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ABSTRACT

Uniaxial presser is generally used to characterize the physical properties
of materials including constructional materials (soil, concrete), and food
(meat, fruits). To design a presser, this research solved two fundamental
problems: a mechanical system design with the appropriate transmission
mechanism and an accurate control system with data acquisition module.
In the mechanical system, a ball-screw structure was used to generate
axial motion transmitted from a stepper motor through a gearbox. The
microcontroller, displacement sensor, and load cell were implemented to
acquire and process data then transmit the data to the graphical user
interface (GUI) and to a computer for storage. The design uniaxial presser
has met certain required specifications with the accuracy of 48 um in
displacement and 1.95 N in force measurement. The operation stability
and reasonable cost of the system showed the feasibility of applying the
system in measuring the mango firmness with destructive measurement
methods.

TOM TAT

May nén don truc la thiét bi dwoc ding phé bién dé tién hanh cdc thi
nghiém nghién ciru tinh chdt vat Iy ciia vat liéu néi chung, bao gom trong
xdy dung (ddt, pé-tong) va cac nguyén vdt liu trong nganh thuc pham
(thit, trdi cdy). Dé thiét ké may nén, dé tai di vao giai quyét hai vin dé co
ban la thiét ké hé thong co khi véi co cau truyén dong thich hop va hé
thong diéu khién, thu thap dit liéu ¢é do chinh xdc cao. Trong phan co khi,
hé thdng truyén dong su dung co cdu vit me dai oc bi dé tao chuyén dong
tinh tién doc truc, nguon dong lyc dwoc cung cap boi dong co budc thong
qua hop giam toc. Chip vi dieu khién va hé thong cam bién chuyen Vi, cam
bién luwc dwoc dimg dé thu thip va xit Iy s6 liéu, sau do truyén vé giao dién
nguwoi ding va heu triv trén may tinh. Két qud mdy nén da dat dwoc nhiing
thong s6 ki thudt nhat dinh, d¢ chinh xdc dat 48 um déi véi do bién dang
va 1,95 N doi véi do lyc. Kha nang lam viéc on dinh va gid thanh thap
hoan toan phu hop cho viéc do co tinh trai xoai thong qua phwong phap
do pha huy.

1 GIOI THIEU

May do 1t)»ié'n dang hay con goi 1a may nén don
truc dung kiém dinh vét liéu khong mdi, ndé dugce

su dung rit phd bién dé phuc vu cho thi nghiém
kiém tra va nghién ctru khoa hoc li€n quan dén vat
liéu. Cu the, bai bao nay gidi thi€u ve viée thict ke
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va ché tao md hinh may nén don truc phuc vu cho
muc dich nghién ctru co tinh trai xoai trong d& tai
nghién ctru cdp trudng “Budc dau nghién ciru do
chin cia xodi cdt thwong pham ding phwong phdp
phan tich khong pha huy”.

May nén dugc dung trong cac thi nghiém pha
huy dé kiém tra d6 bén, do cung cua vt liéu noi
chung hay cu thé hon 13 d6 san chic cua xoai trong
bai nghién ctru nay. Két qua cua thi nghiém nén
dugc dung dé dbi chimg voi cac phuong phap
khong phé huy, tr d6 danh gid dugc hi€u qua cua
cac phuong phap khong pha huy.

Trong thi nghi€ém xac dinh d¢ san chéc trai xoai
cua Bundit Jarimopas va Udomsak Kitthawee
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(2007) ho thuc hién thi nghi€ém nén trén 20 trai
xoai sau khi cho thi nghiém va dép. Ho nhan the”iy
lyc F ty 1€ vai do bién dang D cho ra do dbe cua
biéu d6 F-D (Hinh 1) va rat ra dugc do san chéc
clia x0ai c6 quan hé voi hé s6 F/D va sb ngay thi
nghiém (X).

Cu thé, ho tinh d6 san chic ddi véi xoai Nam
Dokmai la:

F/D=2756-1659¢ %"

va xoai Chok Anan:

F/D=33.10-21813¢ "

LAF

¥
0 T y T T

0 02 04 06 08
Deformation (mm)

Hinh 1: Biéu dé dap vng lwe nén —bién dang va mé ta thi nghiém nén

Vi vy, nhim giai quyét nhu cau may nén dé
thuc hién thi nghiém cia dé tai, mot may nén don
truc da dugc thiét ké va ché tao. Nhan thay hau hét
cac may nén hién c6 trén thi truong l1a nhitng may
véan hanh bang tay hodc ban ty dong, khi tién hanh
thi nghiém doi hoi nguoi thyc hién phai tén thot
gian dé thu thap dir liu va tinh toan nén nang suét
hoat dong thap, vi thé may nén don truc nay dugc
ché tao v&i tiéu chi dat duoc kha nang thu thap, xtr
ly va luu trir dit liéu tuv dong va xuét bao cdo theo
dinh dang mau.

2 NOI DUNG NGHIEN CUU
2.1 Tong quan hé thong co dién tir

Theo gido su M. Steinbuch, co dién tir 1a sy Kkét
hop hitu co cua ky thuat co khi chinh xac, diéu
khién dién tir va hé thong theo quan diém thiét ke

san phém va quy trinh san xudt. N6 lién quan dén
viée thiét ké cac hé thong, thlet bi va san pham
nhim dat dugc mot su can bang tdi uu gila cdc cau
trac co khi co ban va didu khién tong thé cta no
(Steinbuch, 2013).
Céc yéu cau ki thuat thiét ké may do bién dang
Yéu cau chung
Co khi chinh xac

Luc ép theo yéu cau

—  Piéu khién dugc van tdc theo thoi gian

— Thu thap, phan tich, xuit bdo cao theo miu

Phdn bé yéu cau theo khéi chire ning

— Khdi co khi chinh xac: do phan giai bién
dang 48 pm, Iwc 1,95 N cho tam do 10.000 N, dam
bao d6 bén khi chiu tai cuc dai
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— Luc ép theo yéu cAu: ¢ kha nang tao luc
nén cuc dai dén 10.000 N

— Pbiéu khién dugc van tdc: day van téc lwa
chon dugc trong khoang 0,001 — 6,25 mm/phut

~— Thu thap, phan tich, xuat bdo c4o theo mau

kiém dinh vét li€u trén dinh dang Excel

2.2 Thiét ké h¢ théng

2.2.1 Hédan ddng co khi

Phan co khi ciia may nén gdm mét dong co
budc dé tao luc ép cho may, hop giam toc dé giam
toc do dong co va ting mé-men xoan, dugc lip cb
dinh trén khung co khi (Hinh 2).

_ May nén su dung vit me daiwéc bi dé chuyén
d6i chuyén dong xoay sang chuyén dong tinh tién.
Yf:u cau trong thiét ké co khi 1a Ivra chon va thiét
ke cac chi tiét véi kich thudc thich hop Clé~ tao su
hai hoa can xtng nhung quan trong 1a van phai
dam bao strc bén va kha nang chiu tai.

a. Chon vit me dai éc bi

DPéi voi vit me dai ¢ bi quel SF1505-4, tra
tai liéu ki thudt duogc cac thong so:

— Kha nang chiu tai tinh cho phép: CO =3110
kgf <=>C0=30478 N

— Kha nang chiu tai khi hoat dong: C = 1280
kgf<=>C=12544 N

— Budc vit me dai ¢ bi: Smm/vong

£

Y | —— Vitms
Hap gidm toc

Ding e

.

Y Vrrervd
Hinh 2: So d6 nguyén 1y may nén
b. Chon dong co

Dé may nén hoat ddng can c6 dong co de dicu
khién truc vit me dai oc bi. Trong diéu khién vi tri,
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viéc lya chon dong co co hai giai phap la: dong co
buge va dong co servo. Tuy nhién, giai phap dong
co servo doi hoi phai diéu khién vong kin dong
thoi chi phi cao hon so véi st dung dong co budce
ma diéu khién vong ho. Vi thé, dong co bude duge
chon dé st dung.

bong co budc dugc chon ¢ day la dong co
budc 4 pha, model 23KM-K032V, d6 phan giai
1,8°/bude, toc d6 toi da khoang 300 vong/phut
(NMB Corporation, 1998).

c. Hop giam toc

Hop giam tdc duogc sir dung dé giam téc do va
ting mo-men cho truc nén. Hop giam tdc duoc su
dung 1a loai truc vit — banh vit, hai truc vuéng goc,
model F2SM-15-10-240, ti s§ truyén 240:1
(NISSEI Corporation, 2004).

d. Tinh lyc nén

Tir céc thong sb cua dong co bude, vit me dai
oc bi, hdp giam toc va toc do nén tinh dugce lyc nén
ciia may nhu sau:

Truong hop: van tdc nén cia truc 1a 1,5
mm/phut

=> Vin tdc quay & truc nén: Niye =
vong/phut

,5+5=0,3

(Budc ren cua vit me dai 6c bi 1a 1= 5 mm)

Véan téc quay cua truc dong co: ng
0,3x240 = 72 vong/phut

Mé-men xodn & truc dong co 0,8 Nm (dwa theo
bi€u do0 mé-men trong catalog ctia dong co)

Cong suat cia dong co :

T xn
_ _dc dc
B == e

9,55

Trong do:

Tee 12 mé-men xodn trén truc dong co
(Nm)

ng la tbc d6 quay cua truc dong co
(vong/phut)

—p, =" 603w
9,55

(Két qua nay phu hop v6i thong s6 ki thuat do
nha san xuat cung cap)

Hiéu sut truyén ctia hop giam toc 1a 7) =90%
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Cong suit tai truc nén:
P

> =P, xn=6,03x0,9~ 5,427 W Mbo-

men xoan O truc nén:

9,55x%5,427
— = 172,7 Nm

truc
s

Luc nén tao ra trén truc nén:

172,7x 27 x0,9
_ e X 195220 N

0,005

_ T'x2zn,

‘ /
Trong do: )
1 (m) 1a budc ren cia vit me dai oc bi

= LN
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7, = 0,9 1a hidu suét truyén ciia vit me
dai dc bi
2.2.2 Khung may

Khi thyc hién thi nghiém nén, mau vat chiu lyc
nén cia tryc vit va khung gi6i han. Vi thé can tinh
toan strc bén cua két ciu khung giéi han, cu thé 1a
tinh d6 vong ctia hai thanh dim ngang va lyc chiu
kéo cua hai thanh dimg.

DPbi v6i hai thanh dam c6 kich thudc béng nhau
nén chi can tinh toan trén mot ddi tuong. 0 day,
két qua tinh toan dugc dya trén phan mém
AutoCAD Mechanical.

= DI1[H]

Hinh 3: Tinh d§ vong ciia thanh dam trén AutoCAD Mechanical

Dua trén két qua tinh toan cua phan mém khi
gia tai & 10 000 N thi d6 vong toi da 1a 29,34 pm.
Do vong rat nho vi thé hai thanh dim dat diéu kién
dé may hoat dong t6t ma khong bi anh huong dén
két qua thi nghiém.

Tinh d6 bén cua thanh ren: Puong kinh cua hai
thanh thanh ren 1a 24 mm, loai thép C45, tinh dugc
tiét dién la:

xd®  7x24’

A=" =200 =452 16mm’.
4 4

Luc kéo tdi da dugc tinh tir cong thuc:
o=— =F=Ax0=452,16x60 = 27129,6 N

Trong d6 ¢ = 60 N/mm? 1a img suat kéo cho
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phép cita thép C45 (TCVN 8301: 2009)

) Nhu vay, hai thanh ren thira brén khi st dung
het tai trong dong cua vit me dai oc bi (12 544 N
nhu da trinh bay ¢ trén).

2.2.3 Do luong va b¢ diéu khién

Hai thong s6 do dac chinh ciia may 1a Iyc nén
va do bién dang vi thé can co cac cam bién dé do
cac dai lugng nay. May dugc trang bi mét loadcell
(Hinh 4 - a) c6 kha ning chiu tai toi da 200 kg dé
do luc nén va mdt cam bién do chuyén vi (Hinh 4 -
b) ¢6 tdm do 0 — 100 mm. Hai cam bién nay dwoc
khuéch dai tin hiéu boi IC INA125, sau d6 tin hiéu
dugc dwa vé ngd vao analog cua vi diéu khién
PICI6F877A dé sé hoa nho bd ADC 10 bit dugc
tich hop sén (lan luot 1a Amplifierl, Amplifier2, va
MCU trén Hinh 5).
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a)

Hinh 4: Load cell va cam bién chuyén vi

b)

B diéu khién 1a phan quan trong nhét ciia may
nén, gitip may hoat dong va diéu khién qua trinh
tuong tac v6i ngudi dung. Bo didu khién hoat dong
cht yéu dua trén diéu khién cia chip vi diéu khién
PIC16F877A, déay la chip vi diéu khién 8 bit cua
hang Microchip.

So d6 khdi ciia by dicu khién dugc trinh bay
trong Hinh 5: Bo diéu khién nhan lénh tir nguoi
dung thong qua ban phim (Keypad 4x4) va cac nit
nhin (Push button), hién thi trang thai hoat dong
1én man hinh LCD 20x4, xuét tin hidu qua bo lay
(Driver) dé didu khién dong co budc (Stepper
motor) va truyén dit liéu vé may tinh theo chuan
RS-232 (thong qua vi mach chuyén d6i MAX232).
Ngoai ra, may con dugc bao v€ gidgi han hanh trinh
nhd cic cong tic hanh trinh (Limit Switch) dugc
gén bén trong.

PUSH BUTTON

Stepper motor . -
Driver Amplifier 1 Amplifier 2
Displacement
Loadcell Sensor

Hinh 5: So' d6 khoi bd diéu khién
2.2.4 Giao dién phan mém

Heé thong phan mém sir dung dé didu khién may
nén gom 2 bd phén: phan mém nhing trén vi dieu
khién va phan mém thu thap dit liéu trén may tinh.

D6i voi phan mém nhing trén vi diéu khién
duoc viet bang ngdén nglt C, dugc chia thanh
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nhiéu chwong trinh con dé thyc hién cac chirc ning
khac nhau: diéu khién va hién thi LCD, kiém tra
phim an, diéu khién dong co budce, doc tin hi¢u
cam bién va xir 1y dé truyén vé may tinh. Bén canh
d6, chuong trinh con dugc thiét ké dé bao vé may
khi ¢6 cic van dé qua tai va qua giéi han hanh
trinh cua truc nén. Luu d0 giai thuat tong quat nhu

Hinh 6.

¥

Khii tao 110
Khdi ddng LCD
Khii tao ADC, Timer

_—
¥

Kiém tra va xir ly phim an
Chon ché da hoat déng
Nhép théing sé cai dat

Xuat tin higu didu khién dong cor
Brge tin higu cdm hién
Truyén dir li&u v& may tinh

fuing

Hinh 6: Luru do chwong trinh chinh

Phan mém thu thap di liéu trén may tinh c6
churc nang chinh 1a nhan dir liéu lyc nén va do bién
dang tir bo diéu khién ciia may nén truyén vé thong
qua chuan truyén thong ndi tiep RS-232.

Trong qué trinh nhan dit liéu tir bd diéu khién,
phén mém v& lai d6 thi luc nén va bién dang
clia mau thi nghiém trén giao dién chuong trinh
(Hinh 8).

Dic biét, két thuc qua trinh nén mau, ph?m mém

cho phép xuat file bao cao két qua thi nghiém dé
luu trlr dudi dang Excel (Hinh 9).
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3 KET QUA VA PANH GIA

Vi yéu cAu dat ra va dua trén thuc té vé trang
thiét bi, vat tu ché tao may, may nén da duoc thiét
ké va ché tao thanh cong. M6 hinh hoan chinh cua
may nén nhu Hinh 7. Bang 1 trinh bay cac thong sb
k¥ thuat may sau khi ché tao. Hinh 8 trinh bay giao
dién cia may, giao dién cho phép giam sat truc
tuyén va ghi nhan dit liéu qua trinh nén mau. Trudc
khi thyuc hién qué trinh nén, ngudi dung phéi thuc
hién két ndi. Qua trinh thu thap chi dién ra khi
vung diém c6 dir li€u, nghia 1a qué trinh ghi va
hién thi trén cac do thi bén phai bit dau khi nit
khoi dong qua trinh nén trén mit diéu khién may
dad 4n. Két thiuc qua trinh nén, két qua xuét ra bao
cdo dudi dang bang két qua kiém dinh duogc thiét
ké trude nhu trén Hinh 9. Ngoai ra, ngudi ding ¢
thé sao chép file luu trit trén 6 cimg may, co dinh
dang bang tinh excel phuc vu cho nghién ciru, phan
tich, danh gia két qua kiém dinh.

Hinh 7: M6 hinh may nén hoan chinh

Bang 1: Thong s6 ki thuat ciia may nén

Vit liéu cau tao khung may Thép CT3

Kich thudce (dai x rdng x cao) 550 x 470 x 1.340 mm
Dién 4p cung cép 220 VAC

Hanbh trinh nén 15cm

Kich thuéc miu tbi da (chiéu cao/dudng kinh) 30 cm/9 cm

Kha nang gia tai cyc dai ciia may 12 500 N

Téc do nén 0,001 — 6,25 mm/phit
Giéi han cam bién do bién dang 50 mm

Giéi han cam bién do luyc (dang sir dung) 2.000 N

Do phén giai luc nén 1,95N

Do phan giai bién dang 48 pm

200 300
Samples

Sample No. Displacement
Moisture content (%)

o

Bulk density {g/cm3)
/

Rate of strain 300
(mmjmin} Samples

Clear Graph

Hinh 8: Giao di¢n phin mém thu thép dir li¢u trén may tinh

8

Displace (crm)
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Hinh 9: Két qua thi nghlem duwgc luu trir thanh file va xuét ban in theo dinh dang bang két qua klem
dinh dwgc thiét ké truée theo qui dinh

4 KET LUAN VA PE XUAT

Dé tai da thiét ké va ché tao thanh cong mod
hinh may nén don tryc. Két cau co khi vimng chic
da dugc tinh toan du bén, dat thim m§ nhéit dinh,
an toan, thuan tién trong qua trinh van hanh, may
hoan toan c6 thé nén cac nguyén vat liéu khac nhau
ma van dam bao d6 chinh xac trong do dac.

B6 diéu khién may hoat ddng t6t dam bao cac
thao tac chon ché d6 hoat dong, dat téc do, hién thi
thong s cai dit va tinh trang hoat dong 1én giao
dién man hinh LCD va kha nang truyén dir lidu vé
may tinh.

Giao dién thu thap dir li€u trén may tinh ghi lai
dir li€u cua toan by qua trinh nén trén dd thi luc
nén — bién dang, cho phép nhap thong tin vé miu
thi nghiém (kich thudc, do am, khdi lugng riéng,
tdc do nén) dé tir 46 xuat toan bo dit liéu ra file bao
cao dudi dang bang tinh (Excel).

Qua trinh vén hanh va thi nghiém thyc té cho
thdy kha ning ng dung ctua may rat 1on. May nén
hoan toan du kha nang ¢ dé thi nghiém nén cic miu
¢6 d6 cimg 16n nhu miu dat trong kiém dinh xay
dung, hay trong nhiéu linh vyc khic nita chir
khong chi dung lai & muc dich nén thi nghiém trén
trai xoai.
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