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Abstract An increase in EGR rate can reduce NOx emissions. On the other hand, an excessive EGR rate is a major
cause of incomplete combustion. Precise position control of the EGR valve that is optimized for the operating
conditions of the engine should be supported to meet the strict emission regulations.

Accordingly, this study performed mathematical modeling and control theory for characteristic analysis of an EGR
valve motor. Because it is a step for controlling the position of the EGR valve motor using the Microchip
development tool, this study analyzed the characteristics of the motor for each opening and closing section according
to the input value of the duty ratio of PWM (Pulse Width Modulation).
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Fig. 2. Block diagram of the motor system
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Table 1. Specifications of DC motor
Item Specifications({2)
Coil resistance 2.2~ 26 (207)

Table 2. Specification of sensor

Item Specifications(V)
Voltage during open 06 ~ 13
(6mm)
Voltage during close 3.6 ~43

Fig. 991 EGR WY 9| 32 w2 Jehyich
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- Motor [+] control

- Mator [-] control

Fig. 9. Circuit of EGR valve



TEAIS71E8 8] =g A AlTd A2E, 2016

AlJsl7] f1EA] Fig. 102} 32o]
Z P Z(platform) 7|'E £ ©]
PIC16LF1947 8bit MCUE
bridge) 7% 3]=Z& T8t
A& HEAIZ 7PAAS o]

sick,

LV

o

3L
[e]
PR

&5lal E-H a]x](
T}, &3k, PWM XM
so] RHE AT +

&

"
"
"
"
"
"
"
"
]
"

Fig. 10. F1 LV evaluation platform

RE Sefo]H = mlo]A R 3{ARe] F1 BDC R of=
2(add-on) 7|'¥ £& o]&3t}. Fig. 113} o] BDC &

B =28 TE AFE A 24 4 da, gua
sdie 28 2 A9 e 9 dd AYHE £3stn
Ak

C1010icl

Fig. 11. F1 BDC Motor add-on

A8 A=) FAL Fig. 120] YERUI oM, A= EGR
WlHol1, BE F1 LV 29 7% 5, C= F1 BDC &
H o= A & De AYFF7lolth Ex WA o

Abgg mlol a2 FALe] Pickit 3 Eo|t}

142

o] 5v Xdﬂg T8t ASEct

PWM 7EIH] 948 Fholl w}2 EGR ¥H9] 9X]& 3
13171 $14ll F1 LV E3EFS] LCDE ©]&-3tt). Fig. 13
3} Zro] EGR WH AN I ME& F1 LV ZHREFY]
ADC ¥(jumper)Sl Adl dZ3ta, FI LV ZYZ
GND(ground)?! Bolli= 5V A4S FF3I3th

Fig. 13. ADC jumper and GND of F1 LV evaluation
platform

3.2 B EM 2AM

B ool A= EGR WHE & 2EH 54
PWM TFER|E ©]&3}%tt. MPLAB X IDE 4
o]& o] §3to] PWM FE[H|O] mE EGR WHe

=

= S48t Fig. 149k o] PWM FEJWE
71 $18} “pot_byte’ 5 o]--3ko] 0~2559] F

shes w28 sk



EGR ¥iH & WE B4 24

void Speedianager (void)

1
unsigned char pot_hyte;
unsigned char speed;
unsigned int duty_cvele:
unsigned long connTime;

ServiceCommunicator(};

i f(1THRO_duty_flag) return;

THRO_duty_f lag=0;
it(--THRO_duty_timer]) return;

THRO_duty_tiner = tinebase_duty_count;

i f(OpenLoopFlag)

{
if (SpeedButton == 0)
if (LastSpeedButton == 1)
SingleStep = 1:
LastSpeedButton = SpeedButton;
¥
else
{
)
i{(SpeedReady)
1
speedrequest = InputData bytes. high;
SpeedReady = D;
t

Fig. 14. Motor control program source code-1

I int sensor-out=0;| @

void main{void)

1

Init_1o()
iZe_init();
led_init();
rtccoiniti);
ncp3800_init();

InitSysten();
DeterminedddOnType();
step_mode = WAYE;
led_mode = LCO_WAIT:
battery_timer = 1;
time_set = 0:
WY_Variables_Read();
THR _comm_time word = 1;
Speedianager nit();

while(1) {

CLRYDTC) 5

if(stop_flag) InitSystem();
TineBaseManager () ;
RunContral();
Speedilanager();
BrakeControl():
DemoTasks() ;
sensor_out=get _adc (SPEED_CHANNEL) Y @
display_pot(sensor_out);| @
Update_LCDC);

RunLED = |RunlED;

'

Fig. 15. Motor control program source code-2
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void Update_LCD(void)
{

switch(display_mode)

{

case MODE_TIME:
display_tine(TRUE) ;
break;

case MODE_TIME_24:
display_tine(FALSE);
break;

case MODE_TEMPERATURE:
display_tenp(FALSE):
break;

case MODE_TEMPERATURE_F:
display_tenp(TRUE) ;
break;

case MODE_RPM:
diselav_renlren);
break;

cage MODE_POT:
break;

case MODE_ADDON:

i f(LCONot Suppressed)
1
If{default_reset_flag)
{
display_default(};
default_reset_flag = 0;
}
else
display_motor_type(};

LCONotSuppressed = 0;
F4 =0
LoGo = 1;

'

Fig. 16. Motor control program source code-3
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(b) In case of pot byte=255

(a) In case of pot byte=0

Fig. 17. Feedback sensor value according to pot_byte

value
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Fig. 18. Feedback sensor value using multimeter
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Fig. 19. EGR valve Position according to pot byte value
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o) ugAS o] g3dte] PWM FEIW] 94 gholl &
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Table 3. Feedback seosor value and EGR valve position
according to PWM input value

PWM input | Feedback sensor EGR valve EGR valve

value value(V) position (mm) position(%)
36 4.06 0.00 0.0
38 4.06 0.00 0.0
40 3.94 0.20 34
42 3.85 0.36 6.0
44 3.78 0.48 7.0
46 3.54 0.89 14.7
48 333 1.24 20.7
50 3.10 1.64 27.3
52 3.02 1.77 29.6
54 2.94 1.91 31.8
56 2.85 2.06 34.4
58 2.12 331 55.1
60 0.54 6.00 100.0
62 0.54 6.00 100.0

==L EH AN T

30 32 34 36 38 40 42 44 46 48 S50 52 54 56 58 60 62 64 66 68 70
Pwm 2 gt

Fig. 20. Feedback sensor value and EGR valve position
according to PWM input value
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