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(4 stroke) Internal Combustion Engine
Basics

intake valve fuel injector exhaust valve

To Carburetor
' '

To Combustion Chamber

Standard Poppet Valve Basic Rotary Valve

intake compression exhaust Poppet Valve vs. Rotary Valve

Combustion process requires precise timing

All events happen in relation to specific crank-shaft angular position



\ Additional Peripherals




Toothed Wheel and Sensor Design

Crankshaft set at TDC

for cylinder number 1
,R Sensor
P

A 4

Notch and tooth of a toothed wheel

Q Missing Tooth

Crankshaft Rotation

o
/ Sensor output to be sampled by ECU

60 tooth wheel, spinning at 5000 rpm = 100pus
tooth width!



Block Diagram

AXIFIFO

Single bit

Bit vector

WVHDL Comnponent

Non-VHDL Component

External Component

Reset FSM

A Full

Write FIFO

Read FIFO

Crank Angle
Computer

angle u[16 &)

SyNC

Peripheral
Controller




AXI| Interface
e Writing:

o |/O channels are used to add new peripherals to the system
quickly without diving into vhdl code
o Parameters given to the system:
m DutyCycle
m Start Angle (NOT WORKING)
m Stop Angle (NOT WORKING)
m PWM Channel (0,1,2,3)
e Reading:
o Current RPM
o Max RPM reached



Simulation - Crank Angle Computer (Sensor mimicry and synchronization)

‘Mimicry of physical crank position sensor

10,500 us 11,000 us 11,500 us 12,000 us 1z,
| 1 1 1 1 1 1 | 1 1 1 | 1 | 1 | 1 |
5000
"‘ H H H H H H H ‘ \ H H H H H Oscilloscope capture
_ of sensor output
Synchronization after 1 revolution
B W From test bench
& rpm 1000 5000 1000
1§ rst 0
1§ dk_125M 1
[+ I Frorn EngmeSm.lau
B ™ tooth_count[5:0] 42
1 state post_sync
Um sync 1




Shortcomings - Implemented Hardware vs Simulation

‘Mimicry of physical crank position sensor

-|——-r-——-n-——-——-|-——-lm——--n——————-I-rn!r——pl'——--—-.-n——-ﬂr——-l-——-——-r——-ﬂ——“r——r— 8e

10,500 wus |ll,DUD us
1 1 1 1 1 1 1 1 1

Measurements =
Pk-Pk[1]:
3. 22
Brapl[1]:
3.16Y

|ll,SDD us
1

[EEaTy

12,000 wus
1 1 1 1 I

Arduino
simulation of
sensor

Simulated

1z,

® pulse_train | 0 ) [ 1] [ 1

I

System appears to be losing ‘sync’ resulting in pulse output of OV.

ooo
L1 [ S B

waveform for
testing



Simulation - Crank Angle Computer
(Output)

e | voie [

T AN T
H ™ tooth_count[5:0] g > i 3 W
U pulse_train 0 —L
U sync 1
% gap_present 0
g tooth_count_rst
¥ state post_sync
&% angle[15:0] 50.40625 . W11 1a.s Ba7.. G
--"_ _ ashe.s X 4931lzs )




Simulation - Peripheral Interface

Mame

18 rpm
1 rst

It dk_125M

1% CLK_125M_PERIOD

- " speed[15:0]

B ™ pulse_count[15:0]

-8 duty[7:0]

- ™ stop_angle[15:0]
B ™ current_angle[15:0]
BB start_angle[15:0]

18 pwm_out_chl
18 pwm_out_ch2
18 pwm_out_ch3
18 pwm_out_ch4

0 m=
IIIIIIIII

10 m=

z0 m=

30 m=

Looo

4000 p= b

o0fa 4

32 4

g000 H

0oa0o b
I | 20 s

Pwm channels operate based off of start and stop angles of the system. The duty cycle can also be
adjusted. This allows us to add new peripherals to the system at later date




Simulation - Peripheral Interface

e Py S b I T e e P T e
1 dodk ]
1 reset ] |
1 enab ]
B8 pwm_ch[2:0] 0 1]
BB duty[7:0] 32 3z
B ™ pulse[15:0] 04e2 O4ez
B-® angle_start[15:0] Q000 aooo
B-® angle_stop[15:0] 3423 3423
B-®™ current_angle[15:0] Q000 oooo
1 pwm_out_chl ]
1 pwm_out_ch2 ]
16 pum_out_ch3 T T
lepomoutchd | M
1% CLK_125M_PERIOD 2000 ps=s

We can see how the duty cycle changes based on input data



Hardware

Implementation \



Hardware Implementation - Peripheral Interface

o 1,001

i
ﬂ ﬂl | e— . m— ]
I I
il |
______ :________----——Ji———————————-—------"“““““““"""' Measurements
| L Duty(1]:
- i_ I ' e F— 25 . 02%
I |
: |
[ LIL TR
I DI: 1D|:|-] i F 1 - I-:I ]-:EZTFFF:.":'
_‘ = : OxooO5ao>21cC
|
-------- l*‘““‘““‘“““"““‘"“""""" i Measurements =
| Duty[1): ] i e Ox19TFFF&O
w— !_‘_ — F— 50, 04% : D=005a0>10C
[




RPM Output via AXI

Instantaneaus RPM:

Max RPM reached:

Instantaneous RPM:

Max RPM reached:

Instantaneocus RPM:

Max RPM reached:

Instantaneous RPM:

Max EPM reached:

Instantaneocus RPM:

S0CD

SF2E
5DCD

SF2E
S0CD

5F2E
50CD

SF2E
50CD

PS Console Output

>> gf = quantizer('
>> hexZ2num(qgf, 'Sf2e’')

3.0458e+03

>> hexZnum(qf, Sdecd')

Converted rpm via Matlab

[16 3]):




Challenges

1 200w 2 0.0s 10.00%¢ Stop

Sync Signal in HW
Start/Stop Angle
Accuracy of RPM
Timing issues

Sporadic start/stop of PWM output due to losing ‘sync’



