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I. TONG QUAN VE PE TAI

1. Bom vi lugng la gi

Khac v6i nhitng loai bom tiém thong thuong ma ta thuong thay trén thi truong, bom
vi lwong 1a mot loai bom chinh xac diéu khién bang dong co sir dung mot hodc nhiéu ong

tiém dé cung cip luong chit 1ong chinh x4c trong moi truong nghién ctru co tac dong cao.

Hinh 1.1: Bom vi luong

2. Phan loai bom vi lugng

Tuy vao muyc dich sir dung ma bom vi lwong dugc thiét ké khac nhau :

a. Bom vi lwgng sir dung trong phong thi nghiém
Bom duoc str dung trong phong thi nghiém, phong nghién ctru dé phuc vu cho céc tng
dung yéu cau cung cap chat 1ong v6i do chinh xac rat cao. May bom phuc vu cho muc
dich nghién ctru thuong xir 1y khdi lugng nhé hon va cung cép cac tinh ning bd sung ma

may bom y té khong co
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Hinh 1.2: May bom vi luwong sur dung trong phong thi nghiém
b. Bom vi lwong sir dung trong y té

Loai bom nay str dung phd bién trong cac phong kham, bénh vién dung dé truyén dung
dich mot cach co kiém soat nhu : chét dinh dudng, méau va thube cho bénh nhan. Loai bom

tiém truyén nay c6 thé dugc sur dung d€ chan doan, dicu tri va nghién ctru in vivo.

Hinh 1.3: Bom vi lwong ding trong y té
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IL. GIOI THIEU CHUNG VE DE TAI
1. Lido chon dé tai

- Phu hop v6i nganh co dién tir, 1a mdt san phém cua co dién tu.

- Sinh vién dugc hoc tap trai nghiém qua nhiing phan viéc ma minh dugc giao : Lap
trinh, tinh to4n, thiét ké co khi,...

- Mubn ty tay thiét ké mot san pham dé tich hop cting vé6i nhiing thiét bi c6 sin trong
Lab

Hinh 2.1: Méy bom vi lwong thanh pham

Trang 7|32



2.

Hinh 2.2: May kéo soi nano polymer

Tong quan ve de tai

- Muc dich d@ tai:

e Hiéu dugc cau tao va cac thanh phan bén trong mot chiéc bom vi lugng.

e Lap trinh, tinh todn tdc d6 dé bom co thé hoat dong mot cach chinh xac nhét .

Tao ra mot san pham dé tich hop véi thiét bi c6 san trongLab.

- Nhitng gi hoc dwoc ¢ @8 tai nay:

3.

Hiéu vé h¢ thong co dién tur.

Tim hiéu nguyén 1y hoat dong ctia mot san pham Co dién tur.

Co hoi tim hiéu vé cac linh kién dién tir , cac linh kién co khi.

Kha ning tim kiém thong tin.
Kha ning viét bao cio.

Cac thanh phin co ban ciia mét may bom vi lwong

Phan co khi:

Hé thdng truc chuyén dong vit me
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e Khung vo
- Phan dién ti:
e DoOng co bude.
e Man hinh Nextion.
e Driver diéu khién dong co.
e Ngudn dién DC.
e Hg¢ thong day dién.
- Phan diéu khién:

e Board mach Arduino.

IIL. PHAN TiCH HE THONG
1. Bo mach diéu khién Arduino

Théng s6 board mach Arduino

Phién ban Arduino Uno R3
Chip diéu khién ATmega328P
Dién ap hoat dong 5V
Pién 4p dau vao (khuyén dung) 7-12V
Pi¢n ap dau vao (giéi han) 6-20V

Chan Digital I/0 14 (V61 6 chan PWM output)
Chan PWM Digital 1/0 6
Chan diu vao Analog 6
Dong sir dung 1/0 Pin 20 mA
Dong st dung 3.3V Pin 50 mA
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B4 nhé Flash 32 KB (ATmega328P) véi 0.5KB dung badi
bootloader
SRAM 2 KB (ATmega328P)

EEPROM 1 KB (ATmega328P)

Clock Speed 16 MHz

LED BUILTIN 13

Chiéu dai 68.6 mm
Chiéu rong 53.4 mm

Trong luwgng 25g

Bdng 3.1: Théng sé ki thudt ciia board mach Arduino

- Arduino Uno R3 1a mot board mach vi diéu khién duoc phat trién béi Arduino.cc, mot
nén tang dién tir mi ngudn mo cha yéu dya trén vi diéu khién AVR Atmega328P. Vi
Arduino ching ta c6 thé xdy dung cic ung dung dién tir twong tic véi nhau thong

qua phan mém va phan cung ho tro.

- Phién ban hién tai cia Arduino Uno R3 di kém véi giao dién USB, 6 chan dau vao
analog, 14 céng ky thuat s6 I/ O duge st dung dé két ndi v6i cac mach dién tuo, thiét
bi bén ngoai. Trong d6 ¢6 14 cong I/ O, 6 chan dau ra xung PWM cho phép cac nha thiét

ke ki€ém soat va di€u khién cac thiét bi mach dién tir ngoai vi mot cach tryc quan.

- Arduino Uno R3 duoc két ndi tryc tiép voi may tinh thong qua USB dé giao tiép
v6i phan mém 14p trinh IDE, twong thich v6i Windows, MAC hodc Linux Systems, tuy
nhién, Windows thich hop hon dé str dung. Cac ngdn ngit 1ap trinh nhu C va C ++ dugc

st dung trong IDE.[3]
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Hinh 3.1: Board mach Arduino Uno R3
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So d6 chan Arduino Uno R3

DC Power Jack
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Hinh 3.2: So do chén két néi Arduino Uno R3
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2. So d6 khoi ciia hé thong bom vi lwong

Hinh 3.3: So do khoi hé thong

Arduino | Dang ngo K¢ét noi toi Chirc niang
Chéan D13 OUTPUT PUL- (Driver HPD322) | Xuét xung diéu khién dong co
Chéan D12 OUTPUT DIR- (Driver HPD322) Diéu khién chiéu dong co
Chan D11 OUTPUT ENA- (Driver HPD322) Bat tit dong co
Chan D2 INPUT Nt bam Nt ngat khan cip
X RX (Nextion) L
UART ; Giao tiep UART
RX TX (Nextion)

Bdng 3.2: Cdc chén két néi ciia Arduino
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So dd giai thuat diéu khién:

loop() «
TimerDisable() GeiDataFromDisplay() TimerDisable()
[
Complete Complete
Start DataFromDisplay =="push” DataFromDisplay == "pull Start
TimerEnable) Push() < Process() » Pullly F———> TimerEnable])
DataFromDisplay == "speed” DataFromDisplay == "capacily”
SetSpeed() SetCapacity()

Hinh 3.4: So dé gidi thudt diéu khién
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3. Hé thong dién

a. Nguon dién

Nguén AC-DC 24V POWERBANK

b. Pong co buéc

Shinano Stepper Motor STP-58D308

Théng s6 dong co buéc Shinano Stepper Motor STP-58D308

Phién ban 58D308
Drive Method BI-POLAR
Number of phases 2
Voltage 2.58
Current per phase 3
Resistance per phase 0.86
Holding Torque 2
Rotor Inertia 520
Weights 1150
Length(L) 80

Allowable overhung load

32 KB (ATmega328P) v6i 0.5KB dung boi

bootloader

SRAM

2 KB (ATmega328P)

Bdng 3.3: Théng s6 dong co buéce
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Hinh 3.5: Bong co bucc Shinano Stepper Motor STP-58D308

c. Driver diéu khién djong co

Hanpose HPD322

| on ]
|12A] on TOFFT ON TOFF| [a06d ]
1Al OFF | OFF | Om TOFF] (30000
| LEA ON T ONTOFFI OFF | [8900 [ O
O [ GFF | OFF |
18 [+] 0

oFF

OVER CURRENT
OPEN MOTOR PHASE
SUPPLY VOLTAGE HIGH
SUPPLY VOLTAGE LOW
OTHER FAL

Hinh 3.6: Driver Hanpose HPD322
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Thong s6 ki thuat :

Model NO.
Speed
Excitation Mode
Number of Poles

Type
Brand

Keywords

Current Range
Subdivision
Control Mode
Transport Package

Origin

HPD322
High Speed
HB-Hybrid
6

Magnetic-Electric

Hanpose

Stepper Motor Driver
2.1-7.2A

1-256

Differential

Foam + Carton

China

Cau tao va kich thudc cua Driver :

(Unit: mm)

Application
Number of Stator
Function

Operate Mode

Certification

Product Name

Voltage Range
Work Voltage
Weight
Trademark
Specification

HS Code

3D Printer
Two-Phase
Control, Driving
Control Driver

1S09001, CCC, FCC

57 High Speed Closed Loop S

tepper Motor Set Hpd322
20-60VAC/24-80VDC
24-50VDC

<500g

HANPOSE
118mm*75mm*32mm

8543709990

DRIVER PIEU KHIEN DONG CO BUGC

93.00

2x4.50

Diéu chinh dong ra bang cong tic logic:

(RRRRERE
3456

L LB

678

___CONGTACIOGIC I sws

PEN BAO TRANG THAI

r EN-
_ b N+
CHANTINHIEU | pa.

BIEU KHEN DONG CO . A

NGUONBEN .~V
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Dong ra SW1 SW2 SW3 SW4
0.2A ON ON ON ON
0.3A OFF ON ON ON
0.4A ON OFF ON ON
0.5A OFF OFF ON ON
0.6A ON ON OFF ON
0.7A OFF ON OFF ON
0.8A ON OFF OFF ON
0.9A OFF OFF OFF ON
1.0A ON ON ON OFF
1.1A OFF ON ON OFF
1.2A ON OFF ON OFF
1.4A OFF OFF ON OFF
1.6A ON ON OFF OFF
1.8A OFF ON OFF OFF
2.0A ON OFF OFF OFF
2.2A OFF OFF OFF OFF

Chinh vi budc bang cong tic logic:

MSTEP SW5 SW6 SW7 SWS
200 ON ON ON ON
400 OFF ON ON ON
800 ON OFF ON ON
1600 OFF OFF ON ON
3200 ON ON OFF ON
6400 OFF ON OFF ON

12800 ON OFF OFF ON

25600 OFF OFF OFF ON
1000 ON ON ON OFF
2000 OFF ON ON OFF
4000 ON OFF ON OFF
5000 OFF OFF ON OFF
8000 ON ON OFF OFF

10000 OFF ON OFF OFF

20000 ON OFF OFF OFF

25000 OFF OFF OFF OFF
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Led béo trang thai :

LED CODES ERROR
GREEN ALWAYS ON MOTOR RUNNING
GREEN FLASH MOTOR STOP
I GREEN + 1 RED OVER CURRENT
I GREEN + 2 RED OPEN MOTOR PHASE
1 GREEN +3 RED SUPPLY VOLTAGE HIGH
I GREEN +4 RED SUPPLY VOLTAGE LOW
1 GREEN + 5 RED OTHER FAIL

d. Man hinh cim @ng Nextion

Hinh 3.7: Man hinh Nextion

Théng sb k§y thuat:
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Nextion Type

Basic

Nextion Models NX4832T035 011R (R: Resistive touchscreen)
Data Description
16 bit 565, SR-6G-5B
Color 64K 65536 colors

Layout size

100.5 (L)x54.94 (W)x5.45 (H)
NX4832T035 011R

48.2g (NX4832T035 011R)

Dién 4p dau vao :

Active Area (A.A.) 85.50mm(L)*54.94mm(W)
Visual Area (V.A.) 73.44mm(L)*x48.96mm(W)
Resolution 480%320 pixel Also can be set as 320x480
Touch type Resistive
Touches > 1 million
Backlight LED
Backlight lifetime 30,000 Hours
(Average)
. 180 nit (NX4832T035 011R)
Brightness 0% to 100%, the interval of adjustment is 1%
38.2¢g
Weight (NX4832T035 011N)
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Test Conditions Min Typical | Max | Unit
Operating Voltage 4.75 5 7 v
VCC=+5V, Brightness is 100% - 145 - | mA
Operating Current
SLEEP Mode - 15 - | mA
Power supply recommend : 5V, 500mA, DC
Test Conditions Min Typical Max Unit
Serial Port Standard 2400 9600 115200 bps
Baudrate
Output High IOH=-1mA 3.0 32 %
Voltage
Output Low I0L=1mA 0.1 0.2 %
Voltage
Input High
Voltage 2.0 33 5.0 \Y
Input Low
Voltage -0.7 0.0 1.3 A%
Serial Port Mode TTL
Serial Port 4Pin_2.54mm
USB interface NO
SD card socket Yes (FAT32 format), support maximum 32G Micro SD Card
* microSD card socket is exclusively used to upgrade Nextion firmware /HMI design

Dung luong bd nhé trong :
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Memory Type Test Conditions Min Typical Max Unit

FLASH Memory Store fonts and images 16 MB
RAM Memory Store variables 3584 BYTE

4. Thuit toan diéu khién

Pé dé dang cho viéc tinh toan va diéu khién, chung ta ding Timer/Counter cta Arduino
(tham khao Timer/Counter trén AVR/Arduino | Cong ddng Arduino Viét Nam)

Céc thong s6 can cha y va quy udce ki hiéu:

- Go6c quay full-step cua step motor: @ (°)

-S4 vi budc (Microstep): McSt

- Khoang cach di chuyén cua truc Vit-me khi xoay duogc 1 vong: 1 (cm)
- Thé tich cua xi lanh: V (ml)

- Thé tich dung dich c6 trong xilanh: V,, (ml)

- Tbc @6 bom: Speed (ml/h)

- Hanh trinh xilanh: L _(cm)

Céc cong thue can tinh

- Gia tri khéi tao cho TCNTI1

- Tong s0 xung can phat: S,

Khoang cach can kéo co hé trong 1s dé dam bao tdc do la:

_ SpeedxL,

s =—— (cm/s)
V%3600
S6 vong can xoay trong 1s:
r= 5_ —Speed <L, (vong/s)
1 Vx3600x1

S6 xung can tao trong 1s:
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pulse =1 x 360 x McSt (xung/s)
®»

Thot gian cho moi budec:

t= 1 @ _ @xVx3600x1 _ pxVx10x1 ©)
pulse 1rx360xMcSt SpeedxL_ x360xMcSt SpeedxL_ xMcSt

Trong code diéu khién str dung Timer1 16bit nén ta c6 gia tri Top 1a
Max = 2'°- 1 = 65536

Prescal dugc thiét 1ap 13 64, chip Atmega328p trén Arduino chay & mirc 16MHz, nén
64

— " —4x107 (s)
16000000

thoi gian dé Counter ting thém 1 1a:

Pé dam bao toc d6 dugc nguoi dung cai dit, TCNTI phai dugc khai tao véi gid tri thoa
man:

(65536 —TCNT1)x4x107° =t

L 65536 pxVx10xl 5536 @XVx2500000x1

= TCNT1=65536 - — - -
4%10 Speed x L x McStx4x10~ Speed x L x McSt

— TCNTI1 = 65536 — P X V x 2500000 x 1
Speed x L x McSt

Tong s6 xung can phat dé bom hét dung dich c6 trong xilanh:

_ VuxL, y 360 « McSt V, x L, x360xMcSt

pulse Ty ] ) Vxlxg

(xung)
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Min 155 nl/min (Xilanh 1cc)
FLOWRATE Max 21.38 ml/min (Xilanh 10cc)
Min 0.262 s/ pstep
STEP RATE Max 20 ps/ustep
Step resolution 39 nm/ustep
LINEAR SPEED RATE Min 8.93 um/min
Max 117 mm/min

5. Hé thong co khi
Truc vit me Mitsumi LX 26

m

<Standard, No Motor Bracket Type>

|11

/ Motor Adapter Plates <Cover Type>

Hinh 3.8 Truc vit me MISUMI

6. Do sai s6 toc d0 bom

a. Mo ta phuong phap do

Khi may bat dau chay, chan s6 7 trén Arduino diéu khién bom s& dugce kich hoat 1én
HIGH va khi may chay xong, chan nay s& chuyén vé LOW. Néi chan s6 7 ctia Arduino
diéu khién bom vao chan sb 8 ciia mdt mach Arduino ngoai vi khac (nhu so dd két ndi
duéi), 1ap trinh cho mach Arduino ngoai vi dém thoi gian tin hiéu truyén dén & muc
HIGH va bat dau qua trinh do.

Trang 2432



-
' - UL

S
7
=

b. Két qua do
O phan do nay st dung loai xilanh 5ml. Két qua thu duoc:

LOAI XILANH DUNG TicH TOC PO LAN PO THO1 GIAN LY THUYET(s) THO1 GIAN THU'C TE(s) SAI SO (s) SAI SO (%)

1 1440.391 0.391 0.027%

2 5mi/h 2 1440 1440.389 0.389 0.027%
3 1440.393 0.393 0.027%

1 2880.765 0.765 0.027%

4 S5mi/h 2 2880 2880.770 0.770 0.027%
3 2880.772 0.772 0.027%

1 720.240 0.240 0.033%

2 10ml/h 2 720 720.227 0.227 0.032%
5ml 3 720.226 0.226 0.031%
1 1440.480 0.480 0.033%

4 10ml/h 2 1440 1440.479 0.479 0.033%
3 1440.477 0.477 0.033%

1 361.011 1.011 0.281%

2 20ml/h 2 360 361.014 1.014 0.282%
3 361.017 1.017 0.282%

1 722.028 2.028 0.282%

4 20ml/h 2 720 722.026 2.026 0.281%
3 722.027 2.027 0.282%

Trang 25|32



c. Nhan xét két qua do

- Véi phuong phap do da trinh bay & muc a thi day 1a két qua do dang tin cdy do sai s6
ctia timer vi diéu khién 1 rat thap

- Sai sb téc @6 bom kha thip ( <1%)

- Vi tde do cang cao, co thé thiy sai s6 cang 16n. Tuy nhién, tng dung ctia bom vi
luong thudng sir dung toc do bom chdm nén sai sé nay 1a phu hop.

7. Po sai s6 dung dich bom ra
a. Mo ta phuong phap do

Do lwong dung dich bom ra 14 rat nho, kho c6 thé do ludng chinh xac nén nhom da sir
dung phép do gian tiép: Po d6 dich chuyén cua co hé gin voi truc Vit-me.

Goi L 13 hanh trinh xilanh (46 dai phan xilanh chtra luong dung dich bang v6i dung
tich cta loai xilanh d6) dugc mo ta nhu hinh dudi

Véi loai xilanh ¢6 dung tich 1a V_, ., khi co hé dich chuyén mot doan Al ta c6 thé

xilanh °

tinh duogc lugng dung dich da bom ra theo cong thirc:

Al
V=—xV..
L xilanh

b. Két qua do
Bang bén dudi 1a két qua do sir dung loai xilanh 1ml
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Tinh toan Iy thuyét Thuyc té
Thoi gian | Thé tich bom duge | Thé tich bom
< (p) (ml) duoc
e 3 0.250 0.250865052
o 6 0.500 0.496539792
< 9 0.750 0.749134948
2 12 1.000 0.996539792
= 15 1.250 1.249134948
18 1.500 1.493079585
. Nhan xét két qua do

Sai s khong 6n dinh, khong theo quy luat. Nguyén nhan c6 thé do sai sé dung cu va
sai s6 ngau nhién (d4t thudc khong chinh xac, doc két qua do bang mét khong chinh
xac, ...) nén két qua do nay khong dang tin cay

Tuy nhién, hé théng bom st dung dong co budc, vé co ban sai sb rat thép. Néu tinh
toan chinh xéac, dam bao cac diéu kién on dinh dong dién va tranh nhiéu thi hé théng
bom van dap mg do chinh xac cao

Vi hé thdng bom c6 dong co bude quay goc rat nho (51200 bude/vong <
0.00703125°/budc) va co hé dich chuyén rét it (39 nm/budc), nén cac phuong phap
do thong thuong (Encoder, cam bién khoang cach) déu khong du do phan giai,
khong du do chinh xac. Nhom van dang cb ging xay dung phuong phap dé do duoc
chinh xac phép do dung tich da bom nay
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IV .KET LUAN ‘ ‘
V61 nhitng thanh cong budc dau, nhém da hoan thanh dugc nhirng muc ti€u dé ra

ctia dé tai. Co dugc thém nhiing kién thirc chuyén nghanh : 14p trinh, thiét ké, tinh toan

sai s0, &p dung nhiing thuat todn diéu khién,...

San pham sé tiép tuc dugc nang cap va cai tién dé€ hoan thién hon nira, qua do sé co

thém nhiing tinh ndng moi hon, da dang hon cho nguoi st dung.
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PHAN CONG NHIEM VU CAC THANH VIEN

Danh sach thanh vién nhom :
Hoang Dinh Hung

Nguyén Dinh Trung

Lé Trong An

Nguyén Huy Viét Anh

1. Nghién ciru thuit toan : Lé Trong An, Nguyén Huy Viét Anh
2. Mach dién tir : Nguyén Dinh Trung

3. Thiét ké co khi: Lé Trong An, Nguyén Dinh Trung

4. Thiét ké giao dién két ndi : Hoang Pinh Hung

29 | 32



TT LIEU THAM KHAO

[1] “https://www.linhkientot.vn/index.php?route=extension/simple_blog/article/view&simple_blog_artic

le_id=1"

[2]  “https://shopee.vn/Arduino-Uno-R3-chip-d%C3%A In-k%C3%A8m-c%C3 %A 1 p-
.212652522.4514155025”

[3]  “https://www.vietnic.vn/gioi-thieu-ve-arduino-va-ung-dung-arduino”

30 | 32



DANH MUC HINH ANH

Hinh 1.1.Bom vi lwong (http://microsyringepump.com/store/IPS-13RS-Double-Channel-
Infusion-Withdrawal-Syringe-Pump-p319006154) ...........cccoeeieeeiiieiiiaiieieeeie e, 5

Hinh 1.2. May bom vi luong sir dung trong phong thi nghiém
(http://microsyringepump.com/store/IPS-13RS-Double-Channel-Infusion-Withdrawal-
Syringe-Pump-p319006154) .......c.oovueeiiieaieeee ettt 8

Hinh 1.3. Bom vi lrong ding trong y té (Nguén “https.://www.omnia-

health.com/product/syringe-pump-0") ............cccccueeeeereecieeeiieeesireeseieeeesreessseeenreeaens 9

Hinh 2.1. Mdy bom vi leong thanh PRAM..............c...ccoeeeeeeeeeieeeeeeeeeee e 9

Hinh 2.2. May kéo SOT NAno POLYMEr ............cccuieveiieeiiiiiiiiieeiieeeciiee et 19
Hinh 3.1. Board mach Arduino Uno R3 [2] ... 19
Hinh 3.2. So d6 chdn két n6i Arduino Uno R3 [3].ceeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeesesseen. 20
Hinh 3.3.50 A0 KROi RE tHONG ..o 21
Hinh 3.4.80 d6 @idi thudt @ieu KRIGT.............coveeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 21
Hinh 3.5. Dong co bucoc Shinano Stepper Motor STP-58D308 .........ccccouevevevenannne. 24
Hinh 3.6. Driver Hampose HPD 322 ..........cccccooiiiiiiieeiieeiee e 25
Hinh 3.7. Man Rinh NEXTION ...........cccccoiiiiiiiiiesieeeeee ettt 28
Hinh 3.8. Truc Vit M MISUDMI .............eeeeeeeeeeeeeeeeeeeeeee e 31

Trang 31132



DANH MUC BANG BIEU

Bdng 3.1. Théong s6 ky thudt ciia board mach Arduino [1] .............ccooooeoeeeveeeeeeen.. 18
Bdng 3.2. Cdc chin két néi ciia@ AFAUING ..................cooooeoeeeeeeeeeeeeeeeeeeeeeeeeeeee. 26
Bing 3.3. Thong $6 ctia AONG CO DUBGC ... 29

32|32



