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Tac gia: TAHMID MAHBUB

Khi tao ra song sin bang ky thuét s6, minh lam nhw vay bang céch sit dung mot s6 xung séng
vuong co dinh. Con s6 nay cang lén thi séng hinh sin cang sach.
Dang sine y=sin(x) (x thay déi gié tri tir 0-360 d0)

VD ta st dung 10 budc/ban ky. Mot nira ban ky sau minh sé dao lai
Vi minh ¢6 10 budc/ban ky, nén minh chia nira dwong cta séng sin thanh 10 phan. Phan dau

tién la 0-18 d6, xung tiép theo & 36 do, sau dé la 54 do, v.v.

Vi vay, cac gia tri minh can la:

» 1. Sin(0) =

2.5 n(18) 0 31

* 3. Sin(36)= 0.59

* 4. Sin(54) = 0.81
* 5. Sin(72)= 0 95

* 6. Sin(90) =

e 7.Sin(108) = O 95
* 8. Sin(126) = 0.81

¢ 9.Sin(144) = 0.59
¢ 10. Sin(162) = 0.31
Ta khong 14y gia tri dién ap tai sin(180) vi gia tri nay sé dwoc goi ti€p khi thuc hién
sine(0)=0. Sau khi biét cach tim céc gia tri tai mé6i budc. Bay gio, lam thé nao dé thuc
hién diéu nay bang PWM?. 1 nghia la chu ky nhiém vu 100%, 0 nghia la 0% va 0,5
nghia 1a 50%. Vi vay, tir bang trén, minh biét rang:
e 1. Sin(0) = 0%
e 2.5 n( 8)=31%
3. Sin(36)= 59%
e 4.Sin(54) = 81%
¢ 5. Sin(72)= 95%
* 6. Sin(90) = 100%
e 7.Sin(108) = 95%
» 8. Sin(126) = 81%
e Sin(144) = 59%
¢ 10. Sin(162) = 31%

Bay gi0, minh can dat cac gia tri nay vao mot bang sin thich hop. Pé lam duoc diéu do, minh
can biét gia tri ctia PR2. Khoang thoi gian PWM = [(PR2) 1] * 4 * TOSC * (TMR2 Gi4 tri dat
trudc) minh biét, khoang thoi gian PWM, TOSC va gid tri dat trudc, vi vay dat gia tri nay va
sap x€p lai cho minh, PR2 1 = Khoang thoi gian PWM / (4 * TOSC * {TMR2 Prescale Value})
Do d6, PR2 = [PWM Period / (4 * TOSC * [TMR2 Presca le Value})] - 1 * Cong thic bat
nguodn tir d6 duoc dua ra trong biéu dir liéu.

Bdy gi0, minh can quyét dinh xem minh sé thuc hién PWM (tan s6 sé6ng mang) & tan so
nao. Gia stt, minh c6 mot bo dao dong 16MHz va minh quyét dinh st dung tan s6é séng mang
la 16kHz. Sau d6, néu ban dat céc gia tri vao cong thic trén, minh co:

PR2 =[(1/16.000) /(4 *[1/16.000.000]. * 1] - 1 Cho minh, PR2 = 249
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Vi vay, minh gan 249 cho PR2. Thanh ghi chu ky nhiém vu la CCPR1L. Khi CCPR1L = 0, chu
ky nhiém vu = 0, khi CCPR1L = (PR2 1), chu ky nhiém vu = 100%. Piéu nay la do (PR2 1) =
Chu ky

Vi vay, CCPR1L / (PR2 1) = Chu ky hoat déng Vi vay, bang:

¢ 1. Sin(0) = 0%

e 2.Sin(18) = 31%
* 3. Sin(36) = 59%
e 4.Sin(54) = 81%
e 5. Sin(72) = 95%
* 6. Sin(90) = 100%
e 7.Sin(108) = 95%

(

* 8. Sin(126) = 81%
* 9. Sin(144) = 59%
* 10. Sin(162) = 31%

C6 thé duoc sap xép lai nhuw sau:

1. Sin(0) = 0* 250

» 2. Sin(18) = 0.31 * 250

* 3. Sin(36) = 0.59 * 250

* 4. Sin(54) = 0.81 * 250

* 5. Sin(72) = 0.95 * 250

* 6. Sin(90) = 1 * 250

» 7. Sin(108) = 0.95 * 250
(

* 8. Sin(126) = 0.81 * 250
* 9. Sin(144) = 0.59 * 250
* 10. Sin(162) = 0.31 * 250

O day minh nhan véi 250 vi 250 1a dinh cta séng sin [y = sin (x) * 250] véi 250 1a chu ky.
Vi vay minh co:

e 7.Sin(108) = 237.5, take as 237
* 8. Sin(126) = 202.5, take as 202
¢ 9.Sin(144) = 147.5, take as 147
¢ 10. Sin(162) = 77.5, take as 77

e 1.Sin(0) =
* 2.Sin(18) = 77 5, take as 77
e 3. Sin(36) = 147.5, take as 147
e 4. Sin(54) = 202.5, take as 202
e 5. Sin(72) = 237.5, take as 237
e 6. Sin(90) = 250

(

(

O d6, bay gio minh da tim ra bang sin: [0,77,147,202,237,250,237,202,147,77] P6 1a 10 gia
tri. Ban c6 thé lap lai quy trinh cho bao nhiéu gia tri tuy y. Bay gi0, lam thé nao dé st dung
diéu nay dé thuc hién song sin: PR2 = 249 Ban dau, CCPRIL = 0

minh cho phép ngat CCP1, bang cach ghi mot ngat vao CCP1IE va GIE va PEIE. Ngat xay ra
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vao cubi moi chu ky, titc 1a khi TMR2 = PR2, tttc la khi TMR2 dém dwoc 250 budc, tic la
6,25us, tic la & tan s6 16kHz - tan s6 song mang cua minh.
minh dat bang sin dudi dang mot mang. Hay lay bién la “sinval”.

Vi vy,

sinval = [0,77,147,202,237,250,237,202,147,77] minh sé 1ay mot bién dé hoat dong nhw chi
s0 mang. Hay coi dé la “ind”. Ban déau, ind = 0. minh cling sé st dung mot bién khéc bao
hiéu sw két thic cua chi muc. Hay coi d6 la “endi”. minh biét c6 10 gia tri, sinval [0] thanh
sinval [9], vi vdy minh sé gén endi 10. Vi vay, ban dau, endi = 10

Trong ISR, trudce tién minh st dung ind dé x4c dinh vi tr{ hién tai clla mang. Vi vay, lic dau
bao gom. °. minh goi sinval véi chi so la ind. Vi vay, khi bao gom ca °, minh goi sinval [0], la
0. minh chuyén gié tri nay cho CCPR1L. Sau d6, minh tang bién chi muc “ind” va so sanh
bién nay v6i “endi”. Ind khong bang endi, vi vy minh ti€p tuc. Lap lai quy trinh cho dén khi
tat ca duoc thuc hién.

Vi vay, khi ind = 9, sinval [9] duoc goi. minh da truy xuat gid tri 77. minh chuyén gié tri nay
téi CCPRI1L. Sau d6, sau khi tang dan, ind = 10. minh ludn so sanh gia tri véi endi. Vi vay,
ind = endi, vi vy, minh ddo nguoc hudng cua cau day da bang cach chuyén ddi bit 7 cta
ECCP1CON, la P1M1 hoac EPWM1M1.

minh ti€p tuc mot 1an nita, 14n nay xoéa ind, dé minh cé lai ind = 0 va khi ind = endi, minh
dao nguoc huéng mot lan nira.
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Quang Binh
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Vi vay, nhiing gi minh da dat duoc la, lic dau QA va QD dang bat, minh diéu chinh theo mot
hudng, sau do6 tat QA va QD va QB va QC theo hwéng khac. Néu minh s dung b6 loc LC,
minh sé dat duwoc song hinh sin. Nhung.... C6 mot diéu con lai. Tan so khong phai la
50Hz. Tai sao?

Téan s6 séng mang cta minh 1a 16kHz va trong mot séng tong, minh c6 20 mau. Vi vay, tan
s6 la 16/20 = 0,8 kHz = 800Hz.

800Hz la tan so. Vi vay, chu ky la 1,25ms. D6i v6i 50Hz, minh can khoang thoi gian la
20ms. Vi vay, minh phai kéo dai thoi gian ctia minh (20 / 1,25) = 16 lan. Piéu nay cé thé
dwoc thuc hién, bang cdch giri moi mau 16 1an, do d6 kéo dai khoang thoi gian va do do,
minh c6 tan s6 50Hz.

Diéu nay c6 nghia la giri moi gia tri cta sinval 16 1an trong ISR va sau d6 tdng thanh ghi chi
muc

Vi vay sinval [0] sé dwoc gui 16 1an, sinval [1] sé dwoc gui 16 1an, sinval [2] 16 1an, v.v. Diéu
nay c6 nghia la, déi véi 16 ngat, cung mot gia tri sé dugc chuyén dén CCPRI1L va sau d6
“ind” sé duoc tang lén.

D& lam cho qué trinh 14y bang sin dé dang, minh da viét mot phdn mém trong VB c6 tén la
“Sine Wave”. Diéu nay yéu cau ban phai cai dat .NET framework. D& cai dat phién ban .NET
3 méi nhat. Va ban c6 thé dé dang c6 dwgc mot bang sin. Minh sé upload phan mém nay
mién phi cho nhitng ai muén lam ban séng sin st dung.

Day la anh chup man hinh:
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GENERATION AND IMPLEMENTATION OF 5INE WAVE TABLE

SYED TAHMID MAHEUB

A sine wave is a wave with formula y=sin({x]). Now we need to make this sine wave digitally, that is,
“using square waves”, Let’s explain with an example.

When digitally producing sine wave, we do so using a fiked number of square wave pulses, The larger
the number, the cleaner the sine wave. 50, for example’ sake, we’'ll use 10 samples, though, keep in
mind, in practice, 10 s too less and usually at least 32 are taken,

S0, we have y=sin(x]. x varies between 0 to 360°, But, we'll only focus on one half and then reverse this
to have the negative half. Since we have 10 samples, we divide the positive half of the sine wave into 10
parts. The first part is 0" to 18, We'll send pulses, one at 0° and the other at 18°, the next pulse at 36,
then at 54" and so on. 50, the values we need are:

UL

Lo

10.

sin(0) =0
sin{1%)=0.31
Sin(36) =0.59
Sin{54) = 0.81
5in{72) = 0.95
Sin(90) = 1
Sin(108) = 0,95
Sin(126) = 0.81
sin(144) = 0.59
sin(162) = 0.31

We don't take sin{180) as this value will be next called when we implement sin{0), which both equal 0.

Mow, we know how to find the values. Now, how to implement this. 5o, we're using PIC PWM. 1 means
100% duty cycle, O means 0% and 0.5 means 50%. 5o, from the above table, we know that:

I U U S

5in{0) = 0%
5in{18)=31%
Sin{36) = 59%
Sin{54) = 81%
Sin{72)=95%
5in{90) = 100%
5in{108) = 95%
Sin{126) = 81%
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9. Sin(144) = 50%
10. Sin(162) = 31%

Now, we need to put these values into a proper sine table. For that we need to know the value of PR2.
PWM Period = [(PR2) + 1] * 4 * TOSC * (TMR2 Prescale Value)

We know, PWM period, TOSC and prescale value, so putting this and rearranging gives us,

PR2 + 1 = PWM Period / (4* TOSC * {TMR2 Prescale Value])

Therefare,

PR2 = [PWM Periad / (4* TOSC * {TMR2 Prescale Valuel)] — 1

*Farmula derived from that given in datasheet.

MNow, we need to decide at which frequency we are going to do the PWM (carrier frequency). Say, we
have an oscillator of 16MHz and we decide to use a carrier frequency of 16kHz. Then, if you put in the
values into the above formula, we have:

PR2 = [(1/16,000)/{4 * {1/16,000,000} * 1] -1
Giving us,
PR2 = 249

S0 we assign 249 to PR2. The duty cycle register is CCPRIL. When CCPRIL = O, duty cycle = 0, when
CCPR1L ={PR2 + 1}, duty cycle = 100%. This is because {PR2 + 1) = Period

50, CCPRILAPR2 + 1) = Duty cycle

50, the table:

sin(0) = 0%
sin(18) = 31%
Sin(36) = 59%
sin(54) = 81%
sin(72) = 95%
5in(90) = 100%
5in{108) = 95%
sin(126) = 81%
. 5in{144) = 50%

10, 5in(162) = 31% Lifiinili RidEhabMaiotom
Tallal $70369737723
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Canbe rearrangad as:

5in(0) =0 * 250
Sin{18) = 0.31 * 250
Sin(36) = 0.50 * 250
Sin{54) =0.81 * 250
5in(72) = 0.95 * 250
Sin{goj =1*250
5in{108) = 0,95 * 250
Sin{126) = 0.81 * 250
. 5in{144) = 0,59 * 250
10. 5in{162) = 0,31 * 250

2 o o

© o o~

Here we multiplied by 250 as 250 is the peak of the sine wave [y=sin(x) * 250] as 250 is the period.

S0 we have:
1. sin{0}j=0
2. 5in(l8)=77.5 take as 77
3. Sin{36) = 147.5, take as 147
4, 5in(54) = 202.5, take as 202
5. 5in{72)=237.5, take as 237
6. 5in{90) =250

5in{108) = 237.5, take as 237
5in{126) = 202.5, take as 202
. 5in{144) = 147.5, take as 147
10. 5in{l62) = 77.5, take as 77

© o N

There, we have now found out our sine table:
[0,77,147,202,237,250,237,202,147,77|

That"s 10 values, You can repeat the process for as many values as you need.
Mow, how to use this for implementation of sine wave:

PR2 =249

Initially, CCPRIL =0

We enable CCP1 interrupt, by writing one to CCP1IE and GIE and PEIE. The interrupt occurs at the end of
every period, e, when TMR2 = PR2, 2, when TMRZ counts 250 steps, ie 6.25us, ie at a frequency of
16kHz = our carrier frequency.

We set the sine table as an array. Let's take the varable as “simval®,
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50,
sinval = [0,77,147,202,237.250,237,202,147 77]

We'll take a vanable to act as the array index. Let’s take that as "ind”. Initially, ind = 0. We'll also take
another variable that signals the end of the index. Let's take that as "endi”. We know there are 10
values, sinval(0] to sinval[9], so we'll assign endi 10, 5o, initially, endi= 10

In the ISR, we first use ind to determine the current position of the array. 5o, at first ind=0, We call sinval
with the index being ind. S0, when ind=0, we call sinval[0], which is 0. We pass this value to CCPRIL.
Then, we increment the index variable “ind” and compare this against “endi”. Ind does not equal endi,
sowe continue, Repeat the procedure until all are done,

S0 when ind = 9, sinval[9] 15 called. We have retrieved the value 77, We pass this to CCPRLL, Then after
incrementing, ind=10. We always compare the value against endi. 50 ind = endi, se, we reverse the
direction of the full bridge by toggling bit 7 of ECCP1CON, which is P1M1 or EPWM1ML.

We continue again, this time clearing ind, so that we have ind = 0 again, and when ind = endi, we
revarse the direction again.

Vi
pdand FET 0A : Q¢ FET
Driver Diriver
4 [~ | | ~]
F1A L~ | | ]
P18 . { Load }
FET FET
Driver Dirivar
M | — -
P 1 { W<
PiC o8 oo
1
P1D “

50, what we have achieved is, while at first QA and QD are on, we modulated in one direction, and then
with A and QD off and QB and QC on the ather direction. If we use LC filter, we'll achieve a sine wave.
But.... There is one thing remaining. The frequency isn’t 50Hz, Why?

Our carrier frequency is 16kHz and in a total wave, we have 20 samples. 5o, the frequency is 16/20= 0.8
kHz = 800Hz.
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800H:z is the frequency. 5o period is 1.25ms. For 50Hz, we need a period of 20ms. 5o, we must prolong
our period (20/1.25%) = 16 times, This can be done, by sending each sample 16 times, thus prolonging the
period and so, we have a 50Hz frequency.

This would mean sending each value of sinval 16 times in the [5R and then increment the index register
“ind".

S0 sinval[0] would be sent 16 times, sinval[1] would be sent 16 times, sinvall2] 16 times and so on. This
means, for 16 interrupts, the same value would be passed to CCPRIL and then “ind” would be
incremented.

To make the process of obtaining the sine table easy, | wrote a software in VB called “Sine Wave”, This
requires you to have .MET framework installed, Have the latest version of .NET 3 installed. And you can
easily get a sine table. | will upload this software for free for those who want o make sine wave lable
for their use.

Here's a screenshot:

o Sine Wave - mada by Syed Tahmid Mahbub - Ei‘

Ho of vessble: 2 [ =i =50
Pegk A &

(EE]
]
5]
R
EH
i
[2-E]
=21
F27
Fs
EAT

Cac bai viét tuong tu:

Nl wh =

CACH TAO 1 TRANG WEB - minh muén tao 1 trang web ai biét xin chi cach lap
biéu khién nquén AC bang PWM st dung MOSFET/IGBT

Diéu khién téc d6 déng co DC bang PWM st dung vi diéu khién 8051

Feedback trong Inverter sine (dua trén dong PIC16F*)

Inverter sine 1000W bang EGS002 va bién ap sat 12V (2 day)

Inverter sine 800W - bién dp xung EE42 bang EGS002

1o vi s6ng - panasonicinverter - ko chay dc & ché d6 vi séng, khi e bat & ché do vi séng
thi chay dc 30 gidy may ngat kéu tit tit va dung lai. d6 dat ¢ trong 10 khéng thay nong.
e da thay cd 3 vi: vi nqudn, vi khién,vi inverte, thay nét cd sing ma mdy van ko chay,
van bi nhw cli
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8. Mach inverter sine don gian dé ché tao nhat
9. Nam con Ga, chic moi nguoi vui vé nhw Chim Sé, khde manh nhw Dai Bang, giau san
nhu chim Phung, 1am lung nhw chim S&u, séng 14u nhw b4 Di€u. - Nam con G4, chic
moi nguoi vui vé nhw Chim Sé, khde manh nhw Dai Bang, giau sang nhw chim Phun
lam lung nhw chim SAu, séng lau nhw Pa Piéu.
10. Stra nquoén ATX chay 3843 mat ap IC PWM do hw tré moi
11. Tao séng sin st dung xung SPWM trong PIC16F684
12. Thiét k&€ INVERTER SINE 600w bang TDS2285 va EE55 hoac PC40
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