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Chwong 1 Gié6i thiéu dong vi diéu khién STM32

1.1. Khai niém vé Vi xir Iy va Vi diéu khién
1.1.1. Vixu ly

Bo vi xtr Iy (microprocessor) 1a mot may tinh nho hoac CPU (don vi xir Iy
trung tam) duoc st dung dé tinh toan, thuc hién phép toan logic, kiém soat hé
théng va luu trit dir liéu vv. Vi xt 1y s& xtr 1y cac dit liéu dau vao / dau ra
(input/output) thiét bi ngoai Vi va dua ra két qua tro lai d¢é chung hoat dong.
Dong Vi xur 1y 4 bit dau tién dugc Intel san xuat vao thang 11/1971 véi tén goi 1a
4004.
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Hinh 1. 2. Kién tric phan cang cua STM32
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+ Cac vi xtr 1y dau tién st dyng cau triic Von-Neumann. Trong cau tric
Von Neumann bo nhé dit liéu va bo nhéd chuong trinh duge dat trong mot
bo nhé. Bé xir Iy mot 1énh tir bd nhé hodc yéu cau tir I/ O, nd nhan dugc
Iénh thong qua bus tir bd nhd hoac 1/ O, va dat vao thanh ghi, xr Iy nd
trong cac thanh ghi. B6 xur 1y c6 thé luu két qua trong bo nhé thong qua
cac bus. Nhung kién tric ndy c6 mot sé nhuge diém nhu chdm va qua
trinh truyén di liéu khong dong thoi xay ra ciing mot luc boi vi chia sé
cung mot bus chung.

+ Sau nay cau tric Harvard (Adtmega328, Atmegal68,... Arduino dang
ding) duge phat trién. Trong cau trac Harvard bo nhé dit liéu va bd nho
chuong trinh va cac bus dugc tach biét véi nhau. Ngoai ra con cé hai loali
CPU micro programming va hardwired programming. Microprogramming
con cham khi so sanh vai hardwired programming.

+ Kién triac tap Iénh Complex Instruction Set Computer: complex
instruction set computer (CISC) 1a tap lénh phuc tap nén sé& ton nhiéu thoi
gian dé thuc hién; tap Iénh phtc tap c6 thé bao gom qua trinh xir Iy
opcode va cac toan hang ...vv toc d6 thuc hién Iénh s& cham. Céu tric
X86 1a mot vi du.

+ Reduced Instruction Set Computer: Reduced Instruction Set Computer
(RISC) 1a tap 1énh thu gon va tdc do thuc hién nhanh. Viéc thuc hién rat
don gian va khong yéu cau cau trac phic tap. RISC duoc str dung rong rai
trong cac tng dung hé théng nhung. SHARC va PowerPC sir dung RISC.

Bo6 vi xtr 1y thuong duoc dung trong cac tng dung nho. Tuy theo cac ng

dung va thiét bi ngoai Vi ban dang st dung ma c6 thé chon bo vi xir 1y can thiét
dé thuc hién.
1.1.2. Vi diéu khién(microcontroller)

N6 ciing 1a mdt may tinh nho, trong d6 CPU, bd nhd (RAM, ROM), 1/ O
thiét bi ngoai vi, timers, counters, dugc nhiing vao trong mot mach tich hop (IC)
noi ma cac bo vi xir Iy va tat ca cac khoi nay duoc két hop vio trong mot board
thong qua hé thong bus. Vi diéu khién c6 thé dé dang giao tiép véi thiét bi ngoai
vi bén ngoai nhu céng ndi tiép, ADC, DAC, Bluetooth, Wi-Fi, ...vv qua trinh

giao tiép nhanh hon khi so sanh véi cac bd vi xtr 1y. Hau hét cac vi di€u khién sur
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dung cau trac RISC. Ngoai ra con ¢c6 mot sO vi diéu khién str dung cau truc

CISC nhu 8051, motorolla, vv...
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Hinh 1. 3. Kién tric phan cang Vi diéu khién
1.2. Pic diém ndi bat ciia STM32

Nhiing dic diém nodi tréi ciia dong ARM Cortex da thu hiit cic nha san xuat
IC, hon 240 dong vi diéu khién dwa vao nhan Cortex da duogc gidi thiéu. Khong
nam ngoai Xu hudng do6, hang san xuat chip ST Microelectronic da nhanh chong
dua ra dong STM32F4. STM32F4 1a vi diéu khién dya trén nén tang 16i ARM
Cortex-M3 thé hé méi do hing ARM thiét ké. Ldi ARM Cortex-M3 1a sy cai
tién tir 16i ARM7 truyén thong timg mang lai thanh cong vang déi cho cong ty
ARM.

STM di dua ra thi trudong 4 dong vi diéu khién dya trén ARM7 va ARM9,
nhung STM32 13 mdt bude tién quan trong trén duong cong chi phi va hiéu suét
(price/performance), gia chi gan 1 Euro vé6i sb luong 16n, STM32 1a sy thach
thirc that su v6i cac vi diéu khién 8 va 16-bit truyén théng. STM32 dau tién gom
14 bién thé khac nhau, dugc phan thanh hai dong: dong Performance c6 tan sd
hoat dong cua CPU 1én t6i 72Mhz va dong Access c6 tan sd hoat dong lén téi
36Mhz. Cac bién thé STM32 trong hai nhom nay twong thich hoan toan vé cach
b tri chan (pin) va phan mém, dong thoi kich thudc bo nhd FLASH ROM c6
thé 1én t6i 512K va 64K SRAM.
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Hinh 1. 4. Kién triic cia STM32 nhanh Performance va Access

Nhénh Performance hoat dong véi xung nhip 1én dén 72Mhz va co day du
cac ngoai Vi, nhanh Access hoat dong v&i xung nhip tdi da 36Mhz va c6 it ngoai
Vi hon so véi nhanh Performance.

1.2.1. Sy tinh vi

Thoat nhin thi cic ngoai Vi cia STM32 ciing gidng nhu nhiing vi diéu
khién khac, nhu hai bo chuyén doi ADC, timer, 12C, SPI, CAN, USB va RTC.
Tuy nhién mdi ngoai Vi trén déu c6 rat nhiéu dic diém tha vi. Vi du nhu bo
ADC 12-bit ¢6 tich hop mot cam bién nhiét d6 dé tu dong hiéu chinh khi nhiét
d6 thay d6i va hd trg nhiéu ché do chuyén ddi. Mdi bo dinh thoi co 4 khdi
capture compare (dung dé bat sy kién voi tinh nang input capture va tao dang
song & ngd ra véi output compare), mdi khdi dinh thoi c6 thé lién két véi cac
khéi dinh thoi khic dé tao ra mot mang cac dinh thoi tinh vi hon. Mot bo dinh
thoi cao cap chuyén hd trg diéu khién dong co, v6i 6 dau ra PWM véi dead time
(khoang thoi gian dugc chén vao giita hai dau tin hiéu xuat PWM bu nhau trong
diéu khién mach cau H) 1ap trinh duoc va mot duong break input (khi phat hién
diéu kién dimg khan cép) s& budc tin hiéu PWM sang mot trang thai an toan da
duoc cai sin. Ngoai Vi ndi tiép SPI c6 mot khéi kiém téng (CRC) bang phan
ctmg cho 8 va 16 word hd tro tich cuc cho giao tiép thé nhd SD hoic MMC.



STM32 c6 hd trg thém tbi da 12 kénh DMA (Direct Memory Access). Mdi
kénh c6 thé dugce dung dé truyén dir lidu dén cac thanh ghi ngoai vi hodc tir cac
thanh ghi ngoai vi di vé6i kich thudce tir (word) dit liéu truyén di co thé 1a 8/16
hodc 32-bit. Mdi ngoai Vi ¢6 thé c6 mot bd didu khién DMA (DMA controller)
di kém dung dé giri hodc doi hoi dir liéu nhu yéu cau. Mot bo phan xtr bus noi
(bus arbiter) va ma tran bus (bus matrix) t6i thiéu hoa su tranh chip bus giita
truy cap dir liéu thong qua CPU (CPU data access) va cac kénh DMA. Piéu d6
cho phép cac don vi DMA hoat dong linh hoat, dé dung va ty dong diéu khién
cac ludng dit liéu bén trong vi diéu khién.

STM32 1a mét vi diéu khién tiéu thu ning luong thip va dat hiéu suit cao.
N6 ¢6 thé hoat dong & dién ap 2V, chay & tan s6 72MHz va dong tiéu thu chi co
36mA voi tat ca cac khoi bén trong vi diéu khién déu dugc hoat dong. Két hop
véi cac ché do tiét kiém nang luong ctiia Cortex, STM32 chi tiéu thu 2pA khi &
ché @6 Standby. Mot bo dao dong ndpi RC 8MHz cho phép chip nhanh chong
thoat khoi ché do tiét kiém ning luong trong khi bo dao dong ngoai dang khoi
d6ng. Kha niang nhanh di vao va thoat khoi cac ché do tiét kiém ning luong lam

giam nhiéu sy tiéu thy nang lugng tong thé.

1.2.2. Su an toan

Ngay nay cac ung dung hién dai thuong phai hoat dong trong moi truong
khic khe, doi hoi tinh an toan cao, cling nhu doi hoi sitc manh xir Iy va cang
nhiéu thiét bi ngoai vi tinh vi. Bé dap tng cac yéu cau khic khe d6, STM32
cung cAp mot sb tinh ning phan ctng hd trg cac ung dung mot cach t6t nhat.
Chung bao gom mot bo phat hién dién 4p thap, mot hé théng bao vé xung Clock
va hai bo Watchdogs. Bo dau tién 1a mot Watchdog cira so (windowed
watchdog). Watchdog nay phai dugc lam tuoi trong mot khung thoi gian xac
dinh. Néu nhan né qua sém, hodc qua mudn, thi Watchdog s& kich hoat. Bo tht
hai 1a mot Watchdog doc 1ap (independent watchdog), c6 bo dao dong bén ngoai
tach biét voi xung nhip hé théng chinh. Hé thdng bao vé xung nhip c6 thé phat
hién 16i cua bo dao dong chinh bén ngoai (thuong 13 thach anh) va tu dong
chuyén sang dung bo dao dong ndi RC 8MHz.

1.2.3. Tinh bao mat



Mot trong nhimg yéu cau khic khe khac cua thiét ké hién dai 1a nhu cau
bao mat mi chuong trinh dé ngin chin sao chép trai phép phin mém. B nhé
Flash cia STM32 ¢6 thé dugc khoa dé chdng truy cap doc Flash thong qua cong
Debug. Khi tinh nang bao vé doc dugc kich hoat, bd nhd Flash ciing dugc bao
vé chdng ghi dé ngan chin mi khong tin ciy dugc chén vao bang vector ngit.
Hon nita bao vé ghi c6 thé duoc cho phép trong phan con lai cua bo nhé Flash.
STM32 ciing ¢6 mot dong hd thoi gian thuc va mot khu vuc nho dit lidu trén
SRAM duoc nudi nho ngudn pin. Khu vuc nay c6 mot dau vao chéng gia mao
(anti-tamper input), c6 thé kich hoat mét su kién ngat khi c6 sy thay doi trang
thai & dau vao nay. Ngoai ra mot su kién chéng gid mao s€ tu dong xoa dir ligu

dugc luu trir trén SRAM dugc nudi bang ngudn pin.

1.2.4. Phat trién phan mém

Néu ban di sir dung mot vi diéu khién dua trén 161 ARM, thi cac cong cu
phaét trién cho ARM hién ¢6 da duoc hd tro tap 1énh Thumb-2 va dong Cortex.
Ngoai ra ST cling cung cép mét thu vién diéu khién thiét bi ngoai Vi, mot b thu
vién phat trién USB nhu 12 mot thu vién ANSI C va mi nguoén d6 1a twong thich
v6i cac thu vién trude d6 dugce cong bd cho vi diéu khién STR7 va STR9. C6 rat
nhiéu RTOS ma nguén mé va thuong mai va middleware (TCP/IP, hé thong tap
tin, v.v.) hd tro cho ho Cortex. Dong Cortex-M3 ciing di kém v&i mot hé thong
& 161 hoan toan méi goi 1a CoreSight. Truy cap vao hé théng CoreSight thong
qua cong truy cap Debug (Debug Access Port), cong nay hd trg két ndi chuan
JTAG hoic giao dién 2 day (serial wire-2 Pin), cling nhu cung cip trinh diéu
khién chay g& 16i, hé thong CoreSight trén STM32 cung cép hé théng diém truy
cap(data watchpoint) va mot cong cu theo doéi (instrumentation trace). Cong cu
nay co6 thé giri thong tin vé tng dung dugc lya chon dén cong cu g& 16i. Diéu
nay co6 thé cung cp thém cac thong tin g& 16i va cling co thé dugc sir dung trong
qua trinh thtr nghiém phan mém.
1.2.5. Dong Performance va Access cua STM32

Ho STM32 c¢6 hai nhanh dau tién riéng biét: dong Performance va dong
Access. Dong Performance tap hop day du cac thiét bi ngoai vi va chay véi xung
nhip t6i da 72MHz. Dong Access c¢o cac thiét bi ngoai Vi it hon va chay tdi da
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36MHz. Quan trong hon 1a cach b tri chan (pins layout) va cac kiéu dong géi
chip (package type) 14 nhu nhau giita dong Access va dong Performance. Diéu
nay cho phép cac phién ban khac nhau ciia STM32 duoc hoan vi ma khong can
phai stra dbi sap sép lai footprint (mé hinh chan cua chip trong cong cu layout
bo mach) trén PCB (Printed Circuit Board).



Chwong 2 Cac phwong phap diéu khién dong co 1 chiéu

2.1. Tong quan vé dong co dién mot chiéu

2.1.1. CAu tao dong co dién mot chiéu

CAu tao ctia may dién mot chidu gom c6 stator va rotor né duoc thé hién & Hinh

2. 1.

Stator (con goi 1a phan tinh hay phan cam)

i

Hinh 2. 1. CAu tao stato dong co dién mot chiéu
V6 may: lam bang thép dtic lam nhiém vy dan tir, ga lap cac cuc tir va bao
V¢ may.
Cuc tr chinh: bao gém than cuc va mat cuc, than cuc lam béng thép duc,
trén than cuc tir chinh c¢6 quan diy quan kich tir. Mt cuc lam bang 14 thép
ki thuat dién dé tranh tac dong cua dong xody fuco lan truyén tir rotor
sang.
Cuc tir phu: 1am bang thép dic, trén c6 quan day quan kich tir phu.
Day quén trén cucC tur chinh: lam bﬁng day déng boc cach dién. Goi la
cudn kich tir doc lap hay kich tir song song tiy thudc vao cach dau day.
Day quan trén cyc tir phu: gidng véi cudn ndi tiép nhung quén trén cyc tir

phu va dau néi tiép vai cudn kich tir ndi tiép.

Phan wng (rotor)

Roto (phan ¢ng) cua may dién mot chiéu gdm: 18i thép, diy quan phan ung, cb

g6p va truc may Hinh 2. 2



Hinh 2. 2 Cau tao roto dong co dién mot chiéu

6. Loi thép phan tng: Hinh try lam bang cac 14 thép ki thuat dién day
0,5mm, phti son cach dién ghép lai. Cac 14 thép duoc dap cac 16 thong gid
va ranh dé dat day quan phan tng

7. Khe dat day quan phan (ng: chu vi mit ngoai duoc xé ranh déu dan dé dat
day quan.

8. Truc rotor: 1am bang hop kim thép c6 do cung cao, dugc d& ¢ 2 dau bang
2 vong bi.

9. Day quan phan tng: Gom nhiéu phan tar mac ndi tiép nhau, dat trong cac
ranh cta phan tng tao thanh mot hodc nhiéu vong kin, hai dau ndi vai hai

phién gop ctia vanh gop.

Chéi than va ¢ gép: c6 cau tao nhu Hinh 2. 3.

Vish chy V" - Cdc phide gip hutng rangodi

Cach $ifn mucn

Ném .
Rioh gdn cie &lu
3

~ SUD Cic cplom dOy

phis dug

l’.\xg It eda o g6p

_ Coc phién gép
ting ddng

Hinh 2. 3. CAu tao ¢ gop dong co di¢n mot chiéu
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Co gop (vanh gop) 1a tap hop nhiéu phién dong hinh dudi nhan dugc ghép
thanh mét khéi hinh tru, cach dién véi nhau, duogc gén trén truc may va cach

dién véi truc may.

Chéi than: cau tao tir bot than granit, c6 do dan dién cao va kha ning
chéng mai mon tét. Ty 1én cac chdi than 1a cac 10 xo, cac 10 xo ndy co thé diéu
chinh luc cang dé tang tiép xuc gitc chdi than va co gop. Choi than ciia may

dién mot chiéu duoc thé hién nhu Hinh 2. 4.

Hinh 2. 4. Cau tao chéi than dong co dién mot chiéu
2.1.2. Nguyén Iy lam viéc va phan loai dong co dién mot chiéu

a. Nguyén Iy lam viéc déng co dién mét chiéu:

Khi cho dién 4p mot chiéu U vao hai chéi dién A va B, trong diy quan
phan tmg c6 dong dién. Cac thanh dan ab va cd mang dong dién nam trong tur
truong s& chiu luc tac dung twong hd 1én nhau tao nén momen tac dung Ién roto,
lam quay réto. Chiéu luc tac dung duge xac dinh theo quy tic ban tay trai Hinh
2.5.

A

e
|
=

(b}

Hinh 2. 5. M6 ta nguyén ly lam viéc caa dong co dién mot chiéu
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Khi phan tng quay duoc ntra vong, vi tri thanh din ab, cd ddi chd nhau
Hinh 2. 5, nhd ¢6 phién gép doi chiéu dong dién, nén dong dién mét chiéu bién
d6i thanh dong dién xoay chiéu dua vao diy quan phan ung, giir cho chiéu luc
tac dung khong ddi, do d6 luc tac dung 1én réto ciing theo mét chiéu nhat dinh,
dam bao dong co c6 chiéu quay khong doi.
b. Phdn logi déng co dién mét chiéu
Dua theo phuong phap kich tir, ddng co mot chiéu co céc loai nhu sau:

Pong co mot chiéu kich tir doc lap.

Pong co mot chiéu kich tir song song.

Pong co mot chiéu kich tir ndi tiép.

Pong co mot chiéu kich tir hdn hop.
2.1.3. Phuong trinh dic tinh co dong co dién mot chiéu

Do dbi twong str dung trong luan van 1a dong co dién mot chiéu kich tir
doc lap nén dudi day tac gia tap trung trinh bay cach xay dung dac tinh co cua

d6ng co mot chiéu kich tir doc 1ap.
+ Xay dung phuong trinh dac tinh co

Pé diéu khién duoc toc do dong co dién mot chiéu kich tir doc lap thi ta
phai phan tich, tim cac mdi quan hé gita tbc do véi cac thong sb khac cia dong
co dé tir d6 dua ra phuong phéap diéu khién. Pong co dién mét chiéu kich tir doc
lap thi dong kich tir doc 1ap véi dong phan tmg va dugc cap boi hai nguén mot

chiéu doc lap véi nhau [2].

k
TR B S <
U, ( ‘r_'[." T K1 Uy
up
s B

Hinh 2. 6. So d dong co dién mot chiéu kich tir doc 1ap
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Theo hinh 2.6 ta viét phuong trinh can bang dién ap caa mach phan ¢ng.

U,=E, + (R, + Ry).l, 2.1
Trong d6: U, :Dién 4p dat 1én phan tng dong co (V).
E. :Stc dién dong phan ang (V)
R, :Dién tré cua mach phan ng (Q)
R  :Dién tré phu trong mach phan tmg (Q)
I : Dong dién mach phan tmg (A )

Voi: R,=r,+ rg+r, + Iy

Trong d6: 1y . dién tro cudn day phan tng (Q)
re : dién tré cuon cuc tr phu (Q)
I : dién tré cudn bu ( Q)
e« : dién tro tiép xuc choi dién (Q)

Strc dién dong E, cua phan tmg dong co duge xac dinh theo biéu thic (2.2).

P.N 2.2

Ec. = Kw=—"—® w
" 2.r.a

. PN | z x . an
Trong d6: K= ra hé so cau tao cua dong co
W/
: S6 d6i cuc
: S6 thanh dan tac dung

: S6 d6i mach nhanh song song

e 2 Z2 0

: Tur thong kich tir dugi mdi cuc tir (wb)
® : Toc d6 goc (rad/s)

Néu biéu dién sirc dién dong theo tdc d6 quay n (vong/ phut):

E,=Ke.®.n 2.3

Ma
2.7.n 2.4
a) = —
60
Thay (2.4) vao (2.2) ta co:
E,= N gy
60.a
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K: Hé sb st dién dong cua dong co
Thay (2.1) vao (2.2) va bién dbi ta duoc:
_ U R +R; 2.5
w=—- A,
k¢ ko
Biéu thirc (2.6) 1a phuong trinh dic tinh co dién cua dong co:

Mat khac, moémen dién tu:
My =K ®.1, 2.6
Néu bo qua moi ton hao thi mémen co trén truc cia dong co chinh bang mémen
dién tu, ta ky hiéu M tuc la:
Mg =M =M
Thay My, = M., = M vao phuong trinh (2.4) ta thu dugc phuong trinh
ddc tinh co cua dong co:

U R +R; 2.7
w=—- —
kg (ko)

Biéu thtrc (2.7) 1a phuong trinh dic tinh co cua dong co dién mot chiéu kich tur

doc 1ap. Néu ta xem @ =const thi quan hé o = f{M.]) 13 tuyén tinh.

iy
i
mu |
AN Ao
s W
0 |
| .,
| .,
|
| ,
I
|
' M.T
() | -
hl‘ﬂmij‘-'lm h["m?] |||||

Hinh 2. 7. D6 thi dic tinh co cua dong co dién mot chiéu kich tir doc 1ap

Tir hinh 2.7 ta thay : khi I, =0 hoic M =0 ta co:
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o-Y o 2.8

kg
Véi o, : toc do khong tai 1y tuong cua dong co dién mot chiéu kich tir doc 1ap

Khi o = o, ta co:

.= U = 2.9
O R+R, ™
Va

lom, Mpm @ 1a dong dién nge‘m Mmach va momen ngén mach.
Mit khéc ta co: I, = %’ R=R,+R, o, = kU—¢ nén phuong trinh (2.7) ¢6 thé

viét dudi dang:

R, +R .
0= _ ”+2f.M=(uO-Aco 211
kKo (k@)

2.2. Cac phwong phap diéu khién téc dd dong co dién mét chiéu
Tur biéu thie (2.7) ta c6 mdi quan hé o = f{R,®,U) do d6 dé diéu chinh
tbc do dong co dién mot chiéu ta c6 thé thuc hién bing ba phuong phap diéu
khién sau:
+ Diéu khién tdc do bang cach thay doi dién trd phu phan tng.
+ Diéu khién toc do bang cach thay doi tir thong kich tir.
+ Diéu khién toc do bang cach thay doi dién ap phan ang.
2.2.1. Phuong phap diéu khién toc do bang cach thay doi dién tré phu phan tng
Nguyén ly diéu chinh: Néi thém dién tré phu R; vao mach phan tng ta c6
mbi quan hé: o = f(R;, @ kt,U) véi gia thiét rang : Néu gitt @ = & ,,= const; U
= Uz, = const; R, = const thi téc d6 cua dong co chi phu thudc vao dién tro
phan ang o = f(Ry).

Pé thyc hién thay di gia tri Ry ciia mach phan ¢ng ta thuc hién bang cach

ndi tiép mot dién tro phu (Ry) c6 thé thay doi gid tri vao mach phan Gng.
Khi thém dién tré R¢ vao mach phan tmg ta c6 : R =R, + Ry
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Theo phuong trinh dac tinh co :

U _R+R 2.12

kg (kg)*
Tir (2.11) ta thay: khi ta diéu chinh ting gia tri cua Ry thi téc do cua dong co

giam va nguoc lai

Luc ndy ta c6 tbe do khong tai Iy tuong:

U
w, = — = const 213
“Fdm
Va do cung caa dac tinh co:
2
B - AM — (k'¢nm) - Var 2'14
Aw R, +R;

Khi Ry cang 16n, B cang nho nghia 1a dic tinh co cang déc. Ung véi Rt =
0 ta c6 ddc tinh co ty nhién. B ty nhién c6 gia ti 16n nhat nén c6 d6 cing hon tat

ca cac duong dac tinh c6 dién tré phu.

Nhu vay khi thay doi Rscho ta mot ho dic tinh nhu sau:

()
f |
{-'r-}ll — —— TH
o -\-..-:- e . T R F =
\-- - -\---\-
e T
- . R n
: N e
e
. T
.
R,

\ R M
-

Hinh 2. 8. Bac tinh co cia dong co di¢n mot chiéu kich tir doc 1ap

khi thay d6i dién tré phu mach phan tng
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Néu gia tri dién tro Ry cang 16n thi tbc d6 dong co cang giam, dong thoi
dong dién ngan mach (l,m ) va md men ngan mach (My, ) cling giam. Phuong

phap nay dugc dung dé han ché dong khoi dong cua dong co.

2.2.2. Phuong phap diéu khién toc d6 dong co bang cach thay doi tir thong kich

tu

Nguyén 1y diéu chinh: Phuong phéap diéu khién téc do dong co bang cach
thay doi tir thong kich tir cia dong co dién mot chiéu 1a thuc hién diéu chinh mo
men dién tir cia dong co M = k.®.I,, va strc dién dong quay cua dong co E, =
k.®.o.

Theo phuong trinh dac tinh co w = f(U, ¢kt , Rf'), thuc hién gitr U = Ug,
= const, R, = const (R;=0) thi lic nay toc ~ d6 cua dong co chi phu thudc vao
tur thong kich tir @ = f(Dy).

Viy dé diéu chinh tir thong kich tir @y ta thuc hién mac thém bién tro R,
vao mach kich tir ciia dong co, khi diéu chinh tir thong kich tir @y, ta phai tuan
theo diéu kién sau: khong duoc ting dong kich tir Iy, I6n hon dong dinh mac cua

cudn kich tr.
Khi thay doi tbc do bang cach thay ddi tir thong kich tir ta c6:

Téc do khong tai Iy tuong cua dong co:

-

dn. = yar 2.15

K.@,

o =
Do ctng cua dac tinh co :

- % - var 2.16

Do c4u tao ciia dong co dién, khi tir thong kich tir: &y = Py, dd bdo hoa,
néu muén thuc hién ting dong kich tir I, thi @ ting ciing khong ting dang ké
(do tir thong d4 bao hoa) nén thuc té thuong ta diéu chinh bang cach giam tur

thong kich tir @y. Khi tir thong kich tir giam thi téc d6 cua dong co (w4 )ting,
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con d6 cang dic tinh co (B) s& giam. Ta c6 dd thi dic tinh co (hinh 2.9) véi o,

tang dan va do ciing cua dic tinh giam dan khi giam tir thong.

)
A

-

0 Dy, .

Hinh 2. 9. Pic tinh co dién cua dong co dién mot chiéu kich tir doc 1ap khi giam tir thong.

Tir hinh 2.9 ta thay khi tir thong kich tu thay doi véi @, > @, > &, ta co:

\ Cn z U
Dong dién ngan mach: I, = % = const

M6 men ngén mach: My, = K.®y. 1y = var (Mom > Momi >Mum)
Tir do thi dic tinh (hinh 2.9)ta thay mo < wgy < ®2.
2.2.3. Phuong phép diéu khién téc d6 dong co bang cach thay doi dién ap phan

ung

R +R
Tu phuong trinh dic tinh co (2.7): © = U _ &t M
ko (ko)

Thuc hién diéu chinh dé git: @ = &, = const, R, =const, (R; =0), M =
const. Luc nay téc do cua dong co chi phu thudc vao dién ap phan tng: o =
f(U.)

Khi thuc hién thay doi dién ap phan tng caa dong co thi toc d6 khong tai
ly tuong sé thay d6i, do cimg dic tinh co 1a khong doi.
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A aA 1.1 A 21 s » an U
Toc do khong tai ly tudng cia dong co: mg = k; = var

(2.16)

2
Do cang cua dac tinh co cua dong co: B = —% = const

u

(2.17)

Nhu vay khi thay doi dién 4p phan @ng cta dong co ta thu dugc mot ho

cac dac tinh co nhu hinh 2.10

()
1

{’I]u__————_TE_[
[-I}.:,l-——__ i
. U
O l
e — U,
Opf v

M, I
() -

Hinh 2. 10. D9 thj ddc tinh co ctia dong co dién mot chiéu kich tir doc I4p khi dién ap phan
ung thay doi

Tir hinh 2.10 ta thay khi thay d6i dién ap phan ung caa dong co ta dugc

mot ho dac tinh co nhan tao song song vaéi dac tinh tu nhién.

Ciing tir hinh 2.10 ta thay rang khi thay d6i dién ap phan @ng cta dong co
thi mémen ngan mach (M), dong dién ngan mach (l,,) ctia dong co giam va
tbc do dong co ciing giam. Do d6 phwong phap diéu chinh dién ap phan ng

dugc dung dé thuc hién diéu chinh toc d6 dong co va han ché dong khai dong.

Pé thyc hién diéu chinh dién ap phan ng, ta phai sir dung mot bo bién
d6i dé thuc hién diéu chinh dién 4p dau ra cdp cho mach phan ung cua dong co
(hinh 2.11),
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Hinh 2. 11. So d6 nguyén 1y diéu chinh dong co
B0 bién do6i dung dé bién doi dién ap xoay chiéu cua ludi dién thanh dién
ap mot chiéu véi gia tri dién ap dau ra c6 thé diéu chinh dugc theo yéu cau cua

nguoi diéu khién.

K&t luan : Sau khi phén tich ba phuong phap diéu khién tc d6 dong co dién thi
tac gia thdy rang phuong phap diéu khién bang thay doi dién ap phan tng 1a tét
hon ca. Vi vay tac gia lya chon phuong phap diéu chinh téc d6 dong co dién mot
chiéu bang cach thay doi dién ap phan tmg lam phuong phap nguyén ctru cho dé

tai.
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Chuwong 3 Thiét ké va lap trinh chwong trinh diéu khién dong co 1
mot chiéu trén STM32F407

3.1. CAc thanh phén co ban ciia hé théng diéu khién

. 0 u(t) c(t)
B6 diéu khién - Péi tugng -

2

Cam bién -

Hinh 3. 1. So d6 khdi h¢ thong diéu khién

Chu thich céc ky hiéu viét tit:

+ r(t) (reference input): tin hiéu vao, tin hiéu chuan
+ c(t)(controlled output): tin hi¢u ra
+ ¢, (t): tin hidu hoi tiép
+ e(t) (error): sai léch
+ u(t): tin hiéu diéu khién
3.1.1. So @b diéu khién str dung bo diéu khién PID

’ — 2
»  KHIEN CHIEU >
PID

Hinh 3. 2. So dd cau trac diéu khién st dung bo diéu khién PID

Céc tin hiéu vao/ra cua so do:

+ x la tin hiéu dat
+ y la tin hiéu phan hoi vé
+ e lasailéch
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Biéu thuc tinh sai léch dugc cho nhu sau:

e=xX-Yy 3.1
C6 nhiéu phuong phap xac dinh tham sé cua bo fiéu khién PID:
+ Phuong phap Ziegler-Nichols
+ Phuong phap Chien-Hrones-Reswick
+ Phuong phap tong T cua Kuhn
+ Phuong phap t6i wu modul va phuong phap tbi wu fidi xang
+ Phuong phap tbi uu theo sai 1éch bam
15 T T T
| reference signal
—Kp=2
Kp=05
1+
\ |
"Kp=1 Ki=1 Kd=1
05F
0= =
0 2 4 & 8 0 12 14 6 1§
Hinh 3. 3. D6 thi theo thoi gian, ba gia tri Kp, Ki, Kd
+ BO diéu khién PID lién tuc:
I _______ -
| Bé PID |
I
L
r =1(t) e | | _
I K;/s | DOI TUGNG >
o
I KD.S :
' ]

Hinh 3. 4. PID lién tuc
22




+ B0 diéu khién PID sé (roi rac):

K, .
E(z) K,T z+1 U(z)
*—> »(2)—»
2 z-1
. Ky z-1 R
T =z

Hinh 3. 5. PID roi rac
3.1.2. Mot s6 bo diéu khién khac

Mot s6 bo diéu khién khac bao gom:
Bo diéu khién me, Neuron
B diéu khién LOR

3.2. Thiét ké phan cing

3.2.1. Khéi mach cip ngudn

Khoi mach cap nguén

gdm c6 2 mach: cAp ngudn 5V mot chiéu va cap ngudn 12V-2A mot chiéu.
Mach cap ngudn 5VDC: dé tao ra dién ap mot chiéu SVDC céap cho vi diéu
khién STM32F407 va IC MAX232 str dung IC 6n ap LM7805.

So d6 khoi ciia mach cap nguon nhu sau:
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trwde sau

Hinh 3. 6. So db khéi mach cép ngudn

Nguyén 1y hoat dong cua mach nhu sau: dién 4p 220VAC dua qua bo
Adaptor ha ap xudéng 12VAC. Dién ap xoay chiéu nay dua téi cau chinh luu dé
c6 dugc dién ap mot chiéu. Pién ap mot chiéu dwa t6i chan Vin cua LM7805 va
dau ra Vout ta co6 duoc dién 4p SVDC. P6i khi dudng cip ngudn bi nhidu, dé
san phéng cac nhiéu nay ta str dung cac bd loc trude va bd loc sau IC on ap dé
co duoc nguén 5VDC 6n dinh. Céc tu st dung trong mach : tu gém 104pF va tu
hoa 2200mF. Ngoai ra con c6 1 LED bao cip ngudn.

—

1
2

= - Dis
CAU DIODE 14 WEE
12 i
4 L 2 wouT 3 R
= R
o 7205
—_ e
104pF 2200mF 104pF == 09
’-EDDmF
~ LED
",

Hinh 3. 7. So @b nguyén 1y mach cip ngudn 5VDC
Mach cip ngudén 12VDC cho dong co: do chat luong dién ap cdp cho dong co

khong doi hoi qua cao nén ta str dung mot mach don gian nhu sau:
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10000mF

Hinh 3. 8. So d6 nguyén 1y mach cap nguon 12VDC

Nguyén 1y hoat dong: dién ap 220VAC dua qua bién ap ha ap xudng
12VAC. Pién ap xoay chiéu ndy dua tdi cau chinh luu dé c6 duoc dién 4p mot
chiéu. Pién 4p sau cau chinh luu van nhap nho, dé san phing dién 4p ra ta sir
dung mot tu hoa c6 dung luong 10000mF. Pién ap nay cap cho dbi tuong 1a
dong co can diéu khién.
3.2.2. Mach driver

L298N 1a mot driver chip tich hop sin hai mach cau H bén trong véi
chuan diéu khién TTL, khong c6 diode ndi bao vé Mosfet. Chiu tai tdi da trén
mdi cau 1a 2A, dién ap 40VDC. Logic ‘0> & ngd vao 1én t6i 1.5V (kha nang khir
nhiéu cao). Sir dung dang dong go6i Multiwatt15. Cac thong s can thiét khac cia

L298N c6 thé dugc tim thiy tai trang web ctia hing STMicroelectronics
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Hinh 3. 9 : Hinh dang IC L298N

Thiét ké mot bo didu khién mo c6 thé st dung cho cic dong co 1én dén
4A bang cach ndi song song 2 cau H bén trong cia L298N. Hinh dang cia IC
L298N duoc thé hién nhu hinh 3.5.

Vs Vss
moan ?‘ %_IIE:E
OENABLE 6 L 208
oM 5 & g oum
oM? 7 ilz 3 |ouTZ,
L |
w0 P;}\ "
[ % L]
g

Hinh 3. 10. Néi song song hai mach cau H cua L298N
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Vi¢c han dong cho dong co 1a rat can thiét, nhat 1a khi dong co hoat dong,
c6 rat nhiéu tinh huéng khong mong doi s& xay ra, vi vay can phai c6 ché do han
dong bang phan mém. Trong cac trudong hop nguy hiém nhu ngin mach do va
cham, hodc tudt day ndi, cin c6 mach bao vé chéng ngan mach bang phan cing
dé dap ung kip thoi.

Can diéu khién PWM 6 tan s6 cao dé tranh tiéng on do dong co giy ra,
nhat 14 nhiig tiéng kéu nghe rat rd & khoang tan sé6 1KHz dén 3KHz. B9 diéu
khién PWM thong thuong duoc dung & 5KHz. Tuy nhién, trong ing dung nay,
ta dung ¢ mirc 10.8KHz.

Hai ché d6 dung cua L298N rat thuan loi. Dung tu do (free stop) duoc
thuc
hién khi chan “enable” dugc kéo xuéng mass. Dung nhanh hay phanh (fast stop
— break) duogc thuc hién khi hai ngd vao c6 cung logic. Truong hop dung tu do
chi duoc dung khi dién 4p hoi tiép do dong tai & chan “sense” vuot qua cho phép
va dugc dimg boi chuong trinh diéu khién. Tét ca cac truong hop ding khac déu
dung bién phap dimg nhanh. Nhu vay, trong truong hop ngan mach, dong co s&
dugc duy tri ¢ trang thai phanh.

L298N khong c6 diode ndi dé bao vé cac mosfet nam bén trong, do do,
can c6 cac diode ngoai dé bao vé (xem Mach nguyén 1y). Dé dam bao diéu khién
& tan s6 PWM cao, can dung diode nhanh c6 dién tro thap. Diode chuyén dung
dé diéu khién dong co 1a cac diode fast recovery Schottky. Nhung & tan so thap
nhu trong tng dung ndy, van co thé dung loai 1N4007.

Mot luu y rang L298N khi hoat dong rat nong, nhiét do co thé lam phong
tay khi cham vao L298N. Do vay, can c6 mot miéng tan nhiét dé giai nhiét cho
L298N. Khi khong c6 tan nhiét, L298N s& néng rat nhanh va ty dong ngit diéu
khién. Trong cac thi nghiém, L298N s& ngat mach trong vong 45 dén 60 gidy
khi khong c6 tan nhiét.
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Hinh 3. 11. So d6 nguyén 1y mach cong suat

3.2.3. Khdi phan hdi toc do

Pé diéu khién sd vong quay hay van toc dong co thi chiing ta nhat thiét
phai doc duge goc quay ctia motor. Mot s6 phuong phap c6 thé dugc dung dé
xéac dinh goc quay ctia motor bao gom tachometer (may phat toc), dung bién tro
Xoay hodc dung encoder. Trong d6 2 phuong phap dau tién 1a phuong phap
analog va dung optiacal encoder (encoder quang) thuoc nhém phuong phap
digital. Hé thong optical encoder bao gdm mot ngudn phat quang (thudng 1a
hdng ngoai — infrared), mot cam bién quang va mot dia co chia rinh.

Optical encoder lai dugc chia thanh 2 loai: encoder tuyét doi (absolute
optical encoder) va encoder twong dbi (incremental optical encoder). Trong da
s6 cac DC Motor, encoder tuong d6i dugc ding va md hinh dong co trong do an

nay cling khong ngoai I¢.

@7 Ngudn phat

Cam bién ‘-'Tl %

Cam bién -
O

Truc dfng co

Bia quay

Hinh 3. 12. M5 hinh cta encoder tuong dbi

Encoder thuong c6 3 kénh (3 ngd ra) bao gom kénh A, kénh B va kénh I
(Index).

Kénh I: Trong hinh trén ta thdy mot 16 nho bén phia trong cia dia quay va
mot cap phat-thu danh riéng cho 16 nho nay. Ct mdi lan motor quay dugc mot
vong, 16 nho xuat hién tai vi tri cua cap phat-thu, hong ngoai tir ngudn phat sé
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xuyén qua 18 nho dén cam bién quang, mot tin hiéu xuét hién trén cam bién.
Nhu thé kénh I xuét hién mot “xung” mdi vong quay cua motor.

Kénh A: bén ngoai dia quay dugc chia thanh cac ranh nhé va mét cap thu-
phat khac danh cho cac ranh nay. Hoat dong cua kénh A cling tuong tu kénh I,
diém khac nhau 1a trong 1 vong quay ctia motor, ¢ n “xung” xuat hién trén
kénh A véi n 1a sd ranh trén dia va dugc goi l1a d6 phan giai (resolution) cua
encoder. Mdi loai encoder c6 do phan giai khac nhau, c6 khi trén mdi dia chi co
vai ranh nhung ciing ¢ truong hop dén hang nghin ranh duoc chia. Pé diéu
khién dong co, ta phai biét do phan giai cia encoder dang dung. Do phan giai
anh huong dén d6 chinh xac diéu khién va ca phuong phap diéu khién. Trong d6
an su dung loai encoder c6 do phan giai 200 xung/vong.

Kénh B: trén cac encoder con c6 mot cip thu phat khac duogc dit trén
cung duong tron véi kénh A nhung 1éch mét chat (1éch M+0,5 ranh). Tin hiéu
xung tir kénh B ¢6 cung tan s6 v4i kénh A nhung 1éch pha 90°. Bang cach phoi
hop kénh A va B nguoi doc s& biét chiéu quay cua dong co.

Hinh 3.13 thé hién su bo tri ciia 2 cam bién kénh A va B 1éch pha nhau.
Khi cam bién A bat dau bi che thi cam bién B hoan toan nhan duoc héng ngoai

xuyén qua, va nguoc lai. Hinh thap 1a dang xung ngd ra trén 2 kénh.

360°

90° '\iji&\[ 7/? Disk

& P

2 e e <
CCW CcwW
o° 360°
A I > l& I I I

J
sl T1L_I—

Hinh 3. 13. Hai kénh A va B 1éch pha trong encoder
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Xét truong hop motor quay cung chiéu kim dong ho, tin hiéu “di” tir trai
sang phai. Quan sat thdy luc tin hiéu A chuyén tir mic cao mic xudng thip
(canh xudng) thi kénh B dang & mirc thap.

Nguoc lai, néu dong co quay ngugc chiéu kim dong ho, tin hiéu “di” tr
phai qua trai. Luc nay, tai canh xudng cta kénh A thi kénh B dang & mirc cao.
Nhu vdy, bang cach phdi hop 2 kénh A va B chung ta khong nhitng xac dinh
dugc goc quay (thong qua sb xung) ma con biét duge chiéu quay cta dong co
(thong qua muc cta kénh B & canh xubng cta kénh A).

Phuong phéap doc encoder bang STM32: Tuy theo muc dai lwong diéu
khién (vi tri hay van toc) va dic diém encoder (d6 phan giai) chung ta c6 3
phuong phap dé doc encoder bang STM32: Input Capture, Timer voi chirc ning
counter va ngit ngoai. Mdi phuong phap sir dung déu c6 wu va nhuge diém
riéng. Tuy nhién trong d6 an st dung phuong phap st dung Timer voi chirc
nang counter. Pt cac kénh ciia encoder vao cac chan dém cua Timer | ta s&
dém dugc sd lugng xung cua cac kénh, sau dé chi chon ché d6 xung ngué)n cép
ctia Timer 1. Mdi khi c6 xung tir encoder, timer s& ting gia tri 1én 1. Pay la

phuong phép st dung it tai nguyén nhat (it tn thoi gian cho encoder).

3.3. Hinh anh thuec té ciia so' d6 diéu khién
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Hinh 3. 14. Hinh anh mach sir dung STM32F407
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O so @6 mach theo hinh 3.14 duoc giai thich nhu sau:
TD bat (téc do dat):
TOC DO (tdc d6 thuc):

O day ta dat tbc do ¢ dong TD Pat vai gia tri trong dai tir 0000 dén 3400
vong/phut.

Hé sb Kp,Ki,Kd duoc lra chon theo kinh nghiém cua tac gia theo nhu hinh 3.15:

Hinh 3. 15. Khai bao cac hé s6 Kp,Ki,Kd

3.4. Phin code cia STM32F407

/* USER CODE BEGIN Header */

/**
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*hkhkhkhkhkhkhkhkhkhkhkkhkhkhkhkhkkhkkhkkhkkhkhkkhkkhkkhkkhkkhkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkikkhkkhkhkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkhkkhkkhkkikkikikhkkkikk

k,kkhkkhkhkkkhkkikkikikk

* @file stm32f4xx_it.c

* @brief Interrupt Service Routines.

KTEIEXIAIAIAIAAAIAIAAIAAAIAAIAAAIAAA AR AR Ahkkhkhkhkhkhkhkhkhkrkhkhkhkhkkhkkhkikhkhkkhkkhkkhkhkkhkkhkkhkkikikikikikkkikk

k,kkhkkhkkhkkkhkkikkikikk

* @attention

* <h2><center>&copy; Copyright (c) 2020 STMicroelectronics.

* All rights reserved.</center></h2>

* This software component is licensed by ST under BSD 3-Clause

license,
* the "License"; You may not use this file except in compliance with the
* License. You may obtain a copy of the License at:

* opensource.org/licenses/BSD-3-Clause

TEAAIAAAAIAEAKAAAAAIAAAAIAAAITAAAIAAAIAAAkhkhAAkhihkhrirhhkhkhihhhihkhkihkhiihkhkiiikiiikkx

*khkkkkkkkhkkikkhkkkk
*/
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[* USER CODE END Header */

el 1116 [ o[ */
#include "main.h"

#include "stm32f4xx_it.h"

I* Private includes ----------=-=-mmm oo */
[* USER CODE BEGIN Includes */

/* USER CODE END Includes */

/* Private typedef -------=-mmmmmm oo */

[* USER CODE BEGIN TD */

[* USER CODE END TD */

[* Private defing =-=-=---memmommmem e */

/* USER CODE BEGIN PD */

[* USER CODE END PD */

[* Private Macro ==--==-====mmmmm e oo e e e e e */

[* USER CODE BEGIN PM */
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[* USER CODE END PM */

/* Private variables -------=-=-=-=n=nmememmmmmmceeeo

[* USER CODE BEGIN PV */

[* USER CODE END PV */

I* Private function prototypes --------------------------

[* USER CODE BEGIN PFP */

[* USER CODE END PFP */

[* Private user code --------====-==mmmmmmmmmmmm oo

[* USER CODE BEGIN 0 */

[* USER CODE END 0 */

[* External variables -------------=--=-mmomm oo

extern TIM_HandleTypeDef htim2;

extern TIM_HandleTypeDef htim3;
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[* USER CODE BEGIN EV */

[* USER CODE END EV */

/***********************************************************

*******************/

I* Cortex-M4 Processor Interruption and Exception Handlers
*/

/***********************************************************

ek ek kA |
[H*
* @brief This function handles Non maskable interrupt.
*/
void NMI_Handler(void)

{

[* USER CODE BEGIN NonMaskablelnt_IRQn 0 */

/* USER CODE END NonMaskablelnt_IRQn 0 */

/* USER CODE BEGIN NonMaskablelnt_IRQn 1 */

/* USER CODE END NonMaskablelnt IRQn 1 */

}
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/**

* @brief This function handles Hard fault interrupt.
*/
void HardFault_Handler(void)

{

[* USER CODE BEGIN HardFault_IRQn 0 */

/* USER CODE END HardFault_IRQn 0 */
while (1)
{
/* USER CODE BEGIN W1_HardFault_IRQn 0 */

[* USER CODE END W1_HardFault_IRQn 0 */

k
k

[H%
* @brief This function handles Memory management fault.
*/

void MemManage Handler(void)

{
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/* USER CODE BEGIN MemoryManagement_IRQn 0 */

/* USER CODE END MemoryManagement_IRQn 0 */
while (1)
{
/* USER CODE BEGIN W1_MemoryManagement IRQn 0 */

/* USER CODE END W1_MemoryManagement IRQn 0 */

}
}

/**
* @brief This function handles Pre-fetch fault, memory access fault.
*/

void BusFault_Handler(void)

{

/* USER CODE BEGIN BusFault_IRQn 0 */

/* USER CODE END BusFault_IRQn 0 */
while (1)
{

[* USER CODE BEGIN W1_BusFault_IRQn 0 */
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[* USER CODE END W1_BusFault_IRQn 0 */

}
}

[H%
* @brief This function handles Undefined instruction or illegal state.
*/

void UsageFault_Handler(void)

{

/* USER CODE BEGIN UsageFault_ IRQn 0 */

/* USER CODE END UsageFault_IRQn 0 */
while (1)
{
/* USER CODE BEGIN W1 _UsageFault IRQn 0 */
/* USER CODE END W1_UsageFault_IRQn 0 */
by
by

/**
* @brief This function handles System service call via SWI instruction.
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*/
void SVC_Handler(void)

{

/* USER CODE BEGIN SVCall_IRQn 0 */

[* USER CODE END SVCall_IRQn 0 */

/* USER CODE BEGIN SVCall_IRQn 1 */

[* USER CODE END SVCall_IRQn 1 */

}

[
* @brief This function handles Debug monitor.
*/

void DebugMon_Handler(void)

{

[* USER CODE BEGIN DebugMonitor_IRQn 0 */

/* USER CODE END DebugMonitor_IRQn 0 */

/* USER CODE BEGIN DebugMonitor_IRQn 1 */
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/* USER CODE END DebugMonitor_IRQn 1 */

}

/**
* @brief This function handles Pendable request for system service.
*/

void PendSV_Handler(void)

{

[* USER CODE BEGIN PendSV_IRQn 0 */

[* USER CODE END PendSV_IRQn 0 */

[* USER CODE BEGIN PendSV_IRQn 1 */

[* USER CODE END PendSV_IRQn 1 */

}

[H%
* @brief This function handles System tick timer.
*/

void SysTick Handler(void)

{

41



/* USER CODE BEGIN SysTick_IRQn 0 */

/* USER CODE END SysTick IRQn 0 */
HAL _IncTick();

[* USER CODE BEGIN SysTick_IRQn 1 */

/* USER CODE END SysTick_IRQn 1 */

}

/***********************************************************

*******************/

[* STM32F4xx Peripheral Interrupt Handlers */

/* Add here the Interrupt Handlers for the used peripherals. */
/* For the available peripheral interrupt handler names, */
I* please refer to the startup file (startup_stm32f4xx.s). */

/***********************************************************

*******************/

/**

* @brief This function handles EXTI line0 interrupt.
*/

void EXTIO_IRQHandler(void)
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[* USER CODE BEGIN EXTIO_IRQn 0 */

/* USER CODE END EXTIO_IRQn 0 */
HAL_GPIO_EXTI_IRQHandler(GPIO_PIN_0);

[* USER CODE BEGIN EXTIO_IRQn 1 */

/* USER CODE END EXTIO_IRQn 1 */

/**
* @brief This function handles TIM2 global interrupt.
*/

void TIM2_IRQHandler(void)

{

[* USER CODE BEGIN TIM2_IRQn 0 */

/* USER CODE END TIM2_IRQn 0 */

HAL_TIM_IRQHandler(&htim2);

[* USER CODE BEGIN TIM2_IRQn 1 */
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[* USER CODE END TIM2_IRQn 1 */

}

/**
* @brief This function handles TIM3 global interrupt.
*/

void TIM3_IRQHandler(void)

{

[* USER CODE BEGIN TIM3_IRQn 0 */

[* USER CODE END TIM3_IRQn 0 */

HAL_TIM_IRQHandler(&htim3);

[* USER CODE BEGIN TIM3_IRQn 1 */

[* USER CODE END TIM3_IRQn 1 */

}

[* USER CODE BEGIN 1 */

[* USER CODE END 1 */
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Askaiaiakaiaialaieialaialalaialaiaialalaialaloiel (C) COPYRIGHT STMiicroelectronics
wxxxxEND OF FILE****/
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Két luan

Nghién ctru ban dau cho di cho thay két qua kha quan tao tién dé vé tng
dung voi STM32F4 . é tai phét trién ndy toi xin dua ra mot s6 wu diém
Sau :
% Uu nhuoc diém :
1. Uu diém:
Gi4 thanh ré so vai cac dong chip khac
Téc do xir Iy cao, 6n dinh
Tiét kiém ning luong
S6 tai nguyén phu hop Véi cac tng dung khac nhau
2. Nhuoc diém
Nhiéu thanh ghi c4u 1énh kha dai , gy khé nhd cho nguoi
dung , d& nham Ian
Thi truong ¢ Viét Nam chua mo rong , gay kho trong viéc
tim kiém tai liéu va kho khan trong viéc dat mua chip , do
vay nghién clru nay chua dugc sau
Sau thoi gian 3 thang 1am d6 an véi sy huéng dan tan tinh coa thay gido
TS. Ngb Quang Vi, em di hoan thanh dé tai duoc giao .Qua4 trinh thuc hién dd
an da gitp em cang ¢ lai kién thirc ma minh da hoc , ngoai ra qua trinh tim hiéu
d6 an dd giup em c6 thém kién thuc thyc té . Do thoi gian 1am dd an ngan va
kién thitc con han ché nén trong d6 an con nhiéu thiéu s6t nhat dinh . Vi vay em
rat mong duoc su gop ¥ , bo sung cua cac thay co gido dé do 4n em dugc hoan
thién hon .
Em xin chan thanh cdm on !
Hai phong , ngay.....thang.....ndm 2020

Sinh vién

binh Hitu Manh
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