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Abstract

The Fluid Power Vehicle Challenge is an annual event that is sponsored by the National
Fluid Power Association (NFPA). This capstone event requires each team to design and
assemble a hydraulic bicycle. As a result, hydraulic fluid must be pumped from a reservoir,
through a hydraulic circuit that generates energy to cause motion. This bicycle will then be tested
in competition and ranked according to efficiency, endurance, and performance. The vehicle
selected for this application was a tandem bike, to optimize ergonomics. The team will also

participate in a competition at the end of the spring semester before graduation.
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Introduction/Project Description

The objective of this project is to compete in the National Fluid Power Association’s
(NFPA) Fluid Power Vehicle Challenge. Our team has collaborated to design a vehicle that runs
on fluid power, which will compete against other university teams to test the vehicle in various
aspects. The University of Akron has competed in this challenge in years past and has used a
bike design to convert human power into motion using hydraulic power. The vehicle will be
examined in multiple ways during the competition, including a sprint race, an efficiency test, and
an endurance race. The vehicle will also be evaluated for the safety of the hydraulic system
designed, and proof of concept. Overall, this project will foster growth and understanding of the
fluid power industry. This will, in turn, generate clean energy solutions that could be further
explored. In designing our vehicle, the ultimate goals are to maximize efficiency at low speeds
and maintain a manageable weight of the system. For this project, our team built on the past
knowledge of the University of Akron teams that have participated over the years. This will aid
our overall design process and allow us to further push into the development of new and

innovative designs for the hydraulic systems and electronics featured in the vehicle.
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Technical Background

Due to the technical nature of this project and the potential safety concerns, it is
important to understand the theory behind calculating the performance of the bike. The NFPA
has provided every team with access to information regarding making any necessary calculations
(Educational Webinars). One of the first tasks is calculating the size of the drive motor,
hydraulic lines, and pump. To accomplish this, first, the system pressure must be determined.
This is based on the pressure of the weakest component in the system. Additionally, outside
factors must be considered, such as the maximum incline and rolling resistance of the system.

With an assumed road grade (x), the angle of the incline (o) can be calculated as follows:

a = tan"1(x) (1)
The rolling resistance (ug) depends on the material of the road, which can be found in charts
online (For example: concrete is 0.002). Using an assumed load (L) in addition, allows the

amount of force in the x and y direction to be calculated in equations 2 and 3 respectively.

F.(Ib) = cos(a) * L * pg ©)
F,(lb) = sin(a) * L (4)
Then the force required to move the bike up (Fup) and down (F;,,7) the hill can be calculated
as follows:
F,,(lb) = F, + F, ®)
Faown(lb) = F, — E (6)
The torque (T) must also be calculated using our maximum Force (Fup) and radius (r) of the

wheels, as shown in equation 7.

T(lb*in) = F, x7 (7
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With an assumed pressure (P), the displacement of the hydraulic motor can be calculated
(CIR) can be calculated, as shown in Equation 8. It is important to note that this value would
assume 100% efficiency. Typically, hydraulic gears are closer to 90% efficiency. As a result, the
displacement value should be modified (CIR,;,04iry ) to compensate for any inefficiencies within
the system. That can be calculated by dividing CIR by the assumed efficiency (n).This gives us

the specifications for our pump size.

in3 2m*T
CIR (revolution) TP (8)
CIR
CIRmoairy = 3 ©

Next, the wheel rotation per minute (Wheelgzpy,) and the system’s volumetric flow rate (Qgpp)
can be calculated, by considering the velocity of the bike (v) and the diameter of the wheel (d)

(Educational Webinars).

WheelRpM = %ﬁgm (10)
CIR*Wheel
Q¢pm = % (11)

Next, the lines must be sized. This is a critical step in our process as undersized lines
create excess heat and pressure drops. First, the net area must be calculated by using a set

velocity. This allows us to calculate the diameter of the hose (Educational Webinars).

. 2N _ 0.32%Qgpm
Anee(I07) = Ge/seo) (12)
A
dhose = 0.7854 (13)

This project also requires teams to determine the useable amount of oil. If all of the oil in

the accumulator is used, the usable amount of oil (0il,s,5.) Can be determined by using the gas

laws and the pressure of a fully charged (pmax) @and empty accumulator (pprecharge)-
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p1*Vi=pxV; (14)
0ilysapie(in®) =V, =V, (15)
The absolute pressure value of p, and p, can be calculated by adding 14.7 psi to our pressure
values, as shown below. Additionally, let V; represent the volume of the accumulator in cubic
inches and let V, represent the volume of the gas.
P1(PSD) = Pprecharge + 14.7 (16)
P2(PSi) = Pmax + 14.7 (17)
If the bike is operating between the minimum and maximum pressures, the following equations
can be used to depict the usable amount of oil. Let p, represent the pre-charge pressure, p, be the
minimum working pressure, and p; be the maximum working pressure. Additionally, let V/;
represent the volume of gas in the accumulator, V, be the volume of gas at minimum working

pressure, and V5 be the volume of gas at maximum working pressure.

p1 < P2 <DP3 (18)
p1(psi) = p, + 14.7 (19)
p2(psi) = p, + 14.7 (20)
p3(psi) = p3 + 14.7 (21)

P1*Vi=p2*xVy =ps*V3 (22)
0ilysapie(in®) = V3 =V, (23)

It is important to note if the accumulator is charged too quickly and turned off, turning the
system back on a minute later can result in less gas pressure than intended (Educational

Webinars).
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Design Requirements

Our vehicle must include two pressure indicators, an energy storage device, hydraulic
propulsion (from the pump and motor), and must weigh under 210 pounds. Additionally, various
safety factors must be taken into consideration. In any part of the system, pressure cannot exceed
3000 psi. Additionally, it is important to include an independent braking system, as well as a fail-
safe braking condition. These brakes must be able to stop the vehicle against the full charge of

the accumulator.

Design

Hydraulic Circuit

To improve the performance of the hydraulic circuit, it was important to understand the
performance of the previously used hydraulic circuit. Their circuit is provided below for

reference in Figure 1.
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Figure 1: 2022-2023 Fluid Power Vehicle team’s hydraulic circuit.



NFPA FLUID POWERED VEHICLE 8

Through this process, several design iterations were created. One notable idea includes
combining the two three-way switches into one four-way switch. By utilizing a four-way switch
that has one input and three outputs, a switch can be eliminated. This would substantially reduce
the complexity of the circuit. However, upon researching this idea it was discovered that four-

way switches do not operate in this manner.

Another design iteration focused on the quality of the components used in the circuit.
After reviewing the three-way switch datasheet, it was found that two of the switches have a
leakage rating of 2 cubic inches per minute (in3/min). This means that 2 in3 /min of hydraulic
fluid per minute will still leak through despite being blocked off. This is a significant issue, as
when the accumulator is fully charged to 3000 psi, the leakage of the three-way solenoids causes

it to lose charge regardless of being used very quickly.

As a result, the circuit was revised to split the three-way switches into two two-way
switches. The purpose of doing so was to eliminate the usage of spool style switches, which as
previously discussed have high leakage, in favor of using poppet style switches which have
significantly less leakage. Even with the minor addition of complexity to the manifold design, it
was important to prioritize minimizing the overall fluid leakage. Additionally, a line with a check
valve was introduced to bypass the pump. In the event the motor is turning over while the pump
is not, this addition helps to prevent cavitation in the pump. All of this is reflected in the first

circuit revision, which is pictured below in Figure 2.
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Figure 2: First circuit revision

After discussing the bike’s operation modes in more detail, the circuit was revised a
second time. Another check valve was added to help prevent leakage from the accumulator when
fully charged. With the design finalized, the manifold was built using Sun Hydraulics’
QuickDesign software. The diagram of the initially created manifold block is provided in Figure

3.

NAME SIZE
AGCU ACCESS, MAIN
LOOP OUT, MOTOR
INLET, P BYPASS, PG
0OUT, RES IN, RES
OUT, AV OUT 1, RV
ouT2

RELIEF
SOLENOID-OPERATED DIRECTIONAL

CHECK
SETTING | DESCRIPTION

Pl Greuit Univarsy of Aizon Pl Powse

Figure 3: Initial manifold block schematic
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With the general manifold design now realized, we scheduled a meeting with Ernie
Parker to have him review both our fluid circuit and our manifold design. He was instrumental
from here on out in making meaningful changes to our circuit and manifold. He recommended
that we remove the upper right two switches as he felt what they do could be implemented into
what the other switches do. He also recommended that we move one of the relief valves to help

protect the pump. The schematic of these revisions is shown in Figure 4.

- NAME el SIZE
'ACCU ACCESS, MAIN
" S SeTN - B s LOOP OUT, MOTOR
INLET, P BYPASS, PG
Q = ouT.RESIN,RES  |S"E2
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1 i x lourz S
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3 e\ {
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D (v‘

N

RELIEF
SOLENOID-OPERATED DIRECTIONAL

Figure 4: Manifold schematic revisions after discussions with Ernie Parker

From here, we deliberated about the pros and cons of removing both switches that Ernie
Parker recommended and ultimately decided to add back one of them to ideally help with
charging the accumulator. We folded the function of the extra reservoir output with a check

valve in front of the motor into the manifold, as we didn’t want to have any external junctions or
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increase the complexity of the hard lining that is planned. After several back-and-forth

conversions with Ernie, the final design was created, as show in Figure 5.
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Figure 5: Final manifold schematic
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Figure 6: Manifold schematic with pedal only mode highlighted

11

Pedal-only mode is the main mode of operation for the bike. When you turn the pedals, it

will turn the pump. This in turn moves fluid from the reservoir, through the pump and to the
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motor. As fluid moves through the motor, it will spin an output shaft that is directly connected to
the drive wheel on the bike. When the fluid passes through the motor, it will be deposited back
into the reservoir. If the rider chooses to stop pedaling while the bike is moving, there is a bypass
in place that allows the fluid to move from the reservoir to the motor with little resistance. This
helps prevent cavitation from occurring. There is also a relief valve in place so if too much

pressure builds up while pedaling, fluid can be released back into the reservoir.
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Figure 7: Manifold schematic with closed loop mode highlighted.

Closed Loop mode is intended to mainly be used during the endurance race and sprint
race post initial acceleration. The point of this mode is to reduce losses from cycling fluid
through the reservoir, thereby making the bike easier to ride for the rider. Do note that fluid is
required to have already been cycled into the system for this mode to work. Fluid will be cycled
from the pump to the motor which will then be cycled back to the pump. Similarly, to the last
mode, if the rider chooses to stop pedaling while the bike is moving, there is a bypass in place

that allows the fluid to move from the reservoir to the motor with little resistance. This helps
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prevent cavitation from occurring. There is also a relief valve in place so if too much pressure

builds up while pedaling, fluid can be released back into the reservoir.
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Figure 8: Manifold schematic with regen mode highlighted

Regen mode is used to pressurize the accumulator, which can then later be used to power
the bike, solely on the accumulated pressure. In regen mode, as the rider pedals, it’1l spin the
pump and push fluid through the motor and pump. This fluid then goes down and into the
accumulator, pressurizing it up to a maximum of 3000 psi. If the accumulator reaches above
3000 psi. It will open a relief valve and send fluid back to the reservoir, preventing any over-

pressuring from occurring.
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Figure 9: Manifold schematic with discharge mode highlighted

The last mode is referred to as Discharge Mode. In discharge mode, the pressurized fluid
in the accumulator is released and used to power the motor, in turn pushing the vehicle forward.
The pressurized fluid will be pushed through the pump bypass, as it provides the least amount of

resistance. Once the fluid goes through the motor, it will return to the reservoir to be stored.
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Figure 10: Manifold drawings provided by iFP

The manifold designed for the hydraulic circuit is pictured above in Figure 10. Despite a
minor increase in the complexity of the circuit, the overall size of the manifold was reduced from
the previous year's team by roughly 4 cubic inches. This is helpful, as its lightweight and
compact design helped it to fit neatly on the bike. The manifold features ports for all component
to be attached, as well as ports for pressure sensors, and the solenoids discussed previously in

the design process.

Frame Design

The type of vehicle selected for this project was a tandem bike. Previously, teams have

used a standard touring bike for its lightweight build and ergonomic handles. Also, the team
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preferred a bicycle rather than a tricycle because more wheels would add more rolling resistance.
Although tricycles have more space to mount equipment, they are heavier and less agile. Due to
these considerations, the team concluded that a two-wheeled frame would be more optimal for

this project.

The design team chose to move forward with a tandem bike to eliminate some design
problems with the previous team’s vehicle. First, the previous team had issues with the rear tire
going flat. This was due to the wheel selection and weight distribution of the vehicle. The tires
that were selected were slim race tires that could not support an excessive amount of weight,
such as the hydraulic system that was implemented. Most of the hydraulic components were
installed via an aluminum sub-frame, which encased the rear wheel and concentrated most of the
bare vehicle weight directly onto the rear wheel. In addition to the weight issues, this sub-frame
made it difficult to remove the rear wheel and impeded the team’s ability to replace the flat tire

in last year’s competition.

Selecting a tandem bike provided a longer frame which allowed all equipment to be
mounted between the two wheels. This distributes the weight more evenly and allows access to
the tires for maintenance. Additionally, the extra space allows for all hydraulic components to be
placed behind the rider, rather than between the rider’s legs. Previously, teams had mounted the
accumulator, reservoir, and hard lining next to the rider which affected their ability to pedal and
posed safety hazards. The tandem frame makes the vehicle much safer because the rider is now
distanced from any high-pressure components that could injure them in the event of a failure. By

placing the equipment behind the rider, they are also able to pedal without obstruction.

Although one may think a tandem bike may be difficult to maneuver, it was stable when

being used during the competition. This is because the center of gravity was shifted to the center
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of the bike. Also, components were kept low to the ground, which lowered the center of gravity
and prevented the bike from tipping over. The wider wheelbase made it slightly more difficult to
make sharper turns, however, this did not affect the rider on the competition course. The vehicle
had difficulty accelerating during the competition, but this was partially due to wind conditions.

Once momentum was built up, the vehicle to able to sustain its motion.

The final design for the vehicle is shown below as iteration 3. This design was chosen
after we purchased our bike, which is a Burley Zydeco tandem bike. Once the team had a
physical frame, we implemented the design ideas from iteration 2 and placed them on the actual
frame layout. Our bike does not have a diagonal bar in the center as previously thought in the
earlier iterations, and therefore we were able to utilize more frame space to fit our needs. In the
final design, the reservoir sat on a custom-built aluminum platform over the rear tire, distributing
the weight onto the bike frame, not the axle. The manifold sits in front of the reservoir, on top of
the frame, on a custom plate that is welded to the frame itself. The pump and motor sit within a

steel plate that is welded vertically to the bottom and sides of the frame. Finally, the accumulator
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hangs from the top of the frame with hose clamps, just above the pump and motor. All the

electronics and pneumatics are placed similarly as they are in iteration 2.

Figure 12: Vehicle frame design, iteration 1

Figure 11: Vehicle frame design, iteration 2
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CAD Modeling

Modeling the entire vehicle was crucial, as it allowed the team to make accurate design
decisions and order the proper amount of building materials. Using Solidworks, the bike frame
was modeled, including the gears, pedals, seats, and tires. This allows the team to see all the
constraints within the design. Next, the components used on our vehicle were modeled or
downloaded. This included the accumulator, pump and motor, and our manifold. Utilizing these
models, plates were then designed and modeled to mount the pump and motor and plasma-cut

out of 1008 steel.

Figure 13: Left-side view of the bike assembly in SolidWorks, including the electronics boxes, pneumatic
box, manifold, accumulator, pump and motor, reservoir, and

Figure 14: Pump and motor plates, designed in SolidWorks



NFPA FLUID POWERED VEHICLE 20

The reservoir was designed for the vehicle based on a 2-gallon capacity of fluid within
the system. It is 2 chambered, with
an inlet and outlet located on the
front. Differing from last year’s

design, it was elected to place the

infill on the top of the reservoir. This
Figure 15: SolidWorks model of the reservoir, including a cutaway view and
leads to a decreased risk of cracking  an isometric view
the reservoir during shipping, as there are no weak points located on the sides of the tank.
Additionally, a base was included on the reservoir, that will match the frame that it is placed on.
This allows the team to bolt the tank directly onto the plate and secure it properly. The reservoir
was sent to SchmidtPro for manufacturing, as it was too large for the available printers on the
University of Akron (UA) campus. The filament chosen for the reservoir was PETG or
Polyethylene Terephthalate Glycol. PETG was chosen for its chemical resistance, thermal
stability, as well as its impact resistance. Once the final reservoir arrived, it was sealed with a

fuel tank sealer. This was done to prevent any leaks that may

become present due to the nature of additive manufacturing.

Numerous boxes or holders were required to be modeled

for our design. These included the battery holder, the frame for the

HMI screen, the box for the PLC, the pneumatics box, and a chain
Figure 17: SolidWorks model of the

guard located over the exposed pinch point of the pump. These battery box

boxes attach to the frame via hose clamps and were designed with

slide-out dovetail lids for easy access. All boxes were sent to the UA

3D printing lab for manufacturing. The battery holder houses the

Figure 16: SolidWorks model of
the HMI screen box
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vehicle’s two 24V batteries that power the electronics. Channels for hose clamps or zip ties are
placed around a semi-circular cutout of this box, allowing it to be
easily attached to the frame of the bike. This box is also equipped
with a sliding lid to protect the batteries from the elements.

Similarly, the HMI box houses the touch screen connected to the

electronics. Designed into the box are slots for the placement of the
Figure 18: SolidWorks model of the

chain guard

touchscreen on top of the handlebars. This allowed the screen to be
adjusted to the rider’s position. Lastly, the chain guard was designed to be attached using the
bolts connected to the pump. Channels surrounding the center hole of the guard are equipped

with washers, allowing it to be secured into place using the nuts on the end of the pump’s bolts.

Electronics

The electronics can be described by two main components, the programmable logic
controller (PLC) and the human-machine interface (HMI). A PLC allows the team to read data
from pressure sensors and send signals to solenoid valves used to control the operating mode of
the bike. An HMI provides the user a way to see the data analyzed by the PLC and serves to let
the user manually choose the operating mode of the bike. For this project, an Exor HMI (ex705)
was utilized. Regarding the PLC, several necessary qualities were considered. Due to the
hydraulic circuit design, the PLC needs to allow for a minimum of four discrete output ports for
the solenoids, two analog input ports for the pressure transducers, and to utilize ethernet
communication. This led to the selection of IFM’s ecomatController (CR710S). Without a
communication protocol, these two systems remain independent of one another. While there are
several methods of establishing dependence between the two components, the Modbus TCP

communication protocol was selected.
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The next step in the design process was taking inventory of the capabilities and
necessities of the two electronic devices, to gather all the knowledge necessary to complete a
wiring diagram. Shown in Figure 19 is a diagram of the discrete outputs from IFM’s PLC. The

first four ports are used for the four solenoids needed to operate the hydraulic circuit. This leaves

Supply + —g-

the team with leftover ports that have o

been repurposed into a backup port for

each corresponding solenoid. For

Solenoid 1
Solenoid 2
Solenoid 3

TTTTTTTT

example, planning on programming

Solenoid 1 Back Up
Solenoid 2 Back Up
Solenoid 3 Back Up

“Solenoid 1” and “Solenoid 1 Back

Up” in the same way, allows the team

to move the wiring quickly without

editing the program. This can prove

Figure 19: Discrete outputs from IFM's PLC
useful in the event the “Solenoid 1”

port stops working in the middle of the competition. By preparing for the worst, the bike will be

able to operate at its best.

The analog inputs for the two -t

GNO—

b W J:
]

pressure sensors are shown in Figure

20. The sensors will also be

Pressure Transducer 1
Pressure Transducer 1 Back Up

programmed with backup ports. By .. nmnns

TTTTTTTT

verifying the layout of the PLC, it

was determined that we needed a

power distribution block, DIN rail,

end brackets, and splice connectors.

Figure 20: Analog inputs for the two pressure sensors in the PLC
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The power distribution block will allow the electrical circuit to distribute from a single input
source to the remaining devices in the branch circuit. Based on the number of devices shown in
the two prior diagrams, the block must include 7 ports that go to power (24V) and 22 ports that
go to ground (GND). Connecting multiple blocks can waste space and wiring, so a block was
chosen that contained 24 ports for each power and ground (Phoenix Contact 2903800). This
requires a DIN rail (Phoenix Contact 1207640) and corresponding end brackets (Phoenix Contact
3022276) to mount the power distribution block. It is important to note that the solenoids and
pressure transducers have removable connectors with built-in leads. A splice connector (Wago

221-412/996-010) is needed to join the device to the PLC input/output (I/O) port’s built-in leads.

LEDs

\ 203 47
Since the PLC’s I/O ports are . N\ 182 , B
— -
accounted for, we can now take an r N ' \
expanded view of the PLC itself, as shown == 1 (£rom il )
@ T
in Figure 21. On the right side of the figure o :g

is a communication port referred to as

ETHO. This communication port allows the

user to connect the PLC to the HMI. Figure 21: Expanded view of the PLC
Shown in Figure 22, is an overall supply
+
view of the PLC’s power distribution. Fuses |
The main attribute to note is that there Il FHEHIRHR X X
are 2 amp (A) and 15 A fuses (Eaton- T HEEE ' el !
&lo|8la|a Té:ﬁé@. |
Bussmann BK/ATM-2 and BK/ATM- L SRR |
| sensor |-={ nn loutput  [nn |-o={ load |- —+
15). By utilizing fuses, the equipment gt [} oo - -
. g L [GNDowa[n |-
will be protected from any overcurrent ~={nn | GNDges| contrller
~—[RESET-COM| Shiedd al

Figure 22: PLC power distribution diagram
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flow. Additionally, a fuse terminal block (Phoenix Contact 2903800) must be utilized to
distribute the battery power to each circuit.

With this information, the wiring diagram was developed into seven sections: Battery &
Frame Grounding, Power Distribution, PLC Power, PLC Inputs & Outputs, HMI & PLC
Communications, Programming Setup, and Box Wiring Interconnection.

Battery & Frame Grounding, as shown in Figure 23 contains the start of the circuit,
naming conventions, and wire standards. This diagram shows two 12V batteries wired in series.
This is used to power and ground the PLC. The power generated by the batteries is sent through
a master shutoff switch, which is mounted beside the HMI. Following general wiring standards,
the blue wire is utilized to show low voltage, the blue and white striped wire shows the return

wire, and green and yellow striped wire indicates ground.

R13-205
BATTERY & FRAME GROUNDING | MMMMMMMMMMMMMMMMMMMMM

BATTERY BOX

(+24VDC) P1 V)Pt
“14AWG (BU)" "14AWG (BU)"

—  12vc
" T BATTERY

(+12vDC) 24vDC
14AWG (BU)" N

nnnnnn e
& 12vDC

NOTES:

+  INDIVIDUAL WIRE LEGEND:

(GND) P2
“14AWG (BUIWH)"

(GND) P2
“14AWG (GNIYE)"
BIKE
WIRING DIAGRAM

NFPA BIKE PROJECT
DATE: 03/08/2024
S SR S ST E— g — REVISION: 1 SHEET: 1

(WIRE #) DESTINATION
«  CABLE WIRE LEGEND:

[CABLE NAME, COLORINUMBER] DESTINATION

Figure 23: Battery and frame grounding

Power Distribution, as shown in Figure 24 shows the electrical current from the previous
figure moving through the power distribution block (left side of diagram). Additionally, it shows

that all the HMI and PLC components are grounded, as well as grounded to the bike (middle of
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diagram). Lastly, the current leaving the power distribution block then passes through the fuses

before entering the PLC and HMI (right side of the diagram).

P

+24VDC
LARGE / SMALL

(sv1)
14AWG (BU)"

)

[T

AR RRRRRRRRRRRR

SPARE
SPARE
SPARE
SPARE
SPARE
SPARE
SPARE
SPARE
SPARE
SPARE
SPARE

(VI F1*
(V) F2*
(V1) F3*
(V1) Fa*
(V) F5*
(V1) F6*

SPARE
SPARE
SPARE
SPARE
SPARE
SPARE
SPARE

POWER DISTRIBUTION
P2
GND
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o [HMLEKZ] (OV) HMI
BATTERY #1 4 3 |
(GND) 02 [HMI, GN/YE] (GND) HMI il L) F1 A [STA.BK1] (24V) HM1
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(BUMWH) oof | rsviekaovsvi wvnere— FIZ%A]) ——  past8u (sva) prse
o4 | (svi.NivE) (onD) svi
v)p1e— ——  [P#28U) (+ve) P2
=5 os| | (svaekaov)svz FI@A)
(GND) 06 [SV2,GNIYE] (GND) SV2 W I o |
. ) A v1)Pt [STA03) (V0) PLC_VBBO
AAWG (GN/YEY o7) [SV3,8K2] (0V) SV3 Fg)
(STA0Z] 08 [SV3,GNIYE] (GND) SV3 GvPis— Ll | [STA04](V10) PLC_VBB1
) - J
PLC_GND1 L T S I 77 [STA.30] (V30) PLC_VBB30
10 [SV4,GNIYE] (GND) SV4
(STA0S) 1 [STA15] (V15) PLC_VBB1S
(GND) 1| remrevov st
PLC_GNDZ 12 P1#2,G)
| em2onovem
13 SPARE
L1
14 SPARE
A
15[ | (sTA29)(GND)PLC_SYS
16, [STA,33] (GND) PLC_GNDOVA
17, [STA52] (GND) PLC_GNDRES
.
18] | (sTA711(GND) PLC_GNDANA
19
2 —— (see note on page 4)
=
o[ | seare =
2 SPARE
-
) SPARE
-
2 SPARE
S

WIRING DIAGRAM
NFPA BIKE PROJECT
DATE: 03/08/2024

REVISION: 1 SHEET:

PLC Power, seen in Figure 25, shows the continuation of the electrical current from the

Figure 24: Overall power distribution

previous figure by supplying power to the various connection points on the PLC.

PLC POWER

puc
wower,

[STA03) (VO) F4 ——:—E:’—::%o

(STA04 (V1) Fs —

1STA15] (V15) Fo *%;2%3{*

[STA30) (va0) s —— Do

GND2 (02)
[STA.02) (GND2) P2 ———————0
GND1 (05)

[STA.05] (GND1) P2 —1
GNDSYS (29)
[STA29] (GNDSYS) P2 —f————""0
GNDOVA (33)
[STA33] (GNDOVA) P2 —
GNDRES (52)
[STAS2] (GNDRES) P2 —

‘GNDANA (71)
[STA71] (GNDANA) P2 —f o

WIRING DIAGRAM
NFPA BIKE PROJECT

DATE: 03/08/2024

REVISION: 1 SHEET: 3

Figure 25: Diagram of PLC power
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PLC Inputs & Outputs, as shown in Figure 26 shows the analog inputs on the left side
and the discrete outputs on the right side. The two-port splice connectors are used to connect the
pressure sensors and solenoids to the PLC. Note that there are two channels for each function

(primary and backup ports).

PLC INPUTS & OUTPUTS

Phgt

0.84.5VDC
PLC PLC
0-3000 PSI .
INPUTS) ouTPUTS) 2.P0RT
MOTOR INLET L d [ d SPLIGE™ vt
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ouTa100 (08) sTAlg CLOSELoOR
“2-PORT SPLICE™ &
S [Sv1,8K2] P2 REGEN
SPLICE"
P SI0) [5TASY 1Ne100 (63) BVGNYE P2 ——)
“2.PORT SPLICE" =
[STAG4) ING101 (64) “2.PORT
— SPLICE” -
0UTo001 (17) STAIT — [sv2,8K1] ACTIVE
[PH#1, BU) (V) F2 ouTeto1 @) s cLoSELooP
o . . &
2PORTSPLICE™  |gvzpkz) P2 REGEN
Pz [sv2eNYE P2 ——)
0.54.5VDC =
0 Psi
ACCUMULATOR .
PRESSURE asomr
- ouTone2 (18) sTae  E [svaBKi 4 ASTvE
ouTo102 (08) 5TA08] — v REGEN
. A *2.PORT SPLICE™ 3
ooy 4|_‘:| 1Sv3BK2) P2 DISCHARGE
PrEzwHsI0)  —— [5TAS5] 10102 (65)
1 F [SV3,GN/YE] P2 —
“2.PORT SPLICE™ —
sTAse) | mwosem =
(see note) "2.0RT
— SPLICE" sva
[PA2, BU] (+V) F3 ouTonos (19) [STA ISVABKY] | ACTVE
) OUTO10% (08) [STA,08] — v ‘CLOSE-LOOP
D*“ w4 . &
2:PORT SPLICE [SV4BK2) P2 DISCHARGE
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WIRING DIAGRAM
NFPA BIKE PROJECT
DATE: 030812024

THE UNUSED ANALOG INPUT MUST
REVISION: 2 SHEET: 4

BE CONNECTED TO "GND" LOGATED
ON TERMINAL "PZ" (SHEET 2).

Figure 26: PLC inputs and outputs

HMI & PLC Communications is shown in Figure 27. This shows the connection of the
ethernet communication cable from the PLC to the HMI. In addition, the HMI power wiring is

depicted in the figure as well.
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HMI & PLC COMMUNICATIONS

pLC
(ETHERNET)

cano
M12PORT
oo o

CAN1/RS232 ETHt
M12 PORT W12 PORT

e
(FRONTVIEW)

ETHERNET CABLE
(o NoT cuT)
[HMLBK2] OV) P2
[HMLBK1) (26V) F1
CANBUS PORT m @ @
089 PINS 24V OV GND
ETHO ETHt
RMSPORT  RISPORT
H
(®0TTOM VIEW)
o WIRING DIAGRAM
PROSRAWMING NFPA BIKE PROJECT
(aprop) DATE:  03/08/2024
REVISION: 1 SHEET:

Programming Setup, as shown in Figure 28, documents all basic communication setup

Figure 27: HMI & PLC communications

27

information needed in the programming software. All required software utilized in this project

can be found in this documentation.

PROGRAMMING DEVICE
LAPTOP
WINDOWS 10

PROGRAMMING SETUP

pLC
(PROGRAMMABLE LOGIC CONTROLLER)
MANUFACTURER: _IFM
MODEL # ECOMAT CONTROLLER CRT10S

HM
(HUMAN-MACHINE INTERFACE)
MANUFACTURER:  EXOR
MODEL #: X705

ETHERNET
RJ45 PORT

1P ADDRESS:  192.168.82205
‘SUBNET MASK: 255.255285.0
GATEWAY:  0.0.0.0 "BLANK"

“THIS SETTING IS TYPICALLY SE)
“OBTAIN AN IP ADDR!

sermy
INTERNET SETTINGS” >> "ETHERNET"
“INTERNET PROTOCOL VERSION 4 (TCPAPv4)".

'SOFTWARE INSTALLED ON PROGRAMMING DEVICE:

USED TO ESTABLISH BASIC SETUP OF IFM PLC

copesys
'VERSION V3.5 (5P11) 32.81T
USED TO PROGRAM IFM CONTROLLER
DO NOT HAVE ANY OTHER CODESYS VERSION
INSTALLED PRIOR TO INSTALLING THIS APP.

o

1FM UPDATE TOOL
VERSION V.2033
ED TO INSTALL FIRMWARE ONTO THE IFM

EXOR JMOBILE STUDIO
VERSION V45.1.523
TO PROGRAM THE EXOR Hill

5. RADZIO! MODBUS MASTER SMULATOR
VERSION 0.1.6

A 1S GAT
WAS BEING SENT TO THE CONTROLLER WHEN
'COMMANDED BY THE SIMULATOR APP.

6 ITEMS 1 THRU 3 SHOULD ONLY BE DOWNLOADED FROM
IFM WEBSITE - INCLUDING THE CODESYS!

ETH1 ETHO
M12PORT M12 PORT

1P ADDRESS:  152.168.82.247
SUBNET MASK: 265.285.255.0
GATEWAY: 1821688221

THE ABOVE IS THE DEFAULT SETTING.
'VALUES CAN BE CONFIRED USING IFM
“MAINTENANCE" APP RELEASE -

3.10.17.0 INSTALLED ON LAPTOP. SELECT
ECOMAT CONTROLLER >>ETHERNET ICONS.

AFTER TURNING ON THE APP, PERFORM THE FOLLOWING:
FILE > NEW. THIS OPENS A VIEWING WINDOW.

MAKE SURE THE LAPTOP IS CONNECTED TO THE PLC.
DISCONNECT THE ETHERNET CABLE AT THE HML

1P ADDRESS: 152.168.62247 . THIS IS THE ADDRESS OF THE IFM
CONTROLLER

& TCP PORT: 502 . THIS MUST MATCH THE PORT NUMBER FOUND ON
‘THE IFM MODBUS TCP SLAVE DEVICE FOLDER.

0. DELAY BETWEEN POLLS (MS): 50.
PRESS "OK".

12 CONNECTION > CONNECT.
13, VERIFY THE FOLLOWING “DEVICE SETTINGS™:
131 DEVICEID: 1 THIS IS THE MODBUS ADDRESS (UNIT) ID.
132 ADDRESS:0 THE STARTING ADDRESS".
THIS IS HOW MAY REGISTERS IS BENG

4. VERIFY THE "DISPLAY OPTIONS" IS SET TO "DECIMAL".
15. FOR READING VALUES FROM THE PLC:
181, DEVICE SETTINGS: SELECT "INPUT REGISTERS".
152 VALUES N THE PLC SHOULD MATCH THE SIMULATOR.
153, WHEN CHANGING VALUES IN THE PLC, THE NEW VALUES
WILL AUTOMATICALLY APPEAR.
16. FOR WRITING VALUES TO THE PLC:
161, DEVICE SETTING: SELECT "HOLDING REGISTERS".
162, VALUES IN THE PLC SHOULD MATCH THE SIMULATOR.
163, WHEN WRITING VALUES IN THE SIMULATOR, THE NEW
VALUES WILL BE AUTOMATICALLY UPDATED IN THE PLC.
17, WHEN FINISHED WITH THE SIMULATOR APF
171 FILE>EXT.
172, RECONNECT THE ETHERNET CABLE AT THE Nt

ETH1
RJ45 PORT

1P ADDRESS:  192.168.82:1
‘SUBNET MASK: 255.255.255.0

CRTEWAY. 0000 BLANK"
e o

Sograus

i

et

WIRING DIAGRAM

DATE: 03/0¢
REVISION: 1

NFPA BIKE PROJECT
8/2024

SHEET:

Figure 28: Programming setup
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Lastly, Box Wiring Interconnection is shown in Figure 29. This provides a general layout

of the wiring paths between the different electrical boxes.

BOX WIRING INTERCONNECTION

ETHERNET

:::::

WIRING DIAGRAM
7P

DATE
REVISION: 1

Figure 29: Box wiring interconnection

Programming: HMI

The HMI acts as the driver of the program. It can read and write information to the PLC.

For this project, the HMI has a couple of necessary buttons and informational features, as shown

in Figure 30. Most importantly, there are four buttons on the HMI labeled as the following:

Pedal, Close Loop, Discharge, and Regen. These correspond to the bike’s four modes of

operation. Initially, the four buttons are visually displayed with a white background. Once a

button is selected, it will

The Official

i i ; Motor Pressure 9 9 9 9 9 Zippy Mobile , o
illuminate with a green PSI):

background. This acts as a
visual indicator, so the user Close
can know what mode the Loop

bike is currently in.

11 Comms sV 1 sv2 sV3 sv4
Additionally, once a button ® pA ° ® P

Accumulator
Pressure (PSI):

Pedal Discharge

99999

Regen

e o

Figure 30: HMI screen as used on the bike
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is selected, all other buttons are turned off.

For further troubleshooting information, in the bottom left corner of the HMI screen, are
five indicator lights. On the leftmost side, denoted as Comms, is a pilot light to indicate whether
the PLC and HMI are communicating. If there are no issues, the button will remain green.
However, if the signal is interrupted, the button will become red to alert the user of this issue.
The remaining four pilot lights correspond to the four solenoids (SV1, SV2, SV3, SV4). When
the user selects a mode, the active solenoids will change from grey to green. This is mostly
utilized in the testing phase to verify that the buttons are sending signals to the correct solenoids.

Lastly, at the top of the HMI are two meters referred to as Motor Pressure and
Accumulator Pressure. To improve and understand the performance of the bike, as well as keep
the rider safe, our hydraulic circuit includes two pressure sensors. Motor Pressure displays the
pressure (psi) of the fluid at the inlet of the motor. On the above graph above the pressure
reading, lower pressures (0-1,999 psi) will display as green, middle range pressures (2,000-2,799
psi) will display as yellow, and higher pressures (>2,800 psi) will display as red. Accumulator
pressure indicates how much pressure will be saved in our accumulator. Once a pressure of 3,000
psi is met, fluid will start flowing through relief valves in the circuit. As a result, the color
scheme of the graph on top of the pressure reading can be used to remind the rider to switch to
the discharge phase so the rider can efficiently use the energy the bike has stored. Lower
pressures (0-1,999 psi) are displayed as yellow to help indicate that there is more room to build
up energy. Middle pressures (2,000-2,799 psi) are displayed as green to indicate that this is the
most optimal time to utilize the energy. High pressures (>2,800 psi), are displayed as red to

indicate the fluid is at risk to start draining through the relief valve.
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The HMI interface program (Appendix A) entails exporting variables from the PLC,
linking the variables to buttons and indicators, and creating rules to manipulate the visual display
of the feature based on outside data. The HMI dictates how the PLC should behave and reports to
the user the status of the PLC’s behavior. The program that explicitly controls the inputs and

outputs (solenoids, sensors, etc.) is found solely in the PLC program.

Programming: PLC

The IFM’s PLC requires the user to be familiar with CodeSys, which is an open-source,
third-party operating system. This operating system can be used in a variety of industry
applications. Please note that for this project, version V3.5 (SP 11) was utilized. This is the only
compatible version for the PLC. CodeSys allows the programmer to utilize a variety of different
implementation languages (continuous function chart, function block diagram, ladder logic,

structured text, etc.). Ladder logic was chosen for this project since it requires less training time.

To ensure functional cohesion within the program, the project is divided into methods
that execute a single objective. This results in elements that are easy to reuse, troubleshoot, and
test. However, for the individual program organization units (POUS) to share data, global

variables have been added. A complete list of global variables is shown in Figure 31.
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[VAR_GLOBAL
PI1 psi: REAL;
PI2 psi: REAL;
SV1_boolean: BOOL;
SV2_boolean: BOOL;
SV3_boolean: BOOL;
SV4_boolean: BOOL;
Pedal Mode: BOOL;
Discharge_Mode: BOOL;
Close_Loop_Mode: BOOL;
Regen_Mode: BOOL;

Accumulator_Pressure_Range: WORD;
Motor_Pressure_Range: WORD;
discharge_pb: BOOL;
pedal_pb: BOOL;
close_loop pb: BOOL;
regen_pb: BOOL;
discharge_lt: BOOL:
pedal_lt: BOOL;
close_loop_lt: BOOL;
regen_lt: BOOL;

test:  BOOL;

END_VAR

Figure 31: List of complete global variables

To set up a network that handles all HMI inputs and outputs, one program was created:
HMI_data. Before the ladder logic can be created within this program, all required variables are
declared at the top of the program, as shown in Figure 32. Note that variables beginning with
“p_h” indicate the variable is taking data from the PLC to the HMI. Additionally, variables

beginning with “h_p” indicate the variable is taking data from the HMI to the PLC.

PROGRAM HMI data

VAR
p_h pil psi: UINT;
p_h pi2 psi: UINT;
p_h_acc_range: WORD ;
p_h_motor_range: WORD ;
p_h_svl_bool: BOOL;
p_h_sv2 bool: BOOL;
p_h sv3_bool: BOOL:
p_h_sv4_bool: BOOL;
p_h discharge_lt: BOOL;
p_h pedal lt: BOOL;
p_h_close_loop_lt: BOOL;
p_h regen lt: BOOL;
h_p_discharge pb: BOOL;
h p pedal_pb: BOOL;
h_p close_locp_pb: BOOL;
h p regen pb: BOOL;

END_VAR

Figure 32: Declaring required variables for HMI_data
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The first rung in the network is used purely for testing purposes, as shown in Figure 33.
When the test bit is turned on, an arbitrary pressure value is sent to the HMI. When the test bit is

off, the value from the pressure transmitters is sent to the HMI.

b sed dek
GVL.test
=)
four (4) netwvorks sending analo
sion added to allow sending a I - this requires turning on the TEST bit.
GVL.test REAL TO UINT
1 [ EN ENO—————————
2500.0 — Fp_h_pil pai
GVL.test REAL_TO_UINT
1 [ EN ENO—————————
2B00.0 — Fp_h_pi2 psi
GVL.test REAL_TO UINT
/[ EN ENO———————
GVL.PI1_psi —j Fp_b_pil psi
GVL.test REAL TO UINT
—/—x ENO——————
GVL.PIZ_pai — Fp_h_pi2 psi

Figure 33: Testing HMI display
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The following networks, in Figure 34, send feedback to the HMI indicating which

solenoid values are energized and which operating modes are activated

This saction of networks sends data from the PLC to the HMI.
MOVE
EN ENO|
GVL.SV1 boeclean —] ~p_h svl boel
MOVE
EN ENO
GVL.SV2_boclean — ~p_h sv2 bool
MOVE
EN ENO|
GVL.SV3_boeclean —] ~p_h sv3 bool
MOVE
EN ENO|
GVL.SV4_boclean — ~p_h své bool
MOVE
EN ENO
GVL.discharge 1t — ~p_h discharge lt
MOVE
EN ENO|
GVL.pedal 1t — [~ p_h pedal lt
MOVE
EN ENO
GVL.close_loop lt —j —p_h_close_locp_lt
MOVE
EN ENO|
GVL.regen 1t — p_h regen lt

Figure 34: Rungs that send feedback to HMI to indicate solenoid energization

33
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Figure 35 shows variables that contain values associated with pressure ranges and colors.

This allows the HMI to display the appropriate color based on the current pressure value.

(This network allows multi colors to be displayed at the Accumulator Pressure Bar Graph (Yellow-Greesn-Red).)
MOVE
EN ENO

GVL.Accumulator_Pressure_Range — —p_h_acc_range

(This network allows multi colors to be displayed at the Motor Pressure Bar Grap ellov-Green-Red).)
MOVE
EN ENC
GVL.Motor_ Pressure_Range — ~p_h_motor_range

Figure 35: Send pressure ranged from PLC to variables that can communicate with the HMI

The last section of this program (Figure 36) contains variables that contain data coming

from the HMI. This data is then set to global variables, which are used in the following POUs.

h_p discharge_pb —] — GVL.discharge_pb

EN ENC
h_p pedal pb —] — GVL.pedal_ pb

EN ENO
h_p close_loop_pb —] —GVL.close_loop_pb

EN ENOC
h_p regen pb —] — GVL.regen_pb

Figure 36: HMI related variables sending data to the PLC
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To set up the analog inputs, two programs were created: analog_input_PI_1 and
analog_input_PI1_2. For demonstration purposes, the variables and functions in

analog_input_PI1_1 are shown below. Refer to Appendix B for the entirety of the PLC program.

Before the ladder logic can be created, all required variables are declared at the top of the
program, as shown in Figure 37. Note that variables Input_0100 and Input_0101 are set to a type
of variable called ifmlOcommon.Input. This is a prebuilt structure that is an IFM-specific

template. This structure allows the programmer to create and control inputs into the PLC.

PROGRAM analog_input PI_1
VAR

Input_0100: ifmICOcommon.Input;
PI1_CHl mv: UINT;

Input_0101: ifmIOcommon.Input;
PI1_CH2 mv: UINT;
PIl_selected mv: UINT;
PI1_selected mv_real: REAL;
mul 1: REAL; Tem

END_VAR

Figure 37: Declaring variables in analog_input_PI1

The following figures show the ladder logic used to convert the electric signal from the
pressure sensor to a readable numerical value (psi). The first rung shows the configuration of the
primary sensor. The pressure transmitter data sheet provided by the manufacturer states that the
sensor is scaled for 0-3,000 psi. Additionally, 0.5 volts (V) corresponds to 0 psi, while 4.5V
corresponds to 3,000 psi. As a result, when utilizing IFM’s input template, we selected the
smallest corresponding voltage range, 0-10 V. Additionally, different filters can be selected to
ensure no background noise is altering the quality of the signal. For this input, IFM’s standard
filter, FILTER_O, was selected. After the signal enters through port 0100 on the PLC, the analog

data in millivolts (mV) is sent to PI1L_CH1 mv.
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Input_0100
ifmIOcommon. Input
EN ENO
—|xResetError xError [~
0100 —juiChannel eDiagInfo —
ifmIOcommon.MODE_INPUT.IN VOLTAGE_ 10 —jeMode XPrepared —
ifmIOcommon.FILTER INPUT.FILTER 0 —eFilter xValueDigital —
uiValueAnalogue —PI1_CEl mv

Figure 38: Primary sensor configuration

The following figure (Figure 39) is a repeat of the previous figure for the backup sensor.

Input_0101
ifmIOcommon.Input
EN ENO
—|xResetError XError [~
0101 —{uiChannel eDiagInfo [~
ifmIOcommon.MODE_INPUT.IN VOLTAGE_10 —eMode xPrepared [~
ifmIOcommon.FILTER INPUT.FILTER 0 —jeFilter xValueDigital —
uiValueAnalogue — PI1_CE2 mv

Figure 39: Backup sensor configuration

Figure 40, as shown below, is created to find the active port (original or backup). The
network takes the larger signal and promotes it to PI1_selected_mv. All further calculations will

be performed with the data from this variable.

The us sensor configuration is greater. The non-active input will read zero (0).
The
GE MOVE
EN > EN ENO
PI1_CEl mv — S PI1_CHE1 mv — [~ PI1_selected mv
PI1_CH2 mv —
LT MOVE
EN < EN ENO
PI1_CH1 mv —j PI1_CH2 mv — [~ PI1_selected mv
PI1_CH2_ mv —

Figure 40: Rungs to find active port
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The following rung (Figure 41) shows the conversion from UNIT to REAL. This

37

conversion is crucial, as the signal is changed from a 16-bit integer to a number that can contain

a fractional component.

UDINT TO REAL
EN ENO
PI1_selected mv — [~ PI1l_selected mv_real

Figure 41: Converting UNIT to REAL

The pressure transducer relationship between voltage and pressure is linear. As a result,

by completing the below calculations, a voltage-to-pressure conversion formula was created that

can be utilized in the program, as shown in Figure 42.

X, =05V, x, =45V
y1 = 0psi, y, = 3,000 psi

0=05m+b
3,000 =4.5m+b
—0.5m = 3,000 — 4.5m
m = 0.75

3,000 = (0.75) * (4.5) + b
b =375
y = 0.75x + 375

(24)
(25)

(26)
(27)
(28)
(29)

(30)
(31)
(32)

MUL SUB
EN X ENO EN _ ENO
PI1_selected_mv_real — [~mul_1 mul_ 1 — ~GVL.PI1 psi
0.75 — 375.0 —

Convert input (500.0 - 4500.0 millivolts) into output (0.0 - 3000.0 psi)through solving y=Mx+B equation. The solved equation is y=(0.75)x - (375.0).

Figure 42: Voltage to pressure conversion

In the event that the pressure transmitter becomes disconnected, and the value read from

a signal is negative, the output pressure is set to zero, as shown in Figure 43.
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GVL.PI1 psi—j 0.0 — ~GVL.PI1 psi

Figure 43: Setting output pressure to zero in the event of a disconnected pressure transmitter

There are four programs created for each of the corresponding solenoids:

discrete_output_SV_1, discrete_output_SV_2, discrete_output_SV3, and discrete_output_SV4.

For demonstration, the variables and functions for discrete_output_SV_1 are shown below. Refer

to Appendix B for the entire program.

Similarly to the pressure sensor program, before the ladder logic can be created, all

required variables are declared at the top of the program, as shown in Figure 44. Note that

variables Input_0000 and Input_0100 are set to a type of variable called ifmlOcommon.Output.

This is also a prebuilt structure that is an IFM-specific template. This structure allows the

programmer to create and control outputs from the PLC.

PROGRAM discrete_output_S5V_1

VAR
Cutput_0000: ifmIOcommon.Qutput;
Cutput_0100: ifmIOcommon.lutput;
SV1_uNIT primary: UINT;
SV1_uNIT backup: UINT;

END_VAR

Figure 44: Declaring variables for discrete_output SV _1

The following figures show the ladder logic used to create the output from the PLC to the

solenoid. The first rung shows the configuration of the primary valve (Figure 45). Based on a

boolean input (0 or 1), the physical output channel is told to turn off or on. First, the boolean
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variable is converted into UNIT which is required by IFM’s output template. For our purposes,
the output must be discrete (on or off), not a range of values. As a result, [IFM’s standard

OUT _DIGITAL_CSO mode was selected in the template. Similar to the input template, different
filters can be selected to ensure no background noise is altering the quality of the signal. For this,

IFM’s standard filter, FILTER 0, was selected again.

Output_0000

BOOL TO UINT ifmIOcommon.Output
EN ENO EN ENO—
GVL.SV1_boolean — [~ SV1_uNIT primary —|xResetError xError —
0000 —uiChannel eDiagInfo
ifmIOcommon.MODE_OUTPUT.OUT_DIGITAL_CSO —eMode XPrepared —
ifmIOcommon.FILTER _OUTPUT.FILTER_0 —|eFilter xOutState —
SV1_uNIT_primary —{uiValue uiOutVoltage [
uiOutCurrent —

Figure 45: Solenoid 1 primary configuration

Figure 46 shows a repeat of the previous figure for the backup solenoid port.

2:-1) an (0-65,535 integer units) as required by the output function block.

Output_0100

BOOL_TO_UINT ifmIOcommon.Output
EN ENO EN ENO[—
GVL.SV1_boolean — [~ SV1_uNIT_backup —|xResetError xError —
0100 —juiChannel eDiagInfo [~
ifmIOcommon.MODE_CUTPUT.OUT_DIGITAL_CSO —eMode xPrepared —
ifmIOcommon.FILTER OUTPUT.FILTER 0 —jeFilter xOutState —
SV1_uNIT backup —juiValue uiQutVoltage
uiOutCurrent —

Figure 46: Solenoid 1 back-up configuration

The last POU created is referred to as the main. This contains all the combinational logic
that fledges out the relationship between the HMI and PLC. Following the same format as other

POUs, all variables are declared before the ladder logic, which is shown in Figure 47.
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The following section of the program, as shown in Figure 48, handles the setting and

PROGRAM main

Accumulator_Test_Value_psi: REAL;

Motor_Test_Value_psi: REAL;
R_TRIG Discharge: R_TRIG;

R _TRIG_Pedal: R_TRIG;

R _TRIG Close_Loop: R_TRIG;
R_TRIG_Regen: R_TRIG;

END VAR

Figure 47: Declaring variables for Main program
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resetting of the bike’s operating modes. The logic is set up so that only one mode is active at any

given time.

—

GVL.dischazge_pb R_TRIG
—‘] CLK @ e

R_TRIG_Discharge

Xs onsures that only ona (1) of the four (4) possible

GVL.Dizcharge Mode
qs)

)

GVL.Pedal Mode
3

{f

GVL.Close_Loop_Mode

GVL.regen pb

2
Y
GVL.Regen Mode
w7
R_TRIG_Pedal
GVL_pedal pb i GVL.Pedal Mode
1t 3 Q 1
; {
GVL.Dizchazge Mod
{{=)
GVL.Close_Loop Mod
0
{=)
GVL.Regen Mode
{=))
{=)
E_TRIG Close_Locp
GVL.cloze_loop pb i GVL.Cloze_Loop Mode
——1 crx & )

GVL.Pedal Mode

P
&)

GVL.Discharge Mode

=)
GVL.Regen Mode
a
=)
R_TRIG_Regen
’—|l_mc GVL.Regen Mode
T ® ” Q {=)

GVL.Pedal Mode

2
=)

GVL.Discharge Mode

&)

GVL.Close_Loop_Mode

&)

Figure 48: Setting and resetting bike's operating modes
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Based on which mode is activated, the following rungs set variables that are later used in

changing the color of the push buttons on the HMI (Figure 49).

Th o. n edba re d. v s
GVL.Discharge_Mode GVL.discharge_lt
0 'S
(s i
GVL.Pedal Mode GVL.pedal_lt
1M D
Ul i
GVL.Close_Loop_Mode GVL.close_loop_lt
10N D
Ul il
GVL.Regen_Mode GVL.regen_lt
I/ i D
Ul i

Figure 49: Setting variables for changing color of HMI buttons

Additionally, depending on which mode is activated, the appropriate solenoid values are

turned on, as shown below in Figure 50.

GVL.Close_ Loop_Mode GVL.8V1_boolean
1 i D
L] LS

GVL.Regen Mode

1
L}
GVL.Close_ Loop_Mode GVL.8V2_boolean
1 i D
L] L

GVL.Regen Mode

1
L}
GVL.Regen_Mode GVL.SV3_boolean
1 i D
U] L

GVL.Discharge Mode

n
U U

GVL.Close_Loop_Mode GVL.SV4_boolean
1 i D
U] L

GVL.Discharge_Mode

n
U U

Figure 50: Setting active solenoid values
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The last section in the program (Figure 51), dictates which colors should be on by setting

numerical values based on pressure ranges. Ultimately, this impacts the bar meters on the HMI.

3000 psi
GVL.test LT MOVE
{/[F B EN  ENO
GVL.PI1 psi— 0— [~ GVL.Motor_ Pressure Range
2000.0 —
GE LT MOVE
EN > EN < EN ENO|
GVL.PI1 psi— = GVL.PI1 psi—j = [~ GVL.Motor_Pressure_Range
2000.0 — 2800.0 — S —
GE MOVE
EN > EN ENO
GVL.PI1 psi — = 2— [~ GVL.Motor_Pressure_Range
2800.0 —
Fluid will flow out of accumulator and into the relief valve- losing charge)
GVL.test LT MOVE
/1 BN BN ENO
GVL.PI2_psi— 0— —GVL.Accumulator_ Pressure_Range
2000.0 —
GE LT MOVE
EN > EN < EN ENO|
GVL.PI2_psi — - GVL.PI2_psi— 1. — GVL.Accumulator_Pressure_Range
2000.0 — 2800.0 — e
GE MOVE
EN > EN ENO
GVL.PI2_psi— = 2:} —GVL.Accumulator_ Pressure_Range
2800.0 —

Figure 51: Setting numerical values for colors on pressure bars

Programming: Modbus

To allow two or more electronic devices to send and receive data, a communication
protocol must be selected. Modbus TCP communication protocol was selected for this project.
By using this template, the user can easily assign registers to communicate with other devices on
the network. For this to be successfully implemented, the setup must take place in the PLC, as

well as the HMI. The HMI will act as the Modbus master device. The master device is
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responsible for initiating and verifying communications with the slave devices in the network.
The PLC is assigned to be a Modbus slave device. A slave device is unable to push or pull data

and must wait for commands from the Modbus master device.

To begin setup in the PLC, there is general information that needs to be filled in, as
shown in Figure 52. The slave port is a virtual location on a network device that is necessary for
identifying itself on the network. The unit ID, also known as a Modbus address, is used in
addition to the slave port to identify itself on a Modbus network. A Modbus network can
accommodate up to 255 devices. A holding register contains data that is transferred from the
master device. An input register contains data that is transferred to the master device. In both
cases, 10 registers were allocated for this purpose. The starting address for both the holding and
input registers starts at zero. This means the formal Modbus address range for the input registers
is 300000 through 300009. Additionally, the formal Modbus address range for the holding

registers is 400000 through 4000009.

[ ModbusTCP_Slave_Device X

General Configured Parameters

Watchdog: | (ms
Modbus TCP Slave Device /0 Cw (ms)
Mapping Slave Port: 502 =
Information Unit ID: [1

L
Holding Registers (%IW): |10

4r 4

Input Registers {(%QW): 10

Data Model

Start Addresses:
Coils: 0 =
Discrete Inputs: 0 =
HoldingRegister: 0 =
Input Register: 0 =

[[] Holding-and Input-Register Data Areas overlay

Figure 52: General information for PLC setup
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The following figure details the data being received from the HMI (Figure 53).

44

;-_Tj ModbusTCP_Slave_Device

General

Modbus TCP Slave Device /0
Mapping

Information

x
| Find Filter Show all i
Variable Mapping  Channel Address Type Unit Description
=4 Inputs %IW208 ARRAY [0..9] OF WORD Modbus Holding Registers
= Inputs[0] %IW208 WORD
*p Application.HMI_data.h_p_close_loop_pb % Bit0 SINAIED BOOL
* Application.HMI_data.h_p_discharge_pb 9 Bit1 A BOOL
*% Application.HMI_data.h_p_pedal_pb " Bit2 Aiehia BOOL
*p Application.HMI_data.h_p_regen_pb “» Bit3 R BOOL
» Bit4 %IX416.4 BOOL
¥ BitS %IX416.5 BOOL
*» Bit6 %IX416.6 BOOL
» Bit7 %IX416.7 BOOL
» Bit8 %IX417.0 BOOL
» BitS %IX417.1 BOOL
» Bit10 %IX417.2 BOOL
» Bit11 %IX417.3 BOOL
» Bit12 %IX417.4 BOOL
» Bit13 %IX417.5 BOOL
» Bit14 %IX417.6 BOOL
» Bit15 %IX417.7 BOOL
+ 4y Inputs[1] %IW209 WORD
- Inputs[2] %IW210 WORD
+- 4y Inputs[3] %IW211 WORD
+ Inputs[4] %IW212 WORD
+ 4y Inputs(5] %IW213 WORD
+- Inputs[] %IW214 WORD
-y Inputs(7] %IW215 WORD
+ Inputs(s] %IW216 WORD
+- 4y Inputs[3] %IW217 WORD

Figure 5353: Data being received from HMI

The next figure details the data waiting to be sent to the HMI (Figure 54).

i ModbusTCP_Slave_Device X

General

Modbus TCP Slave Device /O
Mapping

Information

Find Filter Show all -
Variable Mapping  Channel Address Type Unit  Description
e ] Inputs 9%LIV208 ARRAY [0..9] OF WORD Modbus Holding Registers
=" Outputs %QWS2 ARRAY [0..9] OF WORD Modbus Input Registers
+- " Application.HMI_data.p_h_pi1_psi "% Outputsfo] P WORD
+- "9 Application.HMI_data.p_h_pi2_psi “» Outputs[1] pra=te 2y WORD
=" Outputs[2] %QWS4 WORD
" Bit0 %QX108.0  BOOL
" Bit1 %QX108.1  BOOL
"9 Bit2 %QX108.2  BOOL
" Bit3 %QX108.3  BOOL
" Bit4 %QX108.4  BOOL
"9 BitS %QX108.5  BOOL
"% Application.HMI_data.p_h_sv1_bool “$ Bit6 UOX108-6 BOOL
"# Application.HMI_data.p_h_sv2_bool e Btz %QX087  BOOL
"o Application.HMI_data.p_h_sv3_bool 9 Bit8 R = BOOL
"# Application.HVI_data.p_h_sv4_bool “®  Big %Q¥5:  BOOL
"% Application.HMI_data.p_h_close_loop_It ) Bit10 %O¥i95:2  BOOL
"% Application.HMI_data.p_h_discharge_It "% sitit %OX105:3  BOOL
"# Application.HMI_data.p_h_pedal_It it %G94 BOOL
"% Application.HMI_data.p_h_regen_lt 9 Bit13 %UOX100.5 BOOL
“» Bit14 %QX109.6  BOOL
"y Bit15 %QX109.7  BOOL
+ "% Application.HMI_data.p_h_acc_range “®  Outputs[3] s WORD
+-"% Application.HMI_data.p_h_motor_range ) Outputs[4] eieEs WORD
+ "y Outputs[s] %QWS7 WORD
+-"¢ Outputs[s] %QWS58 WORD
"y Outputs[7] %QWS59 WORD
+ "y Outputs[8] %QW60 WORD
+ "9 Outputs[g] %QW61 WORD

Figure 54 54: Data waiting to be sent to HMI
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To begin Modbus setup in the HMI program, the user must go to the protocol tab to select
Modbus TCP and set up general information regarding the slave device. This allows the master
to locate the slave device. The alias serves as a nickname for the selected slave device. The IP
address is the ethernet address on the network for the PLC. The port number and Modbus ID
must match the corresponding numbers in the PLC setup. Timeout is the amount of time the
master device can attempt to reconnect to the PLC before declaring a communication error.

Lastly, the PLC must be set with generic Modbus, which states the starting address is zero.

[JPLC Network oK

Cancel

Alias

IP address

Port | 502

[ use vorPHP

[ Encapsulated RTU

Timeout (ms) | 5000

Busy Retry Time (ms) I: = =
T

Modbus ID

Max read block | 250

Max read bit blodk

Write Holding Register 08 v

Write Coils 05

PLC Models

Modicon Modbus(1-based
Generic Modbus(0-based

Enron Modbus(1-based) with 32bit registers
Enron Modbus(0-based) with 32bit registers
EPSON Robot

Figure 55 55: Modbus TCP setup information

Next all the applicable variables that contain data that is transferred between the HMI and
PLC are uploaded to the HMI setup, as shown in Figure 57. Additional information regarding

Modbus can be found in Appendix C.
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+ 1 [> 88 B & R [P- s ¥ Fiter by: Data
Data Type Tag name Tag URI R/W

Modbus TCP:prot2

4 Alias: PLC Container

Model: Generic Modbus(0-based)
p_h_motor_range unsignedShort PLC/p_h_motor_range 17IREG?300004%unsignedShort R
p_h_acc_range unsignedShort PLC/p_h_acc_range 17IREG?300003?unsignedShort  R/W
p_h_regen_lt boolean PLC/p_h_regen_|t 17IREG?300002. 137boolean R
p_h_pedal_|t boolean PLC/p_h_pedal_It 1?7IREG?300002. 127boolean R
p_h_discharge_|t boolean PLC/p_h_discharge_|t 1?IREG?300002, 11?boolean R
p_h_dose_loop_It boolean PLC/p_h_dose_loop_lIt 1?IREG?300002. 10?boolean R
p_h_sv4_bool boolean PLC/p_h_sv4_bool 17IREG?300002.97boolean R
p_h_sv3 bool boolean PLC/p_h_sv3 bool 1?IREG?300002.8?boolean R
p_h_sv2_bool boolean PLC/p_h_sv2_bool 1?IREG?300002. 7?boolean R
p_h_sv1_booal boolean PLC/p_h_sv1_bool 1?IREG?300002.6?boolean R
p_h_pi2_psi unsignedShort PLC/p_h_pi2_psi 17IREG?300001?unsignedShort R
_h_pil psi unsignedShort PLC/p_h_pil_psi 17IREG?300000%unsignedShort  R/W
h_p_regen_pb boolean PLC/h_p_regen_pb 1?HREG?400000. 3?boolean w
h_p_pedal_pb boolean PLC/h_p_pedal_pb 1?HREG?400000.2?boolean w
h_p_discharge_pb boolean PLC/h_p_discharge_pb 1?HREG?400000. 17boolean w
h_p_dose_loop_pb boolean PLC/h_p_close_loop_pb 1?HREG?400000.0?boolean w

Figure 56: Variables that contain data that are transferred between the HMI and PLC

Pneumatics

Although having pneumatic features are not required in the overall design, it does allow

the team to earn extra points when being critiqued in the competition. The idea for this team was

to have a pop-up Zippy that appears as the rider crosses the finish line. This way, the team can

have a celebratory moment and represent our school with our mascot.

To implement this feature, the team 3D printed a case for Zippy to hide in. On the

bottom, there will be a piston that is attached to a platform. The piston was attached to a manual

valve that can be switched to activate it. When the pressure is released, the platform will pop up,

with Zippy attached on top, and she will also have a checkered flag to wave at the finish line.

Below is a sketch of the original idea from brainstorming.




NFPA FLUID POWERED VEHICLE 47

Figure 57: Initial sketch of pneumatic system

To utilize pneumatic features while riding the vehicle, the system needed to retain the air
in the system. Although attaching a small air compressor to the bike was possible, this would
have added additional weight, which is not ideal for an optimal design. To accomplish this, a
toggle valve was attached to a reservoir to provide entry for air, while keeping it enclosed when

the switch is flipped.

Another critical component in this circuit was the regulator. When the pressure was
uncontrolled or set too high, it would cause Zippy to fly off her platform. So, to prevent this
failure from occurring, the regulator was set to 20 psi. This was an ideal pressure for this
utilization. Also, setting the pressure to this allowed us to use Zippy more throughout the race,
since less air was being used to push up the Zippy. Below is a schematic of the circuit created for

this vehicle, as well as the components on the bike.
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Reservoir

Regulator

Figure 58: Pneumatic system schematic

Overall, the pneumatics were able to work well during the competition. They were able to
switch on and off about 6-10 times. The system did lose air as the pneumatics were utilized, and
the system needed to be charged regularly. Perhaps if a larger reservoir was used or if the fittings
were tighter, the air would have lasted longer in the system. However, the judges at the

competition were impressed with the creativity that was put into the pneumatics.

Figure 59: Zippy placed onto the piston inside of the

: Figure 60: Pneaumatics box placement
pneumatics box on the back of the HMI box

Codes and Standards
Codes and standards are highly important in the day-to-day operations of an engineer.

These codes and standards, overall, exist to set a rule of consistency across engineering using
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mandatory legal requirements. They set the roles for the designing of systems, manufacturing or
construction of systems, and the maintenance of these systems in the field. The consistency that

codes and standards set to achieve are focused on safety and quality.

Working with a hydraulics circuit has many dangers that we need to be aware of. Our
system will be highly pressurized, and proper precautions must be taken to ensure the safety of
our team while working on or around the bike. As a result, a variety of codes and standards can
be referenced. One of these is ISO 4413, which specifies general rules and safety requirements to
be adhered to when designing hydraulic fluid power systems. This standard includes
specifications for drawing circuit diagrams, assembly of fluid power components, adjusting these
systems, and more. Similarly, it is key to adhere to OSHA standards regarding personal safety
when working with the fluid-power vehicle. For example, OSHA-approved eyewear must be
worn when working with a pressurized system. Additionally, when working with a system that
used pressurized fluid, the team must be aware of leaks in the system that may cause injection

injuries. Below is a table of codes and standards that apply to our project.

Table 1: Codes and Standards

Code/Standard Name and Institution Application Used

ISO 4413:2010 Hydraulic Fluid Power General assembly, installation, adjustment,

and operation

ASME Boiler and Pressure Vessel Code, Accumulator safety

Section VIII

ISO 1875:2022 Hoses and hose assemblies Hoses connecting our components, hard lines
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Throughout our careers, we will be heavily influenced by codes and standards set in
place. As previously discussed, safety is of the utmost importance in the design of all products
and systems. Every engineer must understand the importance of making decisions and
recommendations that keep the safety of others in mind while maintaining a quality of product

that is consistent within the market.

Societal, Safety, & Sustainability Considerations

Societal Considerations

By converting human motion into mechanical power with hydraulic technology, we can
create a more accessible biking experience. Unlike conventional chain-linked bicycles, energy
can be stored and released based on the user’s needs. Energy can be stored during times that have
low energy requirements, like riding a bike down a hill. This energy can be released in a
controlled manner during high-demand loads, such as when quick acceleration is needed or when
a bike is moving up a hill. This feature helps to create a more comfortable transportation
experience, as the user does not need to exert the same amount of strain, as shown during a
normal biking encounter. As a result, this provides an exercise and transportation method that
allows those with health issues to utilize. Additionally, by encouraging the bicycle market,

densely populated areas can reduce the amount of traffic encountered.

Safety

As engineers, it is important to prioritize the safety of the public and the environment. It
is critical to recognize that utilizing hydraulic fluid at high pressures comes with safety concerns,

as high-pressure fluid can pierce the skin. In severe cases, fluid released from the system at high
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pressures can result in a loss of limbs and death. Additionally, it is important to protect the
components handling the fluid. Fluid leaks can be hazardous, as any leakage can cause a slick
surface which can result in an increased risk of accidents. Fluid leaks can also harm the

environment.

Sustainability

A hydraulic bike provides a green form of transportation. While a traditional chain-linked
bicycle is also a green form of transportation, the hydraulic bike has features mentioned
previously that provide a more convenient way to travel. While considering convenience and
sustainability, a hydraulic bike accomplishes both these qualities more than traditional methods,
such as an automobile. In comparison to a car, which relies on the continuous input of fossil fuel,
the hydraulic fluid in the bike is recycled through the system. This results in less consumption,
and therefore does not constantly require money to operate. This can be more appealing for
people to utilize. Additionally, the bike does not emit exhaust, unlike a car, which impacts the

pollution in our world.

Cost

The following table lists the costs of the bike’s components.

Table 2: Project finances breakdown

Component Description \ Quantity

Adafruit Industries Wire Ferrule Kit 1] $ 17.95
Burley Zydeco Tandem Bicycle 1| $ 300.00
DB9 to M12 Adapter Cable 11 $ 79.01
Eaton-Bussman 15A Fuse 6| $ 6.71
Eaton-Bussman 2A Fuse 10 $ 16.55
Exor JMobile Software 11 $ 350.00
Grainger Steel Sheet 1008 12"x36"x1/8" sheet 1| $ 8768
Handlebar Grip Set 2 grips per set 21 $ 13.98
IFM Cable 1] $ 15453




NFPA FLUID POWERED VEHICLE 52

Infinity Tire 26x1 Replacement tires 21 $ 60.00
Phoenix Din Rail 11 $ 8.97
Phoenix End Bracket 21 $ 2.60
Phoenix Fused Terminal Block 6| $ 84.36
Phoenix Power Dist. Block 11 $ 99.05
Pneumatic Quick-Release Plug Male 1/4" connector 1 $ 3.59
Pneumatic Reduction Coupling 1/4"x1/8" 119 5.99
POR-15 Fuel Tank Sealer 11 $ 17.46
SchmidtProto Custom Reservoir PETG 3D Print 1| $ 472.68
Sun Hydraulics Check Valve Free flow, nose-to-side check valve 3| $ 71.82
. . 24 VDC coil with ISO/DIN 43650, Form
Sun Hydraulics Coil A connector with TVS Diode 41 $ 10564
S e Salena 2-way, solenoid-operated directional 4l$ 21108
poppet valve
Syn Hydraulics Relief Valve Direct-acting relief valve 2| $ 238.46
TE Connectors 10| $ 3.32
Wago Compact Splicing Connectors 2| $ 13.68

Total $ 2,411.63

Conclusion

The Fluid Power Vehicle Challenge provided exposure to the fluid power field. This
allowed us to combine our knowledge from a variety of disciplines learned throughout the
honors engineering program, including the following: Fluid Mechanics, Thermodynamics, Heat
Transfer, and Controls System Design. By developing our design into a physical product, we
also gain more hands-on experience with the machine shop. This gave us a deeper understanding
of the flow from design to production, which helped us understand the needs and requirements of
operators in a manufacturing setting. The challenge presented by this project of combining
human power with hydraulic power provides us with a unique opportunity to think creatively and

promote original thinking.
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Appendix
Appendix A: HMI Program
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- Group : GroupWgt4
-1 Grid Layout Group
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# Events
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S| Datalink
Access Type
e
Max
S| Bar Color
B DataLink
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Background
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Text
+ Events

= Field : GroupWgt4.numericl
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2| Datalink
Access Type
Number Format
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Keypad

# Events
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=1 Grid Layout Group
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e
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Events
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PLC/p_h_pil_psi

Motor Pressure (PSI):

99999
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false
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Accumulator Pressure (PSI):

99999
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-/ ButtonsWithLabel : BtnStd13
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Style
Autorepeat
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Access Type
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Label

-l Value
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Access Type
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w
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Appendix B: PLC Program

2 VAR GLOBAL
3
BI1 psi : REAL ;
P12 psi : REAL ;
SV1 boolean : BOCOL ;
SV2_boolean BOOL ;
] SV3_boolean BOOL ;
c | §V4_boolean BOOL ;
10 Pedal Mode : BOOL ;
11 Discharge_Mode : BOOL ;
12 Close_Loop Mode : BOCL ;
13 Regen_Mode - BOOL ;
14 Accumulator Pressure Rangs : WORD ;
15 Motor_Pressure Range : WORD ;
16 discharge pb : BOOL ;
7 pedal pb = BOOL ;

close locp pb : BOOL ;
regen_pb - BOOL ;
discharge lt : BOOL ;
pedal_lt - BOOL ;
close_loop_lt : BOOL ;
regen_lt - BOOL ;
test :  BOOL ;

END VAR

NFPA_Bike Rev05.project
312312024 4:04 PM

DROCRAM HMI_data

p_h pil psi:
p_h_piZ psi :
p_h_acc_rangs :
p_h_motor_range :

p_h svl kool :

p_h_sv2_bool :

P h sv3 bool :

p_h_svd_bool :
p_h_dischargs it : BOOL;:
p_h_pedal_lt : BOOL ;
p_h_close_loop 1t : BOOL;
p_h_regen_lt : BOOL ;

h_p pedal pb : BOOL ;

h_p_close_loop_pb : BOOL;

h_p_regen pb : BOOL ;
END_VAR

1] TEST bit networ o be used for debug

Global Variable List: GVL

POU: HMI_data

Page 10of 1

GVL.test

NFPA_Bike Rev05.project
3/23/2024 4:50 PM

bugging purposes - t.

requires turning on

Page 10of 6
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POU: HMI_data

GVL.test REAL TO UINT
— }——®& ~ T mo——
2500.0 p_h_pil psi
4
GVL.test REAL TO UINT
— —— EN ENO—
2800.0 p_h pi2 psi
s
GVL.test REAL TO UINT
—s EN -~ =~ ENO—
GVL.PI1_psi p_h_pil psi
€
GVL.test REAL TO UINT
b/l —EN ENO—
GVL.PI2_psi p_h_pi2_psi
%) to the HMI
NFPA_Bike_Rev05.project
s ke Page 2 of 6
3/23/2024 4:50 PM 9
POU: HMI_data
8
MOVE
-EN  ENO
GVL.5V1_boolean p_h_svl_bool
MOVE
{EN  ENO
GVL.5V2_boolean +—p_h_svZ bool
10
MOVE
{EN  ENO
GVL.5V3_boolean p_h_sv3_bool
11
MOVE
{EN  ENO
GVL.5V4_boolean p_h_svd bool
NFPA_Bike Rev05 project
i proy Page 3 of 6

3/23/2024 4:50 PM
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POU: HMI_data
12
MOVE
EN ERO

GVL.discharge_lt —p_h discharge 1t

13
MOVE
EN ENO

GVL.pedal 1t — p_h_pedal 1t

ph |
MOVE
EN ENO

GVL.close loop lt p h_close loop 1t

18
MOVE
EN ENO
GVL.regen 1t p h_regen lt
NFPA_Bike_Rev05.project
3/23/2024 4:50 PM
POU: HMI_data
16

19

NFPA_Bike_Rev05.project
3/23/2024 4:50 PM

(This network allows multi colors to be displayed at the Accumulator Pressure Bar Graph (Yellow-Green-
Red).)

MOVE
EN ENO
GVL.Accumulator_Pressure_Range p_h_acc_range

(This network allows multi colors to be displayed at the Motor Pressure Bar Graph (Yellow-Green-Red).)

GVL.Motor_Pressure_Range p_h_motor_range

This section of networks receives data from the HMI to the PLC.

MOVE
EN ENO
h_p_discharge_pb GVL.discharge_pb
MOVE
EN  ENO
h_p_pedal pb GVL.pedal_pb

Page 5 of 6

Page 4 of 6
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POU: HMI_data
21
MOVE
- FEN EWO—
h_p close_loop_pb GVL.close_loop pb
22
MOVE
EN ENO
h_p regen_pb — GVL.regen_pb

NFPA_Bike_Rev05.project
3/23/2024 4:50 PM

Page 6of 6

62
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POU: analog_input_PI_1

PROGRAM analog_input_PI_1

2

3 VAR

s

5 Input_0100 : ifmIOcommon . Input ; // Creating input port (Input 0100) using ifm template

€ PI1_CHl mv : UINT; // Result of conversion from input signal to tag in mV (unipolar 16 bit
tag- UINT)

7 Input_0101 : ifmIOcommon . Input ; // Creating input port (Input 0101) using ifm template. BACK UP PORT

8 PI1_CH2 mv : UINT; // Result of conversion from input signal to tag in mV (unipolar 16 bit
tag- UINT) . BACK UP PORT

E] PI1_selected mv : UINT ; // Value of the higher analog input channel (higher pressure)

10 PI1_selected mv_real : REAL; // Result of conversion from UNIT to float

1 mul_1: REAL; // Temp tag used in pressure calculation of mV to psi

12

13 END_VAR

14

! | PRIMARY SENSOR CONFIGURATION...

|Network configures hardware input IN0100 for 0-10vdc.
| Pressure transducer is scaled for 0.5 - 4.5 vdc representing 0-3000 psi.
| The converted signal will be 500 - 4500 millivolts representing 0-3000 psi.

Input_0100
ifmIOcommon.Input
| EN ENO
xResetError XError
0100 — uiChannel eDiagInfo -
ifmIOcommon.MODE_INPUT.IN_VOLTAGE_10 eMode xPrepared -
ifmIOcommon.FILTER INPUT.FILTER 0 —eFilter xValueDigital -

uiValueAnalogue - PI1_CH1 mv

NFPA_Bike_Rev05.project
3/23/2024 3:57 PM Page 10f 4

POU: analog_input_PI_1

Input_0101

‘ ifmIOcommon . Input
‘EN ENO}
{XResetError XError;
0101 —(uiChannel eDiagInfo!
ifmIOcommon.MODE_INPUT.IN_VOLTAGE_10 —Jenode xPrepared -
ifmIOcommon.FILTER_INPUT.FILTER_O JeFilter xValueDigital}

‘ uivalueAnalogue |- PI1_Ck2_mv

GE MOVE

~EN > B -EN ENO-
— e PI1_CH1_mv — |- PI1_selected mv
PI1_CH2 mv —

NFPA_Bike_Rev05.project
312312024 3:57 PM Poue 2064
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POU: analog_input_PI_1

5
LT MOVE
BN o EN  ENO
PI1_CHI_mv — PI1_CH2_mv — —P11_selected mv
PI1_CH2 mv
6
PI1_selected mv
7 ) milld ) D
(0.75) (
MUL SUB
EN g ENOI EN __ ENO
PI1_selected mv_real —| tmul 1
0.75
NFPA_Bike_Rev05.project
3/23/2024 3:57 PM
POU: analog_input_PI_1
8 a ber, th R W
LT MOVE
EN = EN  ENO}
< 0.0 — |-GVL.PI1 psi

NFPA_Bike_Rev05.project
3/23/2024 3:57 PM

GVL.PI1_psi

64

Page 3of 4

Page 4 of 4
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POU: analog_input_PI_2

o

=

10
1
12
13
14

PROGRAM analog_input_PI_2

VAR
Input_0102 : ifmIOccmmon . Input ; // Creating input port (Input 0100) using ifm templats
PI2_CH1 mv : UINT; /7 Result of conversion from input signal to tag in mV (unipolar 16 bit
tag- UINT)
Input_0103 : ifmIOccmmon . Input ; // Creating input port (Input 0101) using ifm template. BACK UP PORT
PI2_CH2 mv : UINT; // Result of conversion from input signal to tag in mV (unipolar 16 bit
tag- UINT). BACK UP PORT
PI2_selected mv : UINT ; // Value of the higher analog input channel (higher pressure
PIZ_selected mv_real : REAL; // Result of conversion from UNIT to float
mul_1: REAL; // Temp tag used in pressure calculation of mV to psi
END_VAR

PRIMARY SENSOR CONFIGURATION...

Network configures hardware input IN0102 for 0-10vdc.
Pressure transducer 1s scaled for 0.5 - 4.5 vdc representing 0-3000 psi.
The converted signal will be 500 - 4500 millivolts representing 0-3000 psi.

Input_0102
ifmTOcommon . Input
~EN
‘xResetError xError -
0102 — uiChannel eDiagInfo-
ifmIOcommon.MODE_INPUT.IN_VOLTAGE 10 — eMode XPrepared -
ifmIOcommon.FILTER INPUT.FILTER 0 - eFilter xValueDigital:

uiValueAnalogue - PI2_CH1_mv

NFPA_Bike_Rev05.project

Page 10of 4
3/23/2024 3:58 PM 'ag
POU: analog_input_PI_2
2 CONFIGU
7 7 g
Input_0103
[ ifmIOcommon.Input 1
EN ENO|
xResetError XEEror|
0103 —{uiChannel eDiagInfo
ifmIOcommon . MODE_INPUT.IN_VOLTAGE 10 —eMode xPrepared |-
ifmIOcommon. FILTER_INPUT.FILTER_0 —eFilter xValueDigital |
uiValueAnAloqua‘r» PI2_CHZ_mv
3 £ iguration is greater. The fve
aleu
4
MOVE
EN > EN EN
PI2 CHl mv— = PI2_CH1_mv —| -PI2_selected mv
PI2_CHZ_mv—
NFPA_Bike_Rev05.project
e Pro} Page 20f 4

3/23/2024 3:58 PM
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POU: analog_input_PI_2

s
LT MOVE
EN < EN  EN
PIZ_CH1 mv PI2_CH2 mv —i +-PI12_selected mv
PI2_CH2_mv —
€
"UDINT_TO_REAL
{EN ENO
lected mv— i-PI2_selected mv_real
7 ) e ( 3 T TG G 5
e F—
BN g0 ENO| EN __ ENO-
PI2_selected_mv_real — ~mul 1 - GVL.PI2_psi
0.75
NFPA_Bike_Rev05.project
e R proj Page 3of 4
3/23/2024 3:58 PM
POU: analog_input_PI_2
8 In the event the calculated value is a negat he n
J‘ LT MOVE
N o EN  ENO}
GVL.PI2_psi i 0.0 GVL.PI2 psi
0.0 —
|
NFPA_Bike_Rev05.project
i L Page 4 of 4

3/23/12024 3:58 PM
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W e

&
€

wom

10
11

POU: discrete_output SV 1

PROGRAM discrete output SV 1
VAR
Output_0000 : ifmIOcommon . Cutput ;
Output_0100 : ifmIOccmmon . Cutput ;
SV1_uNIT primary : UINT ;
SV1 uNIT backup : UINT ;

END_VAR

PRIMARY VALVE CONFIGURATION. ..

) for simple digital o
into uNIT (0-65,535 ir

BOOL_TO_UINT

EN
GVL.SV1_boelean SV1_uNIT_primary

o000

ifmIOcommon.MODE_OUTFUT.OUT_DIGITAL CSC

ifmIOcommon. FILTER OUTFUT.FILTER 0

SVL_uNIT primary

NFPA_Bike Rev05.project
3/23/2024 4:48 PM

NFPA

POU: discrete_output_SV_1

) ar reguired by th

d from Boolean {0 or

BOOL_T0_UINT
EX

Output_0000
ifmIDcemmon . Output

EN ENO——
rResetError nErzoz .
uiChannel eDiagInfo
eMode xPrepared
eFilter mQut3case -
uiValue wi0usTolsage
wiOutCurzent
Page 10of 2

Qutput_0100
ifmI0common. Output

B |-
GVL.SV1_boolean | SV1_uNIT bachup nRe=etErzor nEzzoz.
oLo0 wiChannel eDiagInfo
i£nT0commen . MODE_OUTPUT.OUT_DIGITAL CSO— eMade xPrepazed
imIOcommon FILTER_OUTEUT FILTER 0  eFilser xOurdzate
SV1_uNIT backup wilValue uiCutVoltage -
uiutCuszent
e_RevD5.project Page 2 of 2

3/23/2024 4:48 PM

67



NFPA FLUID POWERED VEHICLE

POU: discrete_output SV 2

PROGRAM discrete_cutput_SV_2

[ER S

VAR

=

Output_0001 : ifmIOcommon . Cucput ;
Output_0101 : ifmIOcommon . Cucput ;
SVZ_uNIT primary : UINT ;
8 SVZ_uNIT backup : UINT ;

5
[

10 END VAR

w FRIMARY VALVE CON]

GURATTON. . .

for simple di

Outpus 0001
ifmI0comman . Cutput

into uNIT
BOOL_TO_UINT
ER ENO. BN
GVL.5VZ_boolean SV2_uNIT primary xResetError
0001 uiChannel
ifmIOcommon.MODE_OUTEUT.OUT_DIGITAL C30— eMade
ifmIOcommon. FILTER_OUTFUT.FILTER 0 eFiluer
5VZ_uNIT_primary — uiValue
NFPA_Bike_Rev05.project
3/23/2024 4:48 PM
POU: discrete_output_SV_2
output_0101
BOOL_T0_0TNT i #nT0comnan . Output

—— = |-
GVL.5VZ_boolean VZ_uNIT backup xBesetErzar xExzor
0101 wiChanmel eDiagInfo
i£mI0common . ¥CDE_OUTPUT.QUT_DISITAL CSO— eMode xPrepared
ifmICcommon. FILTER_OUTFUT. FILTER 0 — eFilter xOutState
SVZ_uWIT_backup — wiValue wilutVeltage
530utCazzent

NFPA_Bike Rev05.project
e pro Page2of2

312312024 4:48 PM

END——
xError
eDiagInfo.
nFrepared.
nlutSsase
uilutVolsage -
uilutCurrens -

Page 10of 2
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POU:

iscrete_output_SV_3

PROGRAM discrete output SV_3

2

3 VAR

5 SV3 uNIT primary : UINT

€ SVZ_uNIT _backup : UINT ;

7 Output_0002 : ifmIOcommon . QUEpUE ;
8 Output_0L02 : ifmIOcommon . Qutput ;
s

10 END_VAR

: FRIMARY VALVE CONFIGURATION. ..

res hardware ou

0000 for simple digital an
= 1} inbo ulNIT (0-65,535 in

BOOL_TO_UINT
EN

GVL.SV2_boolean SV2_uNIT primary
0002
4#mI0common_MODE_OUTEUT .GUT_DISITAL CSO
ifml0common. FILTER _OUTEUT.FILTER 0
3V3_uNIT_primazy

NFPA_Bike_Rev05.project
3/23/2024 4:48 PM

POU: discrete_output_SV_3

2| |sacxve varve comrrevmarzom. ..

2z hardware subput GUT0001 for simpls
Boolean [0 ox

NFPA_Bike_Rev05.project

EH
xResetError

Output_0002
ifnTOcommon . Dutpat

|uiChannel

aMade
=Filter
uiValue

Output_0102

BOOL_TO_UINT ifEmIDcommen. Output
EX =
GUL.SV3_baclean SV3 uNIT backup sResecErzor sErrar
0102 wiChannel eDiagInfs
ifnI0common.MODE_OUTPUT.OUT_DIGITAL €30 xPrepared
ifmICcommon.FILTER OUTPUT.FILTER 0 — eFilter xOutStase
5V3_uNIT bachup — wilValue uilutVoltage
uiutCurrent

Page 2 of 2

ENO——
=Exrror
cDiagInfo.

uibatVoltage -
uilutCurrent -

Page 10of 2
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POU: discrete_ouput SV 4

PRCGRAM  discrete_cutput_SV_4
van

= unwr;

SY4_uK1T_prinazy
SV4_uN1T_beckup : UINT ;

Cutgut 0003 ; ifmioccemsn . OStput ;
Cutput_0103 : ifmiocoenon . Catput ;

PRIMARY VALVE CONFIGURATION. ..

Notwork configures hardware cutpat OUTO000 for simple digital onfoff.
The bit is converted from Boolean (0 or 1) ints sNIT (0-65,535 Integer units) as required by the oktput fanction Block.

— Output_0003
| BooL_vo_uINT 1falGccmnon . Output
= =™ ENo: ey ENO—
GVL.SV4_boclean —| - 8V4_UNIT primary - xResetBrror xError -
0003 — uiChannel eDiagInfo -
LfnI0ccanon. MODE_OUTPUT.OUT_DIGITAL CSO — eMode *Prepared -
1fwI0cowmon . FILTER_CUTPUT. FILTER O — eFilter xOutState -
SV4_UNTT_primary — ulValue uicutvoltage -
ui0utCurrent -
BACKUP VALVE CONFIGURATION...
Notwsrk configures hardware cotpst ODTO00I for simple digital cn/off.
The bit is converted from Boolean (0 or 1) Inte eNIT (0-65,3535 Integer units) as reqeired by the oetput fenction Bleck.
Cutput_0103
BOOL_TO_UINT LfmICccumon . Output.
=™ ENe: B -
GVL.SV4_boolean — |- SV4_UNIT backup {xRasetEcror XError
- . 0103 —siChannel aDiagInfo
1fuIOccanon . MODE_OUTFUT. CUT_DIGITAL_C30 — eMade xPrepared -
LfnlCcommon. FILTER_QUTPUT. FILTER O — eFilter x0utState -
SV4_UNIT backup —uiValue ulOstVoltage

ul0utCurrent

NFPA_Bike_Rev05 project
2372024 4:49 PU Page 101
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POU: main

2

3

4 Accumnlator Test Value psi : REAL;
5 Motor Test _Value psi : REAL ;

E R_TRIG Discharge : R TRIG:

7 B _TRIG Pedal : R TRIG;

a R_TRIG Close_Loop : R _TRIG ;

9 B_TRIG Regen : R_TRIG;

10
1 END_VER
1z
1 |The next four (¢} networks res bhat only one (1) of the four (4} possible hydranlic mode selestions

is astive at any given meme
2

B_TRIG_Discharge
GVL.dizcharge_ph R TRIG ] GVL.Dizcharge_Mode

{cLR 4 Q— {s

NFPA_Bike Rev05.project

3/23/2024 4:50 PM Page 10f 8

POU: main

GVL.pedal_pb R_TRIG GVL.Pedal Mode
{s)

|—  lax } o — {s)
GVL.Discharge Mode
e {r}

GUL.Close_Loop_Mode
L. (=]

GVL.Regen_Mode
L (R)

R_TRIG_Close_Loop
GVL.close_loop_pb R TRIG GUL.Close_Loop_Mode

[ cx 2 o — {3]
GVL.Pedal Mode
L (R)

GUVL.Discharge Mode
F (=]

GVL.Regen_Mode
{r]

NFPA_Bike_Rev05.project

3/23/2024 4:50 PM Page20of 8
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POU: main

s
B_TRIG Begen
GVL.regen pb | RB_TRTG GVL.Regen Mode
| — T (5]
GVL.Fedal Mode
I ®)
GVL.Discharge Maode
L {®|
GUL.Close_Loop_Mode
- 12|
§  |The next four r4) sections sends feedback o the HMI regarding which hydrualic mode iz ackive.
GVL.Discharge Mode GUL.discharge_lt
L
GVL.Fedal Made GVL.pedal 1t
B
GVL.Close_Laop_Mode GVL.close_loop 1t
10
GVL.Regen_Made GVL.zegen lt

NFPA_Bike Rev05.project

3/23/2024 4:50 PM Page 3of 8

POU: main

1L SOLENOID I ...

ictive duming discharge and clozed loop mode

GVL.Discharge Mode GVL.SV1_Boolean

GVL.Pedal Mode

1z SOLENOID 2 ...
ictive during closed locp and regen mode

GVL.Close Laop Mode GVL.SVZ_Boalean

GVL.Regen Made

13 |sorsmozo s ...

Aot

during closed locp and discharge mode

GVL.Close loop Mede GVL.5V2_boolean

GVL.Discharge Mode

NFPA_Bike_Rev05.project

3/23/2024 4:50 PM Page 4 of 8
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POU: main
14
GVL.Regen_Mode GVL.5V4_boolean
- 1} 1]
GVL. Discharge_Mode
3
15 rre
¢ 7]
GVL.test LT MOVE
——/} B o it
GVL.PII psi—f o GVL.Motor_Pressure_Range
2000.0
G [ MovE |
2 GVL.EI1 pai | 1 |- 6vL Motor_pressure_Range
2000.0— 2800.0 —
3 MOVE
z z2— |- GVL.Motor_Pressure_Range
NFPA_Bike_Rev05.project
_Bike_| Proj Page 50f 8
3/23/2024 4:50 PM
POU: main
16
99 ( )
2l t )
76}
GVL.test [ MOVE |
17} T oo eu ey
0— |- GVL.Accumulator Pressure Range
2000.0
LT [ MOVE
GVL.PI2_psi 2 ovL.p12_psi—| < 1 i |-GVL.Accumulator_Pressure_Range
2000.0— 2800.0—f -
ulator_Pressure_Range
17 8 5
2600.0 —| I-Accumulator Test Value psi
|
NFPA_Bike_Rev05.project
\_Bike_| Proj Page 6 of 8

3/23/2024 4:50 PM
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POU: main
18
MovE |
ENO.
}»Hoto:_Test_VAlue_pai
18
Range
Range: tow)
GVL. test x| MovE |
— } el e e ——
Motor_Test_Value psi— 0— !»G‘-'L.Motor_?xessure_ﬂange
2000.0 —
T
Motor_Test_value_psi — = GVL.PI1_psi — <
2000.0 — 2800.0 —|
= e S—
Motor_Test_value_psi —i 2 ‘»sz..uow:_rmssure_aanqe
00.0 —|
NFPA_Bike_Rev05.project Page 7of 8
3/23/2024 4:50 PM
POU: main
20
P 7 sccamulator and inko ¢
GVL.test = MOVE
i 5 ==
Accumulator_Test_Value_psi—| 0 A{ Fc,w..Accmmuuox,p:essuze_xange
2000.0—
GE LT MOVE
i
Accumulator_Test_value_pai— z Gvi.p12 pai—| O 1— FGVL.Accunulator_?zessu:e_xange
2000.0 —| 2800.0 —|
g -
s l |
Accumulator_Test_value_psi—f 2 4 - GVL.Accumulator_Pressure_Range
2800.0
NFPA_Bike_Rev05.project
_Bike_| Proj Page 8 of 8

3/23/2024 4:50 PM
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OVERVIEW

HMI

PLC

IP Address 192.168.82.1 192.168.82.247
Net Mask 255.255.255.0 255.255.255.0
Gateway 192.168.82.21
Modbus & 255 1

(Unit #)

Port # 502
watchdog (ms) 5000 OFF
Master Device YES NO

Slave Device NO VES
(Server)
Communication Modbus TCP ModbusTCP_Slave_Device
Protocol - -
Also referred as master / client slave / server

Addressing

"Starts at address 0"

Generic Modbus (0-based)

Start @ address "0" for all data models types.

Initiates all

- YES NO
Communication
General ; ’ . i N . .
tes Automatically & continuously performs data polling. Does not initiates any communication to the HMI (sits passively).
no

FROM PLC TO HMI

IFMPLE E 0 v
PLC Tea(Gioka) [PLE Tag local "HM Datd Tag rame typd Modbus declared Variable [PLE hardware addreq Modbus Input {Modbus Addres|Data Flow Path_|[Modbus Addres] Tag name tppe | Tag name
GVLFILpsi p_h_pilpsi wor Epplication HII_dats.p_h_piL_psi 000 30000000 30000000 unsigned short PLOIP_h_pil_psi
GVLPIZ_psi ph_piZ psi word Application HiI_dsts.p_h_pi2_psi wE3 100 30000100 30000100 unsigred shert PLCIR_h_pi2_psi
boolean /54,00 (QXT08.0) 2m 300002.00 30000200 boolean
boolean 54,01 (TX108.1) 21 30000201 30000201 boolean
boolean /54,02 (Q4108.2) 220 300002.02 30000202 boolean
boolean 54,02 (C4108.3) 230 30000203 30000203 boolean
boolean /50,04 (DX108.41 240 300002.04 30000204 boolean
boolean /5105 [OXT0B.5] 250 30000205 30000205 boolean
GVL.5Y1_boolean o_h_svi bool boolean Application H_data.p_h_sv1_bool 54,06 (4106.6) 260 30000208 30000206 boolean PLC/_h_svl_bocl
GVL.5V2_boolean p_h_sv2_bool boolean Application HiI_data. p_h_sv2_bool /6107 (OXT08.7) 270 30000207 30000207 boolean PLCIp_h_sv2_beol
GVL.5V3_boolean p_h_sv3_bool boolean Application HiI_dsta.p_h_sv3_bool /B4, 0B (CX109.0) 280 30000208 > > > 30000208 beolean PLCIP_h_sv3_bool
GVL.5¥4_boolean p_h_sv4_bool boolean Application HMI_dats. p_h_svd_bool CW/54.09 [04103.1) 290 30000209 30000209 boolean PLCIp_h_sv4_beol
VL close_loop_lt p_h_close_loop_It boolean Application Hi_dsta.p_h_close_loop It L5410 (0X109.2) 21 30000210 30000210 beolean PLCIp_h_close_loop._ It
GVL.cischarge_t discharge_It boolean Application,HMI_data.p_h_discharge |t /54,11 (0X109.9) 2n J00002.11 000021 boolean PLCip_h_discharge_It
GVL pedal_It p_h_pedal_lt boolean Application HiI_data.p_h_pecil_It /5112 (X109 4) 212 30000212 300002 boolean PLCIp_h_pedal_It
GVL.regen It o_h_regen_It boolean Application.HMI_dat.n_h_regen_|t OW54.13 (OX109.5) 28 30000213 0000213 boolean PLC/_h_regen_It
boolean w5414 (GX1096) AT 3000021 3000021 boolean
boolean /5415 (SX103.7) 25 300002 15 000021 boolean
GVL Acoumulator_Pressure_Fiange  p_h_aoo_range word Application Hi_data. p_h_ace_range B 300 300002.00 300003.00 unsigned short PLCip_h_aco_range
GVL Molor_Fressure_ange p_h_motor_range word Application Hil_date.p_h_motor_range Crwsh 400 300004.00 300004.00 unsigned short_PLCip_h,_motor,_range
FROM HMI TO PLC
EXDR Hl IFt Controller
Tag name [T2g name typeiiodbus Addresd] Data Flow Path |Modbus Addresgviodbus Holding Fegiste]  PLC hardware address | Modbus declared Varizbls PLE Tag ilocal "HMI Data’] _PLE Tag (Global)
PLCI_p_close_loop_pb boolean 400000.00 400000.00 000 721/208.00 (341%476.0] Application.HVI_dats h_p_close_loop_pb  h_p_close_loop_pb GVL close_loop_pb
PLCH_p_discharge_pb bolean 400000.01 400000 il 221/208.01 (341%476.0] Applicatior.HVI_datsh_p_discherge_pb  h_p_discharge_pb GVL discharge_pb
PLCh_p_pedal_pb boolean 400000.02 400000.02 002 231W208.02 (#1x416.0] Application.Hvl_datah_p_pedal_pb h_p_pedal_pb GVYL pedal_pb
PLCh_p_regen_pb boolean 400000.0% 400000.02 003 2IW208.03 (2141610 Application.HM|_data.h_p_regen_pb h_p_regen_pb GWL regen_pb
400000.04 400000.04 0.04 2IW208.04 (141601
400000.05 400000.05 005 221/208.05 (341%476.0]
400000.05 400000.05 008 221/208.06 (341%476.0]
400000.07 400000.07 007 21W/208.07 (31%416.0]
400000.02 400000.08 008 ZIW208.08 [1=416.0]
400000.09 400000.09 0.03 2IW208.90 [21=416.0]
400000.10 > > > 400000.10 [iR] 1w/208.10 [Z1%416.0)
40000011 400000.11 on Z2W208.T1 [441.0)
400000.12 40000012 iR 221w/208.12 (3A1%416.0)
400000.13 400000.13 [IAK] ZIW208.13 [X1X418.0)
40000014 400000.14 [AL) 2IW208.14 [X1X418.0)
400000.15 400000.15 1] 2IW208.15 [X1X418.0)
40000100 40000100 100 2w/203
400002.00 400002.00 200 w21
400003.00 400003.00 a0 stwi2n
400004.00 400004.00 400 lwiz2iz
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Generic Modbus TCP Address Register Convention

Current
1st digit starting with: DatTa Model Address Range | Editability
ypes [decimal)
"g" Coil [Discrete Quput) |DDDOD0-065535|Read-Write
"1 Discrete Input 100000-165535 | Read-0Only
"3" Input Register 300000-365535 | Read-0Only
4" Holding Register A00000-465535 |Read-Write

MOTES:

Each address register is a 16-bits wide ("word" or "short integer")

Example: Address 300009 is the 10th register of the

Input Register section

Within each address register, the bit on the right side is BIT 0.
This allows the addressing of Boclean values.

Example: Address 3000159 is the 10th bit inside the
16th register of the Input Register section

(o0 2001x oo 10000)

"For each of the primary tables, the protocol allows individual
selection of 65536 data items, and the operations of read or write
of those items are designed to span multiple consecutive data
items up to a data size limit which is dependent on the
transaction function code.”

When performing various Modbus functions, the starting address
can be anywhere from OwD00 -0xFFFF (0-65,535). This translates to
65,536 possible addresses.

https:ff'www.modbus.org/specs.php

reference

Modbus_Application_Protocol_V1_1b3.pdf

document:

page &/50 thru 7/50.

Mot applicable for this discussion, clder Modbus versions only allows 10,000 possible addresses.

Basic Meodbus Functions

Function Code Function Size

Ox01 (01 decimal) Read Coil B-bits
002 (02 decimal) Read discrete input B-bits
Ow03 (03 decimal) Read holding registers 16-bits
004 (04 decimal) Read input registers 16-bits
005 (05 decimal) Write coils B-bits
D6 (06 decimal) Write holding registers 16-bits
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Appendix E: Hydraulic Circuit:

[NAME [sizE
'ACCU ACCESS, MAIN
LOOP QUT, MOTOR
INLET, P BYPASS, PG SAE2
QUT, RES IN, RES
OUT, RV OUT 1, RV
i outz
. o)
ToRsr
SAE S
2hdy
| T
L=
‘
2
4
Pump Drgin | ) N AL pi
HER T From Rsw HEE® | | Tomwmr ATem
SAES ‘\\ SAEE BAES
RPCC 2 |RPcc RELIEF
DTDF 5 DTDF SOLENGID-OPERATED DIRECTIONAL
CXBA k] CXBAXCN CHECK
STAMPING | QTY |MODEL CODE SETTING | DESCRIPTION
s e
o L] Uinsearaiy of Asran NFPA FRYC Flud Orcuit Unisarsiy of Asron Fhid Power
prr—
AEF. | AT MBER VIREDN PROLECT (3
B0 1 catizse Az
NAME SIZE
AGCU AGGESS, MAIN
J LCOF OUT, MOTOR
INLET, P BYPASS, PG
Motor Drain | OUT, RES IN, RES SAEZ
SAE4 OUT, RV QUT 1, RV
ouT 2
T T r, L
From Motor T ToFsur
SAEG | SAEE
L !
W Gauge
I
i Key
shEa |
o |
e Pedal Only
=y . Closed Loop
Erog, Purple{i et i
(AR, e — Regen
i
—

—— Discharge

Pump Drain
saEs i
From R

SAEE

RPCC 2 RFCC RELIEF
DTDF 5 DTDF SOLENCID-OPERATED DIRECTIONAL
CXBA a CXBAXCN CHECK

STAMPING QTY |MODEL GODE SETTING  DESCRIFTION

rANEY
Souders
e
EoHovamz
EF

e

Uninessty =f o NFPA FPYG Fud Ciras

MEG1

Ui

ol s Fluit Paer

VEREON| FROJES
1 G311-289 400
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NAME SIZE
ACCU ACCESS, MAIN

L

LOOP OUT, MOTOR
INLET, P BYPASS, PG

Motor Drain | OUT, RESIN.RES  O°E2
SAE4 ! OUT, RV OUT 1, RV
| ouT 2
iyl - -
From Bctor |
SAEG |
(1) CA
. H
n
M Gauge
SAEE |
| K
Toloir - fey
SAEG |
o |
Sk Pedal Only
| Lo Closed Loop
- 2
) l-i"’mgv P | - Regen
- | Fin — Discharge
Zakud l E,:I i
SAEE | e B .
1 ""‘:%wm 12
- ]
"‘L l
Fump Orain |
; i : e
SAE4 Eram R Sy ] To hemie . ATost
BAES SAEB SAEB
&)
SR
- l
./
RPCC 2 [RrcC | RELIEF
DTDF 5 |DTOF SOLENCID-DPERATED DIRECTICNAL
CXBA 3 CXBAXCN CHECK.
STAMPING | GQTY |MODEL GODE SETTING | DESGRIPTION
7.;” Sauderz + Unieersity of itkron NFPA FPYG Fud Circus Uriivexsity of flron Fluid Pawer
- #6-Nav-2022
e - [re——
MEC1 1 C311-250-000
NAME SIZE
ACCU AGGESS, MAIN
] LOOP QUT, MOTOR
INLET, P BYPASS, PG
Motor Drain | OUT, RES IN, RES SAE2
SAE4 > OUT, RV QUT 1, RV
ouT2
& . . O
From Mobor © Agwt
SAEE SAEG
-
(1] I
R vy
M Gauge 7
SAEG
it Key
SAEG |
o |
e o Pedal Only
! i
i cnen fod Closed Loop
| T‘-"‘EEA
AR - Regen
~ i -~ Discharge
£
SAEG ! 2
I  Zboiss
|
rl r
Pump Drain L
SAE 4 — - T &
SAE 6
A
RPCC 2 [RPCC RELIEF
DTOF 5 |oToF SOLENGID-DPERATED DIRECTIONAL
CXBA 3 |cxsaxcn CHECK.
STAMPING | OTY |MODEL CODE SETTING | DESCHIPTION
S e
— Sauders 1 Unitversity of Ao NFRA FPE Fud Cirauiz Unieealy of Slran Flud Pawst
26-Naw-2029
P st inman Veric | PrOUEST 5
MEG1 1 C311-259-A02
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I

MAME SIZE

ACCU ACCESS, MAIN
LOOP OUT, MOTCR
INLET, P BYPASS, PG

Motar Ursin | OUT.RESIN,RES  SNE2
SAE4 —_— < OUT, RV OUT 1, RV
1 o = PR ouT 2
From Wigtor | ! J_‘
p SHEE | i
(oA
R
e
M Gauge 1
SAEE |
H 2
ToMotor L EH
SAEG | 1
agt | -
AL 4 o~ Pedal Only
1
l I.FE \ g TR Closed Loop
e, Y ]
AR 1 ! ML J g, — Regen
L) 1 2066838 - -
e 1 b N —- Discharge
To Pumy T
SAEE | 2 o
| o,
!
(li T *
Pump Drain |
SAE 4 i
From Rswr
BAEE
L
| RELIEF
SOLENCID-OPERATED DIRECTICNAL
CXBAXCN CHEGK
MODEL CODE SETTING | DESCRIPTION
Uriweesity of Akron NFRA FPVG Fud Cicus Universiliy of iron Fluid Power
vart aween VERON | PROIECT 5
MEB-G1 C311-252-A02
REV.| DESCRIFTION [ DATE TBr]
A Initial Relsase [o1/16/2024]J00)

wateR-caam

From

From

To-rFuve

Notes:

Material: Aluminum

Coating: None

All coils can be rofated freely

Mounfing Threads: 3/8-16 UNC-2B x 0.75in Dp.

Description’ | Torque [ Caviy [Hex Sze[ Vender
00005-7338208-005 | NFPA FPVC Wanitod [ WEW
CTEFxCN 2P FLeX Series Blocking Poppet Valve| 20-25 filts T Fdnch | Sun
TE0z% COIL. Z4VDC, DI wo Diode - Sun
CXBAXGN Free Flow Nose o Side Check Valve inch | Sun
[RDDALAN Direct-Acting Relief Valve b, Tiinch | Sun

NFPA FPVC Manifold Assembly

&

University of Akron ‘EB Motion ncl

7
BRTE1/16/2024

joisem
SHEET10F 1 00005-233820A-A006[ A1
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