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This senior project discusses the design and testing process of a 32-bit PID microcontroller capable of
starting and controlling the throttle position. The purpose of this project is to complete one portion of a
much larger department-funded vehicle project for BioResource and Agricultural Engineering at Cal Poly,
San Luis Obispo. The engine chosen for this application is a Kohler Magnum 18 horsepower two-cylinder
horizontally opposed four-stroke engine. Engine speed information is gathered using the pre-existing
fixed-timing magneto ignition.

The process of conditioning a high-voltage ignition pulse to a fixed pulse width, digital signal is described
in detail. In addition, fail-safe circuits were developed for throttle control override and engine over
speed governing. Oil Pressure and Temperature monitoring circuits were developed for additional

engine-monitoring purposes. A small diagnostic screen was incorporated in order to provide on-board
troubleshooting during later testing.



The university makes it clear that the information forwarded herewith is a project resulting from a class
assignment and has been graded and accepted only as a fulfillment of a course requirement.
Acceptance by the university does not imply technical accuracy or reliability. Any use of the information
in this report is made by the user(s) at his/her own risk, which may include catastrophic failure of the
device or infringement of patent or copyright laws.

Therefore, the recipient and/or user of the information contained in this report agrees to indemnify,
defend, and save harmless the State its officers, agents, and employees from any and all claims and

losses accruing or resulting to any person, firm, or corporation who may be injured or damaged as a
result of the use of this report.
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With an industry in pursuit of reducing production costs, meeting stricter emission requirements, and
building a better product, computer control has moved into being an essential role for agriculture
equipment. More specifically, hydraulics for loader buckets, implements, accessories, drivetrains, are
moving away from mechanical controls, spool valves, and stack pumps, and utilizing computer controls
to actuate digital variable displacement pumps, pulse-width modulated proportioning valves, and
monitoring system pressures and temperatures. Along with many competitors, one of these companies
is Danfoss Group Global. Danfoss has introduced into industry the Plus+1 microcontroller system; a
system designed specifically for mobile control.

Since robust microcontrollers, such as the Plus+1, are of significant importance in the agriculture
industry, Cal Poly’s BioResource and Agricultural Engineering (BRAE) department is interested in
providing instruction and experience to its students in becoming fluent in microcontroller programming
and utilization. At present many projects are under way in the BRAE dept. to develop microcontroller
learning tools to be used in the classroom laboratory. One specific project is the development of a small

Figure 1. Horsapillar concept venicie Is sinuwi.

skid-steer vehicle with a computer-controlled hydrostatic drivetrain, titled “Horsapillar” (Figure 1).

On “Horsapillar” the Plus+1 module will be designed to monitor user inputs from both a DP600 display
and a JS6000 joystick (Danfoss Products). The user will input speed and direction, while the Plus+1
microcontroller will process those inputs and determine the necessary displacement of each pump and
required engine speed. Since the engine that will be used is smaller scale than what would be
commercially available for this application, the objective of this senior project is the design,
construction, testing, and evaluation of a microcontroller system that will monitor engine inputs and
make necessary decisions on throttle position.

For this specific project, the engine used will be a Kohler Magnum 18 two-cylinder horizontally-opposed
4 cycle gasoline engine. This specific engine was chosen because of its availability as a BRAE dept item.



in addition, this particular engine model came with a 9T 16/32 DP SAE-A flange (Appendix B) directly to a
light duty hydraulic pump without any additional coupling hardware.

The Magnum 18 is an extremely basic industrial engine. It uses a waste-spark magneto-type ignition
system, a stator-type charging system (similar to that used on small motorcycles), and a single-barrel
side draft carburetor with an electric choke. The original fuel system regulated engine rpm using a
mechanical governor and spring controlling throttle position.

The engine management system must have several attributes to work successfully. This system shall be
capable of sending and receiving information to the Plus+1 controller module via a CANBus serial
connection. The unit should be rugged and complimenting circuitry should be weather protected. The
microcontroller should be capable of being quickly reprogrammed while installed for ease of testing and
lab demonstrations. The power source will be the tractor’s primary 12.6V battery in conjunction with
the charging system. This implies the system must be capable of accepting a somewhat low quality
power source, filtering and regulating it where necessary. Ideally the engine should be able to
compensate for varying engine loads, in addition to understanding when a desired engine speed is not
possible based on conditions, and transmit that information accordingly via CANbus serial
communication.

In addition to the sensors and actuators necessary to control engine speed, the engine management
should also be able to transmit engine condition information such as: engine operating hours, engine
temperature, and engine oil pressure. This information may be vital to the operator to prevent engine
damage in event of a problem.



Research was conducted on both prior design projects, information available on mobile control with the
Plus+1 system, and on engine management systems.

The basic components behind any automatic process include 3 essential categories: Sensors and
Transmitters; Controllers; and a Final Control Element. From these components three essential tasks
are performed in any control system: Measurement, Decision, and Action (Smith and Carripro 1997).

The overall goal of automatic process control is to “adjust the manipulated variable to maintain the
manipulated variable to maintain the control variable at its set point in spite of distrubances” (Smith and
Carripro 1997). Control of the set point occurs in two fashions: regulatory control of disturbances for a
constant set point, and servo control of disturbances for a profile set point (Smith and Carripro 1997).

There are two methods in correcting for disturbances: The first method, feedback control, is applicable
to almost all situations. When the control value deviates from the set point, the microcontroller
determines corrective actions for control elements to bring the control variable back to the set point. A
disadvantage to this process is that the control variable will deviate before any action is taken. in some
cases this may not be acceptable.

An alternative to the prior is feed-forward control. Feed-forward control has sensor or transmitter
devices ahead of the process to predict necessary actions to take to keep the control variable at the set
point. The disadvantage of feed-forward control is the complexity in predicting necessary actions, and
some systems may not have adequate latency to allow for changes to occur before the control variabie
has changed.

In the interest of better understanding areas of greater yield within a field, modern data acquisition
technology has been adapted to a rice combine in hopes that it will bring new light into precision
agriculture (Kin et al. 2011). A Dewe-2010 PC data acquisition system was used with the following
inputs: Differential Global Positioning System (DGPS}(Trimble AgGPS 132 DGPS, Grain Flow Sensor,
Grain Moisture Sensor, Fuel Flow Sensor, Grain Loss Sensor, Radar Velocity Sensor, Drive Axle Shaft
Torque Transducer, Theoretical Ground Speed Sensor, Ultrasonic Displacement Sensor, Header Position
Sensor, and a Tilt Sensor. How sensors are connected to the Dewe-2010 module is well organized with a
chart that divides up sensors that will change in voltage, frequency, or serial data (connected to a DAQP-
Bridge). The article describes ways in which custom sensors were fabricated, such as a grain flow
sensor. The flow sensor was created by developing a plate within the grain chute that sensed forced
applied by the incoming flow of grain. The force was measured using a Wheatstone Bridge load sensor
attached to the back of the plate. To quantify the data, the sensor was calibrated by feeding known
quantities of grain on a custom conveyor into the chute.

Another article, published in 2007, discusses the need, design, and implementation of a cruise control
with model-based predictive control on a combine harvester (Coen et al. 2008). In interest of reducing
noise and air pollution, a control system was developed to minimize engine speed for the various



changing tasks done by the combine: There may be times when an operator will be driving slowly across
a field, but running the engine wide open throttle (WOT) because a high enough flow is needed to run
equipment (but the additional horsepower may not be needed.) There are also times where the
operator may need to vary combine speed when traveling from field to field, but not require that the
harvesting components are running. The system used a National Instruments PX| system connected to a
CANbus serial line for computations. The various inputs included: driver controls, engine speed, and
pump current (hydraulic pump flow is controlled by average electric current to an actuator), while
modeling considers, under multiple circumstances, actual pump current and engine speed. In order to
minimize the amount engine speed is changed, a computerized system of “penalties” are used when
changes must be made that are undesirable to quiet and fuel-efficient operation. Results yielded a non-
linear model relationship between pump current and engine speed with respect to vehicle speed.

In 2008, a master thesis was submitted by Charles Combs outlining the steps taken in adding an
embedded java microcontroller to automate the control of the Cal Poly Rose Float (Combs 2008). Main
reasons for upgrading from the current PID control included operator ergonomics, lack of versatility
with relay control logic, and the addition of complexity for more sophisticated float designs. The rose
float powerplant is a 7.5 liter Ford 8 cylinder gasoline engine converted to run on LPG (Liquid petroleum
gas). The original throttle control used an electrical solenoid to actuate a throttle plate. The engine
powered two pumps: the main is a Sauer Sundstrand variable displacement pump. The auxiliary pump
also driven by the engine is a Rexmann Roth fixed displacement pump.












voltage divider circuit (Figure 6) gave ballpark values of a 100V spike at idle, and possibly reaching as
high as 250V at higher engine speeds. The spike at each ignition pulse showed several trailing cycles to
dissipate the energy produced from the magneto. Since digital circuitry is designed to accept signals of
5V or less in most cases, it was very apparent that signal isolation and conditioning would be necessary
in order for a microcontroller to make clear, unflawed speed measurement.

Figure 6. The circuit constructed to measure the magneto “kill wire” pulse on an
ascilliscope is shown. Note that the probe used had an additional 1:10 signal ratio.

Net signal ratio calculations are as follows:

K - Vi mmeto
Vinagneto (u\ I‘:.u_(-) (1:10 Oscilliscope Probe) = —r"w’ée—-

Some constraints of designing this conditioning circuit included:

e Optical Isolation (to prevent the possibility of high voltage reaching critical components)
e Solid State

e Signal should be a square wave with a fixed pulse width

e Provide a stable signal through the entire rpm range of the engine.

The conditioning circuit block diagram was then designed to meet these parameters (Figure 7)

Figure 7. A block diagram converting a magneto “kill wire” pulse to a digital signal is shown.
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At this point the signal-conditioning circuit was attached to the microcontroller: It was verified that the

microcontroller was accurately reading the signal by writing a simple program that output the engine’s
calculated RPM signal through the serial port. Several methods of calculating this were considered:

1.

Have a counter, based on the microcontroller’s internal clock, count the number of pulses in a
given sample time. The sample is a fixed-length loop.

Pros- This method inherently averages several RPM cycles making the resulting value an
accurate representation of the engine speed

Cons- This method would require that the microcontroller pause for a substantial amount of

time in order for the engine speed resolution to be at all useful.  fer to equations 1, 2, 3, 4,
and 5.
. . 3600 =
Maximum Engine speed = - (1)
e
For aresolutionof o (2)
llllllLyLlE
2LENN vaar i
mincycle _ 3¢ cycles (3)
et 100 rev
ror\ —1 - -1 cor
(Ezgnn N _ /AN 2) _ 0.0167 (4)
mrn Vi N\ >EC Tev
0.0167 1 cycl
SET X (36 cycles + 1) x (F25%) = 0.6166 seconds (5)
rev 1rev

At minimum, with a resolution of 100 RPM, the program would have to pause in a sample loop
for 0.6166 seconds. The microcontroller will have to react considerably faster than this for any
practical use.

Have the engine speed signal use an interrupt-capable input that will, at any point, interrupt the
program and place a time stamp on a variable representing the leading edge of the signal. The
program would compare the period between the current time stamp and the previous and
determine the RPM based on period length

Pros- This method will yield fairly accurate results at fairly good resolution.

Cons- using interrupts can cause errors in a program, making it less stable. If the microcontroller
was to get an interrupt at the moment it was sending or receiving serial information, the vaiue
would be skewed because the interrupt would go into que, until the current interrupt (serial
communication) finished.

Have the engine speed monitored using a measurement of period length (as done in option 2).
However, let the microcontroller run through an entire program cycle, and run through a small
loop waiting until the next cycle pulse. The engine speed would then be a function of the last
time stamp and current.

Pros- It allows period length measurement without the use of interrupts.

Cons- Serial communication interrupt may cause the engine to “miss” a signal pulse. Additional
code will have to be added to compute “realistic” changes in RPM; some RPM computations
may require a “do-over”. Also, the overall length and complexity of the program is limited, to
where it must be able to complete an entire loop cycle in less than 0.0167 seconds. At this early
stage in the design process there is no guarantee that this will be possible, with future upgrades,
etc.
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4. Have the engine speed monitored using a measurement of period length (as done in option 2 &
3). However, the microcontroller will have a loop that monitors three or four cycle pulses, and
averages the engine speed between them (then returning to the rest of the program loop).
Pros- It allows period length measurement without the use of interrupts. Also, averaging three
to four cycles each time a calculation is made will average the difference between left and right
cylinders if there is a power imbalance between them.

Cons- This method could also be interrupted by serial communication, and will also require
additional code to apply logic to the engine rpm computation. In addition, at low RPM the loop
may take .24 seconds to compute engine RPM. A compromise to this may be to only averages
two cycles, at low engine speeds, taking only 0.12 seconds

Of the methods listed, the fourth was chosen as the option with the best compatibility. After extensive
troubleshooting, refer to Appendix M for the open source code.

Testing of the program consisted of attaching the prototype circuit to the microcontroller, and writing a
program that, using the specified method above, output engine speed information via USB connection
to a pc computer. The serial port data was observed using the microcontroller compiler’s built-in serial
port monitor (Figure 10).

Figure 10. A screen capture of the MPIDE Serial Monitor i1s shown displaying engine speea set point and current
measurement. The value to the right of the “RPM” is measured engine speed, and the value on lines between “RPM”
is the set point. Note that this initial test showed some instability from unsoldered connections on the test circuit.

The next test was to attach the tnrottie actuator 1o tne microcontroller (in addition to the engine speed
signal circuitry). This required no additional components for the initial test. However, after several
runaway tests, the following observations were noted:
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consistently. It was determined that the pressure sensor internal resistor was most likely a wire-wound
configuration, causing some inductance in addition to resistance, thus causing incorrect DMM
measurements. At this point the test was halted and the data considered void. Since inductance is a
function of conductor length (among other variables), it is suspected it’s contribution to impedance was
not noticeable until enough resistor wire turns were included.

A modified method of testing sensor response characteristics was developed that provided accurate
measurements while utilizing the precision of the Fluke 179 DMM. A high-power adjustable resistor was
obtained and calibrated to read 100.0 ohms. This was put in series with the pressure sensor to limit
current flow. The DMM was used as an ammeter and a second DMM was added to monitor voltage
across a battery source (Figure 20).

P
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Figure 20. A diagram of the modified pressure sensor test is shown.

Raw data from the second test was entered into a Microsoft Excel spreadsheet, from which a third-order
polynomial trend line was determined to best represent its response characteristics (Figure 21). Refer to
Appendix G for raw data.
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_ 3.3V _
Prax = 35 (3.3V) = 0.249W (8)
ﬂnn7v3_o_037:v2¢') 36927+ £ EANT N (9)

0.00uox 3=0.03754-T2.5692X T45.09u1/

Let x = pressure(psi), AnalogVal = (1024) (

Oil temperature is measured using a General Motors OEM-specified engine coolant temperature sensor
that varies in resistance with respect to temperature, Echlin part number TS4052. Like the pressure
sensor, obtaining this sensor’s response characteristics was not easily done so a test platform was also

created.

The temperature sensor was tested using the following components:

Aluminum Temperature Sensor Mounting Plate

K-type thermocouple with Fluke 179 DMM set in temperature mode
A Fluke 8024B DMM set to measure resistance

A Royobi HG600 Heat Gun

Some aluminum tape

APl o o

Details of the test setup are shown in Figure 23 and Figure 24.

[T

—

Figure 23. Diagram of the temperature sensor test is shown.
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Let temperature = x, Analog Val = (1024) 1 — (12)

\0z0200X - --T1s

Both circuits will not give a linear voltage curve based on their change in resistance due to the nature of
using a single voltage divider circuit (as opposed to a Wheatstone Bridge where two sensors are
required). The analog inputs utilized for this are scaled in the software accordingly. Since the current
draw for the pressure sensor varies substantially, the voltage regulator output driving these two analog
outputs was used for the microcontroller’s analog reference pin. This allows for any necessary
correction in a non-ideal voltage regulator (Figure 27)

Figure 27. Combined Sensor Circuits are shown. Note that they use a common voltage source, which is also connected to
the analog input reference pin (ARef).

A diagnostic screen was added to assist in troubleshooting. Engine speed, along with any analog
information received, is displayed on this screen. This information will be available via serial
communication, however in the event of troubleshooting where serial communication is not available,
this will provide some technician support in pinpointing a circuit that may not be functioning properly.

Due to its low cost, high contrast, and small package, and ease of use, an organic LED display was
chosen: model SSD1306 available from Adafruit.com. The SSD1306 is 3.3V compatible, and receives
information via SPI connection (serial peripheral interface)- a feature available on the PIC32 processor of
the Max32 Microcontroller. The only external components required are a 10K-ohm resistor between the
CS (chip select) pin and ground (faulting it to “active”). Since the display will be the only item on this SPI
line to the microcontroller, faulting the CS pin to active causes the display to listen for information on
the SPI connection at all times (Figure 28).
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This design and testing project has demonstrated that it is possible to take a two cylinder 4 stroke
engine with limited technology: Single-barrel carburetion and fixed-timing magneto ignition, and attach
a stand-alone microcontroller. Minimal fabrication is needed, beyond the manufacture of electronics
and an appropriate throttle servo mounting plate.

Though possible, the use of a single-pulse-per-revolution engine speed signal proved to have some
downfall, being sluggish and difficult to respond to changes at low speeds. The safety circuits added are
considered absolutely necessary during the software tuning phase. In a few cases during initial testing
of the engine speed signal circuit (refer to Engine Speed Signal), the engine throttle did not respond
correctly: Engine hesitation (that was not consistent) caused the microcontroller to overshoot the
correct throttle position, and severe engine damage was only prevented by quick grounding of the
magneto kill wire.
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The use of the Max32 Microcontroller required several intermediate circuits to adjust signals to be
compatible with its input requirements. Though this did add considerable complexity to the project,
overall the added components were kept to a minimum. There are several relay driver circuits that
could be more efficient if a MOSFET solid-state switching circuit was used as opposed to BJT's.

One concern, yet to be tested, is the microcontroller’s durability to vibration. At present the
microcontroller is planned to be mounted on top of the engine in an ABS or Polycarbonate enclosure.
The solderless headers connecting the microcontroller to the Network Shield and proposed shield would
only rely on friction to maintain electrical connections. It is recommended that the enclosure be UV
resistant and water tight to prevent corrosion. For development purposes, provided the connections
are restrained, the system should be adequate. Should this product go into a commercial-use
environment, it would be a better choice to integrate all components onto one multi-layer printed
circuit board.

Due to the time constraints of the project, no information was gathered regarding the compatibility of
the CANbus serial line available on the Network Shield, and the Danfoss Plus+1 microcontroller.

Testing the controller during engine-loading conditions will also be very important in the next phase of
the microcontroller’s development. It is suspected that the controller will have better throttle control
under constant-load conditions, and see more difficulty in fluctuating engine loading. When under load
the manifold will be under less vacuum, and the throttle plate will be further open. Corrections made
will span a larger throttle plate angle, and the engine will have more “forgiveness” to over-shooting the
correct throttle position.
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Looking forward, the complete schematic should be re-drawn in EAGLE 6.6.0 (CadSoft, 2014). EAGLE is
used to map printed circuit boards for etching. In this software, when components are entered into the
schematic, their corresponding package type and size is chosen (SMT vs. thru-hole technology). In the
board layout design portion of the program, there is an automatic feature. This however, only has some
level of capability and the majority of traces need to be laid out by hand specific to the user’s layout
requirements (trace size, location, ground planes, etc.)

Using a photo-sensitized copper clad circuit board (Appendix C), manufacturing of the circuit board will
involve the following process:

Print the completed layout patterns on transparency paper (both top and bottom layers)
In very low light, align the top layer to the first side of the sensitized pwb.

Expose the pwb to bright red light for 8 minutes.

In very low light again, align the bottom layer to the second side of the sensitized pwb
Repeat step 3 for the second side.

Place pwb in developer solution.

Place pwb in etching solution {ferric acid)

Place pwb in cleaning solution.

L ® N WL AW

Mount plate in vertical mill jig and drill all necessary holes.

In future revisions of this design, 1t 1s recommended that engine speed is obtained from an added sensor
ring or, if possible, a proximity sensor mounted to count teeth on a crankshaft or camshaft gear. Having
sensor pulses between crankshaft revolutions would allow the microcontroller’s PID function to make
corrections more-quickly, creating possibly a more stable throttle control. Electronically, this
improvement can be quickly implemented by changing or possibly even bypassing the filter’s 1*
clamping stage, provided the pulse signal can at least achieve 3 Volts.

The electronic governor is functional, but not environmentally friendly. Limiting the engine’s speed by
temporarily cutting the ignition releases large quantities of unburned hydrocarbons into the exhaust. it
would be more ideal to have a method of rapidly cutting fuel, or, rapidly overriding the throttle closed
(similar to how the original mechanical governor works).



29

Bedane, G, M Gupta, D George, and BV. ELSEVEIR SCIENCE. 2008. Development and Evaluation of a
Guayule Seed Harvester. Industrial Crops and Products 28, no. 2: 177-183.

CadSoft. 2014. EAGLE Light Edition Version 6.6. USA. CadSoft Computer.

Coen, T., W. Saeys, B, Missotten, and J. De Baerdermaeker. 2008. “Cruise control on a combine
harvester using model-based predictive control.” Biosystems Engineering 99, no. 1: 47-55. Academic
Search Premier, EBSCOhost (accessed June 12, 2013).

Combs, Charles. 2008. Embedded Java Propulsion Controller for the Cal Poly Rose Float. MS thesis. San
Luis Obispo, CA. California Polytechnic State University, Mechanical Engineering Department.

Digilent. 2011. ChipKIT Max32 Board Reference Manual. Pullman, WA.:Digilent, Inc.

Digilent. 2014. ChipKIT Basic I/O Shield. Pullman, WA: Digilent, Inc. Available at:
https://digilentinc.com/Products/Detail.cfm?NavPath=2,892,936&Prod=CHIPKIT-BASIC-1O-SHIELD.
Accessed 1 June, 2014.

Engelhardt, Mike. 2014. LTspice IV Version 4.20p. Milpitas, CA. Linear Technology Corporation.

Futaba. 2014. Standard Servos. Champaign, iL.: Hobbico, Inc. Available at: http://www .futaba-
rc.com/servos/analog.html. Accessed 10 June, 2014.

Kin, Yap Y, Sudhanshu S. Jamuar, and Azmi Yahya. 2011. “COMBINE HARVESTER INSTRUMENTATION
SYSTEM FOR USE IN PRECISION AGRICULTURE.” Instrumentation Science & Technology 39, no. 4:374-
393. Academic Search Premier, EBSCOhost (accessed June 12, 2013).

Kohler. 2004. Owner’s Manual: Magnum 18 & 20 HP Horizontal Crankshaft. Kohler, Wisconsin. Engine
Division, Kohler Co.

Microchip. 2013. 32-Bit Microcontrollers (up to 512KB Flash and 128KB SRAM) with Graphics Interface,
USB, CAN, and Ethernet. Chandler, AZ.: Microchip Technology, Inc.

Smith, Carlos A., Armando B. Carripro. 1997. Principles and Practice of Automatic Process Control. 2™
ed. New York, John Wiley & Sons, Inc.

SAE Digital Library. 2013. (J744_201302). Warrendale, PA. Society of Automotive Engineers






O FiLL

ON FRTER .- —— 1

NG SSUNG TAR .
4NOLES

LY I
BN
OILFILTER
REMOVAL

11 J4 CEnTEA TO CENTER -

p®EnCR - ==l -

TG 1ane

AR

(28804 £)XHAUST QUTLETS

:E g‘lUNC

AHOLEL

iy e
T \lTPi WOmMP

P 7000 DI,
i M'H’lo’

o8
[N [+ 1)
MOUNTING HOLES

G ENGINE

’.. . ..__l&]{]m.p. e 4
__ a3 [
m‘ nN e —
-
s _L__\[ oy '81*
S AR T3 o
i CLEAMER e
— REMOvYAL
PN
L 18] !on’z‘f" SO KEY 'EHP
L QUETER .ron‘ggsum 2P
| ] :
{ Ty : g 1125
e ES4 RY 1 ] VAHP ST s
R I (v M N s &1¢ ’ e
20 ‘ , 1)
i ! 3 e t Y" mn”"_‘i" : 20HP g DA
j 8 ST I G |
- N . M t.l [ . L“_ 1- G CAANKSHATT
o N T T
- ’
[ Y- ] -‘L'-! 1" lﬁ%l - ) JOMHPAE 18 EINF TAR
124 111 8] T IR :
DA — ey - o A .-ﬂ;““’
{ . } . X , Y UL I B X ¥, pe il
l ' \ S SDEPH  (1558) W MHP 218 20 UNF TAP
. ? oLee
’ - : Ry T ' |3i\|
'3 : O1L ORMIN LOCAT ONE
NPTl
ATz NOTE
! INBAE MR ONS APC 1N NG L L
: WLLIME TRE EQUIVALFNTS
‘}.. ———— erJ?] -- ARF (s BAMCKE 151 |

o CENTEADF GAAV Ty

Figure 33. The available drawing of Kohler Magnum 18 external dimensions is shown (Kohler, 2004).
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Table 1. 5AE A dimensions in inches in reference to Figure 34 (SAE, 2013).
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Identification Pilot Pilot Pilot Pilot 2 2 2 2 2
Code Dimension | Dimension | Dimension | Dimension | Bolt | Bolt Bolt Bolt Bolt
A w X Y Type | Type | Type | Type | Type
B J K M P1
Cast Cast
Dim 1 Dim
A 3.25 0.25 - v.03 3./5 | 0.7z | 4.188 | 0.438 | 0.47
- RAD. P, . -
N & @30z n )N E_-‘
2 53100} e ‘
00 L, N
- - 0.51(.020) 7
e Z\
MAX )
25000/ ,
' Som) : £
RN B punien — #8
LV 1 1elgosoan K]
j SLOTS OPTIONAL
R .76(.030) — ¢ MAX x 45° ,
- X /
MAX. = +0.25(.010) /
@ R -0.13(00%)
[@[g08(03) [N]A
SLOTS OPTIONAL L N
RAD. P HJH
Blg3oti A s

Unipesified tolerances.

mm diam -
{inch dim. -

1 placs 20.5; 2 place 025
2 place =0.02; 3 place 10.010)

Dimensions in mm (in)

micsometar (micro inch}

Figure 34. SAE Hydraulic Pump and Motor Mounting Dimensions are shown

(SAE, 2013).

Table 2. Dimensions of 30 degrees involute spline shafts in inches in reference to Figure 35 is shown

Identification Spline U Min La Min Lss Lg
Code
16-4(A) 9T 16/32 DP 0.4650 0.30 0.938 nne
















Program Open source Code is as toliows:

#define STALL_TIMEOUT 125000
t#define STARTSOLTIME 3000

/*

Pin definitions

*/

#define STARTSOLPIN 4

/*

TACHTIMECONSTANT = 4rev * 1000000 us/s * 60 sec/min
*/

#define TACHTIMECONSTANT 240000000

volatile unsigned long engTimeFour = 0;
volatile unsigned long engTimeThree = 0;
volatile unsigned long engTimeTwo = 0;
volatile unsigned long engTimeOne = 0;
volatile unsigned long engTimeZero = 0;

int startSol = 0;
int startSolPinStat = LOW;
String message = "#1000F0";

/*
What the program does during external interrupt 0:
Shifts time values up one level

*/

void onTachPulselnterrupt{void) {
engTimeFour = engTimeThree;
engTimeThree = engTimeTwo;
engTimeTwo = engTimeOne;
engTimeOne = engTimeZero;
engTimeZero = micros();

}

/*
What the program does during external interrupt 1:
Writes 1 to crank variable

*/



void crankEngOverride(void) (
startSol = 1;
}

/*
Fuction definition of rpm() will return value of rpm

*/

int rpm() {
unsigned long local_oldtime;
unsigned long local_curtime;

nolnterrupts();

local_oldtime = engTimeFour;
local_curtime = engTimeZero;
interrupts();

if ((micros() - local_curtime) < STALL_TIMEOUT) {
return TACHTIMECONSTANT / (local_curtime - locai_oldtime);
}
else {
return 0;
!
}

int startSeq() {
unsigned long startSolTimer;

if (rom() > 0) {
startSolPinStat = LOW;
startSol = 0;
!
else {
if (startSolPinStat == LOW) {
startSolTimer = millis(};

}

if (startSolTimer + STARTSOLTIME > millis() && startSolPinStat == LOW ) {

startSolPinStat = HIGH;

!
else {
startSolPinStat = LOW;
startSol = 0;
!
}

digitalWrite(STARTSOLPIN, startSolPinStat);
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void setup () {
attachinterrupt(Q, onTachPulselnterrupt, FALLING);
attachinterrupt(1, crankEngOverride, FALLING);

pinMode(STARTSOLPIN, OUTPUT);
digitalWrite(STARTSOLPIN, LOW);
Serial.begin(9600);
Seriall.begin(9600);

void loop () {
if (startSol == 1) {
startSeq();

String serialStringln ="";
if (Serial.available() > 0) {
while (Serial.available() > 0) {
serialStringln += char(Serial.read());
delay(250);
}
1

Seriall.printin{serialStringin);
String serialString ="";
if (Seriall.available() > 0) {
while (Seriall.available() > 0) {
serialString += char(Seriall.read());
delay(250});
Serial.printIn(serialString);
}
1
























