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THONG TIN KET QUA NGHIEN CUU
1. Théng tin chung

- Tén dé tai: Thiét ké ché tao thiét bi thi nghiém phuc vu nghién ctu

may bam mot sb loai than ciy nong nghiép.
- Mai s6: DH2018-TN01-02

Chu nhiém dé tai: Vii Van Pam

T6 chire chi tri: Khéi co quan Pai hoc Thai Nguyén

Thoi gian thuc hién: Thang 1/2018 — 12/2019
2. Muc tiéu

Thiét ké, ché tao mot hé thong thiét bi thi nghiém may bam co kha ning
diéu chinh cac thong sé dau vao, c6 ddy du vi tri dé lip thiét bi do cac thong
sb lam viéc, phuc vu cac nghién ctu thuc nghiém vé may bam thai mdt sb
than cay nong nghiép.

3. Tinh mdi va sang tao

- Thiét ké va ché tao thir nghiém hé théng thiét bi thi nghiém phuc vu
nghién ctru khoa hoc vé may bam thai cdy nong nghiép khic phuc dugc cac
nhuoc diém cua cac mau may hién co;

- Tao ra dugc hudng nghién ciru chuyén sau vé thiét ké, ché tao may
bam cit than, 1 cAy nong nghiép.

4. Két qua nghién ciru

- Thiét ké dugc hé thong thiét bi thi nghiém phuc vu nghién ctru khoa
hoc vé& may bam théi ciy néng nghiép, don gian, dé ché tao;

- Két qua deé tai di duoc cong bd trén 02 bai bao: 01 bai Scopus va 01
bai bao qubc gia trong danh muc dugc Hoi dong chic danh Gido su Nha
nudc cong nhan.

- X4c dinh duoc ving ti uu ciia mot sd thong sé két cau cho phép giam

thiéu luc cit va tiéu hao nang luong khi bam;
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- Pé xuat dugc mo hinh dong dang cta ludi dao dam bao goc cat khong
d6i cho cac may c6 kich ¢& khac nhau.

- 02 chuyén dé trong luén an tién si cua chi nhiém dé tai.

5. San pham

5.1. Sin phim khoa hoc:

- 02 bai bao khoa hoc: 01 bai Scopus va 01 bai bao qudc gia trong danh muc

duoc Hoi dé)ng chuc danh Gido su Nha nudc cong nhan:

= Vu Van Dam. Nguyen Huu Cong, Nguyen Quoc Tuan, Ngo Quoc Huy,
Nguyen Thanh Toan (2019), “Parameter optimization of cutting force in
corn stlk chopping”, International Journal of Mechenical and Production
Engineering Research and Development, Vol. 9, Issue 3, pp.656-663.

= Ng6 Qubc Huy, Nguyén Thanh Toan va Vii Van Pam (2019), “Thiét ké,
ché tao thiét bi thi nghiém va thuc nghiém cat bam phu pham cdy nong
nghiép”, Tap chi Khoa hoc va Cong nghé Pai hoc Thai Nguyén, 200(07),
tr.163-168.

5.2. San pham dao tgo:

02 chuyén dé trong luan 4n tién si cia cht nhiém dé tai:

1) Chuyén dé s6 1: Phdn tich, tong hop vé co gidi hba sin xudt ngé va
mdy bam thdi cdy néng nghiép, Bién ban hop danh gia chuyén dé tién si ngay
21 thang 5 nam 2018.

2) Chuyén d¢é sb 2: Déi twong, phirong phdp nghién ciru mét s6 thong sé
dnh hwéng dén tiéu thu ndang heong riéng, Bién ban hop danh gia chuyén dé
tién singay 21 thang 7 ndm 2018.

5.3. Sdn pham irng dung:

1) Thiét bi thi nghiém phuc vu nghién ctru khoa hoc vé may bam thai
cay nong nghiép;

2) M6 hinh vat Iy thuc cia may bam phuc vu cong tac nghién ctru co két

cau hoan toan giéng cac may bam thuong mai loai nho dung cho ho gia dinh;
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3) Goi phr:in mém tinh todn, v& va xuat dit liéu diém cua bién dang ludi
cit ctia dao bam cho cac may c6 kich ¢& khac nhau.
6. Phwong thirc chuyén giao, dia chi ing dung, tic dong va loi ich
mang lai ciia két qua nghién ciu
D3 tu van, chuyén giao cong nghé cho Cong ty cd phan xdy dung va

thuong mai Nam Hai ché tao va thir nghiém chay thir dam bao chét lugng tdt.
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INFORMATION ON RESEARCH RESULTS
1. General information

- Project Title: Design and manufacture experimental system for
agricultural chopping device.

- Code number: DPH2018-TN01-02
- Coordinator: Vu Van Dam

- Implementing Institution: TNU - Thai Nguyen University of
Technology

- Duration: from 01/2018 to 12/2019
2. Objectives

Design and manufacture an experimental system which has ability to
control input factors and locate devices measuring working parameters. The
system is able to serve experimental studies in the field agricultural chopping
machines.

3. Creatives and innovativeness

Design and manufacture an experimental system for agricultural
chooping reseach in order to improve disadvantages of current chooping
machines.

4. Research results

- Designed and manufactured a simple, easy-to-poduce experimental system
which satisfy requirements of studies on agricultrural chopping;

- Determine optimal area of major structure parameters to reduce
cutting force and chopping energy;

- Propose similarity model of cutting blade for different sizes of
machines.

- Publish 02 papers, including 01 Scopus indexed and 01 national paper;

- 02 major reports for PhD study of the co-ordinator.
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5. Products
5.1. Scientific publications

- 02 scientific papers, including one in scopus indexed journal, as
following:

+ Vu Van Dam, Nguyen Huu Cong, Nguyen Quoc Tuan, Ngo Quoc Huy and
Nguyen Thanh Toan (2019), “Parameter optimization of cutting force in
corn stalk chopping”, International Journal of Mechanical and Production
Engineering Research and Development, Vol. 9, Issue 3, pp 656-663,

+ Ngo Quoc Huy, Nguyen Thanh Toan and Vu Van Dam (2019), “Design
And Realize Experimental Device for Agricultural Stalk Chopping”, TNU
Journal of Science and Technology, 200(07), pp. 163 — 168.

5.2. Training products
02 major reports for PhD study of the co-ordinator as below.

1) Report 1: Analyse and review the state of the art of the
mechanization in corn production and agricultural stalk choppers,
Document of the PhD report assesment at 21 May 2018.

2) Report 2: Objects and research methods to study the effect of major
parameters on energy comsumpsion”, Document of the PhD report
assesment at 21 July.

5.3. Applied products

1) An experimental system which is able to support the PhD research in
the laboratory of TNU;

2) A physical model having the same construction as small practical
chopping machines for household users.

3) A software package to calculate, draw and export data of the profile
of the cutting edge for different size of chopping machines.

6. Transfer alternatives, application institutions, impacts and benefits of
research results:

The design and producing of the device have been transferred to Nam
Hai Construction and Trading Joint Stock Company for producing and
testing, providing good results.
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MO DAU
0.1. Tinh cip thiét

Cit bam 1a mot cong doan quan trong ban dau nham ché bién phu pham
cay nong nghiép (than, 14 cay, vo) thanh cac nguyén nhién liéu hiru ich [12,
19]. Chang han, phu pham cin dugc bam thanh cic doan dai 6,4 mm cho hoa
khi [27], dai 1 mm cho chuyén d6i hoa hoc [31], 2-10 mm dé G men thtc an
gia stc, hay dai ¢& 5-6 mm cho ché bién vién sinh khdi [21]. Cac may bam cit
thuong dua trén hai nguyén 1y cat chinh 13 dang cat kéo nham tao (mg suét cat
va dang dao quay nham sinh ra va dap két hop gdy tng suét cat trong nguyén
lidu can cat. Hiéu qua ctia qua trinh cit thudng dugc danh gia thong qua tri sd
luc cat va niang luong tiéu hao trén mot don vi khéi luong cay nguyén liéu
[19]. Dé giai quyét bai toan tiét kiém ning lugng, viéc thiét ké cac thong so
cat hop 1y (t6i uvu) nham giam luc cit 1a mot giai phap hiéu qua nhat [11, 16,
20]. i c6 kha nhiéu cong trinh trong nudc nghién ciru thiét ké va ché tao
may bam phu pham ciy nong nghiép [1-3, 6, 8], tuy nhién nhitng mau may
nay chua quan tim nhiéu dén bai toan tiét kiém niang lwong — mét trong
nhitng van dé nong bong hién nay. Bai toan tiét kiém ning luong trong bam
cit phu pham nong nghiép di dugc nhiéu nghién ctru trén thé giéi quan tim
[15, 20, 23, 29, 30]. Tuy vdy, cic tac gia méi quan tAm hai thong sd twong
quan la goc ga dao va gdc bam than cay [13], [26], [24] trong cac nghién clru
thuc nghiém tim lyc cit nho nhat. Céc thiét bi nghién ciru thudng khong cing
két cdu v6i may cat bam thuong mai, chang han thiét bi c6 dao chuyén dong
tinh tién [17], con lic va dap [20] hoic may co dia quay nam ngang
[25]...Hién ciing chua tim thdy nghién ctru nao thyc hién danh gia anh huong
ddng thoi cta van tde cit va ca ba gbc tuong quan gitta bé phu pham voi dao
cit. Nghién ctru nay dugc thuc hién nham: 1) thiét ké, ché tao mot may bam
thi nghiém c6 két cau hoan toan tuong tu cic may bam cat thwong mai trén thi
truong, thuan tién cho viéc ap dung két qua thi nghiém vao thuc tién; 2) co
thé diéu khién ca bon thong s6 vao, gdm van téc cat va ba goc tuong quan
giita than cdy phu pham ndng nghiép voi dao cat va 3) thu thap chinh xac 3
thong sd quan trong cua bai toan tiét kiém ning luong: luc cit, md men xodn

truc mang dao va nang lugng riéng ti€u hao.
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Thuc té cho thdy, cho dén nay, cac may ché bién néng 1am san trong
nudc hau nhu duoc san xuét bang cach sao chép cac miu may nudc ngoai.
Su tham gia ctia cac nha khoa hoc trong cic truong dai hoc vao qua trinh
nghién ctru, phat trién cac may moc thiét bi phuc vu ndéng nghiép hién con
rat han ché. Mot trong nhirg nguyén nhan chi yéu 1 thiéu cong cu dé trién
khai nghién ctru va thyc nghiém. Cu thé 1a: Viéc tién hanh khao sat, danh gia
trén cac may thuc rat kho khan khi trién khai 1dp dit cac thiét bi do. Nhiéu
may thiét ké co cong suat 16n va do dé ning luong tiéu thu 1on din dén tén
kém khi trién khai thi nghiém. Dic biét, viéc thay doi cac thong sé dau vao,
chang han goc nghiéng, loai dao, hudng cit, hudng cap phoi lidu... trén mot
may bam thai thuc té theo yéu cu cua quy hoach thuc nghiém ciing rat kho
khan, thdm chi khong kha thi va rat tén kém. Thiét ké ché tao may thi
nghiém c6 kich ¢& nhd, phu hop quy mo6 phong thi nghiém lai gap phai kho
khan 1a kich thudc két cau ciia cdc bo phan may khong ty 1é tuyén tinh véi

kich thudc may thuc.
0.2. Phwong phap luin
0.2.1. Muc tiéu nghién cuu

- Thiét ké, ché tao mot hé thong thiét bi thi nghiém may bam c6 kha
nang diéu chinh cac thong sb6 dau vao, co dﬁy du vi tri dé lép thiét bi do cac
thong s6 lam viéc, phuc vu cac nghién ctu thyc nghiém vé may bam thai mot
s6 than cay néng nghiép;

- Xay dyng md hinh vat 1y may bam phuc vu cong tac nghién ciru thiét
ké, ché tao ra cac may bam ché bién phu phadm ndng nghiép ndng nghiép cé
kha nang giam thiéu chi phi nang lugng va gia thanh ré dép ung nhu cau cua
ba con nong dan va doanh nghiép;

- Phat trién g6i phdn mém tinh toan bién dang ludi cit cho cic may cé
kich cd khéc nhau.

0.2.2. Cdch tiép cin vin dé
- Phan tich, danh gia yéu cau thuc té vé may bam; nhu cau st dung;
- Chuyén d6i ngén ngit khach hang thanh ngén ngi thiét ké co khi;

- Phét trién, danh gia, thir nghiém va lya chon céc y tudng thiét ké;
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- Ché tao va kiém tra cac m6 hinh thuc;

- Hoan chinh san pham.
0.2.3. Phuwong phap nghién ciru

Pé tai duoc thuc hién sir dung cac phuong phap nghién ciru sau:

- Phan tich co hoc hé théng co khi;

- Céac phuong phép thiét ké co khi;

- Cac phuong phép do kiém;

- Ché tao, lép rap, thr nghiém, hiéu chinh.
0.2.4. Pham vi nghién curu

Nghién ctru thyc hién trong pham vi bam thai mot sé6 phu phadm nong
nghiép. Pham vi khao sat dugc gidi han trong mot sb loai cay nong nghiép
dién hinh, st dung thong dung tai Viét Nam. Nghién ctru dugc thuc hién
trong phong thi nghiém va thir nghiém chuyén giao cho co s& san xuat.
0.3. Mot so két qua chinh

- Thiét ké va ché tao hoan chinh hé thdng thiét bi thi nghiém may bam
c6 kha nang diéu chinh cac thong sb6 dau vao, c6 day du vi tri dé lap thiét bi
do cac thong s 1am viéc, phuc vu cac nghién ciru thuc nghiém vé may bam
thai mot s6 than cdy nong nghiép;

- Cong bd 02 bai bao khoa hoc: 01 bai Scopus va 01 bai bao qubc gia
trong danh muc dugce Hoi dong chic danh Gido su Nha nudce cong nhan:

1) Bai bao Scopus: Vu Van Dam, Nguyen Huu Cong, Nguyen Quoc Tuan,
Ngo Quoc Huy and Nguyen Thanh Toan, Parameter optimization of cutting
force in corn stalk chopping, International Journal of Mechanical and
Production Engineering Research and Development, Vol. 9, Issue 3, pp
656-663, 20109.

2) Bai bao qudc gia: Ngd Qudc Huy, Nguyén Thanh Toan va Vi Vin
Dam, Thiét ké, ché tao thiét bi thi nghiém va thuc nghiém cdt bam phu phcfm
cay nong nghiép, Tap chi Khoa hoc va Cong ngh¢ Pai hoc Thai Nguyén,
Tap 200, s6 07, Trang 163 — 168, 2019.
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- Phat trién dugc goi phan mém chay trén nén AutoCAD dé tinh toan,
v& va két xuit toa do cac diém cua bién dang dao cho cac may c6 kich co
khac nhau.

0.4. Cau tric bao cao
Noi dung béo cao dé tai bao gom cac ndi dung chinh nhu sau:

Chuong 1 trinh bay mdt cach tom tit nguyén tic thiét ké hé thong thi
nghiém phuc vu nghién ctru may bam mét sb loai than cdy néng nghiép nham
néu bat tinh cap thiét cta dé tai; cac yéu cau va nguyén tic biam thai cdy nong
nghiép, tir d6 xac 1ap cac yéu cau k¥ thuat quan trong cia thiét bi thi nghiém
may bam.

Trong Chuong 2, thiét ké, ché tao hé thdng thi nghiém phuc vu nghién
clru may bam mot sé loai than cay nong nghiép, viéc Iya chon phuong an két
ciu, phan tich chirc ning va cach thuc trién khai, két qua cac phuong an thir
nghiém goc ga dao; goc cap phoi, van tc cat; khe hd dao...duge trinh bay chi
tiét. Uu nhuoc diém cua timg phuong an duoc phéan tich nhim dua ra lua
chon hop 1y nhat.

Chuong 3 trinh bay cach thic thuc nghiém, van hanh va két qua thi
nghiém bao gdm nguyén tac van hanh, khao sat cac thong sd anh huong va
thuc nghiém tbi vu luc cit.

Céc két luan va dé xuat huéng nghién ctru tiép theo cua dé tai dugc trinh
bay trong Chuong 4.
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CHUONG 1
NGUYEN TAC THIET KE HE THONG THi NGHIEM PHUC VU
NGHIEN CUU MAY BAM MOQT SO LOAI THAN CAY NONG NGHIEP

1.1. Co s6 ly thuyét bim thai cAy nguyén liéu
1.1.1. Nguyén ly bam thdi cdy nguyén liéu

Bam thai cay nguyén liéu thudng dua theo nguyén Iy bam thai bang canh
sic cua ludi dao. Qua trinh bam thai thuong duoc thuc hién br?mg cach tao
chuyén dong twong ddi giira ludi cat cua dao voi cdy nguyén liu. Ludi cat
ctia dao dugc hop boi hai mat phang tao thanh ludi dao. Chuyén dong tuong
d6i nay co thé duoc tao theo phuong P vudng goc véi canh d6 hoic dong thoi
theo hai huéng vudng goéc v6i nhau: Vira theo hudéng P (hudng cit phap
tuyén) vira theo hudng vudng goc voi P (hudng tiép tuyén), nghia 1a theo
hudng chéo tong hop N (hudng cat nghiéng). Hinh 1 minh hoa so d6 cat cho

hai nguyén tac nay.

P N P

Hinh 1. So' d6 tao chuyén déng cdt

Nghién ctru cua vién si Goriatskin V.P [6] d& ching minh rang, néu bam
thai theo hudng nghiéng s& giam dugc luc bam thai can thiét so voi bam thai
theo hudng phap tuyén. Hinh 2 minh hoa so dd thi nghiém cta nghién ctru da
duoc thyc hién. Trén hinh v&, mdt chiéc can dia dugc dit & trang thai can
bang. Trén dia A 1an lugt dé cac qua can N c6 khdi luong khac nhau, trén dia
kia thay bang ludi dao B, ludi dao lap hudng Ién trén.

Thi nghiém cat nhitng doan ciy nguyén liéu duoc ¢b dinh bang két cau
D. Két cAu nay co tac dung ép cdy nguyén liéu thi nghiém luén ty 1én ludi
dao, dong thoi D di chuyén cing véi cAy nguyén liéu bang tay kéo E doc canh

sac ludi dao véi do dich chuyén S(mm). Két qua dugc minh hoa trén Hinh 3.



T T

Hinh 2. M0 hinh thi nghiém cua Goriatskin [6]

4 N(2)

o S(mm)
Hinh 3. Quan hé giita luc tdc dung 1én dao N va chuyén vi khi cdt S [6]
Quan hé ndi trén co thé dugc biéu dién qua biéu thirc sau [7]:
S=Ae " hoac N°S=C' (1.1)

Qua Hinh 3 ¢ thé thay, luc bam thai khi c6 chuyén dong truot (ng voi
gia tri S 16n) giam dang ké so vé6i khi khong co truot (Gng véi gia tri S nho).
Piéu nay duoc giai thich bang mot s6 co sd vat 1y ctia qué trinh bam thai bang

lud1 dao nhu sau.

Ludi dao khi soi qua kinh hién vi ¢6 dang ring cua. Do d6, khi ludi dao
di chuyén c6 thém hudng tiép tuyén, nghia 1a khi c¢6 truot thi ludi dao da phat
huy tac dung “cua dut” cdy nguyén liéu. Néu ludi dao chi cat theo hudng
phap tuyén (chuyén dong cat tién vudng goc véi than cay nguyén liéu), s& xay
ra qué trinh bam thai bang chém. Khi nay lyc bam thai phai hoan toan khéc
phuc tng suat cét 1on nhat (Ung suét pha huy) cay nguyén liéu can bam. Khi
cat co trugt thi mot phan lyuc s& tiéu hao cho cong cat theo nguyén 1y cua. Véi
cay nguyén liéu c6 dang co6 soi doc than cdy, chang han nhu than cdy ngd,

rom ra va mdt soO loai cay co6 thd doc khac, thanh phan lyc tiéu ton dé cat dut
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so1 theo nguyén 1y “cua” s€ nhd hon nhi€u so véi luc can thiét dé cat ngang
soi [7].

Trong tai liéu nay, ta théng nhit sit dung thuat ngir “cit bam” va “cit
thai”. Cat bam 14 qua trinh cit ma ludi dao chi tién theo hudng phap tuyén véi
cdy nguyén liéu. Trong cic tai liéu tiéng Anh, cit bam duoc goi 1a “Impact
cutting”. Trong qua trinh cat thai, dao chuyén dong tuong ddi véi cay nguyén
liéu theo nguyén 1y cwa. Trong cac tai liéu tiéng Anh, cit thai dugc goi la
“Shearing cutting”.

1.1.2. Chuyén déng twong déi giita dao va cdy nguyén liéu

Khi bam thai c6 truot, lat thai do doan AS cua ludi dao truot theo
phuong P v61 dién tich F s€ ¢c6 bé rong bp nhé hon bé rong b, khi doan S thai
khong trugt (theo phuong N) véi cung dign tich F d6 (Hinh 4), theo quan hé
Sau.

EF . AA
b =——=b.—"=Db .cos
AA T (1.2)

P n

Da s6 than cay nong nghi¢p 1a loai vat licu dan hoi, c6 so va nhi€u thd

chinh vi vy rat phu hop v6i phuong phap bam thai co truot.

/ A AS N\

B//F //T)/ lN

/ L

bp bn

Hinh 4. Cdc hanh trinh chuyén déng twong déi ciia dao

Hinh 5 mo ta mot két cau tao chuyén dong cat ciia dao. Nhu co thé thay
trén hinh v&, tai diém tiép xuc gilta dao va cdy nguyén liéu, van toc chuyén
dong cua ludi dao vudng goc voi ban kinh quay, dugc ky hiéu 1a V. Van téc
nay c6 thé phan tich thanh thanh 2 thanh phan: Thanh phan van téc phép
tuyén V, vudng goéc véi ludi dao va thanh phan van toc tiép tuyén V, theo

canh sac luo61 dao.



Hinh 5. Vdn téc va cdc thanh phan vén toc tai diém tiép xiic dao-cdy nguyén liéu

Nhan xét: Thanh phan van tdc phap tuyén V,, 1 van téc cia dao bam thai
ngap sdu vao cay nguyén liéu, con thanh phan van tdc tiép tuyén V. gay nén

chuyén dong trugt. Ty sb gifra tri s6 van tbc V,va V, goi la h¢ sb truot &

V,
e=—"=tg(q) (1. 3)
Vn
Gac t tinh theo cong thirc trén dugc goi 1a goc trugt. Khi t = 0 nghia la
dao tién vudng goc véi than ciy can cat, qua trinh cat hoan toan & dang “cat

bam”, tirc 1a khong c6 hién tugng truot.

Véi muc dich giam thiéu ning luong tiéu tén cho qua trinh bam thai, tién
hanh xem xét mot s6 yéu td chinh thudc pham vi dao bam thai va cdy nguyén
ligu anh hudéng td1 qué trinh bam thai nhu dudi day.

1.1.3. Lwec tic dung khi cit

Gia st dao tiép xtic voi cay nguyén lidu trén chiéu dai AS, chiu lyc tac
dung 14 N, thi luc phan bd dugc tinh nhu sau:

N
q= A_S(N/ cm) (1. 4)
Pé cat dut dugc cdy theo nguyén tic chém, luc phin bd don vi tbi thiéu
phai 16n hon lyc don vi té1 han qg cta than cay. Chéng han, vién si Goriatskin
V.P da lam thi nghiém va xac dinh gié tri lyc don vi té1 han khi bam (gbc
trugt T = 0) rom ra la: qg = 50+100 N/cm. Nhu vay, mudn cét dit rom ra theo
nguyén tic cat bam, can tac dung lyc sao cho lyc phan bd trén doan ludi dao

tham gia cét 1a q>50 N/cm.
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Khi bam theo nguyén tic cét thai (c6 truot) thi q thay doi phu thudc vao
gdc 1. Méi quan hé giira lyc phan bd téi han qq v6i goc truot T khi T thay doi
1[0 + 70] 6 thé biéu dién dudi dang:

0 =do-(I-7.00) (1.5)

trong do: o la hé s6 tinh toan, tim duoc béng thuc nghiém. Hinh 6 minh hoa
quan hé g, theo T ddi véi rom ra.

q 4 (Nfem)
9o

T

Hinh 6. Quan hé lyc cdt can thiét phu thudc goc truot.

Nhu c6 thé thiy trén Hinh 6, khi goc trugt T cang 16n thi luc cit can thiét
cang nho. Dua theo quan hé bd tri phuong ctia dao nhu trén Hinh 5, ¢6 thé lva
chon goc truot T sao cho lyc cat can thiét nho nhat. Pay 1a mot trong nhiing
co s& 1y thuyét quan trong dé tién hanh cac nghién ctu nhim giam ning
luong riéng khi bam than cdy nong nghiép. Tuy nhién, cling can luu ¥ rang,
gbc T cang 16n thi thanh phan lyc diy ngang than cay cang 16n, hiéu qua cat
cang thap. Do vay, can giai quyét bai toan t6i vu da muc tiéu dé giai quyét hai
hoa cac loi ich nham giam ning luong riéng khi cat.

Bén canh do, gia tri luc cit t6i han tim duge bé‘mg thuc nghiém phu thudc
rat nhiéu yéu td thuc tién nhu: loai cay, do am tu nhién cua cay nguyén liéu
khi cat (diéu kién khi hau), mtc d6 so soi cta ting loai cdy nguyén liéu ciing
bi 4nh huéng cia mdi truong, dicu kién phat trién, tho nhudng. Do vay, dé co
co so tinh toan thuc té, can xay dung céac thi nghiém thu thap dit liéu cho cay
nguyén liéu ctia dé tai tai ving mién cu thé.

Nghién ctru sau vé su gidm lyc bam thai khi c6 truogt, Vién si Goriatskin
V.P d3 chimg minh rang lyc bam thai bat dau giam nhiéu dang ké, khong phai
g vai bat ki goc truot T cua dao co tri sé twong d6i nho nao d6 ma tmg véi
tri s6 goc trugt nhat dinh cta dao thi hién tugng truot méi xay ra [7]. Luc
bam thai s& giam nhiéu khi goc trugt T > 30°. Nhu vay, can thiét ké dé bd tri
phuong ludi dao phu hop nham phat huy that sy manh mé tac dung bam truot,
dé giam luc bam thai duoc nhiéu hon.
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Phat trién céc 1y luan nghién ctru vé bam thai ctia Vién si Goriatskin VP,
Vién si Giudigopski V.A da phan tich noi dung vat Iy cia van dé nay nhu sau
[7]. Trong trudng hop cit thai, xét trudng hop dao thing AB quay quanh mot
tam quay O. Khi dao tic dong vao ciy nguyén liéu, tai diém tiép xtc M s&
sinh ra phan lyc phap tuyén cia cdy nguyén liéu tac dung lén ludi dao. O
Hinh 7(a), cay nguyén liéu tac dung vao ludi dao & diém My véi luc phap
tuyén N”, con & Hinh 7(b) va Hinh 7(c) thi ludi dao tac dong vao cay nguyén
liéu & diém M, véi luc phap tuyén N = N’ nhung nguoc chiéu. Do phuong
chuyén dong My & ludi dao (theo phuong vén tdc v) khong tring véi phuong
phap tuyén (vi T # 0), cho nén luc phap tuyén N’ ¢ thé phan tich thanh hai
thanh phan: thanh phan lyc P’ theo phuong chuyén dong V va thanh phan luc
T’ theo phuong ludi dao AB. D& thiy lyc T° ¢6 xu hudng lam cho diém My
truot xuéng phia dudi. Khi nay sé xuét hién lyc ma sat F’ gitta Iudi dao va
cay nguyén liéu hudng 1én phia trén can lai hién tuong trugt do, voi tri s6 F’ =
T’. Ciing phan tich twong ty nhu vay ¢ Hinh 7(b) va Hinh 7(c) thi lyc phap
tuyén N do ludi dao tac dong vao diém M, cua ciy nguyén liéu ciing co thé
phan tich thanh hai thanh phan: thanh phan lyc P theo phuong chuyén dong
va thanh phan Iyc T theo phuong cua ludi dao AB. O day, phia trén ciing xuét
hién lyc ma sat gira cAy nguyén liéu va ludi dao (F cling bang F’) huéng
xuéng phia dudi can lai hién tuong truot voi tri sOF=T.

b) c)

Hinh 7. Twong tdc luc giita ludi dao va cdy nguyén liéu @) Cac luc do cdy nguyén
liéu tac dong vao dao, b) Cdc luc do dao tic dong vao cdy nguyén liéu khi t<q; C)

Cdc lyc do dao tac dong vao cdy nguyén liéu khi t>¢.
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Trén Hinh 7, c6 thé thdy, néu goc truot cang 16n thi lyc T (hay T’) cang
tang, dong thoi luc ma sat F (hay F’) ciing c6 kha ning ting theo, bang T,
khién cho diém M, cta cay nguyén liéu khong thé truot theo ludi dao duoc.
Nghia 14 bam thai véi goc truot (t # 0) nhung 2 diém M, cia cdy nguyén liéu
va My ctia dao khi tiép xtc véi nhau nhung van khéng truot di duogc. Tréi lai,
trong qua trinh thai, diém My cia dao van bam chat lay diém M, cua cay
nguyén liéu ma nén xudng véi luc tac dong P cho dén khi bam dat (trong luc
nay & M; cua cdy nguyén li¢u c6 3 luc tac dong 1a P, T va F nhung F =T va
nguoc chiéu nhau cho nén lyc tong hop 1a P).

Nhung nhu chiing ta da biét, khi T tang, F tang theo va chi dat tdi tri s6 luc

ma sat cuc dai F ma thoi (theo khai niém luc ma sat va goc ma sat) tri $6:
F. =Ftge =NFf (1.6)

trong d6: ¢ 12 goc ma sét gitta dao bam thai va cay nguyén, f =tge 1a hé sd
ma sat.

Trong truong hop ma sat gitra ludi dao va vat liu thai nay (coi nhu
tuong tac gitta mot dudng thang tiép xuc véi mot bé mat) thi tri sb ctia goc ma
sat @ khong c6 dinh nhu thong thudng (giira bé mat véi bé mat). Trai lai, theo
thuc nghiém @ va f* thay doi tri s6 it nhiéu. Do d6, dé phan biét hién tuong
ma sat cua ludl dao vo1 vat thai. Goc (p'12‘1 g0c cat truot (p'Vél hé s
f =tge dugc 1a hé s cidt trugt £. Do vay, khi T va F ting t6i giéi han
T=F>F_ nghiala T=F=N.gr hay 1> ¢ thi qua trinh cit thai chua c6
hién tuong “truot twong d6i” giita cac diém cua ludi dao tiép xlic véi cac
diém cuia vat liéu thai (vi bi hién tugng ma sat chong lai). Nhung khi T ting
1én nita, do goc T tang 1én (vi T = N.tgt ) trong luc d6 luc ma sat khong thé
tang lén dwgc nita ma gitt lai & tri s6 Fyax, nghia lakhi T>F_  hay 1> @ thi
hiéu s6 luc T—F__ s& c6 xu huéng lam cho M, ciia ciy nguyén liéu trugt di,
o1 filém My cta dao, 1én phia trén hay nguoc lai, Piém My cua dao truot di,
roi diém M, cua vat thai xudng phia dudi, bay gio bat dau xuét hién hién
tugng trugt twong dbi gitra dao va cdy nguyén liéu. Va khi d6 qua trinh bam

thai moi thyc sy cé truot, dao mdi phat huy kha nang cua cay nguyén li€u va
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luc bam thai moi giam nhiéu, bam thai méi dé dang. Luc nay hop luc cta 3
luc P, T, Frnax do dao thai tdc dong vao cay nguyén liéu phai 1a luc P ma luon
la R, nghia la du t 16n bao nhiéu nitra dao cling tdc dong vao cay nguyén liéu
bang luc tong hop R ma thoi (tirc 1a chi theo phuwong hop véi phap tuyén mot
goc " nhu Hinh 7¢).

Tém lai, qua phan tich trén, c6 thé xay ra 3 trudng hop sau:

- Truong hop goc truot © = 0, qua trinh cat bam thuan tay (khong truot),
chi ¢6 luc phap tuyén, khong co luc tiép tuyén.

- Trudng hop goc trugt T< @, qua trinh cit bam van chua c6 truot, tuy
c6 ca lyuc tiép tuyén nhung lyc tiép tuyén nay chua thing duoc lyc ma sat nén
chua co truot.

- Truong hop goc truot T> @, quéa trinh bam thai co truot twong ddi
giita dao va ciy nguyén liéu do luc tiép tuyén du 16n thang duoc luc ma sat.

Nhu vay, diéu kién bam thai dé giam luc tac dung can thiét 1a: goc truot
t phai co gia tri 16n hon hay bang goc cit truot ¢ . GOc ma sat ¢ gitta kim

loai va than ngd di dugc xac dinh vao khoang ¢ = 25° +30° [7].

Tuy nhién trong trudng hop goc truot T < ¢ van co loi vé luc bam thai
hon so véi truong hop cat chit bo (t = 0). Vi gia st trong khi dao thai ngap
vao cdy nguyén liéu, s& chiu luc can bam thai ¢ (do Gmg suit bén ciia cay
nguyén li¢u, do ma sat ctia mat dao voi lat thai) dao phai tdc dong mot luc
P > o, (Hinh 8).

Khi ¢6 goc T (t = 0), mudn bam thai duoc thi trong lac phuong luc P
thay doi (1éch di so véi thanh phan phap tuyén N theo goc truot ) dau vecto
luc P phai di chuyén theo vong tron c6 ban kinh bang tri s6 t6i thiéu S, (tdi
thiéu P = o). Nhu vy, khi 1 ting dan t6i T, thi P ting t6i P; va thanh phan
phép tuyén N s& twong tng 1a Ny va ta thay N > N,, nghia 1a lyc bam thai
phép tuyén c6 giam di (nho hon tri s6 ban dau N = o, khi T = 0) (Hinh 8).

Ciing do phat huy dugc hién tuong cat truot, giam dugc lyc bam thai, cho nén
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thuce té luc tong hop R do dao tac dong vao cdy nguyén liéu c6 tri sb giam dan

khi gbc truot T cang 16n hon goc cat trugt @ .

B
N N/

¢>1>T
N<N <=¢

t
=N o

Hinh 8. Tdc dung gidm lyc bam thdi phdp tuyén

Trong nhiéu trudng hop, khi than cay nguyén liéu c6 do cimg khong 16m,

can str dung tim ké dé d& cay nguyén liéu (Hinh 9).

Hinh 9. So' do cdt ¢é tam ké: 1) dao, 2) tdm ké
Hinh 10 minh hoa quan h¢ hinh hoc gitra ludi dao va tam ké

St dung tam ké hinh thanh mot yéu té anh hudng trong trudng hop bam
thai kiéu “kéo cét”, twong tu qua trinh cét c6 thém mdt canh sic nita (& ddy la
canh sac tdm ké&) cung phdi hop kep va cat cay nguyén licu. Géc BAC hop bai
canh sac ludi dao AB va canh sac tim ké AC noi chung goi 1a goc mé y (Hinh
10). Khi goc mo 16n, hai canh sic khong kep gitr yén duoc ciy nguyén liéu
ma co tac dong déy né ra, khé bam thai duge. Véi mot tri s6 gdéc mé nhé hon
da dé hai canh sic kep git yén duoc cay nguyén liéu dé cit duge no thi goc
mo d6 duoc goi 1a goc kep y. Gia tri goc kep y phai duoc bao dam khi thiét ké
bd phan bam thai co tim ké va 1a diéu kién dé dao va tim ké kep dugc cay

nguyén liéu.
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Hinh 10. Quan hé hinh hoc giita dao va tam ké

Xét vi tri canh sidc AB ctia ludi dao va canh sic AC cta tAm ké nhu hinh
ve€ trén, vdi cac luc tac dong vao cay nguyén li¢u (duge mo phong cod tiét dién
tron tam O): do 1udi dao tiép diém M 1a luc phap tuyén N va luc ma sat F; do
tam tam ké ¢ tiép diém M’, tuong tmg 1a N’ va F’. Luc tong hop do ludi dao
tac dung 1én cay nguyén liéu 1a R, con do tdm ké tac dung Ién cdy nguyén liéu
1A R”. Goc NMR =@, 1a goc cit truot (tuong tu goc ma sat) clia canh sic
ludi dao vé6i cay nguyén licu va F=N.tge, goc NMR =g, la goc cat
truot (twong tu gbc ma sat) cua canh sic tAm ké v&i cdy nguyén lidu va
F = N.tgo,

Luc N duogc phén tich 1am 2 thanh phan: thanh phan S theo huéng vudng goc

v6i duong phan gidc AO cua goc md x va T theo huéng canh sic AB,

X
T=Ntg=
g2

Luc N’ cling dugc phan tich twong tu thanh S’ theo hudng canh sic AC
ctia tam ké, T = N'.tg%. Céc thanh phan S, S’ khong giy cho cdy nguyén

liéu chuyén dong (theo huéng AO), nhung T va T’ thi ¢ xu hudng day cay
nguyén liéu ra ngoai. Pong thoi cac lyc ma sat F va F’ dugc giy ra va chdng
lai cac thanh phan lyc T va T’. D6 1a céc tri s6 ma sat cuc dai. Co thé nhan

thay rang:
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-Khi T>FvaT >F (FvaF dat tri s6 cuc dai: F= N.tg(pll,
F =N.tgp,, nghia la khi N'.tg%:N'.tg(p'l va N'.tg%:N'.tg(p'z hay,

X > (pll,% > (p'2 ,tuc lava y > (p'1 +(|)'2 thi cac luc ma sat (dat cuc dai), F, F°

2

khéng chéng nbi cac thanh phan luc T va T’. Khi ndy, cdy nguyén liéu bi day
ra phia ngoai (khong dam bao diéu kién cd dinh cdy nguyén liéu), khi d6 qua
trinh bam thai khong hoan toan thuc hién duoc.

-Khi T=F va T =F’, nghia la 3 = @, + @, thi cac luc ma sit F, F* du
16n dé chéng lai cac luc T va T’. Cay nguyén lidu dugc kep on dinh, dam bao
qua trinh cat thai dugc thyc hién hoan toan.

-Khi T<FvaT <F’, nghiala y <@, +¢@, , thi cic luc ma sit thyuc té
khong thé dat tri s6 cuc dai F va F’ nita, ma chi dat t&i tri sb can béng vO1 cac
luc T va T’ d dé chong dugce lai cac hién tuong diy cdy nguyén liéu ra ngoai.
Nhu vdy, cdy nguyén lidu ciing dugc kep chat hon, khong bi ddy ra ngoai
duoc.

Tém lai, diéu kién kep vat thai gitra canh sdc ludi dao va canh sic tim ké
la goc kep x <@, +,. Déi véi dao kiéu dia, nghién ctru thu duoc céc sd liéu
v =40° +50° , dao tréng y = 24° +30° [6].

Néu mot trong hai goc truot (goc ma sat) (p'1 va (p'2 c6 tri s6 nho nhat, goi
la @, thi theo Vién si Xablikov, diéu kién kep hoan toan 1a y <o, .

Néu @, =@, thidiéukiénkepla x =2.¢.

Néu o, >y > ¢, nghia 1a 2¢, > 2y > 2@, thi ta s& thiy c6 hién tuong
vat thai bi xoay tron tai chd va qué trinh cit thai cling rat kho thuc hién.

Ciing can cha y rang trong truong hop 7y > (p'1 + (p'2 thi cay nguyén liéu
bi day ra phia ngoai, cho téi khi géc méd giam xudng téi tri sd goc kep

%=, +¢, thilai ddm bao diéu kién kep.
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i
11

0 8 15 35 W%
Hinh 11. Quan hé luc cdt can thiét va do am cdy nguyén liéu

Mot yéu to khac anh huong dén luc can cat thai 1a do 4m cua cAy nguyén
liéu. Khi d6 am ting trong khoang gia tri thap (8% + 15%), luc phan bd can
thiét ting dan, nhung khi d6 4m ting trén 15% thi luc cat thai can thiét lai
giam di [7] (Hinh 11).

Trong qua trinh dao cit chuyén dong qua than cdy nguyén liéu, can tiéu
tén nang lugng nham thang dugc luc ma sat sinh ra do ap luc can cua cay
hodc bo cdy nguyén liéu tic dong vao mit bén cta dao va thanh phan ma sat
do cay nguyén liéu dich chuyén bi chén ép tac dong vao mit vat ciia canh sic

lud1 dao.

pé giam ma sat, can lua chon két cAu dao va céach thic bd tri dao cho
phu hop. Nhu minh hoa trén Error! Reference source not found., goc ga dat
dao B phai tinh toan sao cho cdy nguyén liéu khi duoc dao bam thai xong, tiép
tuc duoc cudn vao s& khong va cham vao dao, tranh ma sat vo ich.

oL

Hinh 12. Cdc goc cua dao va ga dat dao

Trén hinh 12, goc bam thai a 1a goc hgp boi gitta goc dat dao f va goc mai

dao o, dugc xac dinh theo cong thirc sau:

oa=B+0c (1.7)
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Nghién ctru ctia Vién si Reznik N.E. nim 1975 [6] cho thdy, goc mai dao

o cO anh huong truc tiép dén lyc bam thai, duwoc biéu dién qua quan hé sau:
N, =P, +c>tgc (1.7)

trong do: C 1a h¢ sb tinh toan; Ny, 1a lyc bam thai t&i han dé cat dut cay
nguyén liéu; P; 1a luc can bam thai. Nhin chung, goc mai dao yéu cau nho
nhung phai tinh dén d6 bén cua dao, cho nén v6i may bam thai ciy nguyén

liéu khi cét co tAm ké goc mai dao, thudng yéu cau o = 25°+30° [7].

Vé viéc lua chon khe ho &: Cay nguyén liéu cang manh thi cang nén
chon khe hd & nho, vi néu khong, ludi dao co thé bé gap cdy nguyén liéu
xudng lot vao khe hd va kéo dut nod, giam chat luong cat. Nhung & ciing
khong thé chon qua nho, vi dia lap dao (hay tréng lip dao) déu c6 do dich
chuyén doc truc cho phép va gbi d& ciing c6 d6 dich chuyén doc truc cho

phép. Do vay, néu & qua nho c6 thé xay ra hién tugng dao va vao tim ké.

O tréng 1ap dao quay véi sb6 vong quay 16n, do luc ly tAm, dao ciing s& co
d6 vong ra phia ngoai. Pdi véi may bam thai cdy cdy nguyén liéu nong
nghiép, & thuong lay khong qua 1mm [7]. Hinh 13 minh hoa khoang khe ho &

tiy thudc cong sudt bam cat cay nguyén licu.

NEwW)

0 |
& min & max & (mm)

Hinh 13. Ving khuyén nghi chon khe hé 0

Vian tdc cét ciing 1a mot thong s co anh hudng 16n dén luc va do dé, dén
nang luong tiéu tén cua qua trinh bam thai. Cong suit bam thai co thé tinh

gan dung theo cong thic thuc nghiém [7]:

P =75.10°*.q.V?® + 40(N) (1. 8)
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1.1.4 Nghién cwru giam tiéu hao nang lugng

A-Compression only
B-Compression & cutting
C-Cutting only

0 X X bu
Hinh 14. Dién bién cdc giai doan cdt bam cdy nguyén liéu [9]

Theo tai liu “Céc nguyén 1y cia may ndng nghiép” do Nha xuat ban
“Hiép hoi k¥ su nong nghiép Hoa Ky 4n hanh nim 2006 [9], qua trinh cit
bam cay nguyén liéu c6 thé dugc phan tach thanh 3 giai doan chinh: Gia doan
nén nguyén liéu, giai doan vira nén vira cat va giai doan cat thuan tay. Cac

giai doan nay dugc minh hoa nhu trén Hinh 14.

Khi dao con sac thi céng dé nén cdy nguyén liéu do ludi dao tac dong lic
bt dau bam va cong can cling nho hon. Cac luc va cong nay thé hién bang db
thi phu thudc vao d6 thai sau A ctua ludi dao vao cay nguyén liéu nhu minh
hoa trén Hinh 15.

P(N) § Céng can cat

/ A (mm)

Céng nén ban dau Cﬁﬁg can nén
Hinh 15. Cdc thanh phan tiéu hao nang lwong khi cdt
Pé xé4c dinh nang luong cat thai, gia thiét rang nhd c6 cac truc udn ép vat
thai trudc nén co thé bé qua phan ning luong nén ép do ludi dao tac dung 1én
cdy nguyén liéu trude khi cat dit va do do, chi xét va tinh toan trong trudng
hop cit thai c6 trugt? < 7 trong d6: T 1a goc hop boi 2 van tée V’ va V,, dong
thoi t cling bang goc OCA. r.cost va r.sint 1 2 canh tay don cua 2 lyc N va F?

Ta lai co:
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F .
= —tgo=f 1.9
N go (1.9)

Pé don gian ta xét truong hop dao AB quay quanh tdm O, tiép xtc véi

cay nguyén liéu tai C nhu minh hoa trén Hinh 16.

Hinh 16. So do tinh todn ndng lwong cdt khi cdt thdi [7]
Tacd: Miy=N.r.cost+frsint
trong do: f* 1a h¢ s6 cat truot.

Pit N.r.cost 1am thira s6 chung, dong thoi thay thé tri s6

F =N.tgp = N.f va Nt _ tgt phuong trinh (1. 9) s€ thanh:
COST
M, = N.r.cost(l+f .tgt) (1.10)

Ta da c6: N = q.A S thay vao phuong trinh (1. 10) ta dugc cong thirc

chung tinh mo men cat thai:
M, =q.D.Sr > cost(l+f .tgr) (1.11)
Cong suit cit thai c6 thé tinh bang tich M, .o , trong d6 o la van tdc
goc, trc = % (0 1a goc quay cua dao, t 13 thoi gian quay). Vdy cong cit

thai:
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M, =q.DSr.w.cost(l+f .tgr) = q.D.S.r.i—?.cosx(Hf'.tgr) (1.12)

r.d6.cost

Hinh 17. Xét doan dao bam thdi S voi goc quay dO
Trén Hinh 17 ta thy t giac ABCD c6 thé coi 1a 1 hinh binh hanh va c6

thé tinh dién tich cta n6 bang:
AS .r.dO .cost = SABCD tuc la: AS .r.d0 .cost =dF (1.13)
Thay (1. 13) vao (1. 12) ta duoc:

M_.w= q.%(1+f'.tgr) (1.14)

Hé s6 (1+ £.tgt) goi 1a hé s6 dic tinh cua dao thai.

Nhu vy, cong suat cat thai can thiét dugce xac dinh bang 4p suét riéng q

(N/cm) trén moi don vi d6 dai cta ludi dao da thai, dién tich trong don vi thoi
o dE
gian E va hé so dac tinh cua dao.

Cong cat thai riéng 1a nang lugng can tiéu thu dé cit thai 1 don vi dién

tich vat thai, duoc suy tir cong thirc tinh cong suét:

M. .w .
= =q.(1+f .t 1.15
iF q.(1+f .tgr) (1.15)

Yéu cau can thiét doi véi viéc thiét ké dao thai 1a phai dat dugc cong cat

thai riéng Ar 1a nho nhat d6i véi cac loai dao thai hodc Ar twong ddi nho.

Céc tri sd q, " vart déu ¢o nhirng mbi quan h¢ phu thudc 1an nhau. Sau

khi xac dinh fiugc cac tri s0 q va £ tuong g véi céc tri s6 cua 1 (bang thuc
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nghi¢m), s€ tinh va vé€ duoc dd thi phu thudc cua A, voi 1. Tu két qua doé ta co
thé xac dinh duoc tri sb cua gbc truot T khi thiét ké bo phan dao thai sao cho

A\ 1a nho nhét (img véi 1o) hodc A, dat tri s6 trong d6i nho.

Thong thuong ngudi ta chi chon A, co thé thay doi tir Ay, dén

A . +5%A, . Khi d6 cic goc trugt can dugc thiét ké tr 1 =T,

rmin

dén Toox = T, - HiNh 18 minh hoa quan hé cong riéng phu thudc goc ma sat.

Ar jiem

0 -
T To T2 T

Hinh 18. Su phu thuéc cia A, véi goc ma sat t

Tiéu két: Qua tong quan tai liéu & trén, c6 thé thay luc cit va cong sut
tiéu hao déu chiu tac dong anh hudng rat 16m va truc tiép tir goc trugt. Do vay,
nghién ctru danh gia quan hé cia luc cat véi goc truot cho cac loai cay
nguyén liéu khac nhau van dang 12 mot hudéng mo.
1.2. Cac két cAu may bim
1.2.1. Mdy bam thdi dang trong

MAau méay bam 9RSZ-2 do hdng Trung Son, Trung Qubc ché tao. May
bam 9PSZ-2 1a loai may bam thirc an chan nuoi dai gia suc, st dung bam cac
loai cay ngo, lia mi, rom, ra, c6. Khi lam viéc may bam co6 san ph:flm chiéu
dai tir 1 + 8 cm (dé dang diéu chinh trén may), tién loi cho viéc dong bao cat
trit thirc dn. Thong sd ki thuat ctia may bam 9RSZ-2: Nhan cong cap liéu tir 1
+ 2 ngudi, nang suét 2 tin/h, dong co dién mot hodc ba pha 5,5 kW, tdc do
truc chinh 2.280 vg/phut, chiéu dai san phdm sau khi dugc cat tir 1 + 18 cm,
tong khdi luong 140 kg (khong bao gdm dong co) va kich thudc bao: dai x
rong x cao = 1650 x 610 x 950 mm [22].
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Phéi liéu dau vao

VIR
’/\ \\\Sén pham dau ra

Hinh 19. Nguyén 1y cdu tao va mdy bam thdi xo sgi dao dang tréng 1, 2) cdp 16
cuén; 3) dao bay (cong, hodc thang); 4) dao ké [22]

Céc lién hop may thu hoach nguyén liéu st dung nguyén ly bam dao
dang trong, dao cong c6 bd phan cudn va ép dua vao bd phan bam. Rom, co
kho sau khi bam nho dugc dua vao thung xe.

Uu diém: D& thay doi chiéu dai doan cat bang thay dbi sé dao 3 lap trén
trong, hoic thay ddi toc do quay cua cip 16 1, 2 khe ho giita dao va tam ké
dugc diéu chinh bang cach di chuyén tdm ké theo phuong hudéng vao vi tri
cat. Khe ho gitra dao va tam ké tir 0,5 = 1 mm, tranh hién tuong nguyén liéu
theo vao khe ho trude khi cat.

Nhuwoe diém: Do khe hd gitta dao va tim ké nho tir 0,5 + 1 mm, mit
khac vén téc quay ciia trong thuong rat 1on dé dam bao van toc cat 30 + 35

m/s, nén doi1 héi viéc ché tao can dd chinh xac cao.
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1.2.2. May bam thdi dang dia

S 6 i
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Hinh 20. Neuyén Iy cdu tao mdy bam thdi dao dang dia 1) Bdng tdi cdp liéu; 2)
Truc cuon; 3) Tam ké cat; 4) Béng co; 5, 6) BY phdn cdt thai; 7) Bé phdn truyén
dong [22]

Ve két cau:

+ Bo phan cap liéu: dang bang tai, truc cudn co tac dung cudn va nén ép
nguyén liéu truéc khi dua vao cat thai; co cau cap liéu c6 thé diéu chinh do
cang bang tai trong qua trinh lam viéc;

+ B0 phan thai: hai ludi dao cong lp vao canh 6, tim ké 3 1ip vao hong
thai voi hai canh sic thay doi khi can;

+ B phan thu nguyén liéu: kiéu quat truyén c6 hai canh quat s6 5 duoc lap
vao canh lip dao 6, dng dan vat thai duoc ndi trén cao va dan vt thai ra ngoai;

+ Bo phén truyén dong: Gom ly hop va cac cip banh rang, diéu chinh
dugc chiéu quay cta bd phan cung cip dé phong khi bo phan cit thai bi ket,
c6 thé diéu chinh duoc chiéu dai doan cét thong qua tdc d6 cép liéu.

Mau may 93QS do Cong ty TNHH May nong nghiép Trinh Chau - Ha
Nam - Trung Qudc san xuat. May co thé cat nguyén liéu kho hodc uét nhu:
rom, lia mi, ngd, cdé kho... Chiéu dai doan cit dugce diéu chinh tir 10 + 50
mm. Khe h giira dao cat va tim ké cit dao dong trong khoang 0,5 + 1,5 mm.

Uu diém: diéu chinh dugc chiéu dai doan thai theo mot khoang cho trudc,
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chiéu dai nguyén liéu thai dong déu do dugc nén ép trude khi vao bo phan cit
thai tranh hién twong nguyén liéu thai bi kéo theo nhung khong bj cit .

May cét nguyén liéu dao dang dia duoc ung dung trén may thai rau co
rom PCC-6, dic diém k¥ thuat: Nang suét cat d6i véi rau: 5 + 6 tAn/h; cit rom
1,5 + 2 t/h, cong sut dong co dién 7 kW, tiéu thu nang luong riéng 1,5 + 5
kWh/tAn, 46 dai doan cét tir 6 + 104 mm, tdc do cua truc dao 450 vg/ph tuong

g véi véan tde cat dau dao 29 mv/s [7].
1.2.3. Mdy bim thdi kiéu ring dao

Bo cit theo nguyén 1y cat kiéu rang dao dugc sir dung rong rii dbi voi
cac vat liéu thd, soi. Uu diém cua nguyén 1y cit nay 1a nhat ct ngot do khe
ho gitta dao di dong va dao (tém ké) ¢d dinh rat nho, gén sat v&1 nhau; cac
canh sac cta dao c6 riang rat nho, ting kha nang cat vat liéu thd, soi va xo.
Nguyén 1y ndy da duoc ung dung trong may git dap lién hop hodc may cat
gbc ra (Hinh 21).

B phan cat thai loai 1 dao

Rang may gt B0 phén cat thai loai 2 dao

Hinh 21. Cdu tao nguyén Iy bé phdn bdm thdi logi rang- dao va loai hai dao [14]

B0 phén cit théi loai rang dao: phan di dong 14 dao va phan cb dinh 1a
rang, d6i v6i khau thu hoach lua canh sac cta ludi dao véi ring rat nho, ring
phan chia khdi laa can cit déu cho cac 1udi cét, tim ké cit duge ché tao roi va
tan vao ring, mil ring va tdm ké cit 13 hai diém tya khi dao chuyén dong dé

cat cay.

B6 phéan cit thai loai hai dao bao gém: loai mot dao ¢d dinh; mot dao di
dong va loai hai dao chuyén dong nguoc chiéu nhau. Mot trong hai dao lam
nhiém vu tdm ké cit. Bo phan cit thai loai hai dao thi loai cung chuyén dong

cho chét luong cit tot hon, khe ho tdi wu gifra hai dao 1a 0,89 mm
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1.2.4. May bam thdi so s¢i

Dao ké Dao bam

Tréng quay

Khe h&

/ Thin may
D_B="1airY

Hinh 22. So do cdu tao va mdy bam théi xo, soi vo dira [5]

Nam 2010, Truong Pai hoc Bach Khoa, Pai hoc Quéc Gia thanh phé HO
Chi Minh da nghién ctru thiét ké may cit x0, soi 1am c¢dt liéu cho cac loai vat

liéu composit, nguyén 1y va cdu tao cho trén Hinh 22.

Bo phan bam thai (Hinh 22) dung loai “dao cau” thai bang mot ludi dao
chuyén dong (quay) va mot ludi dao cb dinh (tdm ké), dong thoi xo dugc nén

va dua vao dao thai.

Nguyén ly ciu tao: bd phan thai c6 2 dao ¢d dinh trong d6 mot dao cd
dinh vira 1a dao vira 12 tdm ké dit ¢ bén cira cap liéu va 6 dao chuyén dong
quay lap trén trong lap dao; bo phan cung cip gdm hai truc cudn két hop véi
day chuyén cung cap dé nén va dua xo vao bd phan thai. Viéc diéu chinh do
dai doan thai duoc thuc hién béng hai cach: hodc thay ddi s6 dao lép o tréng,
hodc thay d6i ti sé truyén cho bo phan cung cip (cho hai truc cudn va day
chuyén). Xo sau khi cit s& roi xudng ludi phia dudi ra ngoai, cac soi dai hon
kich thudc da dinh s& dugc dao quay dua 1én cit tiép.

Thong s6 k¥ thuat cia may cat xo, soi vo dira: s6 dao cat c¢b dinh: 2; s6
dao cat di dong (quay): 6; khoang dich chinh gitra dao ¢ dinh va di dong: 0,5
+ 1 mm, goc mai dao di dong > 15°, dao cb dinh 25 + 30% gbéc nghiéng dudng
truc dao quay so véi truc tréng 5°; dudng kinh quét cua dao di dong: 200 mm;
chiéu dai cit: 100 mm; van toc cit cia dao: 6 m/s; cong suét dong co: 3 kW.
Két qua cit xo dira (cho vat liéu bé tong nhe): xo dira rdi dai 50 + 200 mm,
duong kinh soi < 1 mm. V4t liéu thanh pham: chiéu dai xo sau may cét 10 +

15 mm; dat yéu cau tron cho bé tong nhe, nang suat cit 60 kg/h [5].
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1.2.5. B phdn bam thai rom lién hop voi may gat dap lién hop (GDLH)

Hinh 23. Nguyén Iy cdu tao va mé hinh lién hop bg phdn bam thai mdy gdt ddp

Trudc nhu cau 13 cAn mot bo phan cat thai lién hop véi may GDLH khi
rom chua dugc cudn hoic dong kién, nam 1999 KS. Franz Schrattenecker
(M¥) da thiét ké va ché tao bo phan bam rom lién hop véi may GPLH hoic
may thu gom rom, cdu tao va nguyén ly bo phan cit thai rom Franz, 2009.
Tap doan Claas Group di ung dung nguyén 1y cit nay két hop véi may

GPLH tao ra mot mau may mang thuong hiéu Claas Lexion Straw Chopper.

B0 phén cat thai gom: Trong cat 5 nhan truyén dong qua bd truyén tir
nguén dong lyc cua may GDLH, trén tréng cit 5, lép dao cét 7; canh quat 8,
trbng cat 5 quay theo chiéu quay 6. Cac dao ¢ dinh 11; 23 duogc ldp trén gia
10; 24. Rom dugc cung cdp theo mang dan hudng 3 vao khe hé 22. B phan
1o to 27; 26 quay theo chiéu quay 28 tao khi day khdi rom vao ving cat,
luong rom va duoc diéu chinh boi cac tay gat 25, 12. Khoi rom khi qua ving
cép liéu dugc dua vao vung cat dudi tac dong cua dao cat 7 va dao cb dinh
11; 23 khéi rom dugc cit ddng thoi voi tac dong cua canh 8 cung véi luong
khi dy cua bd phan 1o to 26; 27 khdi rom duge diy ra ngodi qua ctra thoat
lidu 13.
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1.3. Mt so hé thong thi nghiém phuc vu nghién ctru may bim mot sé loai

than cay nong nghiép

Theo théng ké cua Ghahrae va cong su [25], cac may bam cdy nong
nghiép dua trén hai nguyén tic chinh: nguyén tic cit dang kéo nham tao tng
sudt cat va cit dang dao quay nham sinh ra va dap két hop gdy tng suét cit
trong than cdy. Phuong phap dao quay thudng dung khi chiéu day cat trén 5

mm, dong thoi do1 tugng can cat ¢o6 do dai 1on.

Nghién ctru ciia Ghahrae cho thiy, voi thin ciy ngd, goc sic cua dao
nam trong khoang 23-45° s& giam thiéu duoc lyc cat. Tiép d6 1a goc sac 45°.
Du Iuc cat 1on hon nhung do kha ning chiu va dap tot hon nén goc sic 45°

dugc khuyén nghi cho may thu hoach (cit sat gdc ciy c6 do dai 16n hon).

Theo nghién ctru cia Igathinathane [18], cac may bam cay nong nghiép
thong dung thudng c6 dang dao phay, dao phang, dao dia. Tuy nhién, dé danh
gia anh hudéng cta dién tich tong can cit ciia bé nguyén liéu dén ning luong
tiéu hao, nhom tac gia sir dung hop khdng ché cac mau cit nhu minh hoa trén
Hinh 24. Trén Hinh v&, L 13 chiéu dai ludi cat, D 1a chiéu siu thung chira,

cling 1a chiéu sau tién dao khi cat, dg 1a duong kinh ciy nguyén ligu.

Hinh 24. Thi nghiém cat bé cdy nguyén liéu L) chiéu dai dao;

D) chiéu sau hanh trinh cdt

Hinh 25 minh hoa két cdu may thi nghiém cua Igathinathaneand. Bang
cach thay d6i khoang cach ludi, c6 thé xac dinh chi phi ning lugng theo yéu
cu vé d6 dai doan dugc bam. Hinh 26 minh hoa céac san phém cat thi nghiém

tur nghién ctru cua Igathinathane.
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Ram

Feedblock

Knife support block
with knife grid
(50.8mm spacing)

Product block

Components Assembly attached to UTM

Hinh 25. Hé thong thi nghiém ding dao cdt bé tri dang heéi [18]

Hinh 26. San phdm thi nghiém bam bang dao bé tri dang luéi [18]

Hinh 27 minh hoa két qua thi nghiém cua Igathinathane va cong su.
Nghién ciru cho thiy chiéu day bé cdy nguyén liéu can cat co anh huong dén
g suat cit gdy dut than cay. Ung sudt cit pha dit cay ciing phu thudc manh
vao do am cua nguyén liéu. Gia tri tng suat gidi han nay co thé duoc st dung
dé tinh toan chi phi nang lugng cat. M6 hinh thi nghiém va cach tiép can van
dé cta nghién ciru c6 thé tham khao dé trién khai thi nghiém cho cdy nguyén

li¢u trong nuoc.
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Hinh 27. Néing lwong riéng khi cat than cdy ngé véi dé am
va khodang cach khac nhau [18]
Trong mot nghién ctru khac, Igathinathane va cong sy phat hién ra rang,
goc ga dao khi cat c6 anh huong manh dén tiéu hao ning luong khi cat [17].
Nghién ctru ciing tién hanh danh gia tiéu hao nang luong khi lat cit thyc hién
& dot cay ngd hodc ¢ giita hai d6t cay. Hinh 28 mo ta thiét bj va cach trién

khai thi nghi¢m ctia nghién ctru nay.

Stalk axis perpendicular Stalk axis parallel Stalk axis 45° inclined
Hinh 28. Thi nghiém anh hwdng ciia géc cdt dén nang leong riéng [17]

Théan cdy ngd dugc gilr trong phong thi nghiém c6 nhiét do duy tri 1a
23°C, d6 4m 55% trong 2 thang sau khi thu hoach. P 4m nguyén liéu khi thi
nghiém 1a 15 dén 20% w.b.

Cac mau duoc cit dai 25 mm, bao gém cac doan chira dbt va doan gitra
cac dot. Quan hé lyc tac dung va bién dang ngang ctia mau than cay ngd duoc
thu thap va phan tich nhu minh hoa trén Hinh 29.
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Hinh 29. Quan hé luc-bién dang trong cdc giai doan cdt mot mau thdan cdy ngo

Trong nghién ctru ndy, nang lugng riéng (tic gia tinh bang ty sb giira ticu
hao ning luong tong chia cho dién tich mat cat). Theo bao cdo, tiéu hao ning
lugng khi cat doan gitta cac dot ngd vai nguyén lidu kho vao khoang 11,3 dén
23,5 kN/m?, trong khi cit cac dbt 1a khoang 8,6 dén 14,0 kN/m?. Cét doc theo
than cay (goc cit 1a 0 do) c6 tiéu hao ning luong it nhat, chi bang khoang 6%
so voi cat vudng goc (goc cat bang 90 do). Goc ga dao 90 do (lat cat vudng
goc voi duong truc cta cdy nguyén liéu dugce khang dinh 13 doi héi tiéu ton
luc cat nhiéu nhat (Hinh 30).

16 1.46

14 + H|nternodes (IN)
o Binternode-Node Ratio (INR)
B 12} ONodes (NO)
n 1.00
> 10+F _
5
c 08rF
-]
0 0.56
= 06
o 0.39
@
o 04r
7]

L 0.15
02 0.06
. - [ .
IN-90° IN-45° IN-0° NO-90° NO-0° INR-90° INR-0*

Component and cutting angle
Hinh 30. So sdnh néing hrong riéng cho tirng gid tri géc cat [17]

Nim 2010, nhém nghién ctru cta Elfatih [10] tién hanh nghién ctu thuc
nghiém nham danh gia anh hudng cua mot sé thong sd cong nghé cua may
dén tiéu hao ning lugng khi bam rom ra. Két qua nghién ctru cho thay, khi
tang tdc do cua dao cét tir 56,6 1én 70,7 m/s s& lam giam tiéu thu nang lugng
tir 9% dén 32,7%. Tuong tu, cong trinh nghién ctru ctia Alireza va cong su

nam 2016, [11] ciing nhdm danh gia tiéu hao ning luong riéng. Cac tac gia
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danh gia anh hudng cta gidng lua, toc do cat va goc ludi cat dén chi phi ning
luong riéng khi bam. Nghién ctru dugc trién khai bang thuc nghiém don yéu
t6. Goc cat dugc khao sat & 3 gia tri: 25°; 30° va 35°; goc ga dao duogc thay
d6i 4 cap do 1a 25°; 30°; 35°va 40°. Toc d6 cat dugc khao sat ¢ 3 gia tri 1a
1,5; 2 va 2,5 m/s. Két qua nghién ctru cho thay, khi ting tdc d6 cat tir 1,5 1én
2,5 m/s, nang luong riéng khi cit ting khoang 77%. Gia tri t6i uu cia tiéu thy
nang lugng duoc xac dinh khi ca goc cét cua dao va goc ga dao déu 1a 30°.

Mot xu hudng thiét ké dao bam hién dai 1a mo6 phong (bat chude) cac két
ciu cia ty nhién. Noi bat nhat gan day la thiét ké dao bam than cdy ngd va
cay nong nghiép khac cia Tian va cong su [29] dua trén nguyén tic md phong

luGi cat cua con xén toc.

Bionic blade cut stubble Ordinary blade cut stubble

(a) (b)
Hinh 31. Ludi xén ciia con xén téc va két qua cdt thir than cdy ngd bang ludi cdt bt
chuée [29] a) cdt bang dao kiéu xén téc; b) cdt bang dao truyén thong
Phuong trinh ludi cit hiéu qua: y = 0,007x4 — 0,031x3 + 0,114x2 —
0,546x, trong do, y 1a toa d0 duong cong ludi cit, tinh theo vi tri diém ludi
dao x.

Két qua nghién ctru cho thay, dao thiét ké theo hinh dang rang cua con
xén toc cho ra lat cat phang hon. Két qua nghién ctru cho thiy, dao cit méi
1am giam lyc cit va nang luong riéng khi cat 1an luot 12 12,89% va 10,73%.

Thi nghiém ctia M. Azadbakht cong bd nam 2014 sir dung thiét bi tao
ning luong dang con lic, dua trén nguyén tic bao toan ning luong, twong tu
nhu ctia may thir d6 dai va cham dé danh gia anh hudng cia do am dén ning
luong tiéu hao khi cat dang bam [20]. Nguyén tic danh gid dugc minh hoa
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trén Hinh 32 . Dya trén nguyén 1y bién d6i thé ning thanh dong ning va
nguoc lai, cac thong s6 vé khdi luong, kich thudc ctua canh tay don con lac
mang dao cit duoc st dung dé tinh toan ning luong tiéu hao khi cit dit mot
than cay ngd. Két qua cho thiy, ning luong tiéu hao khi cit 16n nhét 1a 3,22
kJ khi 6 am cdy ngd vao khoang 63% w.b. Nang luong tiéu hao nho nhat vao
khoang 1,63 kJ khi do 4m cay ngd vao khoang 83.25% w.b.

Arm

Axis

h3
plant stem

Ground
Hinh 32. Thi nghiém ddnh gid ning lwong tiéu hao khi cdt bam than cdy ngé [20]

Dao cat dang rang cua khi bam than cdy dam but An D6 véi cac kich c&
duong kinh va do am khac nhau cling da dugc khao sat dé xac dinh anh
huong cua tdc do cat dén mo men va cong suat tiéu hao khi cat [23]. Céc thi
nghiém duoc tién hanh véi cac tée do 400; 500; 600 va 700 vong/ phut. Két
qua cho thay tbc do cit anh huong manh dén moé men va cong suat cit. Toc
do cat ty 18 thuan véi tiéu hao nang lugng riéng, con md men cat ty 1é nghich
v6i @6 am trong than cdy nguyén liéu. Khi ting toc do quay tir 400 1én 700
vong/ phat s& lam giam mé men cat tir 1,91 Nm xudng con 1,49 Nm. Khi do

am cao trén 35%, mod men cat giam ro rét.

Mot cach tiép can khac dé cung cép dir liéu cho tinh toan bd phan bam
thai 1a xac dinh tng suét cat cho than cay nguyén liéu. Nhom nghién ctru cia
Tabatabace va cong su [28] thiét ké va ché tao hé thong thiét bi thi nghiém

do ing suat cat cho cay lta trong ¢ Iran.

Két qua cong bd cho thiy, luc cit can thiét ting khi mit cit ngang cua bo
cdy nguyén liéu ting, luc cit giam khi do 4m cay nguyén liéu ting. Gia tri tmg
suat bén cat tinh 16n va nhé nhat 1629 va 1429 kPa. Gia tri ung suat bén cit
dong 16n va nho nhat 1an luot 1a 187,4 va 144 kPa. Do bé cat giam tir 234,4 kPa
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xuéng 134,4 kPa khi tang tbc do cit tir 0,5 dén 1,5 m/s. Goc ga dao va dang

dao khong thiy c6 anh hudng dang ké dén d6 bén cit cua than cay lua.
1.4. Két luan chwong

Chuong nay d3 thuc hién nghién ctru tong quan vé co s 1y thuyét bam
thai, cac két cdu may bam thuong dung va mot s6 hé théng thiét bi thi nghiém
trong linh vuc bam thai cAy nong nghiép. Cac nghién ctru vé giam ning luong
déu thong qua giam luc cat. Cac thiét bi thi nghiém nghién ctru vé giam lyc
cat, giam nang luong tiéu hao thudng khong cing két cdy véi cac cac may
bam thuong mai trén thi truong. Mot sd nghién ctiru phong theo sinh hoc cho

luc cat giam xong gia thanh ché tao dit va kho ap dung dugc vao thuc tién.

Qua khao sat thuc té cho théy, dén nay, cac may ché bién nong lam san
trong nudc hau nhu dugc san xuat bang cach sao chép cic miu may nudc
ngoai. Sy tham gia cia cac nha khoa hoc trong céac truong dai hoc vao qua
trinh nghién ctru, phat trién cac may moc thiét bi phuc vu ndong nghiép hién
con rat han ché. Mot trong nhitng nguyén nhan chi yéu 1a thiéu cong cu dé
trién khai nghién ctru va thuc nghiém. Cu thé la: Viéc tién hanh khao sat,
danh gia trén cac may thuc rat kho khan khi trién khai lap dat cac thiét bi do.
Nhiéu may thiét ké c6 cong suat 16n va do d6 ning luong tiéu thy 16n dan dén
ton kém khi trién khai thi nghiém. Dic biét, viéc thay ddi cac théng sb dau
vao, chang han goc truot, gbc cip phdi, loai dao, hudng cit, huéng cap phoi
ligu... trén mOt may bam thai thuc té theo yéu clu cua cac bude thi nghi¢m
cling rat kho khan, tham chi khong kha thi va rat ton kém. Do vay, dé tai nay
du kién trién khai viéc thiét ké, ché tao thiét bi thi nghiém c6 kich ¢& nho, phu
hop quy md phong thi nghiém dugc phét trién dya trén mot may bam cat than
cdy néng nghiép thuong mai thong dung trén thi trudng. Bing cach thay ddi
tbi thiéu mot sb két cu co khi va bd sung cac thiét bi do can thiét, thiét bi thi
nghiém vira c6 thé tién hanh bam cat binh thuong nhu chiic ning clia may
thuong mai, vira co thé thu thap day du cac dit liéu can thiét phuc vu nghién

ctru, 14 hudng nghién ciru can giai quyét trong cac chuong tiép theo.
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CHUONG 2
THIET KE, CHE TAO HE THONG THi NGHIEM NGHIEN CUU
MAY BAM MOT SO LOAI THAN CAY NONG NGHIEP

2.1. Cac yéu cau thiét ké, ché tao hé thong thi nghiém

Yéu cau chung cta mot thiét bi thi nghiém bao gdm: kha ning dé dang
diéu khién cac thong sd vao; cho phép thu thap chinh xac va thudn tién cac
thong sd dau ra, phan anh sat thuc voi qua trinh 1am viée thuc té cta cac may
thuong mai tuong ty. Véi bai toan khao sat dong lyc hoc nhim t6i wu hoa
nang luong tiéu hao trong qua trinh bim cat phu pham ciy nong nghiép, cac
yéu cau dit ra 1a:

- Cho phép thay d6i cac goc twong quan giita than ciy va dao cat;

- Cho phép diéu chinh v6 cip van tdc cit;

- C6 churc nang thu thap dir liéu vé luc cat, md men cit, nang luong cat
can thiét.

Céc théng sb vao-ra phuc vu bai toan nghién ctru thuc nghiém méy bim
cit phu pham cdy nong nghiép dugc minh hoa nhu so d6 trén Hinh 33.

Thong so6 vao Théng s6 dau ra

- Goéc ga dao o - Luc cit

- Goc cz:ip phoi B |weap| Thi nghiém cat bam |mefp-| - M6 men cit

- Goc cat g - Ning hrgng tiéu hao
- Toc 36 cit

Hinh 33. So dé thi nghiém can thuc hién
2.2. Thiét ké két cau

Mot két cdu thiét bi thi nghiém cét bam st dung dang dao quay duogc
dé xuit nhu minh hoa trén Hinh 34b. Trén Hinh 34b. truc dan dong gdm
hai doan truc (3-1) va (3-2) truyén chuyén dong tir dong co (1) qua bod
truyén dai (2) va mdé men cho dia dao phang (4). Cam bién do md men
xoan (Torque sensor) (6) duoc lap giira hai doan truc (3-1) va (3-2) nho
khép ndi (5). Mot cam bién do luc duoc lap bén dudi dao ké (8). Két ciu
nay rat tuong tu két ciu mot may bam thwong mai dung dao phang quay
nhu minh hoa trén Hinh 34a.
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Hinh 34. So d6 nguyén 1y truyén déng thiét bi bam cdt

a) Ket cau may thuong mai san co, b) Ket cau dé xuat.

Quan sat Hinh 34, co6 thé thiy so dd dé xuat chi khac so dd két cau cua
may thuong mai sin c6 & két cau truc 3 va tam ké 8. Bén canh yéu cau bo
sung dau do momen (6) cho truc 3, can xir Iy két cAu tdm ké sao cho luc bam
c6 thé truyén dén dau do luc (7). Quan phan tich vé két cau co khi, viéc phat
trién thiét bi thi nghiém tir may bam thuong mai hién c6 1a rat kha thi. Diéu
nay khong nhiing tiét kiém dugc kinh phi néu ché tao toan bd két ciu cho mét
may bam don chiéc, ma con cho phép thu thap, phan tich va danh gia cac ton
tai va dé xudt hudéng cai tién cac may bam thuong mai hién co. So dd két cau
trén Hinh 34a duoc phat trién thanh dang 3D nhu Hinh 35.

Trén Hinh 35 m6 men xoan tir dong co truyén dén banh dai bi dong (1),
qua truc (2) truyén dén dao cit (3). Dao dugc ga trén canh ga nho vit ¢6 dinh
(4) va ma kep (5), cho phép thiét 1ap goc ga dao a & vi tri bat ky. Than cay
nguyén liéu can cat (6) nam giita dao cat (3) va tdm ké (7), c6 goc cap phoi B
cling duoc thiét dat tuy ¥ khi thi nghiém nho mot mang dan (Xem Hinh 40b).
Goc bam ¢ ciing c6 thé dé dang thiét dat khi thi nghiém.
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Hinh 35. M6 hinh 3D minh hoa cdc théng sé goc dé ciia dao

va phéi trong qud trinh cdt

Trén Hinh 35 ciing minh hoa gdc sic ctia dao cat y va goc sic cta dao ké
8. Cac goc nay duoc ¢ dinh trong mot bo thi nghiém, nhung ciing co thé thay
d6i bang cach sir dung cac bo dao khac nhau. Pau do méd men (8) duoc ga dit

nhu mot khép ndi cho truc (2), truyén mé men tir banh dai (1) sang dao (3).
2.3. Lwa chon cac thiét bj do

Pau do luc Kistler 9712A500 c6 pham vi do 2224,11 N (500 Ibf), do
nhay 2,472054 mV/N (11 mV/Ibf) duoc st dung dé thu thap gia tri luc cat.
Luc cat thong qua cdy nguyén liéu tac dong 1én dau do dugc chuyén doi thanh
tin hiéu dién ap. Momen cat truyén qua dau do mo-men RTT-200 cua hing
hiéu Sturtevant Richmant. Pau do nay c6 pham vi do 338,95 Nm (3000 inch-
pounds), d§ nhay 2 mV/V. Tin hi¢u tur céac dau do duoc két ndi voi bo xur ly
tin hi¢u NI-SCC68, sau d6 duogc luu trit vao mdy tinh thong qua bd thu thap
dir liéu USB-6008 va phan mém NI-Labview Signal Express. Pong hd do
dién da nang Smart Power Meter PZEM-021 duoc sir dung dé do cong suét
va nang luong tiéu thu khi cit. Thiét bi nay cho phép do cong suat dén 4500
W voi d6 phan giai 1W, do nang lugng tiéu thu dén 9999 Wh véi do phan giai
1Wh. bé do cong suét cét va nang lugng ti€u thy, can dau dong co kém bd
bién d6i dién ap va nan dong véi dau ra cua thiét bj do dién da nang. Pau vao

cua thiét bi do dién duoc két ndi véi nguén cép 220 V.
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Hinh 36. Kistler 9712A500
Bang 1. Théng sé kj thudt ciia cam bién lyc

Ki hi¢u Type 9712A500

Pham vi do (Measuring range) | N [Ibf]

Do nhay (Sensitivity) mV/Ibf [mV/N]

Hinh 37. Cam bién mé men RTT-200

Bdng 2. Théng s6 ky thudt ciia cam bién mé men RTT-200

Part No Model in.Ibs ft.lbs Nm kgf.cm
10112 RTT-100I 10-100 1.2-12 15-115
10113 RTT-300I 30-300 2.5-25 3.5-35 35-350
10114 RTT-50 60-600 5-50 6.8-68 69.1-691
10115 RTT-100 120-1200 10-100 13.6-136 138-1382
10116 RTT-200 240-2400 20-200 27.1-271 | 277-2765
10117 RTT-350 420-4200 35-350 A47.5-475 | 484-4839
10118 RTT-700 840-8400 70-700 95-950 968-9678
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Hinh 38. Thiét bi thu thdp dit liéu NI USB-6008

Bang 3. Thong sé ki thugt cia NI USB-6008

Ki hi¢u

NI-USB 6008

Chuan két noi1

USB

HO tro hé diéu hanh

Windows, Linux, Mac, Poket PC

Doc tin hi¢u Alalog

S0 kénh 8

To6c d6 lay mau 10 kS/s
Do phan giai 12 bits
Ngudng dién ap +10V

Thiét bi Smart power meter PA3000 dugc st dung dé do cong suat va
nang luong tiéu thu khi bam cat cay nguyén liéu. Dong thoi, tri s6 clia cong

suat va nang luong tiéu thu c6 thé duoc danh gia tc thoi khi thay doi cac

thong sb cat.

So d6 minh hoa qua trinh két néi thu thap dit liéu thi nghiém duoc trinh

bay trén Hinh 39.




Computer - Shear angle (beta) adjustment
mechanism

Torque Measurement
ISTLER =

Hinh 39. So' d6 minh hoa két néi thiét bi thu thap dir liéu thi nghiém
2.4. Ché tao, lfip rap két ciu co khi

May thi nghi¢ém dugc hién thuc hoa béng cach chinh stra va bd sung két
cdu ciia mOt miu may bam cit thuong mai ding dao quay kiéu dia, loai nho,
dung dong co 1,5 kW. Truc mang dao, dia quay va dao cat déu duogc thay thé
bang két cdu moi thiét ké theo so dd két cau da hiéu chinh.

Hinh 40 minh hoa anh chup mét sb két cau thuc cua thiét bi da duoc cai
tién. Cac chi tiét trén Hinh 40 duoc danh s gidng nhu trén Hinh 35 dé tién
theo ddi. Dao cét (3) dugc ché tao hinh dé quat dé c6 thé diéu chinh thay doi
goc ga dao a. Luu ¥ rang cac dao cat trén may cat thuong mai thuong c6 dang
thanh thang, dugc gan cd dinh trén thanh d& ga vudng goc véi truc quay, tao
thanh goc o c¢d dinh khoang 0°. Goc cap phodi duge diéu chinh nho st dung
két cdu ridnh xoay (9) nhu minh hoa trén Hinh 40b.
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() (b)

Hinh 40. Anh chup két cdu ga dao va tam ké ciia thiét bi

a) géc nhin thang; b) géc nhin bén

Thong s6 van tdc cét duoc thay doi béng cach st dung dong co dién mot
chiéu dé dan dong cho hé théng. Pong co ndy cb toc do quay ty 1é bac nhat
v6i dién ap duoc cap. Toc d6 quay va van toc cit thuc duoc xac dinh cy thé
dua vao thoi gian chu ky cac 1an cat lién tiép nhau, & @6 mdi vong quay xdy ra

hai lan cat.
2.5. Kiém chuan thiét bi do

Kiém chuan thiét bi do nhim kiém tra va khang dinh céng thirc quan hé
gitra dién &p tin hi¢u thu dugc tr cam bién véi gia tr1 dai lugng thuc. Cam
bién do m6é men cé thé kiém chuin biang cach treo cac qua can thi nghiém co
khdi lugng xac dinh Ién canh tay don ¢d dinh. Do cam bién do luc dong chi
phan anh mirc do thay ddi ctia lyc nén chi co thé kiém chuan so sanh véi thiét
bi do lyuc tinh. O day, gia tri do luc dong s€ dugc so sanh truc tiép voi két qua

do lyc bang cdm bién md men.
2.5.1. Kiem chuan cam bién mo men

Tién hanh treo cac qua ning c6 khdi lugng xac dinh 18n canh tay don cta
truc lép cam bién md men xodn. Gia tri thuc cia mdé men tac dung 1én cadm
bién duoc x4c dinh bang cach nhan trong luc twong tng cua khoi luong dugc
treo voi chiéu dai canh tay don. Lap bang thong ké cac gia tri thi nghiém nhu

minh hoa trong
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Bang 4. Thong ké cdc gid tri thi nghiém

Khoi luong Luc bi¢n ap
(Kg) (N) V)
0 0 0.05704
2 19.62 0.09629
4 39.24 0.13304
6 58.86 0.17069
8 78.48 0.20974
12 117.72 0.25796
16 156.96 0.34548
20 196.2 0.41297
25 245.25 0.48734
30 294.3 0.56172
35 343.35 0.65607

Tién hanh hoi quy bac nhat dé xac dinh cac h¢ s6 cua phuong trinh bac
nhat quy doi gia tri dién ap thu dugc tr cam bién do mo6 men va gia tri cua luc

tac dung dudi dang sau:

F=aU+b (2.16)

Trong d6: U 1a tr1 s6 dién ap thu duogc tir cam bién, a va b cac h¢ so hoi quy.

350
| m  Force
300 4 Liner fit Force
250
. 200 4
= ]
=
o) .
8 150
= 4 Equation y=a+bix
L 100 - Weight MNo'Weighting
Residual Sum| 19513441
1 of Squares
50 Pearson's r 0.09927
Adj R-Square,  0.99338
| Value Standard Erro
04 Force Intercept 37.87157 267517
] Force Slope 580.39255 7.38543
-50 — ——T

— .
0.0 0.1 0.2 0.3 0.4 0.5 06 0.7
Vol (V)

Hinh 41. Kiém chudn thiét bi do mé men
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Két qua hdi quy duoc minh hoa trén Hinh 41. Cong thic quy doi thu
dugc co dang:

Luc (N) = -37,87157 + 580,39255.Dién ap (V) (2.2)

\ —+—Force (N) ‘

600

450

300

Force (N)

150

Time (s)
Hinh 42. Tri s6 luc cdt khi a = 15°va g = 0°
Hinh 42 mo ta két qua thtr nghiém do tri s6 lyc cat tic thoi khi cat cay
ngd voi thiét 1ap goc a=15° va p = 0°.
2.5.2. So sdnh lyc do bang hai cim bién
Tién hanh thi nghiém bang cich tao md men xoan truyén dén truc mang
dao voi te do cham. Lyc phat sinh khi cat duge thu thap déng tho1 tur ca hai

dau do. Hinh 43 minh hoa két qua dién bién luc do bang hai dau do tai hai thoi
diém cat than cay.

=

Hinh 43. So sdnh lwc do bang hai cam bién
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Trén Hinh 43 gia tri luc thu duge tir dau do luc dong dugc ky hiéu FS
(Force Sensor), gid tri luc thu dugc tu dau do md men dugc ky hiéu 1a TS
(Torque Sensor). C6 thé nhéan thdy tai thoi diém xay ra qua trinh cat, luc do
béng ca hai dau do déu tang nhanh. Gia tri lyc 16n nhét do duoc cua luc cét do
bang hai ddu do xap xi nhau. Nhu vay, ca hai dau do déu phan anh tin ciy luc
cit than cay. Trong cac thi nghi¢m du kién sé& thuc hién tiép sau, dau do lyc s&
dugc dung dé do luc cét, con diu do mé men s& duoc sir dung dé kiém ching

tac dong ctia quan tinh khi quay cta hé thong.
2.6. Két luan chuwong

Chuong nay di trinh bay cac nguyén tic thiét ké, phuong an két ciu
duogc lya chon va két qua ché tao, van hanh va do kiém cac thiét bi do. May
thi nghiém dugc hién thuc hoa béng cach chinh stra va bo sung két cAu cua
mot miu mdy bam cat thwong mai loai nho, dung dong co 1,5 kW. May thi
nghiém da duoc van hanh thu, cho phép tuy bién cac thong sb sau: toc do
quay tir 5 dén 2000 vong/phut, goc ga dao va goc cap phdi thay doi tir 0 dén
80 d6. Cac gia tri nay déu co thé diéu chinh vo cip, dap ung yéu cau tuy dat
cac gia tri bién thi nghiém. Cac cam bién do dd duoc kiém chuan va xac dinh
hé s6 quy doi thuc. Nhu vay, thiét bj da san sang dap ung cac yéu cau trién
khai thi nghiém nghién ctru. Chuong tiép theo s& trinh bay mot sé két qua
nghién ciru thyc nghiém nham khang dinh kha ning trién khai thi nghiém, thu

thap va phan tich két qua thu duogc tir may thi nghiém da ché tao.
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CHUONG 3
THU'C NGHIEM, VAN HANH VA KET QUA THi NGHIEM
3.1. Nguyén tiic van hanh thi nghiém
3.1.1. Thiét ldp cdc thong sé ddu vao

Hinh 44 m6 ta chuyén dong cia dao cat canh thang (1) theo chiéu mili tén
16n, mau do dang cét than cay ngd (4). Goc ga dao a duge do trong mit XOY
1a gbc hop boi ludi dao voi duong thang vudng goc voi phuong chuyén dong
cat. Trong nhiéu tai liéu nudc ngoai, goc ndy hay duoc goi 1a goc tiép can —
approach angle. Trén mit phang chiéu canh YOZ (Hinh 44b), goc cap phoi p
dugc dinh nghia 1a géc gitra truc cay ngd voi duong vuong goc véi phuong
chuyén dong cat. Trén Hinh 44b ciing mé ta hai goc: goc sic y va goc vat cla

dao ké 9.

Ay * Y
Hwong cat

(a) (b)

Hinh 44. Cdc théng sé goc dé cho thiét bi thi nghiém dé xudt
a) Goc nhin phia trudc, b) Goc nhin bén canh
Hinh 45 thé hién két cau dé thay ddi cac thong sé dau vao cho qua trinh
cit thi nghiém cdy ngd. Véi két cdu ludi dao dang hinh quat (1) duoc ga gia
dao bang vit (3) va ma kep (2) (Hinh 45a). Nho kha ning xoay tuong ddi
quanh vit (3), c6 thé thiét 1ap goc ga dao o cho cac thi nghiém o nhén cac gia
tri bat ky theo y mudn trong khoang tir 0 dén 80°. Hinh 45b minh hoa kha
nang diéu chinh goc cap phoi P giira cdy ngd (4) va mit phang chuyén dong
ctia dao cit (1) nhd ma diéu chinh (7). Véi két cAu nay goc B co thé tuy chinh

trong khoang tir 0° + 80°. Biéu nay cho phép tién hanh thi nghiém khao st
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v6i cac dai thong s6 dau vao du rong, 1a co sé dé xac dinh duogc tri s6 cac goc
o va B hop 1y dap g muc ti€éu nghién ctru 1a gidm lyc va nang luong ti€éu hao
khi cat.

(@) (b)

Hinh 45. Két cau thay déi géc gd dao va géc cap phéi a) Mat trude; b) Mdt bén

3.1.2. Cdc ké hoach thi nghiém

Ba b0 thi nghiém duoc trién khai thuc hién: 1) thuc nghiém khao sat
nham danh gid anh hudng cia cac thong s6 chinh dén luc cit; 2) thuc nghi¢m
t61 uu hoa tim bo gia tri thiét 1ap thong s6 vao nham thu duogc luc cit nho nhat

va 3) thuc nghiém danh gia anh hudng cia cac thong sé khi cat tbe do cao.

Thue nghiém khéo sat dugc thiét ké theo ké hoach thi nghiém sang loc
v6i ba bién dau vao, bao gom: goc ga dao o, goc cap phdi B va khe ho giita
dao ké va dao cit G.

Thue nghiém t6i wu héa dugc tién hanh véi van tdc cat thip (quay
cham 5 vong/phiit) nham danh gia kha nang thuc thi bai toan thuc nghiém toi
wu hoa, chua xét dén toc do cat. Hai thong s6 vao duoc khao sat 1a goc ga dao

va goc cap phoi, ham muc ti€u 1a lyc cat.

Thue nghiém danh gia khi cit toc d6 cao dugc khao sat véi ba bién thi
nghiém 1a goc ga dao, goc cdp phdi va téc do cit. Bude thuc nghiém nay
nham danh gia kha niang dap ung cac yéu cau thu thap dir liéu thi nghiém cua
may thi nghiém khi chay dong co, giéng véi diéu kién van hanh ciia cic may

bam trong thuc té.
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Céc két qua phan tich ba bo thi nghiém trén s& duoc trinh bay trong cac

phan tuong tmg tiép sau.
3.2. Thuc nghiém sang loc

Cac thi nghiém sang loc duoc thuc hién dé xac dinh céc bién cd anh
huong manh dén ham muc tiéu. Thi nghiém sang loc gitp giam sb lugng céac
bién dau vao khong ¢ anh hudong dang ké nham tiét kiém thoi gian va chi phi
thi nghiém. Téc do quay cua truc mang dao dwgc ¢b dinh 12 5 vong/ pht,
twong ng Vi tde do cat khoang 0,13 m/s.

Trong nghién cttu nay, cac thi nghiém sang loc da duoc thuc hién theo
mét ké hoach thi nghiém hai mutc véi ba yéu t6: Goc ga dao, Goc cap phdi va
khe ho. Pay 1a cac thong s6 duoc nhiéu nghién ctu trude danh gia 1a c¢o anh
huong déng ké. Gia tri ma hda va gia tri thuc caa cac yéu to dugc mé ta trong
Bang 5. Mdi b thi nghiém gom 8 lan chay duoc 13p lai 3 1an nham loai bo cac
sai s6 thi nghiém, yéu t6 ngau nhién, may man [4].

Bang 5. C4c yéu to thi nghiém trong thi nghiém sang loc

Gia tri ma hoa G6c dao (°) G6c tiép phoi (°) | Khe ha (mm)
Thap (-1) 0 0 1
Cao (+1) 60 50 2

Két qua thu duoc sau do duoc sir ly bang ki thuat phan tich phuong sai
(ANOVA). Biéu d6 Pareto dugc sir dung dé xac dinh mtc do anh huong cua
ting yéu to.

Trén d6 thi Hinh 46, anh huéng tuong tac giita cac yéu té Minitab sir
dung gia tri mic ¥ nghia o dé vé& duong gidi han (co6 hoanh do 2.12 trén do
thi) ctia ving loai bo gia thuyét ao. C4c gia tri anh hudng (da chuan héa) dugc
biéu dién dudi dang cac thanh nam ngang. Ta thay céc yéu té déu vuot qua
bén phai duong gidi han, nhu vay cac yéu td déu c6 anh huong dang ké. Do
thi cho thy yéu té A (géc ga dao) c6 anh huéng 16n nhat, tiép theo anh huong
thr hai 12 yéu t AB (twong tac giita goc ga dao va goc cap phoi); anh huong
thir ba 13 yéu t6 ABC (twong tac gitta goc ga dao, goc cap phdi va khe ho gitra
dao bam va dao ké&); anh huong thir tu 13 yéu t6 BC (twong tac giita goc cap
phdi va khe hé gitta dao bam va dao ké); thir ndm 1a yéu té B (gdc cap phdi);
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thir sau 1a yéu t6 AC (twong tac gitra goc ga dao va khe ho giira dao bam va
dao k&) va cudi cung 1a C (khe ho dao).

Pareto Chart of the Standardized Effects
212 (response is Momen, Alpha = 0.05)
i

AB

Factor MName

A Goc ga dao
ABC B Goc cap phoi
C Khe ho dao

BCH

Term

B4

ACH

C_

T T T T T
0 5 10 15 20 25
Standardized Effect

Hinh 46. Anh hirong twong tc giita cdc yéu té

Nhan thay yéu t6 khe ho giita dao ké va ludi cat khong anh huong 16n
dén lyc cdt so v6i hai yéu td goc ga dao va goc cap phoi. Trong thyc té, thiét
1ap chinh xé4c khe hd nay trong khoang théng dung (nho hon 1 mm) 1 rat kho
khan. Vi vay, trong cac thi nghiém tiép sau, khe ho giita dao ké va dao cat

dugc ¢d dinh & mac 0,5 mm.
3.3. Thuc nghiém tdi wu héa lyc cit

Thue nghiém t6i wu hoa luc cit dugce tién hanh qua ba budc: 1) thi
nghiém khai dau; 2) xudng dbc tim ving cuc tiéu va 3) thuc nghiém tdi vu
héa v6i ham muc tiéu 1 luc cat. Hai bién thi nghiém duoc str dung 1a goc ga

dao a va goc cap phoi p.
3.3.1. Thi nghiém khéi diu

Thi nghiém khoi dau duge thuce hién nhim xay dung mé hinh biéu dién
guan hé gitra cac bién thi nghiém da duoc lya chon sau budc thi nghiém khao
sat voi ham muc tiéu. Phan tich két qua thi nghiém khoi dau s& cho phép ta
xac dinh gia s6 cho timg bién dé tién nhanh dén khu vuc chta diém cuc tri
cua ham muc tiéu.

Véi muc tiéu dit ra 13 tim bo gia tri thong sd t6i vu cla cac bién thi
nghiém sao cho thu dugc luc cit nho nhat, nén can tién hanh tién trinh Xué)ng
dbc. Gia tri ciia hai bién thi nghiém trong thi nghiém khéi dau duoc thé hién
trong Bang 6.
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Bang 6. Cdc yéu to thi nghiém trong thi nghiém khéi dau

Gid tri md hoa Goc ga dao (°) Goc cap phoi (°)
Thap (-1) 0 0
Cao (+1) 10 10

Céc thi nghiém duoc lap 3 1an. Két qua duogc trinh bay trong Bang 7

Badng 7. Két qua thi nghiém khoi dau

TT chuan | TT chay | Géc gé dao (°) | Goc cép phéi (°) | Luc cat (N)
1 9 0 0 348.74
2 12 10 0 189.14
3 6 0 10 232.11
4 11 10 10 198.35
5 7 0 0 351.81
6 3 10 0 201.42
7 5 0 10 247.46
8 1 10 10 195.28
9 8 0 0 370.23
10 2 10 0 207.56
11 10 0 10 222.91
12 4 10 10 210.63

Tién hanh phan tich bang phan mém MiniTab, thu dugc két qua nhu

minh hoa trong Bang 8.

Bdng 8. Két qua phdn tich thi nghiém khéi dau

Terms Effect | Coef SE Coef | T-Value | P-Value | VIF
Constant 248.0 10.8 22.99 0.000

Go6c g4 dao -95.1 -47.6 10.8 -4.41 0.002 1.00
Goc cap phoi -60.4 -30.2 10.8 -2.80 0.021 1.00




50

Nhu trinh bay trong Bang 8, phuong trinh mé ta ham Iyc cat co thé viét:

Fc=248-47,6.x; — 30,2.X; (3.1)

Két qua nay s& duoc st dung dé xac dinh huéng thi nghiém xudng dbc.
3.3.2. Thue nghiém xudng déc tim viing cuc tiéu

Hinh 47 minh hoa cac duong mirc cia ham bé mit Fc theo céc bién goc

g4 dao x; va goc cap phoi X».

Contour Plot of Force vs Feed Angle, Approach Angle
1.0

Force
< 200
200 - 240
I 240 - 280
280 - 320

Feed Angle

1.0 -0.5 0.0 0.5 1.0
Approach Angle

Hinh 47. Biéu dé dwong dong mirc ciia luc cdt

Dé thuc hién céc thi nghi¢m nham tién nhanh dén vung chtra cuc tri cua
ham muc tiéu 1a luc cat (hudng mii tén trén Hinh 47), gia sb gia tri mdi bién
sau tirng budc can dugc phdi hop theo quy luat dwa trén quan hé phuong trinh
(3. 1) [4]. Do tién hanh thi nghiém xuéng déc, nén diu cta cac gia s6 cho mdi
bién thi nghiém dugc l1dy ngugc vdi dau trong phuong trinh. Theo dé, néu
chon gia sb cho bién x; (goc ga dao) 1a mot don vi ma hoa, thi gia sé cho bién

X, (goc cap phoi) dugc xac dinh nhu sau:

b -30,2
AX, =—2AX, =———.1=0,63 _
* b, ' -47,6 (3-2)

1

Chuyén d6i vé gia trj thuc, Gmg vi mdi gia sd 10° khi ting goc ga dao
(X1) can ting goc cap phdi (X.) 1&n 6,3°. Pé thudn tién cho viéc diéu chinh
cac goc, cac gia tri gia sb 10° va 7° duoc lwa chon dé tién hanh thi nghiém
xubng déc.

Céc thi nghiém Xuéng dbc duoc 1an luot tién hanh véi céac gia tri cua cac
bién thi nghiém ting dan theo cac muc ting tuong ung di xac dinh & phan
trén. Két qua duoc mo ta trong Bang 9 va Hinh 48.



o1

Bdng 9. Két qua cdc thi nghiém xuong doc

Goc ga dao (°) Goc cap phoi (°) Ham muc

°T! t " Ky hi¢u Gia tri Giatri | U (LL.;C
nghi¢m M3 hoa " | Mahéa ‘ ¢

thuc thuc cat)

0 |A 1 10 0,7 7 -

1 Goc (Khoi dau) 1 20 0,00 20 183.1818

2 | Goc+A 2 30 0,7 27 152.5661

3 Géc + 2A 3 40 1,4 34 139.5095

4 Géc + 3A 4 50 2,1 41 113.3962

5 | Goc+4A 5 60 2,8 48 98.33087

6 Géc + 5A 6 70 3,5 55 78.24374

7 Géc + 6A 7 80 4,2 62 106.3657

Qua Bang 9, co thé thiy cac thi nghiém tir budc 1 cho dén budc 6 déu
cho gié tri lyc cat giam dan. Pén thi nghiém tai budc thir 7, nhan thay gia tri
ham muc ti€u thu dugc 16n hon budc 6, ching t6 1an can budc 6 chira diém
cuc tri. Hinh 48 minh hoa céc két qua nay.

200

175 4 \

150 - w
g

125 - \

100 - g o

75 - w

bﬂ@,@z

Force (N)

50 LR N N RN CRNN PR N BN /TR MR A R R R
0 1 2 3 & 5 6 7 8

Step

Hinh 48. Biéu d6 xudng doc (Ham muc tiéu Liec cdt tai cdc bwde thi nghiém)

Pén déy, c6 thé dimg qua trinh leo dbc va tién hanh thi nghiém téi uu

CCD tai 1an can céc gia trj bién thi nghiém cua budc 6 dé tim gid tri toi wu.
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3.3.3. Thuwc nghigm toi wu héa lwc cit

Céc thi nghiém t6i wu duoc thuc hién theo ké hoach Thiét ké hdn hop
tam xoay CCD (Central Composite Design), nhu trong Bang 10.

Badng 10. Thiét ké va két qua cia cdc thi nghiém t6i wu CCD

TT Gocga | Gécecap | Luec cit TT Gocga | Géceap | Lue cit
chuén dao (°) phoi (°) (N) chuén dao (°) phoi (°) (N)
1 37,3 38,1 107,79 14 55,0 48,0 87,86
2 72,7 38,1 75,58 15 37,3 38,1 109,86
3 37,3 57,9 81,72 16 72,7 38,1 75,58
4 72,7 57,9 84,93 17 37,3 57,9 78,65
5 55,0 48,0 90,93 18 72,7 57,9 87,00
6 55,0 48,0 90,93 19 55,0 48,0 90,93
7 55,0 48,0 90,93 20 55,0 48,0 90,93
8 30,0 48,0 103,20 21 55,0 48,0 90,93
9 80,0 48,0 75,44 22 30,0 48,0 100,13
10 55,0 34,0 87,86 23 80,0 48,0 75,44
11 55,0 62,0 75,58 24 55,0 34,0 90,93
12 55,0 48,0 87,86 25 55,0 62,0 72,51
13 55,0 48,0 87,86 26 55,0 48,0 87,86

Két qua duogc phéan tich bang k¥ thuait ANOVA nhu minh hoa trong

Béang 11.
Bang 11. Phan tich phwong sai cho lyc cat
Source DF Adj SS Adj MS F-Value P-Value
Model 5 2409,80 481,96 210,22 0,000
Blocks 1 52,71 52,71 22,99 0,000
Linear 2 1441,08 720,54 314,28 0,000
X1 1 1041,87 1041,87 454,44 0,000
X2 1 399,21 399,21 174,13 0,000
Square 1 154,76 154,76 67,50 0,000
X1* X2 1 154,76 154,76 67,50 0,000
2-Way 1 761,25 761,25 332,04 0,000
Interaction
X1*Xo 1 761,25 761,25 332,04 0,000
Total 27 2460,24

M5 hinh hdi quy mo ta quan h¢ cua luc cat dudi dang mdt ham cua hai

bién: goc ga dao (x)) va goc cap phoi (X,) thu duoc nhu sau:
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F=210,1-3132x> —0,409x, —0,03293x2 +0,05574x,X, (3.3)
Sai s6 hoi quy md hinh duoc mé ta trong Bang 12

Bdng 12. Bdnh gid sai s6 hoi quy
S R-sq R-sqg(adj) R-sq(pred)
1.51415 97.95% 97.48% 95.83%

Qua Bang 12, co thé thdy véi hé s6 R? trén 97%, mé hinh hdi quy thu
dugc c6 mic d§ phu hop tdt voi s6 liéu thi nghi¢m.
M6 ta d thi dudng mirc ciia ham luc cat theo hai thong s thi nghiém

goc ga dao va goc cap phoi.

Contour Plot of Force vs Approach Angle, Feed angle
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Hinh 49. Biéu do dwong dong mirc ciia thi nghiém t6i wu

Qua Hinh 49 c6 thé thay: luc cat nho nhit s& & mirc 60 N néu goc ga dao
nam trong khoang 70° dén 80°, két hop véi goc cdp phoi trong khoang 35°
dén 40°. Mot bo thong sb khac cling cho két qua luc cit nho khoang 60-70 N
1a: gbc ga dao 35° dén 40° va goc cap phoi khoang trén 60°. Nhan xét ring,
cac may bam thuong mai trong thuc té thuong sir dung dao thang véi goc ga
dao va goc cip phoi dugc ¢b dinh 1a 0°. Vi bd tri dang nay, luc cit s& vao
khoang 280 N dén 320 N (Xem Hinh 47), cao hon khoang 5 1an so voi gia tri
t6i vu tim duoc. Két qua thu duoc trong nghién ciru nay rat hira hen cho cac
nghién ctru tiép theo nham tdi wu hoa cac thiét bi dé bam than cdy ngd ciing

nhu cac than cay nong nghiép khac.
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3.4. Thye nghiém cit toc dd cao

Thi nghiém cat toc do cao dugc thuc hién nham xac dinh cac thong so6
anh hudng chinh dé trién khai cac thi nghiém sat vadi diéu kién van hanh thuc

té ciia cdc may bam cat cdy nong nghiép.

Céc thi nghiém cit tde do cao duoc thue hién véi tde do quay truc mang
dao tir 175 dén 275 vong/ phut, twong Gmg v4i van tde cat tir 8,96 dén 14,08
m/s. Vi tri cit cdy ngd duoc cb dinh ¢ ban kinh 240 mm. Ba bién thi nghiém
duogc st dung 1a van toc cat, goc ga dao va goc cip phoi. Gia tri cac muc thi

nghiém dugc mo ta trong Bang 13.

Bang 13. Cdc bién va mirc gid tri thi nghiém

Bién dau vao Min | Max
Van toc (V; m/s) 8,96 | 14,08
Goc ga dao (a; °) 0 60
Goc cap phoi (B, ©) 0 50

Két qua do luc cat trung binh khi cat timg than cay ngd duoc thu thap va
phan tich théng ké bang phan mém MiniTab. Hinh 50 md ta két qua phan
tich anh huong cua cac yéu td dau vao (cac bién thi nghiém).

Main Effects Plot for Luc cit TB
Data Means
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Hinh 50. Anh huéng ciia cdc bién thi nghiém dén lyc cdt

Qua Hinh 50, c¢6 thé thiy ca ba yéu té duoc khao sat déu c6 anh hudng

dang ké dén luc cat. Goc ga dao o c6 anh huong manh nhat, tiép d6 1a goc cap
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phoi B, cudi cung 13 van tdc cat V. Luu y rang, cic nghién ctru trude day hau
nhu chua quan tdm dén anh hudng ctia goc cap phoi p. Thém nita, cac may cét
bam thwong mai hién nay da s6 sir dung dao thing c6 goc ga dao o bang khong
d6. Pay sé& 1a nhitng nhan dinh quan trong cho cac nghién ctru tiép theo nham

tiét kiém nang luong tiéu hao cho cic may cit bam phyu pham ndng nghiép.

Interaction Plot for Luc cit TB
Data Means
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Hinh 51. Anh huéng twong tdc giita cdc bién thi nghiém

Hinh 51 mo ta két qua phan tich anh huong tuong tac giita cac yéu tb thi
nghiém. Nhu c6 thé thay trén Hinh 51, van tc cat va goc ga dao khong co
anh huong tuong tdc voi1 nhau. Hai cdp con lai, van tdc cit va gbc cép phoi,
goc cap phodi va goc ga dao déu cé anh huong twong tac 13n nhau. Pay 1a
nhiing thong tin quan trong dé phat trién cac mo hinh toan hoc mé ta ham lyuc

cit trong cac nghién ctru sau nay.
3.5. Phit trién mé hinh dong dang
3.5.1. Dt vin dé

Trong bai todn bam cat than cdy ndng nghiép, goc ga dao (Xem Hinh 52)
la goc hop boi duong thang vudng goc véi van tée chuyén dong v va dudng
thang ludi dao (dao thiang) hoic duong tiép tuyén cta ludi dao (trong truong
hop ludi dao cong). Goéc ga dao 1a thong s6 anh huéng quan trong nhét dén
luc cit. Tuy nhién, khi cit theo md hinh cit kéo, goc ga dao s& thay dbi lién

tuc doc theo ludi cét (Xem minh hoa trén Hinh 52).
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Hinh 52. Sw thay déi ciia géc gé dao o

Trén Hinh 52, dao thang co6 chiéu dai ludi cat AB quay quang tam O. Ban
kinh quay téi thiéu va téi da ctia dao lan luot 1a R1 va R2. Xét vi tri cit J ndm
cach tAm quay cua dao mot khoang Ly, khi ma ludi cat AB dang giao voi dao

ké OA’, géc a luc nay duoc xac dinh theo biéu thuc:

. OB R,
SIn oy :a:f (34)
1

Neéu dao ti€p tuc quay dén vi tri cdat xa nhat, ludi cat giao véi dao ké tai

diém A’, khi nay goc o duoc xac dinh:

sina, =——=— (3.5)

Nhu vy, goc o thay d6i nhu mot ham ciia 2 thong sd: ban kinh t6i thiéu

R1 va khoang cach L tinh tir vi tri cat dén tAm quay cta dao theo quan hé:

: R
sSinaL = — 3.6
r 2 L ( 1 )
Gia st ban kinh quay t61 thiéu cta dao R1 1a 100 mm, thi khi chiéu dai
ludi cat dai 200 mm, tirc 1a khoang cach giita diém cat va tdim quay thay doi
tir 100 dén 300 mm, thi goc ga dao o s& thay doi tir 90 d6 xubng 19.47 d6 nhu

mo ta trong Bang 14.
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Bdng 14. Vi du thay déi ciia géc gd dao véi bdan kinh R1=100 mm

L(mm) 100 [125 |150 |175 |200 |225 |250 |275 |300
sin(w) [1.00 |0.80 |0.67 |0.57 |050 [0.44 040 |0.36 |0.33
a (°) 90.00 | 53.13 | 41.81 | 34.85 | 30.00 | 26.39 | 23.58 | 21.32 | 19.47

Goc ga dao thay doi din dén luc cét thay d6i (ting dan khi diém cit xa
dan tAm quay) lién tuc trong mot lat cat. Vi vay, bai toan dat ra la khi cit theo
mod hinh cit kéo, 1am thé nao dé dam bao goc ga dao ludn 1a hiang sd. Ludi

dao ¢ bién dang logarit s& dap Gmg yéu cau nay.

3.5.2. Pwong xodn oc Logarit (Logarithmic spiral)

! -

75° ] ' ) 75°
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Hinh 53. Puong xodn éc logarit

Puong xoan dc Logarit luén cé tiép tuyén hop véi vector ban kinh twong
mg mot goc khong doi a. Chinh vi vay, nd con dugc goi 1a dudng xoan 6c¢
dang giac (Equiangular Spiral). Trong trudng hop dic biét, khi a = n/2,
duong xodn ¢ 1a mot duong tron. Hinh 53 minh hoa mot vi du duong x0dn ¢
logarit ¢6 gbc 0=75 d6. Phuong trinh dudng xodn dc duge biéu dién trong hé
toa dg cuc co6 dang sau:

r=ae™ (3.7)
Trong do, r 1a khodng céach tir tdm (goc toa do) téi cac diém trén duong

cong, a va m la cac tham s6, 0 1a gdc quét cua tia ban kinh.

Quan h¢ cta cac tham s6 a, m va goéc a dugc mo ta bang phuong trinh:



ae™ 1
tano = B = —=— (3.8)
p ame m
Khi cho trudc goc a, ¢6 thé tinh tham sé m theo cong thirc
1
m=—— (3.9)
tana

Mot sb dic tinh quan trong dung cho thiét ké bién dang dao nhu sau:

Bén kinh r, tai goc 6 = 0 dugc xac dinh bang cach thay 6=0 vao phuong
trinh (3.7)

rr=ae’=a (3.10)
Tuong tu, ban kinh r; tai goc 6 = © dugce xac dinh:
L =ae™ (3.11)

Cong thire (3. 11) ¢6 thé dung dé xac dinh gia tri tham s6 a theo béan kinh

r, tirc 1a theo duong kinh dao cho trudce:

a=

L (3.12)
€

3.5.3. Phat trién mé hinh dong dang ludi cit

Gia str goc ga dao t6i uu di tim duoc 1 o, ta can dung duong cong bién
dang ludi dao tuy theo cac kich c& duong kinh dao quay khéac nhau, tuy theo
yéu cau thiét ké may bam thuc. Tiép do, tién hanh két xuat bo dir liéu toa do
cac diém xac dinh bién dang ludi dao dé gia céng cit day trén may CNC.
Bién dang ludi dao can thoa mén cac diéu kién sau:

- Goc tiép tuyén 1a o khong thay d6i doc theo chiéu dai ludi cit;

- Ban kinh tai dau mut ludi dao ry, béng mdt nra duong kinh dao dinh

trudc, ng voi goc 6 = m;

Do tinh chat dong dang cua duong xoan oc logarit, cac vong xoan cé

bién dang hoan toan nhu nhau khi duoc thay dbi ty 1é thu phong. Do vy, dé

thuan tién cho viéc ché tao, chon bién dang ludi dao 1a doan dudng xodn ¢

dau tién, quét tir goc 0 4o dén 180 do.
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Qua nghién ciru phan tich, c6 thé phat trién mot goi phan mém ty dong
v€ bién dang ludi cit trong AutoCAD va két xuét toa do cac diém doc theo
ludi cat phuc vu viée gia cong ludi dao trén may CNC. Céac budc lap trinh

tinh toan va v€ bién dang ludi dao c6 goc a cho trudce nhu sau:
- Nhan gi tri o ciia duong cong bién dang;
- Nhan gia tri gia sb goc quét
- Tinh gia tri m theo cong thic (3. 9);
- Tinh gia tri a theo cong thire (3. 12).
- Cho q tang dan tir 0 dén 180 do véi gia sb tuy chon;
- Chuyén ddi cac gia tri 6; sang radian;
- Tinh r; theo 6;.
- V& bién dang ludi dao tmg vai goc 0-wt va p-27;
- Chuyén gia tri (1j, ;) vé hé toa do X-y dé thuén tién cho gia cong $0;
- Luu dir liéu toa do vao file txt.

Luu d6 giai thuat cia mé dun phan mém v¢€ bién dang néu trén dugc

minh hoa trén Hinh 54.
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Input: alpha, Delta,
Dmax

y

[ m=1/tan(alpha): a= Dmax/(2*(exp(m*pi)) ]
|
[ j=0; XY=(a,0) ]
|
[ j=j+1 ]:
|

theta = theta + j*Delta
R;= a*exp(m*theta);
X; = Rj*cos(j*theta);
y; = Rj*sin(j*theta);
Write(x;,y; to file).

Theta > pi?

Draw spline connecting Xj,y;
Export XY to txt file

Hinh 54. Luru do gidi thudt géi phan mém

AutoCAD 2010 Drawing1.dwg AutoCAD 2010 Drawing1.dwg

View Output  Express Tools =

Output  Express Tools a2

AutoCAD Message X
Tinh va Ve BIEN DANG LUOI DAO X
Goc cat da nhap la: 25 do. DUong kinh dao: 500 mm.
Goc cat: 0.4363 Radian.
Nhap goc ga dao (do): a = 66.2719. m=0.4226.
Nhap gia so goc quet {do): Gia so goc quet la: 1 do.
Ban kinh quay: 250.0000 mm.
Nhap duong kinh lon nhat cua dao cat: {mm)
i )

Hinh 55. Hop thoai nhdp liéu va théng bdo trong AutoCAD
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Hinh 56. Bién dang ludi dao duoc xac dinh

Ma chuong trinh dugc moé ta trong Phu luc. Minh hoa két qua chay

chuong trinh trong moi truong AutoCAD.
3.6. Két luan chuwong

Chuong 3 da trinh bay cac két qua thuc nghiém danh gia kha niang dap
tmg cua thiét bi thi nghiém dugc thiét ké, ché tao va van hanh. Ba b thi
nghiém, bao gém hai b0 thi nghiém vo61 van tbc cat rat thép, mot bo thi
nghiém véi tbc do quay twong ddi cao ciia dong co di dugc thiét ké, phan tich
va danh gia theo 1y thuyét quy hoach thuc nghiém. Cac mé hinh phan tich déu
cho két qua t6t, mo hinh héi quy cho hé s6 R*2 trén 97%. Cac thong s can
thiét cho thi nghiém, bao gdm vén tdc cit, goc ga dao, goc cap phoi déu co thé
diéu chinh vo cip, cho phép khai thac tot thiét bi dd ché tao cho cac nghién
cru sau nay. Goi phan mém hoat dong 6n dinh, cho phép dung nhanh va

chinh xac bién dang dao c6 gbc cat khong doi doc theo chiéu dai ludi cat.
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CHUONG 4
KET LUAN VA HUONG NGHIEN CUU TIEP THEO

4.1. Cac két luan
Dé tai da thu dugc cac két qua chinh yéu nhu sau:

a. Mot thiét bi thi nghiém hoan chinh da duoc phat trién dya trén mot
may bam cit than cdy nong nghiép thuong mai thong dung trén thi trudng.
Bang cach thay d6i t6i thiéu mot sd két cau co khi va bo sung cac thiét bi do
can thiét, thiét bi thi nghiém nay vira c6 thé tién hanh bam cat binh thuong
nhu chirc ning cia may thuong mai, vira c6 thé thu thap day du cac dir liéu
can thiét phuc vu nghién ctru. Cac két qua thi nghiém nhu vay rat sat véi diéu
kién van hanh thuc tién. Mot s6 két qua thi nghiém khao st cho thay, thiét bi
dap Gng t6t yéu cau trién khai thi nghiém theo 1y thuyét quy hoach thyc

nghiém, dong thoi chi ra mot sé hudng nghién ctru kha thi va hiru ich tiép sau.
b. Tao ra duoc hudng nghién ctru chuyén sdu vé thiét ké, ché tao may bam;
c. Xay dung duoc mé hinh vét Iy phuc vu cong tac nghién ctru ché tao ra
cac may bam ché bién san xuat nong nghiép;
d. Mot g6i phan mém hoat dong 6n dinh, cho phép dung nhanh va chinh
xéac bién dang dao c6 goc cit khong doi doc theo chiéu dai ludi cit;
d. Cong bd 02 bai bao: 01 bai Scopus va 01 bai bao qubc gia trong danh
muc duoc Ho1 déng chuc danh Gido su Nha nudce cong nhan:
4.2. Cac dé xuit nghién ciru tiép theo
Giai quyét bai toan téi uu da muc tiéu vé ning suit va tiéu hao ning
luong nham giam gia thanh bam cét, tao tién dé phat trién may bam thai da

ning, dua vao tng dung thuc tién.
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