheoeg

Zex Enipping Oplions

Support
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Microchip MCP6271 (Through Steve Roberts)

MicrocHiie MCP6271/1R/2/3/4/5

Features

170 pA, 2 MHz Rail-to-Rail Op Amp

+ (Gain Bandwidth Product: 2 MHz (typical)
* Supply Current: |y = 170 pA (typical)
+ Supply Voltage: 2.0V 1o 6.0V
+ Rail-to-Rail Input/Output

* Extended Temperature Range: —40°C to +125°C
+ Awailable im Single, Dual and Quad Packages

+ Pars with Chip Select (G5)

- Single (MCP8273)

- Dual (MCPBZTS)
Applications
« Aulomaotive
* Portable Eguipment
* Photodiode Amplifier
« Analog Filiers
* Motebooks and FDAs
+ Battery Poweraed Systems
Available Tools
* SPICE Macro Models
+ FilterLab® Software
+ Mindi™ Circuit Designer & Simulator
* MAPS (Microchip Advanced Part Selectar)

+ Analog Demonstration and Evaluation Boards

Description

The Microchip Technology Inc. MCPS2T1/M1RIZMEMIS
family of operational amplifiers (op amps) provide wide
bandwidth for the current This family has a 2 MHz
Gain Bandwidth Product (GBWP) and a 65" Phase
Margin. This family also operates from a single supply
voliage &s low as 2.0V, while drawing 170 pA (typical)
guiescent current. The MCP&2T1MRA23MI5 supports
rail-to-rail input and output swing, with a common mode
input voltage range of Vg, + 300 m\ to Vs — 300 miv.
This family of op amps is designed with Microchip's
advanced CMOS process.

The MCPE2TS has & Chip Sekect input (C5) for dual op
amps in an B-pin package and is manufactured by
cascading two op amps (the output of op amp A
connected o the non-inverting input of op amp B). The
CS input puts the device in low power mode.

The MCPEZTIMRZAMIS family operastes owver the
Exiended Temperature Range of —40°C to +125°C,
with & power supply range of 2.0V to 6.0V

* Application Moles
Package Types
MCP&2T1 MCP&271 MCPGEITIR MCPBE2T2
PDIP, S0IC, MSOP 50T7-23-5 50T-23-5 PDIF, S0IC, MSOP
HC[d] & [Elmc uﬂ._,rE—A. [Elvpn  Your E_ﬁ [5] Wes Vours [ _ = [B] vpo
Wi Ejiﬂ Voo vas[E] 4 % voo [ 4 % Wipsa= EE"J}_E ViewTe
Vit BT LBl vegr Vit B L@ v Vet B L@V Vet [ -T_EE Ve
Vag [4] [5] HC: Vg |4 5| Vig*
MCPG273 MCPG273 MCPG274 MCPGITS
PDIP, S0IC, MSOP 507T-23-6 PDIP, S0IC, TSS0P PDIF, S0IC, MSOP
NC [T] ATE Vo [OF—  [ElVoo Vo O [E] Voo
*-fm-li:]h: Fveo VaslE] 4 % [EIEE  Viw[Eha ; 7] Voure
it E HE] Vaur Vi E 4] Vigm  Vipis* [3] (5] Visaer=
Wag [4 5] MC Voo [4] Al=3
Ving* (B}
Vi [T F 7
Vioura [7]

& 2008 Microchip Technolegy Inc.

DS21810F-page 1
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Nachi 6006ZZE Shielded Bearings (Through VXB)

6006ZZE Shielded Nachi Bearing
One Bearing
Made in Japan

6006ZZE Nachi Beaaring, the 6006ZZE inner diametzr is 30mm, the
6006ZZE outer dizameter is 55mm, 6006ZZE width is 13mm.

Ttem: 6006ZZE Machi Ball Bearing
Type: Machi Desp groove Ball Bearing
Closures: Double shielded with Metal shislds Z/Z2Z2/27
Radial Clearance: C3
Dimensions: 30mm x 55mm x 13mm;/Mstric
1D (inner diameter)/Bore: 30mm
0D (outer diameter): 55mm
Width/Height/thicknass: 13mm
Size: 30 x 55 x 13 mm
Quantity: One Bearing
Dynamic load rating Cr: 13,200 N
Static load rating Cor: 8,300 N
Limiting Speed:

e Grease Lubrication: 13,000 RPM
Equal: 6006 ZZ / 6006 22
«  Madein Japan
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National Instruments myRIO-1900

USER GUIDE AND SPECIFICATIONS

NI myRIO-1900

The MNational Instruments myRIO-1900 is a portable reconfigurable 100 (RI0) device that
students can use to design control, robotics, and mechatronics systems. This document contains
pinouts, connectivity information, dimensions, mounting instructions, and specifications for the
NI myRI0-1200.

Figure 1. NI myRIO-1900

1 HImyRIO-1800 6 LED=s

2 myRID Expansion Port (MXP) Breakouts (One ¥ Mini System Port (M5P) Screw-Terminal
Included in Kit) Connector

3 Power Input Cable 8 Audio IntOut Cables (One Included in Kit)
USE Device Cable 9 Buttond

o s

USE Host Cable (Mot Included in Kit)

NATIONAL
INSTRUMENTS

Full user guide and specifications can be found at: http://www.ni.com/pdf/manuals/376047c.pdf
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Omron A22E Emergency Stop Switch (Through Mouser)

Emergency Stop Switch (22-dia./25-dia.)

A22E

AZPE DEE 18 2

Install in 22-dia. or 25-dia. Panel Cutout
(When Using a Ring) @ (€A ®

« Direct opening mechanism ta open the circuit when the contact
welds 5.
= Satety lock mechanism prevents operafing errors. )
+ Easy mounting and removal of Switch Blocks using a lever.
= Mount three Switch Units in series to improve wiring efficiency |
(with non-lighted Switch Units, three Units can be mounted for
multiple contacts).
+ Finger protection mechanism on Switch Unit provided as a
standard feature.
* Use 25-dia. ring to install in 25-dia. panel cutouts.
» Inistall using either round, or forked crimp terminals.
= Oil-resistant to IP65 (non-lighted models)1P6S (lighted models) sy sandanis. reter 1 your CURDH sitabe o

= A lock plate is provided as a standard feature to ensure that the
control bou and switch are not easily separated.

/1, Be sure 1o read the “Salety Pracautions” on page 17.

Model Number Structure

Model Number Legend (Completely Assembled)... . shipped 2s a set which includes tie Operation Unit, Lamp
wmmhmw

by @E‘ L

1. LightedMon-ighted H.Lwam
Code Description Withcut Violtage Reduction Unit
Nona | Man-ighied e | ey [ ] Nona |Ewitch anly
L |Ugeeed® s : = 1[N0 s nc B |mmw
&84 |LED & WACAVDC Bow
#wa:mshzw e 2waChDC 02 J2NC (NG <« 1NC)
tor tha mesium (M. an prmr—r— 12 [N+ 2NG [1NG + 1NGY
i modls. o2 |aﬂ:q1m::+mr.+mq
[ With Vofiage Redwuction Unit |
2 Head Slze Code | Deseription | OpenitingWikage -
Code | Size Descrigtion T |LED 100 YAC Configuration
“ Al dia T it Fonia Maiihar “ERTT nor “EME” printod, a#Tows engraved in red.
& Smal Equippsed with 24MAC/DC LEDL EMD  ["EMOr and arrows prinied in white.
30 dia.
L] etiadiem EMD=RD ["EMO" peiniod in wiil, aemows srgrasesd in md.
—e EMS  [EMS" and amows printad in white.
- &0 dla EMB=AD ["EMS" printed in wihila, amows engraved in nad.
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Pac-Seal Type 21 Oil-Resistant Pump Shaft Seal (Through McMaster-Carr)

McMASTER-CARR.

For Motion Type
Matwrial
iD
oD
Haight
Saat

oo

Haight
Material

Diaphragm

U-Cup

Seal

Washer
Dimphragm Hardness
Maxirmum Pressure
baximum Spaed
Temperature Rangs
Trade No.

ManufacturerBrand
Eguivalent

Foatures
For Use With

RoHS

Rofary
30 Stainless Steel

114"
14875
1062

1475
oA

Buna-N Rubbar
Buna-d Rubbear

Caramic
Carban

Durometer 65A (Medium)
150 psi

5,000 fpm

-A0° to 212° F

185

Jobn Crame Type 21
Pac-Geal Type 21

Sealol Type 43 CE
Sealol Typae 43 CU Short

Extended Spring

Ammonia

Animal Oils

Baric Acid

Butyl flcahol
Calcium Hydroxide
Citric fucid

Diluted Salt Solutions
Ethyhone Ghycol
Ghecarin

Greass

Mathanaol

Miineral Oils

Mator Oils
Petroleum Fluids
Sodium Bicarbonate
Transmizssion Fluids
vegetable Oils

Mot Compliant

Oil-Resistant Pump Shaft Seal In tock
Flexible, Buna-N Diaphragm, 1-1747 10, Trade Nao. 165 F1E.64 Each
D2B1K3s2

An edended spring on these seals accommodates wvariations in seal cavity length and pump
misalignment. All have a stainless steol outer shell that kecks the diaphragm and washer together, which
makes them sasy to install and efiminates the need for bonding adhesives. They are commonly used in
circulation and dispensing pumps

Zpals that come with a seat are fumnished as bwo pleces. The seals have a U-cup seal that is the same

matarial as the diaphragm.

304 stainless stoel seals are comparable to Pac-Seal Type 21, John Crane Type 21, and Sealol Type 23 CE

and 43 CU short.
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Sparkfun/Dallas Semiconductor Waterproof Temperature Sensors (DS18B20)

PRELIMINARY

DS18B20

| 9 -
H- DALLA:S Pra%rammable Resolution
W SEMICONDUCTOR 1-Wire® Digital Thermometer
.dalsemi.com
FEATURES PIN ASSIGNMENT
Unique 1-Wire interface requires only one BOTTOM VIEW

port pin for communication

*  Multidrop capability simplifies distributed
temperature sensing applications

* Requires no external components

*  Can be powered from data line. Power supply
range is 3.0V to 5.5V

« Fero standby power required

*  Measures temperatures from -35*C to
+125°C. Fahrenheit equivalent is -67°F to

+257°F nc [T s [ [[nc

*  H).5°C accuracy from -10°C to +85°C D:[: :[D

*  Thermometer resolution i1s programmable ML 2 7 ML
i 2
from 9 to 12 bits VMDI 9 B ]:DNG

DS1EB20 To-4%2
Packape

*  Converts 12-bit temperature to digital word in B&a
750 ms {max.) o> pa[][]« s [ [[]eno
* User-definable, nonvolatile temperature alamn
settings DE1EB20E
* Alarm search command identifies and B-Pin SOIC (150 mul)
addresses devices whose temperature 15
outside of programmed limits {temperature PIN DESCRIPTION
alarm condition) GND - Ground
*  Applications include thermostatic controls, DO - Data InfOut
industrial systems, consumer products, Voo - Power Supply Voltage
thermometers, or any thermally sensitive NC - No Connect
svstem
DESCRIPTION

The DS18B20 Digital Thermometer provides 9 to 12-bit (configurable) temperature readings which
indicate the temperature of the device.

Information is sent to/from the DS18B20 over a 1-Wire interface, so that only one wire (and ground)
needs to be connected from a central microprocessor to a DS18B20. Power for reading, writing, and
performing temperature conversions can be derived from the data line itself with no need for an external
powWer source.

Because each D518B20 contains a unique silicon serial number, multiple DS18B20s can exist on the
same 1-Wire bus. This allows for placing temperature sensors in many different places. Applications
where this feature is useful include HVAC environmental controls, sensing temperatures inside buildings,
equipment or machinery, and process monitoring and control.

1af27 0=0400

Full data sheet and specifications can be found at:

https://cdn.sparkfun.com/datasheets/Sensors/Temp/DS18B20.pdf
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TACO 0011 Pump Spec Sheet

Submittal Data Information

Model 0011 Cartridge Circulator

Features

= Exclusive ACB Arti-condensate baffle
with ambient air flowe-Protects motor

- High velacity performance
— compact design
= Quiet, Efficient operation

« Urigque replaceable cartridge design
— field serviceable

- Self lubricating
= Mo mechanical seal

wirdings against condensate buildup

= Direct drive-Low powver consumgtion

« Unmatched relighility-mainterance free
- Uriversal flange to flamge dimersions
« Cast [ron or Stainless Steel construction

Materials of Construction

O-Ring & Gaskets:..EPDM.

Model Nomenclature

F — (Cast lran, Flanged
5F - Stainkess Steel, Hanged

Performance Data

Max. Flow: 31 GPM

Maz. Headt 31 Feet

bin. Fluid Temperature: 40°F (4"°C)
ez, Fluid Temperature: 230°F (110°C)
Mane. Working Pressure: 150 psi
Connection Sizes:

347175 1-147 1-1/2"Flamged

Certifications & Listings

FOR INDOOR
t@l.ll LISTED  ysE ONLY

@ Low-Lead Compliant
et

Submittal Data # 101-034
Supersedes: 08/10/13

Effective: 01/12/15

Application

The Taco 0011 is specifically designed for high head / mediom flow applications in
large residential or light commerdal dosed loop hydronic heating and chilled water
cooling systerns. |cdzal for high pressure drop boilers, fan coil urits, heat exchangers,
large radiant heating and heat recoveny'geathermal systerns. The Stainless Steel
0011 cam be used on open loop systems. The unique replaceabile cartridge contains
all of the maoving parts and allcws for easy service instead of replacing the entire
dreulator. Uriversal flange to flange dimersions and onertation allows the 0011

to easily replace other models. Compact, low power consurngtion design makes

it icdeal for high-effidency jobs.

Pump Dimensions & Weights

Wodes | Cating [— 5 & A . ]
| [ n[me | [on| e [en| i [en | o [ mm
o011F4 | Canr e | 7 91 [swE] s |3z s |sam| es [swa| e Jeaa] e
o0115F4 | sr Ged |7 91 |em] s |32 s [sam| as [swa] 1as Jeaa] e
1
A O il s
o
Electrical Data Flange Orientation
Model | Walks Wz ) Amps | HEM HP
Ml Mogals) 115 L 1 e | oEse | uE

JAWS0T. ZA0NST, 2 NG L 100 100N

Performance Field - 60Hz

ﬁnﬂwm:mg
FLOWME

EE OEE LT 18 34 3F BB 7 43 54 B3 B8 T TE B4 B0 BRI I68114 723

B brrrrrrrrlemrbrrerrrretrrrrierrylrrerd Fullir i i sl e kil

iy F— s

n} - 00 S

= - Dol .

g . i Lt

= @ ooz a8

1 —@- 03 us

g - oot Tes

il 1 B
= A
¥ =] {us F
g ®] Jus i
£ Tus ;
i Fas
5wl {47 f
B I

2 Tas

=1 il

E 43

L] Jes

d a3

4] T iRl

] T Fas

by e o e b oy bt ey T
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FudeGEe
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UCP211-32 Pillow Block Bearing (Through VXB)

UCP211-32 Pillow Block Bearing
Set Screw Type High-Center Height
2" Inch Inner Diameter

Ttem: UCP211-32 Bearing
Type: Pillow Block Mounted Bearing
Bolt Size: 5/8" inch
Basic Load Dynamic (Cr): 43,400 N
Basic Load Static (Cor): 29,400 N

Bearing Mo: UC211-32
Housing No: P211
Quantity: One Bearing

JCP211-32 Pillow Block Bearing, UCP211-32 is Set Screw Type High-Center Height,
Inner Diameter is 2" Inch.

Dimensions

(Inchs)

h a e b S1 52 [i} w B1 n
] & |6 2 . .| 4- 2 .

2-1/2 578" || 237327 |[ 378" || /& || 25/32 || 3/4" [ 29732~ || 3716 || 718

KIt18475

2" Inch Bearing UCP211-32 + Pillow Block Cast Housing Mounted Bearings
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Watts LF777SI Wye-Pattern, Lead Free Filter (Through Supply House)

LEAD FREE

Series LF777SI1, LFS777SI

Wye-Pattern, Lead Free Cast Strainers

NSF Certified to NSF 61 Annex G

Sizes: 3" - 3" (10-75mm)

Series LF77TSI, LFS777S1 Wye-Pattern, Lead Free® cast strain-
ers are designed to protect plumbing system components from
dirt, rust and other damaging debris. The Seres LFT77S] and
LFS77TEl feature Lead Free® construction to comply with Lead
Free* installation requirements.

Features

* NSF 61 Annex G certified

* | ead Free” cast copper siicon alloy body and cap
» YWye-pattem

* Tapped retainer cap

» Closure plug

» Special flared screen opening on upstream end to provide
unrestricted flow through the strainer

Models
LF77751 - %" — 3" (10 — B0mm) threaded connections
LFS777SI —14° — 2" (15 — 50mm) selder connectionst

Specifications

Aowye-pattern, Lead Free* cast strainer to be installed as indi-
cated on the plans. The strainer must have a tapped retainer
cap and closure plug. Strainer shall be rated to 400psi (27.6

bar) WOG; 125psi (8.6 bar) WSP for sizes 3&*-2" (10-50mm) and
300psi (20.7 bar) @ 210°F (99°C); 125psi (8.6 bar) WSP @ 353°F
(178°C) for sires 2)"-3° (65-80mm). The strainer shall be con-
structed using Lead Free™ cast copper silicon alloy. Lead Free®
strainers shall comply with state codes and standards, where
applicable, requiring reduced lead content. Strainer shall be a
Watts Series LF7778| (threaded ends) or LFSYT7S! (zolder ends).

Materials

Body: Lead Free® cast copper silicon alloy
Retainer Cap: Lead Free” cast copper silicon alloy
Plug Lead Free” brass

Gasket: NER

Standard Screen: #20 mesh, 304 stainless steel

Pressure - Temperature
Maximum Working Pressure:
' 2" (10-50rmm)
400psi (27.6 bar) WOG @ 210°F (99°C)
125psi (8.6 bar) WSP @ 353°F (178°C)
212"-3" (B5-80mm)
300psi (20.7 bar) WOG @ 210°F (99°C)
125psi (B.6 bar) WSP @ 353°F (178°0)

*The wetted surface of this product contacted by consumable
water contains less than 0.25% of lead by weight.

Walts product speciications in LS. customary units and metric ane approsimate and ars provided for referanca only. For precise measurements,
plese contact Waits Tachmical Servica. Walts reserves the right fo change or modify product design, construction, specificaions, or maierials waih-
out prior nofice and without incuring any obligaion to make such changes end modifications on Watts products previously or subeequently sold.

Full data sheet can be found at:

http://s3.supplyhouse.com

roduct_files/Watts%20-%200379112%20-%20Submittal%20Sheet.pdf
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F: Designs Considered

As a project involving many custom components, each component went through a design,
manufacturing, and assembly phase. Particularly, the water brake, driveline and frame went through
multiple iterations of design before being manufactured. In this section some of the milestone design
iterations of these subsystems will be discussed.

The driveline was first designed with a gear ratio of 2, to lower rotational speed of the
dynamometer. After considering safety implications, and the possibility of a chain failure, the frame and
driveline were redesigned to accommodate a drive shaft driveline.

The initial design concept is shown in Figure A. Design started with the intention of driving the
dynamometer with a chain for cost and adjustability reasons. Due to the high CG, poor mobility, and lack
of safety in this early design, a more thought out design was created next.

Figure A: Initial Design Concept of Frame

The second milestone design was still in the early stages and exploring the solution
space of where the major components would be located and how they would operate together. It is
shown in Figure B. A separate safety frame with panels was added to the design. The system CG was
lowered to the ground for better stability. Also, a motor coupler was added to the driveline to help
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decrease vibration from the chain. A flaw of this design is that pillow block bearings were used to spin at
high RPMs and the safety frame was not a good solution to the operator safety problem.

Figure B: Second Design Concept of Frame

The third major design milestone included many of the components in the final design. It is
shown in Figure C. A reservoir for a closed water system was added and to be made from welding sheet
metal to the frame. In retrospect, welding a sheet metal aluminum reservoir would have been a more
cost effective and customizable solution than buying the expensive polypropylene reservoir that was
included in the final design. Also consider that many glues and epoxies don't bond to polypropylene so
the final design used ratchet straps to hold it in place. At this point in the design phase, the engine
subframe needed a redesign and other early stage design considerations were being figured out and
implemented.
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Figure C: Third major Design Concept of Frame

The water brake was initially designed with a tight tolerance machined feature to concentrically
locate the trunnions to the stators. Problems with this design included increased manufacturing
difficulty, and no provision for concentrically locating the stators with each other. Additionally, this
design included stators which were identical to each other, however, since the outlet was at the bottom
center of the stators (not shown in Figure D), the design left no simple method for creating a watertight
seal. Lastly, this design included provision for a single bearing on each stator side, with interference fits
on both inner and outer race of the bearing, neglecting the consequences of thermal expansion of the
shaft as the system heats up.

94-p..,

Figure D: Initial Design of the Water Brake
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The second design iteration (Fig. E) included multiple changes the addition of precision ground shoulder
screws to accurately and concentrically locate the stators to each other. This design change meant that
the machined components can be manufactured with a larger tolerance, since they were no longer relied
on for location. Further, addressing the issues with the initial design, the second iteration incorporates
three bearings, of which two have clearance fits on their internal diameter to allow for thermal
expansion of the shaft. Also, the stators are unique from each other, one of which is flat, and the other
with a deep pocket to house the rotor, and provide enough space for a water outlet. Since the water
outlet is now threaded into only one stator, an o-ring can easily be added to create a watertight seal.
Finally, the design included a water passage to allow for water to cool the mechanical seals. The key
difference between the second and final design iteration of the water brake is the stators, which were
initially designed and manufactured with a flat wall. After discussing viability with a Stuska engineer, the
team realized that viscous forces and change in momentum alone would not suffice for creating enough
torque to meet the design requirements. Thus, pockets with equidistant blades were machined into the
stators to induce toroidal flow and water shearing®.

Figure E: Second Iteration of Water Brake Stators
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G: Budget

FSAE Engine Dyno Budget

Item Cost
Stock Steel Tubes 5224
Stock Steel Plates and Mesh 5134
Radiators and Fans 5254
Accesories |Casters, Hings, Ubolts) 121

:
|§
:

Pump 5208
Resereoir 5127
Fittings and Barbs 5114
Filter 521
Gate valve 521
Hosing o0
Accesories |L-brackets, Muts, Washers, Clamps) 558
Pump System Subtotal 5638

|watergoste
Rownd Alurminum Stock [stators and rotors) 5180
Eearings 585
Pillow Block Bearings S10E
Grease Fithings 510
Zhaft Sezl 537
Wiater Broke Subtotal 5422

|osta pcquisition |
Load Cell 5113
Instrumentation amp for Load cell 512
TeMpersturs Sensors 540
Hall-Effect RPR Sensor 522
vibration Isolator 511
Dato Aguisition Subtotal £197

eogie |
Fuel Tank 527
Engine Battery 532
Bolts for Mounging 51B
Engine subtotal 576

orveran
Round Stesl Stock {Couplar to Srocket and Threaded Washer) 511
Sguare steel Stock (Trunnions and Bearing Blocks) 74
Key Stock 51
Torsicnal Coupler 591
Drivetrain Subtotal 5177

lower |
Emergency Stop Switch 45
Power Supply (Fans and Electronics) 521

;
|§

Project Total 52,310
Budget Allocation 52200
Overbudget 5110
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H: Users/Maintenance/Safety/Operation Manual

UC San Diego
TRITDN RHCING JACOBS SCHOOL OF ENGINEERING

UNIVERSITY OF CALIFORNIA, SAN DIEGO Mechanical and Aerospace Engineering

Engine Dynamometer

Operator’s Manual

Last Updated: 6/9/2017
UCSD Formula SAE Engine Dynamometer
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Assembly
Water Brake

Disassembly
Water Brake

Maintenance

General Operation
Safety Information
SAE Correction Factors

Calibration
Load Cell

Temperature Sensors
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Assembly

Water Brake
2 people recommended

1.
2.
3.

9.

Make sure all assembly components are clean and free of dust, dirt, and grease.

Using press tool, press (x2) 6006ZZE bearings into driveline side trunnion.

Using (x4) 5/16” x .75” shoulder screws, fasten driveline side trunnion to the thick
driveline side stator.

Clean (with warm soapy water) (x2) seal type 21 (1 1/4” shaft) mechanical seals

Apply a small amount of soap to the rubber outside and install the seal seat into driveline
side stator.

Clean and install (x1) mechanical seal seat into thin outer side stator in the same
manner as the driveline side stator.

Apply a small amount of soap to the rubber bellows of (x1) mechanical seal and Install
onto rotor/shaft assembly on the keyed side of shaft.

Carefully install driveline side stator with mechanical seal onto the shaft/rotor assembly.
Avoid touching the polished sealing faces to anything so that the seals do not get
damaged.

Step 8.

Carefully flip the assembly over.

10. Repeat step 7 on the opposing side of the rotor/shaft.
11. Install .139” diameter o-ring into o-ring groove on driveline side stator.
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Step 11. Step 12.

12. Align the stators and carefully install outer side stator onto rotor shaft.
13. Fasten stators to each other using (x8) 5/16” x 1.25” shoulder screws. Use german
torque spec “gutentite”.

Step 13. Step 17.

14. Install (x1) external retaining ring onto shaft.

15. Using press tool, press (x1) 6006 bearing onto shaft, until it is flush with the shaft end.

16. Install (x1) bearing retaining washer using (x1) 3/8” shoulder screw.

17. Press assembly onto outer side trunnion such that the force is only transmitted through
the outer race.
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18. Fasten outer side trunnion to outer side stator using (x4) 5/16 x .75” shoulder screws.

19. Install (x1) key and (x1) driveshaft coupler onto the keyed side of the shaft with a press if
necessary. (do NOT use a hammer to install the coupler as it could damage the
bearings)

Completed water brake assembly.
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Disassembly

Water Brake

Due to high possibility of damaging mechanical seals and bearings, disassembly is not
recommended unless absolutely necessary.

If disassembly is required, 2 people are recommended.

Important note: if bearings are removed, from the trunnions, they must be discarded,
since they bearing races were over loaded in the disassembly process. Replace with new
6006-2ZZ bearings.

Procedure 1: Access inside of stators, rotor, and mechanical seals:

1. Remove torsional coupler and key from shaft.

2. Remove (x8) 5/16” x .125” shoulder screws from stators.

3. Hold the assembly with the driveline side up, and pull the driveline side stator straight up.
The bearings are a very close slip fit, so it should slide out easily as long as lifting force
is applied parallel to shaft.

Procedure 2: Access bearings on outer side trunnion:

1. Remove (x4) 5/16” x .75” shoulder screws from outer side trunnion.

2. Using (x4) V2-20 screws with at least 1” of thread length, thread a screw into each
threaded hole of the trunnion until they contact the stator surface.

3. Slowly tighten each screw % turn at a time until the trunnion is separated from the stator.

4. If the bearing remains on the shaft, follow the Procedure 1 to separate the stators from
each other, and proceed to step 5. If the bearing remains inside the stator, skip to 6.

5. Remove the bearing by pressing the shaft through the stator such that the stator forces
the bearing off of the shaft. Skip step 6.

6. Using an anvil of appropriate size, press bearing out of trunnion.

Procedure 3: Access bearings on driveline side trunnions

1. Remove (x4) 5/16” x .75 shoulder screws from driveline side trunnion.
2. Using an anvil of appropriate size, press bearings out of trunnion.
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Maintenance

e Grease the grease fittings in the water brake trunnions with Mobile Mobilith SHC™ 100
or Lupriplate P/N L0189-098 every 50 hours of operation

Grease the pillow blocks with Mobile Mobilith SHC™ 100 or Lupriplate P/N L0189-098
Calibrate load cell

Calibrate temperature sensors

Calibrate shaft speed sensor

Verify that drive shaft joints have grease in them

Inspect drive shaft sliding spline seal to make sure its free from dirt and dust

General Operation

1. Fill up the reservoir with water and other additives to prevent mold growth

Full up engine radiator making sure vent hose is above radiator

Turn on master switch

Connect to the MyRIO

Turn on and fans

Close water brake valve almost all the way(make sure to leave at least a small amount

of flow going into the water brake because the water brake seals require water

whenever they are rotating

7. Disengage e-stop switch to turn the engine battery on.

8. Turn on engine in neutral

9. Slowly shift up to 6" gear

10. Start testing by using throttle lever and water brake valve

11. Update this section after dyno has been proven in its first test

12. After testing is completed, and press e-stop switch

13. Disconnect from the MyRIO

14. Turn off master switch

15. Empty engine coolant reservoir

16. Empty water brake system reservoir

17. Attempt to get a majority of the water out of the system using compressed air or other
methods

ok wd

Notes:

e Do NOT operate the system dry. The water brake Seals require water when they are
rotating. Water brake can be upgraded to always have a small amount of water flowing
into the seal cavity via the a water tap before the inlet valve to the plug fittings on the top
of the stators.

Master switch directly controls radiator fans, pump, and MyRIO DAQ systems

If water is stuck in the water brake vent line, inlet valve response will become sluggish.
This line should have a downward slope to ensure water doesn't get trapped in it. If
steam is coming out of this line, then not enough water is entering the water brake and
testing should be stopped because cavitation is likely present.
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The outlet valve should be set during initial testing and not changed unless a different
engine is run. Mark the valve orientation with a paint pen after calibration to keep a
consistent outlet diameter. Balancing the inlet available pressure and the outlet valve
should allow the engine to change rpm at about the same rate as the valve change(in
both positive and negative directions) with equal changes in the valve.
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Safety Information

(120 °F) will be
moving through the
water brake side
system

Hot water 90 °C (120
°F) will be moving
through the engine
side system

Operation Hazards Controls
e Moving cart Cart tripping over Lock casters when not moving
around on Cart moving away Do not move cart on steep
casters inclines
Crashing cart Use 2 people to move cart at
all times
e Hooking up If alignment is not Carefully align engine
engine to made so the u-joint subframe and measure
dyno has equal angles on alignment
each side, intense If large vibrations are present
driveshaft vibrations during operation, shut down all
will occur systems from the operator
panel and investigate the
cause.
e Continuous Loud noises Wear hearing protection when
Dyno operating the dyno
Operation Operate the dyno outside
If universal joint on Properly install driveshaft
driveshaft fails at high failure collar according to
rpm, it will have a lot NHRA guidelines
of kinetic energy Do NOT stand in the plane of
rotation of any rotating
components while operating
the dyno.
Check to make sure all safety
shields are installed prior to
operating the dyno
e Operating If a leak occurs during
water cooling operation, shut down all
system Warm water at 40 °C system components and wait

for the water to cool down
before any work is done to fix
the system.

Unlike on a car, the water
brake side radiator is not
pressurized, however, the
engine side radiator is
pressurized so wait for the
system to cool down before
removing the radiator cap.
Don't operate the dyno without
double checking the coolant
pump and fans are working
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correctly and no airflow is
blocking the radiators.
Monitor the system
temperature and shut the
system down if any
temperature are hotter than
expected on either the engine
side or water brake side.

General
operation

120V main supply
extension cord is high
voltage

Catastrophic engine
failure

Gasoline canister
catches on fire (will
replace with a fuel cell
in the future)

Use a grounded mains plug for
the extension cord

Ensure frame grounding
connections are making good
contact

When operating the dyno,
always stand behind the
operator bench to ensure that
any projectiles from any
system components won't hit
you.

Don't operate the dyno in a
way that will cause
catastrophic engine failure.
Step away from the dyno, use
a chemical fire
extinguisher(yellow type) to put
out the flame.

SAE Correction Factors

Refer to SAE J607 standard for correction factors
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Calibration

Load Cell

The recommended calibration testing cycle for the team is each time the dyno is taken
out for use. This is primarily due to the uncertainty of storage conditions that the dyno will be in.
It is probable that the load cell will be accidentally loaded/overloaded through mishandling when
in the project room. As such, it is best to ensure that the load cell is re-calibrated each time the
dyno is used after a period of storage. In addition, in the possibility that the load cell is removed
by disassembly of the water brake, re-calibration is mandatory.

With no load, the load cell outputs an offset voltage of 50-70 mV with a 5V supply. It is
important to verify that the same offset voltage is read between placing calibration weights on
the system to ensure the mechanical system has not changed during loading.

The observed linear relationship between voltage and the load is governed by mx + b =
y. Where x is the voltage and y is the load. To determine m and b, known weights must be
placed on the torque arm and the respective output voltage (out of the operational and
instrumentation amplifier) must be recorded. Determining a linear fit from the data through
MATLAB or Excel will give the corresponding values for the m and b parameters. Two tests are
recommended to be done with the same weights to determine repeatability and ensure
precision of the load cell. The example plot below was created as a result of preliminary
calibration. The m and b values from here are not accurate due to imperfect testing methods,
but should be used as a reference.

Load to Voltage Ratio Calibration Results

y = 109.66x- 9.3764 o
R? = 0.9995 .

. y = 108.36x - 7.3212
P R? =0.9996

Load (lbm)

-
tn

e fest 1 test 2

.
=]

Voltage (V)

Example Plot of Linear Relationship Between Data Points
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It is important to consider that the calibration weights will be placed at a distance farther
than the location of the load cell. Currently, the design features the load cell attached to the
torque arm at a distance of 15.24 cm (6 in.) away from center of the water brake. The calibration
weight mount on the torque arm is located 30.48 cm (12 in.) away from the center of the water
brake. Therefore, the load induced by a calibration weight at it's currently designed location is
twice as much on the load cell.

In normal operation, the system was designed for a max load of 154 kg (340 Ibm) to be
exerted on the load cell by the water brake, though the capability of the load cell is up to 227 kg
(500 Ibm). As such, choosing a variety of calibration weights that fall in this range is ideal. Note
that because of the 50-70 mV offset, a reading of 227 kg will exceed the load cell’s voltage
output capabilities, but it will not damage the load cell.

Improvements:

For calibration purposes, a longer torque arm would prove helpful since the current
calibration weight location is in a tight space within the dyno frame. Other dyno manufacturers
have created a separate, longer torque arm that attaches onto the existing torque arm to be
used solely in calibration purposes.

Temperature Sensors

Note that in this application, the temperature sensors do not need to be accurate to more
than = 5 °C because they are used to monitor system status and not for precise calculation. To
verify calibration of temperature sensors, first record ambient temperature data and make sure it
is within 25 °C = 10 °C or close to the expected outside ambient temperature. to make sure the
sensor is connected and is outputting values. Next, get a glass of ice water and place the
temperature sensor inside of it (if epoxied into a fitting, place fitting in too). Verify that the
temperature probe is reading is 0 °C £ 1 °C. If not, take note of the reading in ice water and
adjust the manufacturer given calibration table to match the sensor’s current reading at different
values. Use an independent sensor such as a multimeter connected thermocouple or RTD in
steady state conditions to verify accuracy.
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I: Individual Component Analysis

Torsional Damper

Justin Moreno
April 7, 2007
MAE 1568

Component analysis

Since our project involves measuring the torque output of an internal combustion engine, the
vibrations produced by the engine must be controlled to reduce the amount of noise measured by the
load cell. A critical component to handle these vibrations is a torsional damper, which would be
designed to reduce the vibrations transmitted to the measuring device.

Dampers essentially function as a low pass filter, so the cut off frequency must be less than the
lowest vibrational frequency of the motor. The motor has a rotational speed of 3000 RPM at idle, which
is equivalent to a 50Hz excitation frequency. As such, the damper must have a cutoff frequency lower
than 50 Hz.

There are many types of off the shelf torsional dampers available for purchase, so at first,
narrowing down the large range of options was somewhat daunting, however, with some research, the
selection was narrowed down to three options: law Type, Shear type, and torsional (donut) type.

The jaw type coupling (Fig. 1) uses an elastomeric spider with metal protruding jaws that
compress the elastomer when under load. This type of coupling has been around since 1927, and is one
of the most widely used couplings available, as well as low in cost. While they are not designed to damp
vibrations, they can be used as such if sized properly.

The shear type coupling (Fg. 2) was invented in the 1950's, a few decades after the jaw type
coupling, as elastomer technologies started to become more advanced. Shear type couplings, as their
name suggests, transmit torgue with the elastomer only under shear load, providing excellent damping
characteristics, but have a lower size to capacity ratio.

Finally, the torsional coupling (Fig. 3) were designed to be used with diesel engines to mitigate
vibrations along the output shaft, as such, it is commonly regarded as the best type of coupling for
torsional service. It consists of a donut shaped elastomeric component with metal inserts that are
fastened to rigid hubs with bolts. The metal inserts transfer toque through friction to the hubs, then
through the elastomer to the opposing hub.

After narrowing the selection to these types of couplings, a more detailed look at the important
parameters of the selection was taken to help decide on the type to be used. Table 1 shows a detailed
comparison on the three types examined. After weighing these options, the torsional coupling seems to
make the most sense.

After the type of coupling is decided, the critical stiffness of the coupling must be determined,
50 that it will properly filter the high frequency vibrations. This can be done by simplifying the system as
a two-mass system and using the following equation
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Where

. 2min 2, 1aly
T V80 T Ja+h

Cosn is the critical stiffness (lb<in/rad)

i is the number of excitations per revolution, in this case, the number of cylinders in the
engine, 4.

Jais the mass moment of inertia of the driving side of the coupler, assumed to be

170 lb=in=5"2 (Cossalter).

b is the mass moment of inertia of the loading side of the coupler, assumed to be

30 Ib-in-s*2, based on CAD model data of the water brake rotor.

n is the rotational speed at idle, 3000 RPM.

In the case of this project, the critical stiffness can then be calculated as 40*10%6 in-lb/rad. The stiffness
of the damper should then be chosen as at least half of the critical stiffness to avoid resonance sues.
By looking through the Lovejoy catalog for torsional dampers, it is realized that nearly their entire
selection satisfies this requirement, so the damper that best fits our system can easily be determined to
according to our water brake shaft sizing.

Appendix

T

Figure 1. law type coupling

Figure 2. Shear type coupling

Figure 1. Taruonal type coupling
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Coupling type
Parameter Jaw Shear Torsional
size to capacity ratio Eund fair fair
mas. misalignment 13deg 2deg Ideg
speed capacity good fair fair
u:hmping capacity good excellent | excellent
cost 5 55 55
Figure 4. Comparson of couplings
References

- Cossalter, V. [2006). Motorcycle Dynamics (2nd ed.). Retrieved April 7, 2017.

= The Coupling Handbook. (2000). Retrieved April 7, 2017, from htto -/ fwew lovejoy-

inc.com/thecouplinghandbook part] aspx

= Garrett [unknown last name). (2017, March 14). [Telephone interview].
Engineer at Power Test Dynamometers
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Water Pump
Cassandra Moreno
MAE 156B
7 April, 2017
Individual Component Analysis

The pump system of the water brake dynamometer 1s an important component to analyze. The functional
requirement of the pump is to pump water from a tank into the water brake by the use of a load control valve to
provide the load to the water brake used to measure torque and RPM of the engine. It 1s necessary to purchase
the correct pump to make sure that the adequate pressure and flow rate are possible to be supplied to the water
brake.

The primary objective is to be able to test an engine with 85 HP and up to 120 HP. Therefore, the pump
must be able to pressurize water to meet the respective load requirements. According to Stuska, a water brake
manufacturer, the water brake must be supplied with a flow rate of 10 GPM (gallons/min) per 100 HP with a
pressure of 43-60 psi. Also after consulting with our sponsor, we decided it was best to only have one pump and
save money by making the water system more compact. With these considerations in mind, 1 drew a schematic
of the dynamometer to see the various components that the pump would affect. As shown in Figure 1, the water
will flow from a tank, through a radiator and pump and then to the water brake controlled by a load valve. This
means that the pump would need to account for the pressure drop across the radiator. Next, | did fluid
mechanics calculations to determine the head need from the pump to be able to load the water brake. The pump
we need requires a flow rate of 15 GPM with a total head of 10,17 feet, with a 17 1D plastic flex hose.

I began my search for pumps, and by research from DYNOmite dvnamometer sources [ determined that
I would need a centrifugal pump. [ looked online at Water Pumps Direct and found a Red Lion portable transfer
pump with capacity of 17 GPM for $155.00 with free shipping This pump has a total suction head of 25 fi and

total head lift of 147 feet. While | need only 7 feet of suction head and 3 feet of head Lift for a pump to produce
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a flow rate of 15 GPM. The scocond pump | found was a Wayne self~priming cast imon water transfer pump from
Morthern Tool and Equipment with a maximum of 24 GFM and o total bead of 100 feet. This pump 15 more
expensive than the Bed Lion, however, it is self~priming, which is a great feature 1o add less work to the
operater of the dynumometer. The third pump | found was from Amazon, Arksen Stainless Booster Pump with
154 GPM amd 25 foot suction head and 150 foot head L for $79.99, This pump is the least expensive pump
that meets the reguirements, and it is self-priming.

In conclusion, the Arksen pump would be the best option because it is the cheapest option and meets the
reguirements, and we lave a very tight budget. However, il is necessary (o consider the opteon of needing mone
GPM of water depending on the water brake capacity, and we would therefore need the Wayne or Red Lion
punmp.

Figare 1: Dynamomeler closed waler syslem

e Erial
" | ey e
‘ J —= =AY / ” y ]
a3 gT ek
ECT N pany
Figare I: Types of Water Pumps
Bed Laon MWivne Arksen
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Pump comparison table:

Puimif Cost Pros Cons
Red Lion £155.00 17 GPM, 2 vear high price, not
warranty selt-priming
Wayne Flad o self priming, durable cast  mosl expensive-
iron, 24 GPM we have a very
tight budget
Arksen 27000 self~priming, cheapest 153 GPM max,
might mot hove
enoueh GFM
Belerences:

Reed Lion pump: Water Pumps direct. walerpumpsdinect.oom
Wayne pump: Northern Tool and Equipment. hitp#fweownorthemiool comdshopfoolsiproduct_TI36_7736

Arksen pump: Aaaen.

s=hi&ie=lTFE&qid=149162 1853 T& ar=| - T&kevwords=waler+pumptsel Fpriming

keywords: Centnitugal pump. water transter pump, water pump self-primimg

Faor pum ics il caleulation:
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Load Cell

Chinaar Desai | A11550137
MAE 1568 | Section COO
April 7, 2017

Individual Component Analysis - Load Cell

firaduction

A water brake engine dynamometer (dvno) encompasses many sensors that are used to actively
monitor the system and measure performance. These primarily include temperature, pressure, and torgue
sensors, and a tachometer and whatever ¢lse the operator of the dvno wants to monitor. The torgue sensor
i focused on in this report because the pressure sensor application 1= to still to be determined by the
sponsor, the temperature sensors will be dependent on the closed water system parameters (also to be
determined) and the tachometer, which will measure the RPM of the engine, is also dependent on a
unresolved decision to either use direct or chain drive. The team knows the most about the parameters
required for the torque sensor hence why it is discussed here. The torque sensor is a combination of a load
cell and a known torgue arm that is attached 1o the walter brake as seen in Figure | in the Appendix. As
the engine sweeps through its RPM range. a torgue profile can be obtained by measuring the force exerted
on the load cell by the water brake to keep the engine at its speed. Using the torque values, horsepower

Torgque = AP

can b determined [HFII N s252 ) which is the critical parameter used for tuning an engine,

Functional Reguivements of the Component

The first and most basic requircment of the load cell 1s that it needed to be work in compressive
loading. The only sponsor-based requirements for the sensor comes from the overall objective of the dyno
to measure to an accuracy of +/= 0.5 Hp and repeatabality of +/= 0.1 Hp. In addition, previous dyno data
used as a reference states that the max Hp of the current engine was 83, however this was with a restrictor
in play. Therefore, the sponsors also want to consider the possibility of testing withowt a restrictor or with
different engines so the maximum Hp requirement given to the team is 120, Using the torgue and Hp
curvies from the dyno data (Figure 2 in Appendix) the max torgue for 85 Hp was 60 fi*1hs. A ratio was
taken of the increase in max Hp to calculate the increased max torgue at the suggestion of the sponsor.
120085 gives 1.411, which then multiplied by 60 fi*lbs gives 85 fi*Ibs which is the max requirement.
Additionally, by looking at similar engine dynos created by other universitics and companies, the torque
arm (though not designed) was assumed to be 1 . Ths gives a load cell requirement of 85 Thf or 378 N
which gives 3% kg, Rounding 3% up 1o 30 kg, a more common design value, the final requirement was set.
Some secondary requirements for the component would be a small design (since space requirements are
tight for the enclosed system), simple mounting design 1o the frame and torque arm, and the load cell
amplifier to work with the DAG device { Arduing or Raspberry Pi).

Comipronent Opilons

While strain gauges are the commeon load cell tvpe vsed in industrv, research was completed to
sec if other types (like hydraulic and pncumatic) could be applicable to the project. Using UCSD
Library™s Resource to the ENGnetBASE, load cell types were discussed and summarnized in Figure 3 (in
Appendix) taken from Chapter 7 in “Measurements and Safety™. From the chapter, it was concluded that
strain pauge tvpe load cells seemed 1o be the best option for the application, and the validation came from
the fact that existing dynos also use strain gauge load cells for similar accuracy and repeatability
requirgments,

Using the same resource from above, over 29 companies were identified as reliable suppliers of
strain pauge transducers and some alternate suppliers were also considered. The options for the project
application were either s-tvpe or button-type strain gauge load cells. While researching other student
projects”™ and talking specifically to Nick Kennard, another Mechanical Engincer who built his own
water hrake dyno, it was understood that an expensive load cell 15 not required especially since the are
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often built robustly. In addition, with a very tight budget. money needed to be reallocated to other parts of
the system in order to ensure that the major mechanical components of the dvnoe would be built first, It
will b easier to replace electronic components rather than mechanical parts and that is why the team
decided that quality would be sacrificed on the electronic portions of the dyno.

Of the multiple options available, the decision was narmowed down to 3: SparkFun’s TAS606,
DTec’s LCell-204), and Honeywell™s 127-LF. The TASG(6 is a button-type. while the other 2 are S-type.
Base gualities these all had were that they could have a max capacity of at least 50 kg, could work with an
Arduino or Raspberry Pi, and were compact in design. Honeyvwell was the recommended load-cell brand
by the “Weight Detectors Load Cell™ chapter, while DTec is one used specifically in dyno applications.
SparkFun is the electronic distributor for MY projects and is decently reliable as concluded by the team.
The individual spee sheets for the 3 options can be found in the end of the Appendix. In addition, all 3
products would need an amplifier that would make the voltage readible and so they e recommended
amplifier sub-component was considerad as well. More research will need to be completed to determine
the universality of some amplifiers for these products 1o minimize cost.

Summary Table and Results

Table 1 showing the pros and cons of the 3 products can be found in the Appendix. Several
parameters were added to the initial requirements based on the load cell spec. sheets. In the end, the
highest priority is given to cost and feasibility parameters such as load capacity, mounting, and
microcontroller compatibility, Because eleciromics will come sccondary in pnonty to the mechanical
structure and water system itsell, cost plays a bigger role than initially assumed. Mounting is an issue as
well, but past dynos have used both button and s-tvpe load cells with success and creating a working
mount with either type will not be difficult. In addition. a secondary priority is to ensure that the dyno can
eventually become an automatically controlled svstem, so staring the DA process now is also important
and components need to work with the software the team decides to use.

Conclusion

As a result of this individual component analvsis, the team will most likely use the Sparkfun
T5606 duc to the low cost, working capability, and room for error (if the product docsn't work well, the
cast will not have set the team back significantly). There 15 also 2 wide resource available online from
other users who have used the product which will help the team out when assembly and testing begins.
However, the decision to buy a load cell i= not an immediate one as it comes closer towards mid-guaner
when the system will be in the manufacturing phase. And because load cells are not uncommonly used,
the team will continue tw ask around until mid-guarter for sigmificant discounts or donations from
companies and research labs for a s-type or button load cell just as other university dyvno projects have
successtully done in the past.
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&pec Sheet Links

- Sparkfun TAS606: http:/'www_hic-sensor com/products’15 1. himl

- DTee LCELL-200: hitp://diec. net.an Downloads Load 6200 el 4620 Dataa 208 heet Y 20200k g pdi

- Honeywell 127 LF:
hitps: ' measurementsensors.honevwel L.com ProduciDocuments Load Model 127 Datasheet.pdt

Caontacts

1. NWick Kennard: Former mechanical engineering student who also created a Water Brake Dyno
(Found on Youtube: hitps:/www.voutube.comwaich™v=hmdZS5ivL/dEA )

2, Bill McCall: Application Engineering Specialist at Honevwell Sensing and Productivity
Solutions. {Bill. McCallid honevwell.com | {614) B30-TE26)

3. Futcl: www. futck.com (Spoke to sales rep.; Only 5% rchate given for universitics)

4. Sparkfun Electronics: www sparkfun com

Dyrabases Searched

- Thomas Register: For load cell companies, then specifically those in California
- Force Sensors, Load Cell. S-type. Button. California, 50 kg

- CRCnetBASE/ENGnetBASE: For load cell rescarch
- Keywords: Load Cell, S-type, Button, Companson
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Appendix

Figures

Lowd

call

Figure 1: Diagram of Load Cell Application in Water Brake to Measure Torgue!!!

TR-15 & TR-16 Dyno

Figure 2:Dvno Data for 2 FZ6R Engines Tested At the DynoShaop!!!
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Figure 3: Load Cell Types in A Comparison Chan from “Weight Detectors Load Cell™

Table

Table 1: Pro/Con Cox

Chart of Loasd Cell Ogptions

load capacity matches: works
in compression; Accuraey is
better than required;
exceeds lemp, range; mouling
ease with 2 Mé holes;
& day lead time;
mickel plated alloy stee] means
in"s durable; rehable company

load capacity matches
requirement;
can work with 5V; works in
compression; exceeds lemp.
range; low cost (5590
cheap amplifier known o
work with it (5100

larger than load capacity required;
can work with SV
works i compression; mount with
2 M1 2s; excoeds lemp. range;
works with dyno application;
alloy siee] material;
mid price value ($9) =~ brand
amplifier (579)

high load capacity (200kg) can
cause accuracy and repeatability
155Es
Class C} accuracy 1= Australian
standard that can™t be matchod:
total cost gives room for |

necds at least 100V o work;
price for part is very
expensive {296 and brand
compatible amplifier too
(3374
High cost gives room for |

miay nocd 100V accuracy
o given; only can be
mounted from the hottom
with 3 M3 screws:
Lead Time is 2 weeks,;
Stainless Steel Material

Uity gty only and cuts into budger
unknown lead tme (from clsewhere
Ausiralia)
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Spec Sheets

Honevwell Load Cell: Model 127 LF

Model 127

PRMO AR O SOOI MICATICH S

il 12T

Load Lal

— i e TR e ——

FrE e

[T e — =

gy —
e

Cwrmrmyds )
-] )
o WD T bl e (] s
] AL
] 0000 bl sl R e ASCUMTI e, Db
- - -1
"\\‘ L
LR LI

Wrymm s gy T ]
Lampamm oy, prvmparanens | o= e ) T =
s s e v | BLET T ke

e e R T e
[, 3
ELEDTRCAL SO LR DATIIHS

D mm s [y

Saar. aca o wewranivn
[T 13 P a8
Foramm wa| s
[rere—— | W e

[Eeerp———
[P —

5 —

R R o
Ll el

e i LT
Ppes o 1oq | | g o] gy e
WECHAMC AL SR AT
[[rr=—n [r—
e S (FLT P

A e

—_—

=

L |

§ g -

DTec Load Cell: LCELL-200

LEELL-20 Lo Coll 200k poaiins)

i =
— -
.
)
a8
Zerrw
- ¥
¥ 1 Y [
JTT—
[rm——" rappiiintin

LN i

=l

ol B A N R D N T T T T T

rHin

B b |

e T e e i gk e e O ¢ i e i e e

B i T ..

e B T S O ol R O R R

Tz noaeinmiong.

Arnorm IE]
[Tomrdy TR
L1 vy WV
s

O S P

- = ——

et i o ol i 1 e, e s, e,
LI P | B I T P W
i e T S NP R R RS N P

o B g T | W D e e L

e
T ¥ 1 TR YR B E
]

—
. .
e

o e

i T . L8 BT [ PR 15

Swir el B e o B S T LA I
e

i i ks W K '
sy b o i ool el sk ol B sy,
e s pOATAR T A
e Ll LT T
R O TR
L R

P,
[ DT
TS
r—
s

Ly =y
e [E—

- - e

i .
Rt EERE )
. e . B 5 s R
e (87 s e e —
—. v 5 —
. s S S B e
i - e b 1 i ki
S
it EECE T T T L]
A ey

Hasrwizy wisl

o=

Sparkfun Load Cell: TASSB06

MR TIoN:

i R R s L el

Fowila bt T B

r LT LT L
i s e e P g mi
Sl b 7 B 8 W w iy
F A S AR SR o SEgEa s bod R b S

Toam o e e e o e —

T T T

109 /135



Frame
Luke Bockman
April 7, 2017

Component Report

Introduction

The sponsor, FSAE needs a water brake dynamometer for engine testing and tuning
purposes. This particular engine under test is an Yamaha - FZ6R, 4 cylinder motorcycle
engine with a mix of stock and non stock components. Torque and Horsepower produced by
this model engine can be seen in Figure & in the appendix. Key points in Figure & are the
max Torgue produced during the testing of this engine as that moment and its reaction
moment at the water brake will be used as representative loadings for the engine. The
frame of this testing system is an integral part and options for it will be compared in this

short writeup.

Functional Reguirements of the component

Frame requirements for this application are high stiffness, reasonable mobility, and
upgradability in the future. Frames for commercial dynamometers are commonly made from
welded steel and are built for stiffness, upgradability, and longevity rather than mobility.

They are almost always painted or powder coated to achieve a good durable finish.

Component Options

The frame in consideration will be built out of either welded steel or welded
aluminum and possibly powder coated depending on the project sponsor’s preferences and
connections with local paint shops. Wheel or caster selection is the next important

consideration in this design. Durable polyurethane casters are preferred as the likely terrain
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will be outdoor asphalt, concrete and must be able to handle small rocks and other debris.™
Some industrial casters were compared at a local CNC machine shop, Mekilect LLC.™® The
driveline method used is another important component in this frame. It affects packaging,

water brake loading and safety.

Conclusion

Steel as a material choice for the frame makes obvious sense when considering the
functional requirements for this frame. Choosing the U-joints as the driveline method over the
chain and sprocket system is also a good choice as it makes the design easier and increases
safety. The Grizzly G177 - 5" Heavy-Duty Swivel Caster w/ Brake are selling for an incredibly
cheap price and seem to fit our application perfectly. They outperform the MCMaster Carr brand
Creston Caster considerably and also at a lower price although they raise the systems overall

CG and have thinner polyurethane material to wear on.
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Appendix

Figure 1:lso View of Frame model showing dynamometer frame (model is not finished)

®

Figure 2: Section View of Frame model showing dynamometer frame (model is not finished)

112 /135



deme basred mid sl bavshiogg How ™ 2
[ETESEY

' LA ke
LA B
AEFr B

AT
L1 i
L P i
Ll

ERGL R

1 Jigr i
£ KL 4
i Falian ]

i ey | b

Figure 3: Frame Linear static analysis using 3d beam elements in solidworks solver
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Figure 4: Same analysis as above but showing the original frame geometry and run with many
more elements to verify the results have converged.

Figure 5. Coupling to the sprocket for the u-joint driveline method
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TR-15 & TR-16 Dyno

Figure 6: FSAE Triton Racing previous dyno data (2015 and 2016 cars)

Profcon tables

Material QOption
Stiffness

Equipment required

Welding skill required

Weight of final frame

Cost

Effect on vibration
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Driveline Method

| U-joint w/ machined adapter

Shock loading

Chain and sprocket drive

Wheel Type

Grizzly G8177 - 5" Heavy-Duty
Swivel Caster wif Brake

Creston Caster
Swivel/Face Brake, 3" x 1-1/4"
Urethane Wheel, 300 Ib Capacity

Link to product
website

http://www.grizzly.com/product

Load Capacity

Mount Height

Wheel Material
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J: LabVIEW VI Diagrams

FPGA VI (Target VI) : “FPGA Multi Sensor.VI”

DS18B20 Programmed Temperature Readings (with SubVI)

0[0.3] ~

I @
’EJI.I'I.I ConnectorCz’DIOd",JI"rE

0000000000000 000000000000000

Raw Temp - CDIO4

||hj1.ll.l ConnectorA/DIOOS........
F

Load Cell Voltage Reading

Load Cell Amp. Voltage

> 123
MEM ConnectorA/AIDS] | | L]
m |

Raw Temp - CDIOG RPM Trigger

Raw Temp - CDIO5 Load Cell Amp. Voltage

prm T e
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FPGA Temperature Reading (Target SubVI): “FGPA DB1820.VI”

Refnum in

[skip ROM command|

|pull LSB from scratchpad datal

_qnmnw

=X

WRITE E WRITE

issue a temp conversion
and wait 750ms

|read scratchpad command|

T
e

Mumeric

Refnum in

MNumeric

Uik
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“Dyno (RT).VI”

Dyno VI (Real-Time)

Block Diagram

0000000000

3//172.22.11.2/RI00 [+]

[FPGA Target|

Refresh Rate

Raw Temp - CDIO7 »|

(] Temperature Units
=

Temperature Reading Loop

Temp - Inlet

Temp - Outlet
Temp - Reservoir

>
=5

mwv =]

Temp - Eng. Radiator
o1

[GER0)

i
7

ez 3

RPM Trigger o

[False ~P)

ms) RPM Sensor Loop

Dl

RPM Sensor Update Loop

N ODD0D0DO00D00000D00D00000D00D000000000000000000000000000000000D00000000D0000000000000DO0D000D0000000000000000001

=

X1 K1 €1 €1 K7 11 &1 £ €1 €3 31 K0 €3 €9 00 £

Engine Ratio

Engine RPM

GO |

Wait (ms)

0

Wait (ms)

Offset Voltage (V)

offset accounted for | [2]
in voltage multiplier

Load Cell Loop

Value From Calibration
Voltage x 106.12 = Load

Load (Ibm)

Load Cell positioned 6" away
from center of brake

Accelerometer

Accelerometer Stop Button _

Reset myRI(
'J

error out
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Front Panel

SET ?
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Dyno Data Collection VI (Computer/Network V1)

Front Panel is Figure 38. Block Diagram:

_,! LRefresh Rate (ms) h
fiz3l
[T1
Refresh Rate (ms)

Record Data?
DEL

<

" ETemp. Units| ,’,l

[ True 't
Saving to:
]
*HE
.
:
L
Write To
Measurement
File
Signals
Flush? (T)

" !-Tem‘: - Eng. Radiator|

For viewing all LabVIEW files, reference the “myRIO Project” zip folder located on the team website.
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K: Meeting Minutes (ATTN: Dr. Silberman)

Example 1: Sponsor Meeting - Saturday Week 6, 5/13/17

Department of Mechanical and Aerospace Engineering (MAE)
MAE156B

FSAE Engine Dyno — Sponsor Meeting Minutes

Spring Quarter, Saturday Week 6 —5/13/17

Contact Information

Name: Chinaar Desai
e-mail: chinaar.desai@gmail.com

Agenda used on 05/13/2017

e Review agenda for the day.

o Item 1: Current Progress

o Item 2. Engine Drop-In

o Item 3. Battery Purchase

o Item 4. Additional questions/concerns

Contact Information

Contact Dep. Title Phone Email

Chinaar Desai MAE 156B Member 818-470-0942 chinaar.desai@gmail.com
Cassandra Moreno MAE 156B Member 562-619-8341 clmorenol1717@gmail.com
Justin Moreno MAE 156B Member 951-595-5142 jlmoreno@ucsd.edu
Luke Bockman MAE 156B Member 760-712-6665 Ipbbockman@gmail.com
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Rob Shanahan Triton Project Sponsor 858-349-9431 r_shanahan@msn.com
Racing

Daniel Morris Triton Triton Racing Liaison 916-207-7809 dkmorris@ucsd.edu
Racing

Dr. Jerry MAE Professor jtustaniwskyj@ucsd.edu

Tustaniwskyj

Dr. Jack Silberman MAE Professor jacks@eng.ucsd.edu

Pedro Franco MAE TA pfrancon@ucsd.edu

Future Meeting Information

Date Time Location
05/20/17 1:00-2:00 EBU2 Basement B35
Required Attendees Dep. W5 w6 w7
Chinaar Desai MAE ) p
Cassandra Moreno MAE P p
Justin Moreno MAE P )
Luke Bockman MAE P P
Rob Shanahan Triton Racing P P
Daniel Morris Triton Racing P P

P = Present, E = Excused, A = Absent

123 /135



Meeting Minutes

Review agenda for the day.
Take note of any change.

Item 1. Current Progress

e Alot of manufacturing of components under way

e Luke: Lead on frame components

e Justin: Lead on water brake components

e Chinaar and Cassandra supporting Luke
AR Get Mfg Help from Triton Racing — Daniel Morris to ask Triton Racing to help team out with
manufacturing smaller items, 5/19/17

Item 2. Engine Drop-In

e Danielfilled in

e About ready to go

e Stock exhaust on its way

e Stock sensors in wiring harness should be good to go
AR Get Engine Dropped In Today — Chinaar to check in with Brad A. (Triton Racing) to get the
engine dropped in by today, 5/13

Item 3. Battery Purchase

e On Purchasing List

e Look at Odyssey battery or Battery Mart for a free one

e Battery Needs: 12V, 10 AH, CCA 160; for motorcycles; lead acid
AR Look for Battery Donation — Chinaar to ask for sponsorship from Odyssey and Battery Mart
for a free battery, otherwise we buy the battery ourselves

Item 4. Additional questions/concerns

e Driveshaft: We got one from Rob (sponsor) but it’ll take time to setup. Luke to work on
this.

e Powder coating: Daniel (AR) Talk to Action Powdercoating to get estimate for
turn-around time for the frame to get coated

e Anodizing water brake: Get system anodized early. Drop off on Monday as well. AR
Daniel
Check with the Professors about running the dyno in the project room
Fuel tank: consider getting sponsors for fuel cells (WOW solution); Worry about the fire
hazard since it’s a major safety concern AR LUKE
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Agenda for next meeting

Review agenda for the day
Iltem 1: progress update
Iltem 2:

Action Required List (AR)

Assigned Date Due Owner AR/Status

W6. Sat. W?7.Fri Daniel AR Get Mfg Help from Triton Racing / OPEN

We.Sat. We.Sat Chinaar AR Get Engine Dropped In Today / OPEN

W6. Sat. W8.Wed. Chinaar AR Look for Battery Donation / OPEN

W6. Sat. W7.Mon Daniel AR Check for Anodizing and Powdercoating Sponsorship Opp. /
OPEN

W6.Sat. W?7.Sat Luke AR Check for Fuel Cell Sponsorship / OPEN

Completed AR’s

Assigned Date Due Owner AR/Status
W5.Sat. We.Sat. Luke AR — Get Bearings (for free) / CLOSED; we had to buy them instead
WS5.Sat W6 Mon. Chinaar

AR — RPM Sensor Finalized / CLOSED; Hall Effect Sensor
purchase

125/ 135




Example 2: Sponsor Meeting - Saturday Week 7, 5/20/17

Department of Mechanical and Aerospace Engineering (MAE)
MAE156B

FSAE Engine Dyno — Sponsor Meeting Minutes

Spring Quarter, Saturday Week 7 - 5/20/17

Contact Information

Name: Chinaar Desai
e-mail: chinaar.desai@gmail.com

Agenda used on 05/20/2017

e Review agenda for the day.
o Item 1: Current Progress
o Item 2. LabVIEW and Sensors
o Item 3. What Needs to Be Made
o Item 4. Additional questions/concerns

Contact Information

Contact Dep. Title Phone Email

Chinaar Desai MAE 156B Member 818-470-0942 chinaar.desai@gmail.com
Cassandra Moreno MAE 156B Member 562-619-8341 clmoreno1717@gmail.com
Justin Moreno MAE 156B Member 951-595-5142 jlmoreno@ucsd.edu
Luke Bockman MAE 156B Member 760-712-6665 Ipbbockman@gmail.com
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Rob Shanahan Triton Project Sponsor 858-349-9431 r_shanahan@msn.com
Racing
Daniel Morris Triton Triton Racing Liaison 916-207-7809 dkmorris@ucsd.edu
Racing
Dr. Jerry MAE Professor jtustaniwskyj@ucsd.edu
Tustaniwsky;j
Dr. Jack Silberman MAE Professor jacks@eng.ucsd.edu
Pedro Franco MAE TA pfrancon@ucsd.edu
Future Meeting Information
Date Time Location
05/27/17 1:00-2:00 EBU2 Basement B35
Required Attendees Dep. W5 W6 w7
Chinaar Desai MAE P P p
Cassandra Moreno MAE P p P
Justin Moreno MAE ) P p
Luke Bockman MAE P P p
Rob Shanahan Triton Racing P p E
Daniel Morris Triton Racing P P p

P = Present, E = Excused, A = Absent

Meeting Minutes
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Review agenda for the day.

Take note of any change.

Item 1. Current Progress

Anodized parts to be done by Tuesday

Powder Coating complete by next Friday

Redesigned fittings for radiators so the parts are ready to be manufactured
Waiting to get bearings still

AR Call Anodizing — Daniel Morris to ask check in with Anocote on Tuesday, 5/23

AR Call Powder Coating - Chinaar to call on Wednesday to check Friday pickup, 5/24
AR Call VXB - Justin to call on Monday to check on delivery status, 5/22

Item 2. LabVIEW and Sensors

RPM still needs to be fixed due to large amount of noise

Temperature sensors need to be programmed on FPGA; Chinaar awaiting to hear back
from NI representative about getting FPGA software

Tabulated data file, if not directly to MATLAB

Want rpm and torque graph to calculate power

Max power and max rpm indicator ideal

AR LabVIEW FPGA - Chinaar to continue communication with NI rep (Ingo)

Item 3. Manufacturing List

A bunch of items: trunnions, flywheel, stators (pending anodizing), rotor (pending
anodizing), shaft, electronics holder (3d print?), pump mount, reservoir cover plate,
sheet metal brackets, bearing blocks and caps, load cell arms, u-joint coupler, rod ends
for engine...

Luke needs to update manufacturing list on Drive

Keep asking for help from Triton Racing

AR Update Manufacturing List- Luke Bockman to update Drive file and then assign

manufacturing items to each member, and outsource other smaller parts to the team, 5/21

Item 4. Additional questions/concerns

Check in on fuel cell sponsorship

Agenda for next meeting
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e Review agenda for the day
e |tem 1: progress update
® |tem 2:

Action Required List (AR)

Assigned Date Due Owner AR/Status
W6. Sat. WS8.Fri Daniel AR Get Mfg Help from Triton Racing / OPEN AND EXTENDED
W6. Sat. W8.Wed. Chinaar AR Look for Battery Donation / OPEN
W6.Sat. W8.Sat Luke AR Check for Fuel Cell Sponsorship / OPEN AND EXTENDED
W7.Sat W8 Tues. Daniel AR Call Anodizing / OPEN
W?7.Sat W8.Wed Chinaar AR Call Powder Coating / OPEN
W?7.Sat W8.Mon Justin AR Call VXB / OPEN
W?7.Sat W8.Sat Chinaar AR LabVIEW FPGA / OPEN
W?7.Sat W7.Sun Luke AR Update Manufacturing List / OPEN
Completed AR’s
Assigned Date Due Owner AR/Status
W5.sat. We.sat. Luke AR - Get Bearings (for free) / CLOSED; we had to buy them instead
W5.Sat W6 Mon. Chinaar AR — RPM Sensor Finalized / CLOSED; Hall Effect Sensor
purchase
We.Sat. We.Sat Chinaar AR Get Engine Dropped In Today / CLOSED
W6. Sat. W7.Mon Daniel

AR Check for Anodizing and Powdercoating Sponsorship Opp. /
CLOSED
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Example 3: Professors Meeting - Monday Week 3, 4/17/17

Department of Mechanical and Aerospace Engineering (MAE)

MAE156B

FSAE Engine Dyno — Professors Meeting Minutes

Spring Quarter, Monday Week 3 - 4/17/17

Contact Information

Name: Chinaar Desai

e-mail: chinaar.desai@gmail.com

Agenda used on 4/17/17

e Review agenda for the day.

(e]

(¢]

o

(o]

Item 1: Current Progress

Iltem 2. Scope and Assignments
Item 3. LabVIEW
Item 4. Additional questions/concerns

Contact Information

Title

Phone

Email

156B Member

818-470-0942

chinaar.desai@gmail.com

156B Member

562-619-8341

clmorenol1717@gmail.com

156B Member

951-595-5142

jlmoreno@ucsd.edu

156B Member

760-712-6665

Ipbbockman@gmail.com

Contact Dep.
Chinaar Desai MAE
Cassandra Moreno MAE
Justin Moreno MAE
Luke Bockman MAE
Rob Shanahan Triton

Racing

Project Sponsor

858-349-9431

r_shanahan@msn.com
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Daniel Morris Triton Triton Racing Liaison 916-207-7809 dkmorris@ucsd.edu
Racing
Dr. Jerry MAE Professor jtustaniwskyj@ucsd.edu
Tustaniwsky;j
Dr. Jack Silberman MAE Professor jacks@eng.ucsd.edu
Pedro Franco MAE TA pfrancon@ucsd.edu
Future Meeting Information
Date Time Location
05/20/17 1:00-2:00 EBU2 Basement B35
Required Attendees Dep. W5 w6 w7
Chinaar Desai MAE P p P
Cassandra Moreno MAE P p P
Justin Moreno MAE P P p
Luke Bockman MAE P P P
Rob Shanahan Triton Racing ) p E
Daniel Morris Triton Racing P p p

P = Present, E = Excused, A = Absent
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Meeting Minutes
Review agenda for the day.
Take note of any change.

Item 1. Current Progress
e Completed Frame FEA, only 4mm deflection
e Working on design of system
e Organizing purchase list

Item 2. Scope and Assignments
e Reduce scope (suggested by profs): define exactly what the team will do
o Don’t need to make a clean cut for the scope
e Divide group members into machining and instrumentation and pump system to
breakdown work load
o Luke and Justin: leads on manufacturing
o Cassandra: pump and water system
o Chinaar: instrumentation and DAQ
AR Reduce and Redefine Scope — Entire team to reconsider scope, 4/19

Item 3. LabVIEW
e Use hall-effect sensor for RPM on coupler
e Load cell will need amplifier; consult with greg on existing 170 instrumentation
e Use LabVIEW and NI DAQ to get data (work with Greg to get a myRIO or something)
o DAQ can control voltage going into sensors too
o Maybe get 2 DAQs (one for the Triton Racing team to keep)
AR Talk to Greg about LabVIEW - Chinaar to contact Greg about possibilities for DAQ, 4/21

Item 4. Additional questions/concerns
e Review gantt chart, and reflect changes in scope
e Conduct some safety analysis: radiator leak, splash protection, etc.
e Consider a dramatic failure case: the water brake doesn’t work
o We'll need to machine it wider if necessary

Agenda for next meeting

132/135



e Review agenda for the day

e |tem 1: progress update

® |tem 2:

Action Required List (AR)

Assigned Date Due Owner AR/Status

W3.Mon W3.Wed Team AR Reduce and Redefine Scope / OPEN

W3.Mon W3.Fri Chinaar AR Talk to Greg about LabVIEW / OPEN
Completed AR’s

Assigned Date Due Owner AR/Status
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L. Errata

Cover Page

p.2
p.9
p.12

p.23

p.24
p.25
p.26

p.27

p.29

p.31

p.32

p.36

p.37

p.39

p.44

p.44

p.47

p.47

Updated photo of final design

Updated Table of Contents to reflect accurate page numbers.
Adjusted alignment of Figure 2 caption.

Changed figure number from X to 5.

Modified first paragraph of rotor section to add equation reference,
and elaborate on calculations.

Added figure reference for Figures 19 and 20.
Added figure reference for Figure 21.
Added figure reference for Figures 22.

Modified first sentence in Final Design Choice section. Also fixed unit
typo for core size.

Changed wording of second-to-last paragraph to eliminate “cheap” and
replace with “lowest cost”.

Introduction paragraph was removed as it was deemed not necessary
and a duplication of information in the report. Also made small
changes to functional requirements section.

Added citation to Figure 26: myRIO Data Acquisition System.

Changed wording of second-to-last paragraph to eliminate “cheapest”
and replace with “inexpensive”.

Changed wording of last paragraph to eliminate “cheapest” and
replace with “least expensive”.

Clarified statement of input vs output assumptions in the
thermodynamic analysis.

Updated wording on Table 3 to better describe what was measured in
the process. Replaced “weight” with “load”.

Replaced Figure 35 with an updated figure with text enlarged for
readability.

Replaced Figure 37 with a more readable document scan.

Replaced Figure 38 with updated user interface after minor changes to
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p.48

p.49

p.57

p.60

p.119 & 120

LabVIEW VI

Added more details to “Final Test: Mock Setup” to better describe the
test that was conducted on 6/14

Entered content for “Results” section to reflect the Mock Test results.
Added Table 5 which reflects results of test.

Changed reference of Bill Schlossnagel from “Bill” to “Schlossnagel”.
Also changed first person speech to third person speech.

Updated description for Appendix B: Drawings/Layout to reflect
separate folder to access all 42 drawings

Added in Front Panel figure for Dyno (RT) VI, and Block Diagram for
Dyno Data Collection VI.
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