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TOM TAT

Toc d6 dong cola moét thdng sé cuc ki quan trong, gidip nhan biét tinh trang clia déng co khi dang
lam viéc. Vi thé, théng qua thong s6 téc dé ddng co ¢ thé chan doan mét s6 hu hong bén trong
dong co. Trong nghién cliu nay, tac gia trinh bay phuong phap xac dinh nhanh téc d6 déng co
xang dua vao tin hiéu clia cdm bién do ap sudt chan khong dudng éng nap (do tai chan tin hiéu cla
cam bién) va tir tan s6 clia do sut ap tuc thai ctia may phat khi déong colam viéc (do tai chan duong
binh dc quy). Cac két qua nay sé so sanh vdi tin hiéu ctia cdm bién vj tri truc cam, qua d6 danh gia
d6 chinh xac va khd nang dp dung thuc té clia cac phuong phép do tur tin hiéu trén. Phuong én
dugc tac gid dua ra dé gidi quyét van dé trén la st dung mach dién t loc nhiéu, mach Schmitt
Trigger dung IC NE555...dé bién ddi cac tin hiéu géc thanh tin hiéu dién 4p dang xung vudng. Sau
d6, dua tin hiéu xung vudng nay vao vi diéu khién Atmega 16 dé thuc hién viéc tinh toan va hién
thi két qua Ién man hinh LCD. Két qua dat dugc clia phuong phap do téc dé nay ¢ sai sé kha nhd
(< 0,8%) khi so sanh vai viéc do téc db tir tin hiéu cadm bién vi tri truc cam. V&i két qué nay co thé
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Ung dung trong qud trinh chdn dodn mét s6 hu hdng clia dong co.
Tu khoa: t6c do dong co, tin hiéu, cdm bién, tan s6, vi diéu khién

GIGI THIEU

T6c do dong co hay tdc do quay truc khuyu #,, chita
nhiéu thong tin phan anh toan dién tinh trang lam
viéc ctia dong co nhu tinh ning dong hoc, dong luc
hoc, kinh t€ nhién liéu... Dac biét la tinh trang lam
viéc clia cdc chi tiét, co cdu bén trong dong co c6 thé
dugc chdn dodn chinh xdc khi cho dong co van hanh &
cac daitoc do khac nhau. Toc dd dong co xdng thuong
dugc xac dinh qua chuyén dong quay ctia truc khuyu
hay truc cam bang cach st dung cam bién dién tii, cam
bién Hall hay cdm bién quang. Ngoai ra, t6c d6 dong
co xdng cling ¢6 thé dugc tinh todn dya trén trén tin
s6 tin hiéu danh ltia do dugc & cuc 4m cta bién dp
danh ltia. Do vy, cac giai phap gitp do nhanh t6c do
dong co xdng ma khong phai can thiép vao hé théng
dién - dién tu d€ trich xudt tin hiéu c6 nhiéu tiém ning
ung dung trong cong tac chin dodn va sta chita dong
co.

Hau hét cac nghién ctiu déu tip trung xdc dinh t6c do
dong co nhd vao tiéng 6n va sy rung dong cua dong
6 khi lam viéc 7. Gidi phap nay c6 uu diém la chi
phi thdp, ting dung dugc ca dong co xing va Diesel,
dé dang ga dit cam bién. Céic bd do tdc do dong
cd AVL Dispeed va MAHA RPM VC2 la nhiing sin
phdm thuong mai st dung phuong phdp cim nhén
tiéng 6n va rung dong, thudng dugc st dung rong rai
6 Tram Déng Kiém Phuong Tién Co Giéi Dudng B,

va cac don vi stia chiia 6 to.

Bai bdo nay trinh bay hai phuong phap méi do téc do
dong co xdng dua trén (1) sy dao dong ctia dong khi
nap va (2) tdn s sut ap ctia mdy phat dién khi hé thong
danh Itia hoat dong. Hiéu qua cta hai phuong phap
dugc kiém chiing trén dong co xing 4 xilanh Toyota
5S-FE st dung hé théng danh ltta diing bugi doi*.

CO SO Li THUYET

Quan hé giira téc d6 déng co va tan sé dao
déng chia 4p suat chan khéng dudng ng
nap

Khi dong co lam viéc, 4p suit chan khong duong 6ng
nap pry ludn thay d6i va c6 dang nhdp nho lién tyc.
Dé tinh lugng khong khi nap vao dong co c6 nhiéu
phuong phap, tuy nhién, & ddng co 5S-FE dung cam
bién do ap sudt chan khong, cdm bién nay dat sau cinh
buém ga nhu Hinh 1.

Dao dong ctia pyy khi dong co hoat dong c6 nguyén
nhan tryc tiép tli sy giam 4p sudt phia sau canh buém
ga trong chu trinh nap. T6c d dong co n, cang 16n,
tan sudt thuc hién chu trinh nap cang tang, dao dong
ctia pry cang nhanh.

Cam bién ap sudt chan khong dusng 6ng nap (con goi
la cdm bién MAP (Manifold Absolute Pressure) c6 dic
tuyén chuyén déi tuyén tinh nhu & Hinh 2, dao dong
cta pyy 6 thé duge phat hién theo dién dp ngd ra

Trich dan bai bao nay: Ngoc D T. Nghién cttu giai phap do nhanh téc d6 déng co xang phuc vu chan
doan va stia chita. Sci. Tech. Dev. J. - Eng. Tech.; 3(SI2):S147-S159.
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Hinh 1: Vi tri do ap suét chan dudng éng nap & ddng co phun xang
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Hinh 2: D4c tuyén hoat dong clia cdm bién ap suat chan khong dudng 6ng nap (cdm bién MAP) >

Vpry ctia cam bién.

Hinh 3 minh hoa dang séng Vpjy ctia dong co xing
Toyota 5S-FE & t6c do 3500 v/p. Céc mii tén va chi
s6 chi thoi diém bat d4u nap caa xilanh tuong ting.
Thdoi diém bit ddu chu trinh nap cta ting xilanh ¢6
thé dugc xac dinh dya vao tin hiéu diém chét trén clia
xilanh s6 1. Khi moét xilanh bat dau nap, pjy gidm
dén, va Vpyy gidm tuong ting. Khi chu trinh nap cua
xilanh két thuc, pyy ting 1én do sy cin bing véi dp
sudt khi troi, va vi thé Vpyy ting. Do do6, tan s dao
dong ctia ppy cing chinh bing tin s6 dao dong cua

VPIM» ki hiéu léfPIM-
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V6i mot dong co 4 ky c6 n xi lanh, trong 2 vong quay
truc khuyu c6 téng cdng n ky nap ctia cac xilanh tuong
ung. Suy ra, tdc d6 dong co n, dugc xic dinh theo
fpiy nhu sau:

2
Ne = ;,60.fp1M (1)
Khi ting gidm téc d6 dong co, gia tri dién 4p trung
binh Vpyy thay d6i nhu Hinh 4.
Quan hé gitta téc d6 déng con, vatansé ciia
do sut ap tic thoi ciia may phat

Dién ap trung binh ctia may phét do gitia hai ddu accu
khi ddng co hoat dong la ti 13,8 V dén 14,2 V do hoat
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Hinh 3: Tin hiéu Vpj), ca cdm bién MAP va tin hiéu Vs cGa cdm bién vi tri truc cam & téc do 3500v/p.
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Hinh 4: Bién dang Vpyy khi tang giam t6c do

dong 6n dinh dién ap ctia bo tiét ché. Dién trd ndi cua
may phat gy ra boi cac dién trd stator, dién tré ciu
diode chinh luu 3 pha va dién tré tiép xtic cadc mdi néi
dién. Vivay, dién ap tlc thoi ciia may phat Vgar thay
d6i theo dong dién tai I;,,q. DOng dién tai cang ting
thi d¢ sut dién ap tdc thoi AVpar cang 16n. Tai dién
gay sut ap rd rang nhdt (AVpar co gid tri 16n) 1a hé
théng dénh Itia dién cam trén déng co (Hinh 5).

Do sut ap tiic thoi ciia may phat AVpar do hoat dong
ctia hé théng dénh Itta dién cdm dugc minh hoa &

Hinh 6. Tai thoi diém xudt hién canh 1én cta xung
diéu khién danh Itta IGT, hé théng danh lta & giai
doan tich liy nang lugng so cip & bién dp danh lta.
Trong giai doan nay, dong dién so cép ting din dén
cuc dai va gy ra sut 4p mdy phat. Tai thoi diém canh
xudng ctia xung IGT, dong dién so cdp dugc ngat va
trd vé 0 d€ sinh ra tia ltia & bugi. Do sut ap tic thoi
giam va dién 4p mdy phat ting trd vé gid tri ban dau.
Nhu vay, n, c¢6 thé dugc xac dinh theo tin s6 ctia D
Vpar, cing la tdn s6 danh ltia figy. V61 mot dong co
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bo chia dién
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Hinh 5: So d6 hé théng danh Ira dién cam trén 6 t6°
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Hinh 6: MGi lién hé gilta tan s6 clia d0 sut ap tuc thdi AVBAT clia mdy phat va tin hiéu danh Ira IGT1 trén dong co

5S-FE (bugi d6i)

4 ky ¢6 n xilanh, quan hé gitia n, va figy dugc biéu
dién bai:

2
Ne = ;60}“1(}‘]\/ (2)

Mach Schmitt Trigger diing IC NE555

Tin hiéu sau xt 1i qua mach loc thong dugc dua vao
mach Schmith Trigger diing IC NE555 dé chuyén tin
hiéu thanh xung vudng, sau d6 tin hiéu tiép tuc dugc
dua vao vi xt i d€ tinh tdc dd dong co nhu so d6
Hinh 7.

SI50

Giai thuat vi x li

Phuong phap x 1i la tinh chu ki ctia tin hiéu, sau d6
tinh ra gid tri tdn s cta tin hiéu f = 1/T, dya vao méi
lién hé gitra tan s6 va t6c do dé tinh ra t6c do dong co.
Dé tinh chu ki cta tin hiéu, ta dém khoang thdi gian
gitia hai muc thdp hodc gitia canh cting 1én hodc cling
xudng cta tin hiéu xung vudng xut ra tii mach xt li.
Trén Hinh 8 mo6 ta thuét todn tinh téc d6 dong co.
Ta c6 thé stt dung chiic ning Input Capture hodc
st dung két hop gitia cic bd ngét ngoai va cac bo
Timer/Counter trong vi diéu khién ATmega 168. Tuy
nhién, chip ATmega 16 chi ¢6 hai chan Input Capture
1a ICP1 (chén 30) nén viéc st dung ba b ngat ngoai
cung v6i ba bd Timer/Counter trén chip hgp li hon.
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Hinh 7: So d6 mach Schmitt Trigger dung IC NE555 %7

Su kép hop nay dugc thuc hién nhu sau: thiét lap
Timer 0 ngit tran ctt moi 100 us. Khi c6 ngat xay ra
lan dau tién & chan ngit ngoai INTO, mot bién dé€m
thoi gian dugce gin gid tri bing 0. Ci sau mdi l4n
ngat tran Timer 0 ma ngit ngoai tiép theo chua xay
ra trén chin INTO thi bién dém thoi gian dugc tang
1én 100 ps. Khi ngdt ngoai lan tiép theo xdy ra trén
chan INTO, doc gid tri cia bién dém thai gian luc nay.
Khi d¢, ta dugc khoang thoi gian gitia hai tin hiéu lién
tiép, tiicla chu ky ctia tin hiéu véi sai s6 16n nhat1a 100
us. Gan lai gid tri bién dém thoi gian la 0 va thuc hién
vong 1ap tiép tuc dén khi xay ra ngit ngoai thi 3,4,5...
Trén thuc té, € doc dugc gia tri téc dd dong co trén
man hinh LCD?, déng thsi giam sai s6 cho phép do,
gia tri chu ky trung binh dugc tinh sau vai 1an ngat
ngoai nhat dinh.

PHUONG PHAP THUC HIEN

Thiét ké mach x li tin hiéu Vp;,, cdm bién
MAP

Do dic diém cua tin hiéu nay 13 cac dao dong c6 tinh
chu ky theo qua trinh nap cta tling xi lanh, c6 gid tri
nho doi v6i dong co nhiéu xi lanh (thudng khoang
0.25 V d6i v6i dong co 4 xi lanh, thé hién 6 Hinh 11),
trong khi do, gia tri dién ap trung binh kh6ng 6n dinh
ludn thay d6i khi dong co hoat ddong. Vi vay khong
thé bién déi tin hiéu géc vé xung vudng ngay dugc,
ma phai tién hanh xu li nhu so d6 khéi Hinh 9.

& Hinh 10, so d6 mach dugc thiét ké dé tinh téc do
dong co.

+ Tin hiéu d4u vao, qua mach loc DC (Hinh 9) gobm
tu C1 va 2 diode D1 va D2 (Hinh 10).

+ Tin hiéu tiép tuc dugc khuéch dai nhé Opamp
TL084 (Hinh 10) v6i hé s6 khuéch dai c6 thé thay déi
nhd bién tré RV 1.

+ Khi khuéch dai thi cic tin hiéu nhiéu nay ciing dugc
khuéch dai theo (Hinh 11). Do véy, han ché nhiéu
nay bang bo loc thong thdp. Tt cong thic (1): n, =
%.60.fp/M, v6i n = 4 (s6 xilanh ctia ddng co 5S-FE).
Suy ra tan so: fpry = 1. /30 (3)

Dai t6c do ctia dong co xang st dung trén 6 to thudng
nam trong khoang ti 600 v/p dén 6000 v/p. Nén dai
tan s6 f pyyy tl 20 dén 200Hz. Do d6, khi chon dién
trd R2 =15kQ va tu C2=100nF, tin s6 cit d€ gidm bét
nhiéu la:

f=1/2nRC =106,1 Hz “)

+ Tin hiéu sau khi loc thong thép ta tién hanh dua vao
mach Schmitt Trigger IC NE555 tao xung vudng (nhu
da mo ta 6 Hinh 7).

+ Sau khi tao xung vuodng ta tiép tuc dua vao vi xu li
dém téc¢ do va hién thi LCD.

Thiét ké mach xtt i tin hiéu tan sé ctia d6 sut
ap tuc thoi cia may phat
(Hinh 12)
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Hinh 8: So d6 khéi thuat toan tinh téc do dong co
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Hinh 9: So d6 khai xt li tin hiéu Vpyy
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Hinh 10: So d6 mach xt li tin hiéu Vpy,
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Hinh 11: Tin hiéu Vp, trudc va sau loc thong thap

Phuong phdap xt li tin hiéu nay tuong ty nhu xt Ii tin
hiéu Vppy clia cdm bién MAP. Tuy nhién, do gid tri
trung binh dién 4p ctia may phat I6n nén tin hiéu can
phéi qua mét cdu phén dp dé€ ha dién 4p.

THU'C NGHIEM

Thiét bi

Trong qua trinh tht nghiém cac thiét bi dugc st dung
gom:

- Méy do xung Tektronix DOP 2104 1°,

Bang thong: 100MHz; S6 kénh do: 4 kénh

T6c d6 14y mau: 4GS/s; o dai ghi dii liéu: 1Megapoint
- Pong ca 5S-FE Toyota Camry 1998+

- S6 xilanh: 4DOHC

- Dung tich: 2164cc

- Ti s6 nén: 9.8:1

- Hé théng danh Ita: DIS-Bugi doi.

- Hé thong nhién liéu: Phun xidng EFI

- Bo do gio: kiéu MAP

Sodo

Két noi cac thiét bi theo s6 d6 khéi (Hinh 13 va 14).
Sau d6 cho dong co hoat dong va tién hanh thuc
nghiém.

Cacché dé do

Qud trinh do dugc thyc hién trén dong co 5S-FE & ché
dd khong tai. Tién hanh thuc nghiém & 2 trudng hop
dé danh gid két qua.

- Trudng hop 1 (thuc nghiém 6 cic t6¢ d6 6n dinh):

o T6c d) cAm chiing

o T6c d6 khoang 1500 v/p
o T6c d6 khodng 2500 v/p
o T6c d6 khodng 3500 v/p
o T6c do khoang 4000 v/p
o T6c d9 khodng 4500 v/p

- Trudng hop 2 (thuc nghiém & téc 46 thay d6i).
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Hinh 13: So d6 thuc nghiém
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Diy két ndi
chan céc tin hiéu

Hinh 14: Két ndi cac thiét bj do thir nghiém

KET QUA VA THAO LUAN

Dang chung cua tin hiéu trudc va sau khi xd
li

Tién hanh thuc nghiém do 3 tin hiéu géc trudce khi xut
1i.

- Hinh 15 cho két qua: tin hiéu VBAT c6 tan s8 sut d4p
déu din 6 miic dién ap trung binh khoang 14V va sut
ap xudng khoang 13V. Bén canh d6 c6 xuét hién tin
hiéu nhiéu. Trong khi d6 tin hiéu dién 4p VPIM dao
dong véi bién do nho va dién ap trung binh khoadng
2V (khi dong co & 3000 v/p).

Tién hanh do xung sau khi xt i d€ kiém tra tin hiéu.
D6 thi Hinh 16 cho théy tin hiéu Vppy: c6 dang xung
vudng c¢é do rong déu nhau, chu ky ctia cic xung déu
nhau & t6c do6 thap va chu ki giam néu téc do ting
1én, khong c6 hién tugng mit xung hay thita xung khi
dong co hoat dong binh thuong. Tin hiéu Vpar: cd
dang tin hiéu va tin s6 giéng véi tin hiéu Vppy nhung
d6 rong xung nho hon.

Két qua

Sau khi hién thi két qua 1én LCD ta tién hanh xuét di

liéu tinh toan va so sanh. Cong thtic tinh sai s6 (a%)

dugc ldy theo gid tri tuyét d6i nhu sau:

NePIM — NeG
NeG

Két qua ¢ Bang 1 cho sai s6 khong giéng nhau & cic

a% = *100% (5)

dai t6c do. Sai s6 nho nhat 1a 0 va sai s6 16n nhat la
0,7%.

Két qua ¢ Bang 2 cling cho sai s6 khong giong nhau
khi thay d6i tang giam t6c d6 dong co. Sai s6 nho nhét
13 0 va sai s6 16n nhat 13 0,73%.

Panh gia két qua

O diéu kién dong co hoat dong 6n dinh, cé ba tin hiéu
G, Vpiy va Vpar déu cho ra két qua téc do dong co
v6i d6 chinh xac kha cao.

- Tin hiéu Vpjps: bang viéc thiét ké phan cling xt li tin
hiéu thich hop, ta c6 thé c6 gid tri téc do tit mot cam
bién c6 sdn trén xe. Nhung nhugc diém ctia phuong
phép nayla tin hiéu g6c c6 gid tri nho va khong rd rang
khi dong co c6 nhiéu xi lanh, do do; viéc xu 1i 1a kho.
Khi ¢6 hu hong lam sai léch gia tri ap sudt chan khong
trén dudng ong nap (nhu xupap nap khong kin, lam
khi tit budng chay lot ngugc trd lai duong 6ng nap)
thi két qua do khong con chinh xdc niia.

- Tin hiéu Vpar: viéc tinh t6c do dong co ti sut 4p
tlic thoi ctia may phat phu thudc vao hoat dong danh
Itia ctia dong co. Trong trudng hgp ¢ su c6 mét Itia
& may nao d6 thi sé lam cho gia tri t6c do sailéch néu
khong t6i uu dugc chuong trinh xt li. Ngoai ra, d6i
v6i dong co Diesel, phuong phap nay khong thuc hién
dugc do dong co Diesel khong cé sut ép danh lda. Uu
diém ctia phuong phép nay 1a chinh xdc va dé do.

KET LUAN

Bai bao da néu ra dugc phuong phap mdi do téc do
dong co dya trén tin hiéu ti (1) sy dao dong cua
dong khi nap va (2) dya vao su thay déi tan sé sut
4p ctia may phat. Két qua dat dugc tao tién dé dé phat
trién cac phuong phédp chén dodn va stia chita dong
co trong tuong lai.

XUNG POT LOI iCH

Tac gid xdc nhan khong c6 xung dot 1¢i ich lién quan
dén cong trinh nghién ctu.
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Bang 1: Bang sai s6 khi dong co chay & truong hop 1- cac téc d6 6n dinh

Vgar (V/p) G (v/p) Sai s8 % Ve (VIp) G (v/p) Sai s8 %
824 822 0,24 821 822 0,12
819 823 0,49 820 823 0,36
1098 1096 0,18 1096 1096 0
1093 1092 0,09 1095 1092 0,27
1520 1518 0,13 1516 1518 0,13
1556 1566 0,64 1587 1576 0,7
2066 2061 0,24 2062 2061 0,05
2069 2066 0,15 2063 2066 0,15
2582 2581 0,04 2579 2581 0,08
2523 2517 0,24 2503 2517 0,56
3064 3068 0,13 3062 3068 0,2
3064 3066 0,07 3066 3066 0
3557 3557 0 3566 3557 0,25
3557 3564 0,2 3580 3564 0,45
4074 4081 0,17 4060 4081 0,51
4045 2063 0,44 4056 4063 0,17
4513 4513 0 4513 4513 0
4522 4517 0,11 4518 4517 0,02

Bang 2: Bang sai s6 khi déng co chay & truéng hop 2 - tang giam téc dé

Vpar (v/p) G (v/p) Sai s6 % Ve (v/p) G (v/p) Sai s6 %
874 877 0,34 877 877 0
1420 1433 0,91 1362 1372 0,73
1831 1840 0,49 1839 1840 0,05
2294 2298 0,17 2297 2298 0,04
2805 2803 0,07 2802 2803 0,04
3143 3143 0 3143 3143 0
3432 3421 0,32 3432 3421 0,32
3963 3963 0 3973 3963 0,25
4309 4309 0 4305 4309 0,09
4692 4687 0,11 4692 4687 0,11
4280 4280 0 4288 4280 0,19
4030 4030 0 4030 4030 0
3172 3190 0,56 3165 3190 0,78
2009 1999 0,5 2005 1999 0,3
1194 1190 0,34 1192 1190 0,17
1098 1096 0,18 1096 1096 0
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Hinh 15: Dang chung cta 3 tin hiéu trudc khi xu Ii

PONG GOP CUA TAC GIA

Nghién ctiu nay dugc thuc hién béi ThS. Pinh Tén
Ngoc, tai bd mén Pong co - Khoa Co Khi Pong Luc
- Dai hoc Su Pham Ky Thuéit Tp.HCM.
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ABSTRACT

The parameter of engine speed plays an important role to recognize the engine's condition while
working. By using this parameter, it is possible to diagnose engine's malfunctions. In this study, in
case of the gasoline engine, we introduce two efficient methods for measuring the engine speed
without extracting electrical signals from conventional engine speed sensors. For the firstapproach,
based on the signal pin of the sensor, the engine speed was determined from the frequency of
manifold absolute pressure. For the second approach, the frequency of the voltage drop measured
at the battery positive terminal caused by ignition operation is the key to calculate the engine
speed. The noise filter circuits and the amplifier circuits are used to refine signal, Besides, a Schmitt
Trigger circuit using a NE555 timer IC was designed to reshape the oscillation signal from either of
these sources into a square wave of which frequency was measured and converted to the engine
speed by a microprocessor and display the result on the LCD screen.Compared to engine speed
measured by a conventional inductive sensor, the proposed methods provide a competitive result
with fast response. The second approach was highly promising due to its simplicity involving in
direct voltage measurement at the battery positive terminal.

Key words: engine speed, oscillation, manifold absolute pressure, voltage drop
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	Mạch Schmitt Trigger dùng IC NE555 
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