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1. Khai quat vé Tap chi Co khi Viét Nam:

Tap chi Co khi Viét Nam 1a co quan béo chi thuc hién ngdn luan - 1y ludn cta Tdng hoi Co khi Viét Nam, dong thoi la tleng
n6i, kénh thong tin chinh théng cua nganh Co khi Viét Nam. Tap chi cung con 14 dién dan nghién ciru khoa hoc cta cdc nha quan
ly- khoa hoc-chuyén gia- nghlen cgu sinh, hoc vién cao hoc, ... trén ca nudc, do d6 da dugc B¢ Khoa hoc va Cong nghé cap ISSN
2615 - 9910 (md s6 chudn quéc té doi voi xudt ban pham nhiéu ky) va Hoi d‘éng Chikc danh Gido sw Nha nieée cong nhdn tinh diém
cong trinh khoa hoc-bai bao khoa hoc.

Tap chi Co khi Viét Nam c6 nhiém vu tuyén truyén, pho blen chu truong chinh sach cua Dang, phap luat cua Nha nudc va
dinh huéng phat trién, hoat dong cua nganh Co khi Viét Nam; cong b cong trinh khoa hoc, két qua nghién ctru va chuyén giao cong
nghe chuyén dé khoa hoc va cong nghé c6 ham luong khoa hoc va gia tri thuc tlen cao cta nha quan ly-khoa hoc-chuyén gia, giang
vién, nghién ctru sinh, hoc vién cao hoc, ... trong nganh Co khi va lién quan dén linh vuc Co khi. Ngoai ra, Tap chi ciing con la noi
cong bo nhitng phat minh, sang ché, két qua, thanh tich, dién hinh tién tién trong hoat dong nghién ctru khoa hoc, quan ly, dao tao va
san xuat, kinh doanh linh vuc Co khi ¢ trong va ngoai nudc t6i dong dao ban doc.

2. Viée cong bd cong trinh khoa hoc/ ding bai bao khoa hoc trong nganh Co khi va lién quan dén Iinh viee Co khi trén
Tap chi Co khi Viét Nam:

Tap chi Co khi Viét Nam nhan cong b cong trinh khoa hoc/ dang bai bao khoa hoc trong nganh Co khi va lién quan dén linh
vuc Co khi cua nha quan ly-khoa hoc- chuyen gia-nghién ctru clru sinh, hoc vién cao hoc.,... trén Tap chi Co khi Viét Nam (ban in g1ay)
gom: 'Co khi Ché tao may, *Co khz Quéc phong, *Co khi Gigo thang, ‘Co khi Nong- lam nghzep ’Co khi Xay dung Co khi Thity san,
"Co khi Pia chat, *Co khi Hoa chat, *Co khi Bdo quan ché bién nong lam thiry san, "’Co khi Béng cor dot trong, "'Co khi O 16 - May kéo,
2Co khi May thiy khi, *Co khi Céng nghé nhiét lanh, '*Co khi mdy nang lwong, *Co khi Céng nghé dét, "°Co khi Cong nghé cat may,
"Co khi Co-dién tir, *Co khi Ky thudt hé thong cong nghiép, *Co khi dao tao nguon nhdn luc va nghién ciru chuyén giao.

3. Thé 18 vé cong bd cong trinh khoa hoc/ diing bai bao khoa hoc trong nganh Co khi va lién quan dén linh vwe Co khi trén
Tap chi Co khi Viét Nam. Do dé, cong trinh khoa hoc/ bai bdo khoa hoc khi dugc diang trén Tap chi Co khi Viét Nam phai
dam bao cac yéu cau, nhu sau:

3.1. Yéu ﬂcﬁu chung: Cong trinh khoa hoc/ bai bao khoa hoc dang trén Tap chi Co khi Viét Nam phai la két qua nghién ctru gbc;
bai bao tong quan hodc bai viet thong tin khoa hoc (short communications).

3.2. Ban thdo: Bai bao dang trén Tap chi Co khi Vi¢t Nam, gdm c6 cac phan:

1. Tén bai bao (bang tleng Viét va bang tleng Anh)

2. Tén tac gia, dong tac gia (kém theo ghl chu vé chire danh khoa hoc, hoc ham, hoc vi, tén co quan cong tac, emall)

3. Tom tét bai bao bang tiéng Viét va tiéng Anh khong qua 350 tir (bao gom co tur khoa tiéng Viét va tiéng Anh, dbi véi cum
tir khoa c6 khoang 5 - 15 tir khoa).

4. bat van de.

5. Vat liéu va phuong phap nghién ctru.

6. Ket qué va thao luan (c6 thé tach thanh 2 phan riéng biét: Két qua, Thao luén).

7. Két luan.

8. Tai liéu tham khao (trich dn theo dung quy dinh bai bao quoc té).

Ban thao dugc soan trén may vi tinh, sir dung Unicode, kiéu chir Time New Roman, ¢& chir 14, trén gidy A4 - mot mat,
ché d6 dan dong: “1.5 lines spacing”, can 18 trai pha1 moi bén: 3 cm, cdn 1& trén dudi: 2,5 cm, ché do 1&: “Justlﬁed” Dung luorng moi
bai bao khoang 1.600-2.500 tur. Cac do thi, hinh va anh can trinh bay rd rang.

C4c thuat ngit khoa hoc néu chua duoc Viét hoa thi uu tién dung nguyén ban tiéng Anh. Cac ky hidu viét tt cdn phai giai
thich khi xudt hién Ian dau.

Thu ty bang va hinh dugc danh s theo trinh tu trong bai, khéng danh theo thir tw d& muc. Khong duge viét tit cac tidu muc,
tén bang, hinh v&. Tén bang dugc ghi bén trén bang, tén hinh vé duoc ghi bén dudi hinh. Cha thlch in nghleng

Chi co nhlrng tai liéu duoc trich dan thyug sy trong ndi dung bai Vlet méi dua vao phan tai liéu tham khao. Tai liéu tham
khao dugc sap xép theo thu tur trich dan (ta1 liéu tiéng nudc ng0a1 dugc sap xep theo ho cuta tac gla tai liéu tleng Viét sap xep theo
tén tac gid) va theo trinh tu: tén tac gid, nam xudt ban trong ngoac don (. ); tén sdch, tén nha xuat ban, noi xuat ban (d01 voi sach)
hodc tén bai bao, tén tap ch1 tap, s6 (461 v6i bai bao), trang dau va trang cudi cua tai heu D4i voi nhimg tai liéu khong c6 tac gia thi
xép theo chit cai cta tir dau tién cta co quan ban hanh tai li¢u. Trong ban thao, & nhimg ndi dung tac gia da tham khao hodc sir dung
ket qua nghién clru tir cdc tai liu khoa hoc khac, can danh dau bang so6 (dat trong dau [...]) - 1a s6 thur ty cua tai liéu xép trong danh
muc cac tai liéu tham khao. Tai li¢u tham khao can ghi theo ngdn ngir goc, khong phién am, khong dich.

3.3. Giri hodic ndp bai: Ban thao gdm 2 ban in va 1 ban dién tur. Khi dang ki ndp bai, cac tac gia co thé dé xuét 2 phan bién. Viéc
chon cac phan bién chuyén mén phu hop thude quyén cua Hoi ddng Bién tap Tap chi Co khi Viét Nam.

3.4. Phin bién: Sau khi nhan bai viét giri dang ding véi Thé thiic quy dinh ctia Tap chi Co khi Viét Nam, Hoi dong Bién tap s& gii
bai viet cho cac phan bién.

Nhiing bai viét duoc chép nhan dang, cac tac gia s€ nhan dugc thu phan hdi ciia Hoi ddng Bién tap vai thoi gian stra chita
duoc yéu cau tuy theo chat lugng cua bai viét. Ban stra chita lan cuoi cia tac gia s€ duogc coi 1a ban goc.

Ban thdo c6 thé ndp truc ti€p hodc guri qua E-mail cua Tap chi. | . .

Quy tac gid muon bict thém thong tin, xin vui long lién hé véi TOA SOAN TAP CHI CO KHI VIET NAM

Dia chi: S 4 Pham Vin ang (trong Vién Nghién ctru Co khi), Mai Dich, Cau Giéy, Ha Noi
Dién thoai: (024) 37 920 650 - 0985 696 263 / 0982 254 465
Email: Tcckvn.bbkh@gmail.com * Website: cokhivietham.vn / tapchicokhi.com.vn
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ANH HUONG CUA CAC THONG SO CONG NGHE CHINH PEN PO
CUNG VA TO CHUC TE VI CUA LOP PHU DELORO 60 (Ni)
TREN NEN THEP SUS440C S’ DUNG CONG NGHE PHUN PHU
LASER CLADDING

EFFECTS OF MAIN PARAMETERS TO HARDNESS AND MICROSTRUCTURE OF
DELORO 60 (Ni) LAYERS ON SUS440C SUBSTRACT BY LASER CLADDING

Nguyén Vin Hao
Khoa Co khi, Truong Pai hoc Giao thong Van tai
Email: haonv@utc.edu.vn

TOM TAT

Ling dong kim logi bang laser (LMD) la mét trong nhitng quy trinh san xudt trong cac
nganh cong nghiép, dwO’c st dung dé néng cao co tinh ciia cdc chi tiét mday bén canh viéc san xudt
va sika chita cdc chi tiét quan trong trong ky thudt.

Dé cdi thién d¢ cimg va kha ndng chong mai mon ciia thép, 16p phii hop kim Deloro 60 di
dwoc phii trén bé mat thép SUS440C bang cong nghé laser claddzng Trong nghzen clru nay, tac gid
da nghién curu anh huong cua cdc thong so cong nghé chinh dén kha nang chéng mai mon ciia lop
phii Deloro 60 (Ni) thong qua dé cieng va té chire té vi ciia I6p phii trén nén thép SUS440C.

Két qua cho thdy trong cdc théng sé cong nghé khao sat, luu lwong cap bét la thong sé c6
danh hwéng nhiéu nhat dén dg cimg cia 16p phii véi 60,47%. Do ciing dat dwoce cao nhat cé thé la
962HYV khi phii véi ché @ cong sudt dau phun la 2300W, téc dg quét 900 mm/phiit va leu lwong cdp
bét 25g/phiit. Té chike té vi ciia I6p phit bao gom cdc thanh phan cacbit phdn bé trén nén dung dich
rin Ni (y-Austenite) voi kich thude nhé va twong doi dong nhdt gitip cho 16p phi dat dwoe d cirmg
cao va kha nang chong mai mon tét.

Tir khéa: Ling dong kim loai bang laser; P cimg; Kha ning chong mai mon; Té chirc té vi.
ABSTRACT

Laser metal deposition (LMD) is one of the manufacturing processes in the industries,
which is used to enhance the properties of components besides producing and repairing important
engineering components.

To improve the hardness and wear resistance of steel, the Deloro 60 layer was coatings on
the surface of SUS440C steel by laser cladding. In this study, the effects of main parameters to wear
resistance ability of Deloro 60 through hardness and microstructure of layer on SUS440C subtract

were researched. &
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The results show that among the technological parameters surveyed, powder feed flow rate
is the parameter that has the most influence on the hardness of the coating with 60.47%. The
highest possible hardness is 962.72HV when coating with nozzle power of 2300W, scanning speed
of 900 mm/min and powder flow of 25g/min. The microstructure of the coating includes carbide
components distributed on a solid solution base of Ni (y-Austenite) with small and relatively uniform
size, helping the coating achieve high hardness and good abrasion resistance.

Keywords: Laser metal deposition;, Hardness; Wear resistance; Microstructure.

1. PAT VAN PE

Trong nhiéu truong hop quan trong khi
khong c6 chi tiét dy trit, thay thé mai thi chi tiét
hong can dugc stra chita phuc hoi chic ning dé
dam bao duoc céac chi tiéu vé kinh té, ky thuat
ctia hé thong [1].

Chi tiét phuc hdi thuong ré hon rat
nhiéu so v&i chi tiét moi, thuong chiém khoang
35+60% gia thanh so voi chi tiét mua méi.
Dic biét 1a d6i v6i cac chi tiét co két cau phire
tap, vat liéu co co tinh cao, dét tién thi viéc
néu phuc hdi duoc s& dat duge hiéu qua kinh
té cao hon rat nhiéu so voi mua hodc ché tao
chi tiét méi. Hién nay c6 nhiéu phuong phap
phuc hoi chi tiét hu hong nhu: han dap, phun
phu nhiét.... Tuy nhién, nhuoc diém 16n nhat
ctia cac phuong phap phuc hoi chi tiét truyén
thdng 1a ving lién két giita chi tiét nén va phan
phuc hoi thuong ¢ co tinh kém, d& xuit hién
khuyét tat, Iuc lién két vat liéu kém, t6 chirc vat
liéu gitra phan phuc hoi va nén chi tiét khong
dong nhat dan dén chi tiét sau khi duoc phuc
hdi khéng dat duge nhitng yéu cau vé co tinh
nhu chi tiét ban dau [2-5]. Bai bao nghién ctru
mot phuong phap méi dé phuc hoi hu hong cua
chi tiét sir dung cong nghé tao hinh bang chim
tia laser (Phun phu laser bt — Laser cladding).
Cong nghé nay da va dang dugc trng dung rong
rai trong cac linh vuc véi muc dich chinh nhu
xtr 1y bé mat, phuc hoi chi tiét may, in 3D... ing
dung trong linh vuc hang khong vii tru, cong

nghiép 0 t6, tau thuy, quan su, y hoc [6-11].

Vat liéu hop kim thép khong gi
SUS440C 1a loai vat lidu dugc sir dung nhiéu
trong nganh cong nghi¢p nhya. Dya trén nhu
cau thuc t& va cac nghién ctru néi trén, tac gia
tién hanh nghién ciru tinh toan anh huong cua
cac thong sd cong nghé chinh (Cong sudt ngudn
1a§er P, toc do qqét \Y Ve‘l,lu'u luong cap bot Mp)
dén dg cung va to chirc t€ vi ctia 16p phu Deloro
60 (Ni) trén nén thép SUS440C str dung cong
ngh¢ phun phu laser cladding 1a co so cho viée
phuc hoi va ché tao chi tiét truc vit trong may
dun nhya, 1a mot chi tiét may rat hay bi mai
mon va can phuyc hoi.

2. VAT LIEU THi NGHIEM VA PHUONG
PHAP NGHIEN CUU

2.1. Thiét bi va vat liéu nghién ciru

Thi nghi¢ém dugc thuc hién tai Cong
ty TNHH Thuong mai va Coéng nghiép
Phuong Pong. Thiét bi thi nghiém 1a hé thong
bao gdm hé thdng ban may c6 kich thudc
(3500x1400x1600 mm), hé thong laser co cong
suat 3500W, hé théng chuyén dong CNC 3 tryc,
hé théng cép bot tu dong, bo phan lam mat va
khi Argon bdo v¢, dau laser cép bot déng truc
lién tuc. So @6 nguyén 1y va thiét bi thé hién
trong hinh 1.
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Hinh 1. So do nguyén 1y hé thong mdy Laser cladding va hinh anh qud trinh phun phi
Vit liéu thi nghiém: VAt liéu nén 1a thép SUS440C dang tam, c6 kich thudc 200x150x10
mm. Trudc khi phun phu, tam nén dugc lam sach va mai nham loai bo cac chat ban va 16p oxit bé

mit. Dé loai bé anh huong cua do am, vat liéu nén dugc s?iy kho ¢ nhi¢t do 80°C trong 10 phut.

Bang 1. Thanh phd;n hod hoc vt liéu nén SUS440C

Thanh phén C (%) | Si(%) | Mn (%) | Ni(%) | Cr(%) | Mo (%) | P(%) | S (%)
Ham luong 0,95+1,2 | <1 <1 <1 16+18 <0,75 <0,04 | <0,03

Vat liéu bdi dép duogc str dung 1a bot hop kim Deloro 60 géc niken c6 d6 cing va kha nang chéng
mai mon cao. Bot phu Deloro 60 c6 thanh phan hoa hoc dugc thé hién trong bang 2.

Bdng 2. Thanh phan hod hoc chinh ciia bot phit hop kim Deloro 60

Khoang
. . D¢ cing Ti trong nhiét do
(1) 0 (1) (1) (1) (1) . . . .
Ni (%) | Cr (%) | Si (%) |Fe (%) | C (%) | B (%) (HRC) (g/em’) néng chiy
((9)
Coban | 14+15 | 2,0:4,5| 3+5 0,7 3,2 56+64 7,8 906+1081

2.2. Phuong phap thuc nghiém

Str dung phuong phap quy hoach thuc nghiém Taguchi dé nghién ctru anh hudng cua 3
thong s6 cong nghé tmg véi 3 mirc bién doi:

Bdng 3. Cdc théng s6 cong nghé chinh va cdc mire thay doi

Théng sb Cdc mic
Mirc 1 Mirc 2 Mirc 3
Cong suat Laser P (W) 2100 2300 2500
Tbc d6 quét dau phun V (mm/pht) 900 1000 1100
Luu luong cip bot M_ (g/phut) 15 20 25
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bdi véi quy hoach Taguchi, ta chon ma tran quy hoach truc giao L9 véi N = 3%! = 9 thi
nghiém, moi thi nghiém lap lai 2 1an. Mdi mau sau thi nghiém s& duoc do do cung tai 5 diém phan
biét (hinh 2).

x

8

Hinh 2. So' do vi tri do dé cieng tai cac ving cuia lién két 16p phii
Tién hanh do do cung tai cac diém theo hudng tir 16p phu dén vat liéu nén duoc thé hién trén
so do hinh 2. Cac s0 liéu thye nghiém thu dugc s€ dugc phan tich nham tim ra ché do cong nghé toi
uu cho qua trinh phun phu.
3. KET QUA NGHIEN CUU

3.1. Két qua dd cirng cAc maiu nhin dwoc

Bdng 4. Cac ket qua do do cing tai cdac diem cua cac mau thi nghiém

Nhﬁlr:otf ma D) cing trung binh (HV )
Nhom | PG (mmX)hl'lt) (glll\:{lpﬁt) Piém | Piém | Piém | Piém | Piém
I N 2 3 4 5
S1 2100 900 15 1 1 |1 | 871,8 | 5794 | 569,6 | 414,77 | 272,1
S2 2100 1000 20 1 2 | 2| 8975 | 584,7 | 508,7 | 457,0 | 2770
S3 2100 1100 25 1 3 0 3 | 858,8 | 553,2 | 433,8 | 289,7 | 265,1
S4 2300 900 20 2 1 | 2 | 824,0 | 6059 | 5758 | 496,8 | 280,1
S5 2300 1000 25 2 2 | 3| 973,0 | 634,6 | 560,6 | 395,7 | 277,1
S6 2300 1100 15 2 3 01 ]904,8 | 618,5 | 5752 | 486,8 | 330,0
S7 2500 900 25 3 1 | 3 | 948,7 | 566,2 | 4358 | 270,0 | 2572
S8 2500 1000 15 3 2 |1 | 748,9 | 545,6 | 479,6 | 449,8 | 2659
S9 2500 1100 20 3 3 | 2 | 843,0 | 571,1 | 446,0 | 262,8 | 2473
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3.2. Pj cirng té vi ciia lién két phi

S thay d8i dé cirng tir I&p phd dén vét lidu nén
1200

1000

-
© 800
> .
T 3
—
w 600 ———
5 o —— —
400 — =
“©
@ S ———
200
0
Piém1 Diém 2 Diém 3 Diéma Diém 5
s1 s2 s3 s4 ss s6 s7 s8 s9

Hinh 3. Su thay doi do cirng té vi HV ciia cdc
nhém mau phii don 16p

Hinh 3 cho thdy su thay d6i do cimg
té vi ciia 9 nhom mau phi mot 16p theo hudng
tir 16p phu dén nén thép SUS440C trong céc
thi nghiém. C6 thé thay do cimg cua 16p phu
cao hon nhiéu d6 cimg cua 16p nén & ca 9
nhém mau. DO cing 16p pha khao sat nim
trong khoang (748+973HV) tuong ung vdi
(61+65HRC), cao hon so véi d cing cua nén
(khoang 247+330HV).

3.3. Xac dinh ty s6 nhiéu
Theo phuong phap Taguchi, lya chon

theo tiéu chi dé do cung dat duoc cao nhat c6 thé
thi ty s6 nhidu dugc x4c dinh theo cong thirc:

%z-mlog(lzizj;i:l..g (1)

n yu

Bdng 5. Két qua ty s6 nhiéu.

TT Anh huéng ciia P, M,V dén @6 cirng
\A S/N
1 871,8 58,81
2 897,5 59,06
3 858,8 58,68
4 824,0 58,32
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5 973,0 59,76
6 904,8 59,13
7 948,7 59,54
8 748.,9 57,49
9 843,0 58,52

3.4. Anh huéng ciia cac théng sé cong nghé
t6i do clirng

Dua trén két qua tinh ty s6 nhidu, ta
1ap bang phan tich, tinh gia tri trung binh ty so6

nhi¢u cho moi yéu t6 ¢ cac murc khac nhau.

Bang 6. Bang phdn tich S/N cho do cung

P \% M,
1 58,85 58,89 58,48

2 59,07 58,77 58,63

3 58,52 58,77 59,33
Mean (m) | 58,81 58,81 58,81
Max 59,07 58,89 59,33
Max (m) 0,26 0,08 0,52
:ﬁ’rzﬁz 30,23 9,3 60,47

Dua vao két qua thi nghiém, x4c dinh
dugc mirc d6 anh hudng cia cac thong s cong
nghé dén d6 ctimg dugc xép theo thir tu giam
dan: Luu lugng cp bot chiém: 60,47%; Cong
suat dau phun: 30,23%; Toc do quét: 9,3%.

D6 cling 16n nhat dat dwoc khi gia tri ctia
céc bién ¢ mirc c6 S/N 16n nhit. Theo bang 6 va
hinh 4 d6 1a bo thong s6 P2VIM3, nghia 1a P =
2300W, V =900 mm/phit va M_ = 25g/phit.

- Gia tri S/N tdi wu:

_ oy =) —n (2
Mo nm+;(f7, m,) (;n,) m,()@:
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Trong d6: n_ - Gia tri S/N trung binh
chung, n. - Gia tri S/N ung vG6i tham s6 thir
1.

Theo bang 6, n_ = Mean(S/N) = 58,81;
cac gia tri n, lan luot 13 59,07; 58,89 va 59,33.
Vay:

Mo = (59,07 +58,89+59,33)-2.58,81 = 59,67.
Db thj S/N cho dé cirng clia I6p pha
59.40 3
59.20 -
59.00 __7____,_-—~-""‘\\H o
2 58,80 "—"_:-*-—-__,_._,_L‘_.
.gss.sn — — K“\\\'

58.40
58.20
58.00

—a—P 58.85 59.07 58.52
—-V 58.89 38.77 58.77
—-Mp 58.48 58.63 59.33

——P 8-V —-Mp

Hinh 4. Do thi dap vmg S/N ciia cdc yéu to theo
do cung

- P9 clmg 16n nhét:

/20)

o =100 =107 = 962,72 (HV)

Ché d6 phu téi wu 1a P2VIM3 (P =
2300W, V = 900 mm/phut va M = = 25g/pht).
Vi ché d6 nay nhan dugc do cung 1a 962,72
HV.

3.5. Té chirc té vi ciia 16p phit

Céu tric té vi ctia 16p phi da dugc khao
sat va dugc thé hién trén hinh 5.

Hop kim Deloro c¢6 gdc niken véi cac
chat bd sung dién hinh 1 Cr, C, B, Fe va Si.
Do cing cao dén tir cdu triic vi mo rat phic tap
bao gdm dung dich rin Ni, cac pha cing Ni B,
Cr.B,, Cr,B, CrB va cac cacbua Cr khac nhau

573

(x500)
Hinh 5. T6 chirc té vi cua lop phi ¢ do phong dai
x200 va x500

J (x200)

Hinh thé hién t6 chirc té vi cua ving 16p
pht bao gdm cacbit tiét pha trén nén dung dich
ran Ni (y-Austenite) c6 dang nhanh cdy. Su c6
mat cua céc pha cliing Cr7C3, NiSi, NiﬁB gilp
16p pht ¢6 do ctiing cao va kha nang chong mai
mon tot.

4. KET LUAN

Két qua nghién ctru di danh gia dugc
anh huong cua 3 thong sd cong nghé chinh dén
d6 cung tai cac ving cua lién két phu Deloro
60 bang cong nghé laser cladding trén nén thép
SUS440C, két qua nghién ctru cho thay:

(1) Cac gia tri thong s6 cong nghé khac
nhau c6 anh hudng khac nhau dén do cung cua
16p phu. Trong 3 thong s6 cong nghé chinh 1a
Cong suét dau phun P, tbc do quét v va luu
luong cp bot chiém thi luu lugng cap bot M
cO anh huong 16n nhét véi 60,47%, sau d6 la
cong suat dau phun chiém 30,23% va toc do
quét chiém 9,3%.

(2) Bang thyc nghiém theo phuong
phap Taguchi va tinh toan thi ché do phun phu
t6i wu twong ng voi bot phu va vat liéu nén
da chon 1a bo théng s P2VIM3, nghia 1a P =
2300W, V =900 mm/phut va M = 25g/phut
Do clng cao nhét c6 thé dat du0'c v6i ché do
nay la 962,72 HV.
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(3) Phan tich cdu trac té vi cho thay to
chirc té vi ctia viing 16p phi bao gom cacbit tiét
pha trén nén dung dich rin Ni (y-Austenite) co
dang nhéanh cay. Su c6 mat cua cac pha cung
Cr,C,, Ni,Si,, Ni3B, giup 16p phﬁ’ c6 do cung
cao va kha nang chong mai mon tot.

Lo1i cam on:
Nghién ctru nay dugc tai trg bdi Truong
Dai hoc Giao thong Van tai trong dé tai cap

truong ma s6 T2024-CK-001. <
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Ngay phan bién: 24/02/2025
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NGHIEN C’U MO PHONG VA CHE TAO MO HINH HE THONG
GAT MUA TV DPONG TREN O TO S DUNG PHAN MEM PROTEUS
VA ARDUINO

RESEARCH ON SIMULATION AND MANUFACTURE OF MODEL OF AUTOMATIC
WIPER SYSTEM ON CARS USING PROTEUS AND ARDUINO SOFTWARE

Nguyén Tuong Vi, Pinh Vin Phwong, Vii Thi Phuong
Khoa Co khi, Truong Dai hoc Kinh té - K§ thuat Cong nghiép

TOM TAT

Bai bdo nay trinh bay két qud vmg dung phan mém Proteus dé mé phong hé théng gat mira
tw dong trén 6 1o, trong nghién curu nay, nhom tac gia thuc nghzem thiét ké, ché tao mé hinh sir dung
nén tang ma nguon mo Arduino. Mophong c6 sir dung phan mém Arduino IDE lgp trinh cho vi diéu
khién Atmega328, man hinh hién thi lvong muwa LCD 16x2 va cac linh kién khac. Két qua nghién
ciru cho thcf)z, mo hinh hé théng gat mua ty dong hoat dong voi toc do thay doi theo lwong muwa va
phu hop voi hoat dong thuc 1é ciia hé th(fng nay trén cdc o to hién dai.

Tir khéa: Proteus; Hé thong gat muea; Arduino.
ABSTRACT

This paper presents the results of applying Proteus software to simulate the automatic
wiper system on cars. In this study, the authors experimentally designed and manufactured a model
using the Arduino open source platform. The simulation uses Arduino IDE software to program the
Atmega328 microcontroller, 16x2 LCD rainfall display screen and other components. The research
results show that the automatic wiper system model operates at a speed that varies with the rainfall
and is consistent with the actual operation of this system on modern cars.

Keywords: Proteus; Wiper system; Arduino.

didu khién gat nudc ty dong di dugc nghién
ctru va phat trién kha thanh cong & nudc ngoai

1. PAT VAN DE

Hién nay, van dé tién nghi trén 6 t0 la
tiéu chi chinh dé danh gia mot chiéc xe hoi cao
cap. Hé thong gat mua — rira kinh cta 6 t6 1a
mot b phan khong thé thiéu khi xe van hanh
trén duong, nhim dam bao tinh an toan cho
nguoi va phuong tién khi tham gia giao thong.
Xuat phat tir tinh hinh thuc té trén thé gisi, bo

va dugc trang bi trén mot ) hang xe 16n nhu
BMW, Mercedes...

Tuy nhién, nhidu xe trong nudc van
trang bi hé thong gat nudc mua trén nguyén tic
chuyén doi bat tit bang tay, chua dugc trang bi
hé théng gat nudc va rua kinh ty dong. biéu
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nay gy bat loi cho ngudi 1ai xe 1am viéc trong
dicu kién thoi tiet xau (mua, bdo...), gdy mat
tap trung va anh huong dén vi¢e lai xe an toan.

Dbi v6i cac nude phat trién, hé théng
gat mua tu dong khong con xa la, nhung dé hiéu
sau va toan dién vé cau tao, nguyen ly lam vigc
va mach diéu khién, vi diéu khién cua hé thong
gat mua ty dong trén 6 t6 nham nang cao kién
thirc k§ nang cho sinh vién, c6 thé van hanh,
béo tri, bao dudng va cai tién hé thong gat mua
trén 0 t0 hién nay, do d6 bai bao nay tap trung
nghién ctru mo phong va ché tao mé hinh hé
thong gat mua ty dong véi toc do gat thay doi
theo lugng mua va phu hop véi hoat dong thuc
té ctia hé théng nay trén cac 6 to hién dai.

2. MO PHONG HE THONG GAT MUATU
PONG

2.1. Xay dung so' dd khéi hé thong gat mwra
tw dong

VEHICLE

Hinh 1. So dé khéi ciia hé théng gat mua tw dong

| Khdi tao cdc tham sé. cdu hinh hé théng |
T
13

| Poc gia tri cam bién mua x |

Bat can gat & tSc A6 1

Bit can gat & tdc Ad 2

Gat can gat 2 lédn

Hinh 2. Luu do thudt todn hé th(fng gat mua
tw dong
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So d6 khéi hé thong gat nude tr dong
cua hé thong gat nudc mua ty dong (Hinh 1)
v6i chire nang cac khoéi [am viée nhu sau:

- Khéi ngudn (Power): Cung cip dién
ap on dinh cho tit ca cac khdi trong hé thong,
khdi nguén dugc st dung dé on dinh va cép
dién ap 5V DC cho khi diéu khién (Arduino)
va dong co Servo DC ciing nhu cdp ngudn cho
mach hoat dong.

- Khéi cam bién (Cam bién mua): Khoi
nay c6 nhi€ém vu léy mau tin hiéu mua va
chuyén thanh gia tri dién 4p dé dua dén vi diéu
khién dé xu 1y. O dé tai nay, tac gia st dung
cam bién mua dé phat hién khi troi c6 mua va
luu lugng nude mua.

- Khdéi diéu khién: Khdi nay 1am nhiém
vu giao tiép, nhan va xtr Iy dir liéu tir cam bién,
diéu khién cac thiét bi ngoai vi. O day, khdi
diéu khién dong vai tro rat quan trong, nhan
tin hiéu tir khdi cam bién va xir 1y thong tin
dé dua tin hiéu dén khdi chap hanh (dong co
gat nudc). Pong co gat nude st dung dong co
Servo DC, dong co nay dugc ndi v6i hé théng
can gat nudc dé gat nude khi co mua. Pong co
nhan tin hi¢u diéu khién tir bo diéu khién dé tir
d6 hoat dong theo yéu cau.

2.2. Luu d6 thuit toan va nguyén ly diéu
Kkhién ciia ciia mach gat mua tu dong

Ban dau khi cdp ngudén cho mach, vi
didu khién s& cdu hinh cac tham sé va khoi
dong hé théng. Vi diéu khién s& doc tin hiéu
cam bién tai chan A0 (lugng mua theo thang
ADC 10 bit) so sanh véi cac ngudng néu lugng
mua nho <200 thi dong co khéng quay, néu
luong mua > 200 va nho hon 500 thi bat dong
co gat nude hoat dong o téc do 1, néu luong
mua lon hon 500 thi bat dong co gat nudc & tde

&
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do 2. Déng thoi, dé khac phuc hién tugng mua
suong hoac swong mu ma lugng nude trén cam
bién qua nho (<200), tic gia di thém mot nat
nhan dé khi troi mua qua nho thi ta co thé st
dung nat nhan dé bat dong co gat nude, luc nay
dong co gat nudc gat gian doan 2 lan trong 10
gidy (Hinh 2, 3).

Thudt toan diéu khién (Hinh 2) va
chuong trinh diéu khién duogc thuc hién trén
phin mém CodeVisionAVR dugc viét bang
ngon nglr C++, chuong trinh nay dugc bién dich
va nap vao Atmega328 dé diéu khién hé théng.

1OM 1
sct. o361
POWERI e ARET
; — GND -
L.'BSIL'I WOREF s H n
- RESET 1012 =
= w3 1011 Ll
VOC v 1010 Vo
GND 1”'5" GND [ ] '\nfhl
1 . L—=dGno 108
“':w sensor Vin |."'N : Jumper 3
) | wor § 1o VX
1 vV ADI 106 106
I —_— ADO 108 o 1
T ADI 104 =
2 AD2 103 W .
o — AD3 102 o .
3 — S AD4 fo| fin ad
F 4 | w AL o -
GND

Hinh 3. So' do nguyén Iy ciia mach gat muwa
tw dong

Hinh 5. Man hinh hién thi LCD

2.3. M phéng mach diéu khién

So d6 md phong mach hé thong gat
mua ty dong trén 6 t6 dugc thuc hi¢n trén phén
mém Proteus [1, 2]. Hé théng nay sir dung mot
s6 khdi chinh nhu: Vi diéu khién Atmega328,
c6 14 chan digital 1/0, 6 chan du vao (input)
analog, thach anh dao dong 16Mhz [3], cam
bién mua, man hinh hién thi LCD 16x2 [4].

Trong nghién ctru ndy, vi diéu khién
dugc chon 1a Atmega328 (Hinh 4), day la dong
vi diéu khién 8 bit, cac thong sb chinh cua vi
diéu khién Atmega328 dugc thé hién trong
bang 1 [5].

Bdng 1. Céc théng sé chinh ciia vi diéu khién

Atmega328 [5]
Théng s6 Gia tri
Dién ap lam viéc 4,5+55V
Tan s6 lam viéc 0+ 16MHz
S6 chan loai PDIP 40
S6 chan 1/0 32
S6 kénh ADC 10 bit 8
S6 kénh PWM 4
S6 kénh time 8 bit 2
S6 kénh time 16 bit 1
B0 nho ;I;l:}(lmg trinh 16 K bytes
B6 nhé EEPROM 512 bytes
B nh6 SRAM 1 K byte

Dé hién thi lugng mua, nhom tac gia s
dung man hinh hién thi LCD 16x2 [4] (Hinh
5), day la loai man hinh hién thj ky tu cho phép
hién thi thong tin trén 2 hang, mdi hang hién thi
ti da 16 ky tu.
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3. MO PHONG VA CHE TAO MO HINH
HE THONG CHIEU SANG TU PONG

3.1. Két qua mé phong

Hinh 7. Két néi gitta dong co va Arduino

Mo phong dugce thye hién véi cac thong
s0 lugng mua nhu sau:

Du¢i 200 Gng véi lugng mua nho
(dudi 16 mm/24h); tir 200 dén 500 (tir 16 dén
50mm/24h); trén 500 (tor 51mm/24h trd 1€n).
Két qua mé phong cua dé tai duoc thé hién trén
hinh 6.

3.2. Quy trinh ché tao va két noi cic khdi
chirc niing trong hé thong

3.2.1. Quy trinh ché tao mé hinh

Qua trinh ché tao mo hinh hé théng
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chiéu sang tu dong dugc thyc hién theo cac
budc sau:

- Chuén bj linh kién: Cac linh kién nhu
Arduino, cam blen mua, khung gid nhya, bo
mach, day ndi, nguon

- Két ndi cac khéi chire ning;

- Hoan thién mo6 hinh.

3.2.2. Két néi dpng co Servo véi Arduino

Pong co Servo dugc sir dung trong dé
tai nay la loai Tower Pro MG90S. Dong co nay
quay duoc 180° (trai 90° va phai 90°). Ta két
nbi day vang ndi voi PIN 9 hay cac PIN PWM
tuong duong (nhitng PIN ¢6 ky hi¢u ~ & trude),
day do ndi véi ngudn 5V, day den ndi vao chan
am (Hinh 7).

Hinh 9. Hé thong sau khi hoan chinh
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3.2.3. Két noi cam bien mwa voi Arduino

Duya vao chiic nang sur dung, ta cé so
d6 két nbi giita cam bién mua va Arduino nhu
sau: Chan VCC cuia cam bién véi chan 5V cua
Arduino; GND v&i GND va A0 véi AO (Hinh 8).

3.2.4. Hoan thién moé hinh

Thiét ké va gia cong panel gin thiét bi,
thiét ké, ché tao khung gia, lip rap mo hinh, di
day va van hanh mo hinh. M6 hinh hé théng gat
mua ty dong dugc ché tao thanh cong thé hién
trén Hinh 9.

4. KET LUAN

DPi mo phong thanh cong hé thong gat
mua ty dong theo cac tin hi€u lwgng mua khac
nhau. Pong thoi xay dung duoc thuét toan diéu
khién va chuong trinh diéu khién bang phan
mém CodevisionAVR.

Di ché tao thanh cong mo hinh mo
phong hé théng gat mua ty dong hoat dong theo
cac tin hiéu lwong mua mo phong gom: dudi
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PHAN TiCH PAC TiNH CHAY PONG CO DIESEL KHI THIET LAP
CO CHE CHAY DO NEN KET HOP HON HOP HOA TRON TRUOC
PCCI

ANALYSIS CHARACTERISTICS CUMBUSTION OF DIESEL ENGINE WHEN
ESTABLISHING PREMIXED CHARGE COMPRESSION IGNITION (PCCI)

Nguyén Cao Viin*, Khwong Thi Ha
Truong Pai hoc Giao thong Van tai
*Email: caovan87@utc.edu.vn

TOM TAT

Trong bai bdo ndy tién hanh thwc nghiém dé danh gid ddc tinh chdy va sw phdt thai trén
déng co diesel khi thiét ldp co ché chdy do nén két hop hoa trén triede. Pé thiét ldp co ché chdy
PCCI, tdc gia tién hanh thay doi cdc tham sé ciia voi phun nhu: thoi diém phun, thoi gian phun va
dp sudt phun. Két qua cho thdy, tai toc do 2000 vg/ph va 30% tai khi tang goc phun sém thi dong co
bdt dau xudt hién ngon liva lanh, géc phun phit hop la 45 @6 truc khuyu trée diém chét trén va dp
sudt phun la 450 bar. Pong thoi, phat thai vé dé khéi, HC, CO ¢6 xu hwéng giam, NOx tang khi tang
g6c phun sém. Két qua bai bdo c6 thé di bao dwoc thoi diém phun thich hop cho dong co diesel khi
thiét ldp co ché chdy PCCIL

Tw khoa: Combustion Model; Combustion Characteristic; PCCI; Net Heat Realese; Zezo
— Dimention.

ABSTRACT

This report describes an experimental investigation that evaluated the combustion
characteristics and emissions of a diesel engine employing the Premixed Charge Compression
Ignition (PCCI) method. The author establishes the PCCI combustion process by adjusting injector
parameters such as injection timing, duration, and pressure. The results demonstrate that at 2000
rpm and 30% load, increasing the early injection angle causes cold flames to develop. The ideal
injection angle is 45 degrees before top dead center, with a pressure of 450 bar. Smoke, HC, and CO
emissions fall, NOx increases when early injection angle is increases. The results can help forecast
the optimal injection timing for diesel engines using PCCI combustion.

Keywords: Combustion Model; Combustion Characteristic; PCCI; Net Heat Realese; Zezo
— Dimention.
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1. TONG QUAN

Trong dong co diesel nhién li¢u va
khong khi khong ddong nhat dan téi ton tai
nhitng ving hon hop “giau” va “nghéo”, nhitng
vung c6 nhi¢t do chdy cao va vung cé nhiét
d6 chay thap hodc khong chay. Nhimg yéu to
nay dan téi phat thdi NOx va soot trong dong
co diesel cao hon so voi dong co xang thong
thuong. Dé giai quyét cac van dé nay, nghién
ctru dong co véi co ché chay nhiét do thap LTC
(Low Temperature Combustion), trong d6 dong
co chay do nén két hop hoa tron trude PCCI
dugc quan tam.

DPong co HCCI, qua trinh bat dau chay
va ty danh lira duoc kiém soat thong qua nhiét
do nap, ty 1¢ khong khi-nhién li¢u va ty I¢ luan
hoi khi thai. Hon nita, nhién li¢u-khong khi
duoc pha loang, sau do la qué trinh gia nhiét
do nén dan dén qua trinh dbt chay tuc thoi tai
nhiéu vi tri trong xylanh khi nhiét d6 ¢ cudi
hanh trinh nén dat dén nhiét do tu bdc chay.
Ché d6 dot chay nay dan dén nhiét do dot chay
thap hon va do d6 luong khi thai NOx va bo
hong thap trong khi hiéu suit nhiét cao hon [1].
Tuy nhién, nhugc diém chinh la kiém soat qua
trinh chay rat kho khan khi thyc hién & ché do
tai cao [2].

Puoc phat trién tur dong co HCCI, dong
co nén chdy hoa tron trude PCCI c6 kha nang
diéu khién qua trinh chay hiéu qua hon [3]. Vi
dong co HCCI hdn hop chay hoan toan dong
nhit, dong co PCCI 1a sy két hop cua dong co
HCCI va dong co diesel truyén thong, véi thoi
diém phun nhién liéu diesel dugc didu khién
phun sém két hop v6i ludn hdi khi thai EGR
dé hon hop chay dong nhét con goi 1a chay hoa
tron truée mot phan PCCI [4]. Mic du phat thai
NOx va PM ¢6 cao hon dong co HCCI nhung
van thap hon dong co diesel truyén thong. Mot

s6 nghién ctru vé dong co PCCI dé danh gia
anh hudng cua mot loat cac nhan t& nhu: ap
suét phun, thoi diém phun, lugng phun, goc
phun va ty 1& hdn hop nhién liéu nhim kiém
soat qua trinh chay va m¢ rong vung lam viéc
cua dong co [5].

Bai bao nhdm muc dich phan tich anh
huong thoi diém phun téi viée thiét 1ap co ché
chay PCCI trén dong co diesel truyén thong.
Két qua cua bai bao co thé du bao thoi diém
phun thich hgp cho dinh huéng quy hoach thuc
nghiém dé thiét 1ap co ché chay PCCI.

2. QUY TRINH THI NGHIEM
2.1. Thiét bj va ddi twong thir nghiém

Hinh 2.1 thé hién so do bang thtr cho
dong co nghién ctru véi cac thiét bi thir nghiém
nhu phanh dién AC, h¢ théng phan tich khi xa,
hé thong cung cap nhién lidu, hé thong didu
khién dong co va mot sb thiét bi do luong.

bong co tho nghiém la dong co
Changchai 192FA c¢6 mot xylanh bon ky duogc
trang bi hé thong nhién li¢u Common-Rail.

Hinh 2.1. So do bang thir
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Qua trinh phun nhién li¢u duoc diéu
khién qua phan mém INCA. Phan mém niy c6
thé thay d6i dugc cac théng sd cuia voi phun
nhu: thoi diém phun, khoang thoi gian phun va
ap suat phun. Nhién liéu thtr nghiém 13 diesel,
tinh chat vat 1y va héa hoc cua nhién liéu thir
nghiém theo TCVN 5689:2023.

Bdng 2.1. Théng s6 ky thudt dong co thir nghiém

) DPong co
Thong so ky thuat Changchai
192FA

Puong kinh xylanh D, [mm] 92
Hanbh trinh S, [mm] 76

Thé tich cong tac V,, [cm’] 504
Ty sd nén & 19

Cong suat dinh muc, [kW] 8.2

Téc d dinh murc, [vong/phiit] 3600

2.2. Phuong phap thuc nghi¢ém

Phuong phap thir nghiém duoc st dung
& day 1a phuong phap thir nghiém ddi ching
giita hai phuong phap to chirc qua trinh chay
cho dong co diesel truyén théng va dong co
diesel chay kiéu hdn hop hoa tron trude mot
phan PCCIL.

Cac budc tién hanh thtr nghiém duoc
thuc hién nhu sau:

Bude 1: Bong co van hanh ¢ tde do
1400 (vg/ph) dén 2000 (vg/ph) véi khoang chia
400 (vg/ph); Giit nguyén ap suat phun 1a 450
(bar) va lugng nhién liéu cung cdp cho chu
trinh twong tmg vdi 30% tai.

Budce 2: Tai muec tai trong trén, ta thay
do1 goc phun som tir 35° dén 70° gbe quay truc
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khuyu trudc diém chét trén; Tién hanh do ap
suat qua trinh chady va céac thong so phat thai
cua dong co.

2.3. Co s& Iy thuyét tinh toan toc do téa nhiét

Pé tinh toan toc d6 toéa nhiét hay quy
luat chay ctia nhién li€u tai cac thoi diém trong
chu trinh cong tac cua dong co dya trén phan
tich do thi 4p suit p = f(o) mot cach don gian
nhung van dam bao do chinh xéac can thiét khi
dua trén mo hinh nhiét dong mdt vung. Trong
mo hinh nay, nhi¢t do trong xylanh dugc coi 1a
nhu nhau tai moi diém. Viét phuong trinh nhiét
dong thir nhat cho moi chat trong xylanh, ta co:

dQ =dU + pdV +dQ, +3 h.dm_ (2-1)

Trong do:

- dQ: Nhiét lugng do nhién li¢u chay
sinh ra;

- dU: Bién thién noi nang do nhiét do
khi thay doi;

- pdV: Cong 1am dich chuyén piston;

- dQ_: Nhiét lugng truyén cho xylanh;

- h, va dm, 1a entanpi h' va khoi luong
cua khi vao hodc ra khoi cac khe k& dm , gitra
piston — xylanh.

Ta co:
dU =d(mu)=m.du +u.dm =me dT —udm ,(2-2)

> h.dm, =h'dm,

1 (2-3)
d0, =Ah(T-T ydt=—Ah(T-T )da
g

Trong do:

- h: H¢ s6 truyén nhiét tr khi thé co
nhiét do T ra thanh bué)ng chay c6 nhigtdo T ,
dién tich truyén nhiét tirc thoi A;

- ®: Van téc g6c truc khuyu, rad/s.
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Str dung phuong trinh trang thai khi ly
tuong pV =mRT, vi phan hai vé va thé mdT vao
phuong trinh (2-3) 16 thé vao phuong trinh (3-
1), chi y tinh chét nhiét dong cua khi 1y tuéng:

C
=

Trong do:

3 3\2 3
C =1403.06-360.72 & +182.24 & 710.72(&)
v T T T -I6]

C,=R-C

v P
Ta co:

%=ﬁpdd—z/+ﬁV%+(W—u e, T)dmy, + Ah(T=T,) (2-4)

Nhu vay, khi do dugc duong cong ap
suat theo goc quay truc khuyu, ta co thé tinh
toan duoc toc do téa nhiét cua nhién lidu hoic
lugng nhiét tdéa ra cta nhién li¢u chay trong
xylanh & cac thoi diém hoic cac vi tri goc quay
truc khuyu.

bdi véi dong co diesel, ta goi Q = Q -
Q,, 1a nhiét cua nhién li€u chay toa ra sau khi do
trir di phan nhiét truyén cho thanh budng chay.
Bo6 qua anh huong cua khe ké gitra piston-
xylanh (tirc 12 khong ké dén hién twong nén
khi va thoat khi ra khéi cac khe k&) va bé qua
enthanpi cua nhién li¢u phun vao (tic la Y hm.
= h.m, = 0; h, m_Ia enthanpi va khéi luong
nhién liéu phun vao). Phuong trinh (2-4) duoc
viét thanh:

do, y dV+ 1

p Vd—p (2-5)
dt y-1 dt y-1 dt

Ta bién ddi (2-5) theo gdc quay truc
khuyu:

40, 0y Vo 1 ,dp do
a6 dr  r—17a6 ar -1 a6 dr
49, v v 1 ,dp
40 y-1Ta0" -1 ae

Theo cong thirc trén thi ta nhan thay
rang: xuat hién bién thién thé tich xylanh theo
gbc quay truc khuyu. Vi vay, ta phai xac dinh

gia tri V. hu sau:
deo

D?

V@)=V +
@)=V, 2

S(0) (2-6)

Trong do:

-V Thé tich budng chay cua dong co
(m’);

- D: Buong kinh xylanh (m);

- S(0): Gia tri chuyén vi ciia pit tong,
tinh tir thoi diém pit tong & vi tri diém chét trén
(m).

Gia tri chuyén vi ciia pit tong tinh tir
diém chét trén duoc xac dinh theo quy luat

dong hoc ctia co cau khuyu truc - thanh truyén
theo cong thuec [6]:

S(6) = R[(1-cos6) + %(1 —J1-27sin® 0)](2-7)

Trong do:
- R: Ban kinh quay cua truc khuyu (m).

-A=—: Ty sb két cau, 1a ty sb giira

ban kinh quay R cua tryc khuyu va chiéu dai
thanh truyén L.

S A A et
Do R = 5 , trong do S 1a hanh trinh cua

pit tong, nén sau khi thay phuong trinh (2-7)
vao phuong trinh (2.2), ta c6:
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V@)=V + 7[4DZ %[(1 —cosd) +%(l —1-A%sin’0)](2-8)

Hay:

V)=V, +%[(l—cos0)+%(l—\/l—lz sin’ 0)] (2-9)

Trong d6, V, 1a thé tich cong téc cua
xylanh (m?).

bao ham phuong trinh (2-9) theo goc
quay ¢ cua truc khuyu, ta c6 biéu thirc vi phan
biéu dién toc d6 bién thién cia thé tich xylanh
dong co theo goc quay ¢ cua truc khuyu.

av v,

- :%[sin6’+ sinf#cos#](2-10)

__ A
J1-A%sin* @
3. KET QUA VA THAO LUAN
3.1. Dac tinh chay

Dé thiét 1ap qué trinh chay trén dong co
diesel chay theo kiéu PCCI, tac gia di phén tich
ddc tinh toc do téa nhiét dé nhan biét co ché
chay. Néu khi thay doi thoi diém phun ma dic
tich tdc do téa nhiét xuit hién ngon lua lanh,
thi dong co dang chay theo co ché PCCI [7].
Viéc phan biét dac tinh chay cua dong co diesel
nguyén thity va dong co diesel chay theo co ché
PCCI dugc thé hién ¢ hinh 3.1.

Hinh 3.1 1a dién bién 4p suit trong
xylanh va tbc d0 toa nhiét cua dong co khi
thay ddi goc phun & 2000 vg/ph, 30% tai. Két
qua cho thay khi phun sdm 45° géc truc khuyu
trude diém chét trén, bat dau xuét hién ngon ltra
lanh.
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Ap suit trong xylanh, [bar]
]

S0 40 30 20 -10 0 100 20 30 40 s0 60
Goc quay truc khuyu, [d6]

Hinh 3.1. Dién bién dp sudt trong xylanh va toc
do toa nhiét ciua dong co khi thiet Igp PCCI so voi
dong co nguyén thuy tai 2000 vg/ph, 30% tai

Tién hanh thir nghiém tai cac goc phun
sém khac nhau khi ¢6 dinh 30% tai, toc do
2000 vong/phut va ap suat phun 450 bar. Hinh
3.2 thé hién dic tinh chay cua dong co diesel
khi thay d6i thoi diém phun sém tir 35° dén
70° goc quay truc khuyu trude diém chét trén.
Nhoém nghién ciru danh gid va phan tich thoi
diém xuat hién ngon Itra lanh trong dong co anh
huong t6i viée thiét 1ap co ché chay PCCI.

1 2
Gée quay rye kb, [49]

Hinh 3.2. Dién bién téc do téa nhiét ciia dong co
khi thay doi goc phun tai 2000 vg/ph, 30% tdi

Thoi | Thoi | Gia Gia

Goéc « X <X . .

hun diem | diem tri tri Ghi
STT I;()'m HRR | HRR | HRR | HRR chi

(dd)] max-1 | max-2 | max-1 | max-2

[do] | [49] | [J/dQ] | [J/ad]
-35 - -3 - 33.7
-40 | -10 -3 6.5 | 29.5
-45 | -13 -5 54 | 289
-50 | -15 -6 5 24.5
-14 -6 4.7 | 29.6
-60 | -16 -7 6 26.8
-65 | -16 -7 55 | 2638
=70 | -16 -6 55 | 238

[c RN NN RV R R S
1
)]
(9]
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Thoi diém chay khi chay theo co ché
PCCI ciing dién ra sém hon. Diéu nay la do
nhién liéu dugc phun sém vao dong co, so6m bi
oxy héa sdu sic va qua trinh chay nhiét do thap
lam dong co ¢o tde d6 ting ap suit tét hon dong
co nguyén ban.

Goc quay truc khiy [d6] Goc quary truc kiviry. [40]
P 0 -0 . ‘0

---- e e e BT

Hinh 3.3. Thoi diém bt dau chay khi thay doi goc
phun tai 2000 vg/ph, 30% tdi

Thoi diém bat dau chay ctia nguodn lira
lanh c6 xu hudng ting dan khi tang gdc phun
som va it thay doi khi géc phun sém 16n hon

45° goc quay truc khuyu trude diém chét trén,
trong khi d6 gia tri cuc dai cia ngudn lira lanh
lai it thay ddi (hinh 3.3). Diéu nay 1a do khi
phun sém, hdn hop hinh thanh trude dong déu
hon va phan tan dong nht trong xylanh nén qué
trinh dién ra on dinh. Tuy nhién, khi ting dan
goc phun sém thi toc do toa nhiét cua giai doan
chay chinh lai dién ra khong on dinh. Nguyén
nhan do nhién li¢u bam vao thanh véach xylanh
khi nhiét do thanh vach chua da 16n cho nén
qua trinh chay dién ra khong dong thoi.

3.2. Diac tinh phat thai

Dé danh gia dic tinh phat thai cia dong
co khi thay ddi thoi diém phun, trong bai bao
nay, ching t61i danh gid dac tinh phat thai ctua
dong co tai 2000 vg/ph, nguyén ban va PCCI,
tai 30% tai.

Bdng 3.1. Két qua do phat thai ciia dong co nguyén ban va PCCI tai 2000 (viph), 30% tdi, géc phun sém

45° goc quay truc khuyu
Diesel, ¢s =20 do PCCI, ¢s=45 dj So sanh Diesel va PCCI
HC CO | NOx | Smoke | HC CO NOx | Smoke | HC | CO | NOx | Smoke
ppm | ppm | ppm | ppm | ppm | ppm | ppm ppm K
118 0,08 | 359 29,8 120 0,18 43 0,8 1,67 | 55 -88 | -97,32
Tirkét qua phat thai ching ta co thé thdy 4. KET LUAN

rang, co ché chay PCCI véi goc phun som 45°
thi phat thai NOx va d6 khoi giam twong ing la
88% va 97,32%. Trong khi d6, HC va CO tang
55%. Piéu nay 1a do dong co chay theo kiéu
PCCI ¢6 hdn hop dong nhit hon, nhiét do chay
thip hon nén cai thién duoc phat thai NOx va
do khoi.

Bai bao da dong gop dugc cac van dé
sau day:

(1) Banh gid dugc dac tinh chay cua
dong co khi thiét 1ap co ché chay PCCL Khi
tang goc phun som thi ngon lira lanh bit dau
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xudt hién, day 1a tién dé dé thiét 1ap co ché chay
PCCI.

(2) Khi ¢b dinh tai 30%, toc d6 2000
(vong/phut) va ap suat phun 450 bar véi goc
phun sém la 45° goc quay truc khuyu trudce
diém chét trén thi dong co diesel chay theo
co ché PCCI. Dong thoi, phat thai NOx va do
khoi 1an lugt giam 88%, 97,32% so voi dong co
diesel nguyén thuy.
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Truong Pai hoc Giao thong Van tai
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TOM TAT

Sdy la qua trinh truyén nhiét - truyén chat lién hop anh hwong ciia nhiéu yéu t6 bao gom
diéu kién sdy, dic diém cdu tric ciia vt liéu va phwong phdp sdy. Dé dap g yéu cau thiét ké hé
théng sdy véi muc tiéu tiét kiém nang heong va ndng cao chat heong san pham, thi viéc xdy dung
cdc mé hinh todn hoc dé mé ta chinh xdc hién tuwong trao doi nhiét - am khi scfy la can thiét. Hién
nay, cdc mé hinh dwoc ting dung phé bién khi nghién citu vé ky thudt sdy la mé hinh thuc nghiém,
mé hinh Iy thuyét va mé hinh ban thiee nghiém. Trong bai bdo ndy, nhém tdc gid tién hanh tong hop,
phan tich va danh gid cdc mé hinh sdy. Pong thoi, mé hinh ban thiee nghiém nang lwong hoat héa
(REA) duoc tdp trung nghién curu. M6 hinh ban thuc nghiém don gian hon mé hinh Iy thuyét nhu’ng
chinh xdac hon mo hinh thuc nghiém cho phép xdc dinh cac thong so dong hoc cua qua trinh say vat
lieu duoc nhanh chong. Mo hinh nang lwong hoat hoa REA dwoc ung dung da dang cho cac logi
vt liéu sdy dang hat, dung dich huyén phu va IO’p mong. Nho kha nang du dodn tot, mé hinh bdn
thu’c nghiém REA c6 thé dwoc sir dung dé bzeu dién twong tac nhiét am gitta san pham va téc nhan
sdy trong tinh todn thiét ké cdc hé thong sdy.

T khéa: M6 hinh sdy; Mé hinh thiee nghiém; M6 hinh 1y thuyét; Mé hinh ban thiee nghiém;
Mo hinh nang lwong hoat hoa REA.

ABSTRACT

Drying is a combined heat and mass transfer process influenced by multiple factors, including
drying conditions, the mechanical and physical properties of materials, and the drying method. To
meet the requirements of the drying process - such as determining kinetic parameters, ensuring the
quality of dried products, and optimizing the process for energy savings - it is necessary to establish
mathematical models that accurately describe heat and moisture transfer phenomena. Recently,
three drying models are widely used: empirical models, theoretical models, and semi-empirical
models. At the same time, the semi-empirical model, the Reaction Engineering Approach (REA)
modes is focused on for research. The semi-empirical model is simpler than the theoretical model
but more accurate than the experimental model, allowing for the rapid determination of the kinetic
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parameters of the material drying process. The REA models were implemented in various particle/
droplet/thin-layer of materials. Due to their good predictive capabilities, the semi-empirical model
REA can be used to represent the heat and mass transfer interaction between the product and the
drying agent in the design calculations of drying systems.

Keywords: Drying model; Empirical model; Theoretical model; Semi-empirical model;

Reaction Energy Activation (REA).

1. GIOI THIEU

K¥ thuat sdy 1a qua trinh xir Iy nhiét am
phtc tap duoc tmg dung vao nhiéu nganh linh
vuc khoa hoc k¥ thuat khac nhau nhu hoéa hoc,
dugc pham, san xuit gidy, khai khoang, nong
nghi¢p. Trong ndng nghiép, dac biét la bao
quan nong san sau thu hoach thi cong nghé say
dong vai trd quan trong boi qua trinh sdy loai
boé 4m nén e ché su phat trién cta vi sinh vat
trong vat li€u, tir do kéo dai tudi tho san phém,
duy tri chat luong, giam chi phi déong goi va
van chuyén. Bé danh gia dugc chat luong cia
vat liéu cudi qua trinh sdy thong qua cic chi
tiéu chinh nhu: hoat do nudc, su bién déi mau
sdc, ddc tinh bu nudce, thanh phﬁn dinh dudng
va vi ciu tric, du doan mo hinh thiét ké may
sdy, dua ra quy trinh van hanh t6i uu dé tiét
kiém ndng lugng thi xac dinh chinh x4c céac
thong s6 dong hoc qua trinh siy 13 can thiét [1].
Tuy nhién, siy 12 qua trinh truyén nhiét - truyén
chat lién hop chiu anh hudng cua nhiéu yéu to:
nhiét do, dd Am va tdc do gi6 cua tac nhan séy;
hinh dang, dac tinh va c4u truc cua vat liéu; cac
co ché vat Iy ctia qué trinh truyén dan nhu dan
nhiét, d6i luu, khuéch tan, hién twong mao din
va chuyén pha 1én xac dinh phan b nhiét - 4m
ctia vat liéu gip nhiéu thach thuce [2], [3]. Boi
vay, dé hudng t6i bai toan nang cao chét lugng
san pham va t6i wu hoa vé ning luong st dung
thi can xdy dung, phat trién va mo phong cac
md hinh todn qua trinh siy.

Cac mo hinh toan ra doi vao dau the ky
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20, theo thoi gian da duoc phat trién, img dung
vao thiét ké va xay dung cac hé théng sdy mdi,
t6i wu hoa quy trinh sdy cling nhu mé ta toan
bd qua trinh, bao gdm truyén nhiét va truyén
chat ¢ cip d6 vi mo va vi mo. Ba mé hinh toan
dugc sir dung phd bién mé ta qua trinh sdy vat
liéu bao g6m mo hinh thyc nghi¢ém, mo6 hinh
thuyét va ban thuc nghiém [1], [4]. M6 hinh
thuc nghiém duogc xdy dung dua vao phuong
phap hoi quy thuc nghiém nén khong can thiét
1ap hé phuong trinh vi phan [3]. Pic diém cua
md hinh 1a don gian, dé str dung nhung cac hién
tuong vat Iy miéu ta qué trinh bi bo qua hoic dé
cap han ché, do d6 céac tham s6 ctia md hinh 1a
10 rac, khong c6 tinh quy luat va thay doi theo
diéu kién siy [3], [5]. Trong khi d6, mé hinh
1y thuyét duoc xay dung trén co so phan tich,
danh gia tong hop cac co ché vat 1y vé truyén
nhiét, truyén am, khuéch tan, mao dan va diéu
kién sdy tic dong l1én vat lidu [2], [3]. Céc
thong sd dong hoc qua trinh c6 duge nho thiét
1ap hé phuong trinh vi phan riéng phan va giai
hé vé6i su hd tro ciia cac phuong phap s: sai
phan hiru han, phén ttr hiru han va thé tich hiru
han [4], [6]. Trong d6, cac tham s6 ciia mo hinh
dugc xéc dinh tir thye nghiém hodc moé phong
s0. Chinh vi diéu nay ma mé hinh 1y thuyét, dic
biét 1a mo6 hinh lién tuc dugc xem la mo hinh
hién dai va chinh x4c nhat khi mé ta qua trinh
sdy [4], [6]. Tuy nhién, dé giai bai toan theo mé
hinh 1y thuyét thi can phan tich chat ché cac
hién tuong vat 1y dé thiét 1ap phuong trinh can
bang vat chat va can bang ning luong, cung
cép déy du cac diéu kién don tri, am hiéu vé
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phuong phap s6 va st dung thanh tao cong cu
mo phong.

Pon gian hon mo hinh 1y thuyét nhung
chinh xac hon mo6 hinh thuc nghiém, dé chinh
la m6 hinh ban thuc nghi¢ém[6], [7]. M{t trong
nhiing mo6 hinh ban thuc nghiém hiru ich hi¢n
nay 1a m6 hinh nang lugng hoat hoa (Reaction
Engineering Approach - REA) [8], [9]. DBay
duoc coi 1a mé hinh khong chiéu, phan bd nhiét
do va do Am xem nhu déng déu trong vat li¢u
va chi thay ddi theo bién thoi gian. Do d6, hé
phuong trinh vi phan biéu dién qua trinh nhiét
- am 1a phuong trinh vi phan dao ham thuong
va c6 thé giai dugc bang ky thuat sé don gian
[2]. Uu diém ctia mo hinh ban thuc nghiém la
cac tham s6 thay doi rat it theo diéu kién sy
[2], [10]. M6 hinh ban thuc nghiém da dugc
nhiéu nha nghién ctru sir dung dé mé ta qua
trinh truyén nhiét, truyén chat cua cac vat liéu
dang hat, dung dich huyén phu hay 16p mong
va da dang cac phuong phap say. Tir cic cong
trinh nghién ctru ciia X.D. Chen va cdng su [9]
, cua Kharaghani. A [10] va Le. K [6] chi ra
rang mo hinh nang lwong hoat héa c6 kha ning
ngoai suy tot nén duoc tng dung dé du doan
cac thong sd dong hoc qua trinh siy va hd tro
thiét ké may sdy.

Trong bai bao nay, nhom tac gia trinh
bay 3 mo hinh toan st dung pho bién trong
qué trinh siy bao gom thuc nghiém, ban thyc
nghiém va mo hinh 1y thuyét. Trong d6, ndi
dung chinh tap trung vao md hinh ban thuc
nghiém REA va céc ting dung md phdong qua
trinh. Pay 1a mdt trong nhiitng néi dung con
moi trong linh vuc nghién ctru cong nghé siy ¢
Viét Nam.

2. MO HiNH THU'C NGHIEM

M6 hinh thyc nghiém thiét 1ap mbi

quan hé giira d6 4m trung binh véi thoi gian sdy
dugc xdy dung va phat trién dya trén phuong
phap hoi quy [4, 6]. D6 am khong thir nguyén
MR xéc dinh thong qua cac phuong trinh thuc
nghiém phu thudc vao thoi gian séy T va duoc
tinh theo cong thuc:

X-X,
MR =—" (1)
XO _Xeq

‘ Trong fié» X, V%l Xeq lan luot 1a do qém
ban dau va do am can bang cua vat liéu (kg.am/
kg.VLK). 6 am X (kg.am/kg. VLK) duoc xac
dinh theo cong thuc: X = G/G,, v6i G, va G,
lan lugt 1a khoi lugng nude long va khoi lugng
chat ran trong san pham siy. Mot s6 mo hinh
thuc nghiém dugc trinh bay trong bang 1.

Bang 1. Mot $6 mé hinh thuc nghiém hoan toan

STT | Téenméohinh | Mohinh | .2
liéu
M6 hinh .
1 Newton MR =exp(—k*) [1]
2 Mo hinh Page | MR =exp(—kz") | [5]
M6 hinh
3 Henderson - MR =aexp(-kz) | [11]
Pabis
M6 hinh o
4 Henderson - MR_ZXSX(;(_% =]
Pabis cai tién
Mo hinh
MR = -k
> Logarithmic aexpCkorel [12]
Mo hinh
=aln b[In ?
6 Thompmos |~ (MR)+H{n(MR)F|  [13]
Mo hinh
MR = a—bexp(kyr"
! Weibull abewter | [14]
2 Mo‘ hl?h Silva MR —explear—t47) | [14]
va cong su
M6 hinh Kr
\ _ 1
9 AghPashlo va | MR=exp(— Kzz') [3]
cong su
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Céc phuong trinh hdi quy nay c6 thé
duoc phan thanh hai nhém. Nhom dau tién 1a
cac m6 hinh thyc nghiém tya ly thuyét duoc
phat trién dya trén 101 giai xap xi ciia mo hinh
khuéch tan Fick va su twong dong giira bai toan
khuéch tan 4m va bai toan dan nhiét [3], [5].
Cac md hinh ban 1y thuyét nhu Lewis, Page
va Modified Page dugc phat trién tir 11 giai
Newton ctia bai toan dan nhiét diéu kién bién
loai 3. Cac mo6 hinh: m6 hinh ham mi va dang
don gian hoa cua nd, mo6 hinh ham mii 2 thanh
phan va dang sira d6i, mé hinh ham mii 3 thanh
phan va dang don gian hoa déu duoc phat trién
tir viéc xap xi 10 giai dinh luat Fick. Mot s6 mo
hinh nhu mo6 hinh Silva, cua Aghbashlo va mo6
hinh Weibull dugc xay dung dua trén hinh dang
turong dong gitta d0 thi toan hoc va sy bién ddi
thue nghiém ctia do 4m khong thir nguyén MR.
Mtrc d6 phuc tap cuia cdic mo hinh phu thude
s6 lwong hang s6 nhung viéc lwa chon mé hinh
mé ta qua trinh sdy thuong dua theo dit lidu
thong ké dé danh gia sai s6 ciing nhu tinh don
gian cia mo hinh dé ap dung trong thuc té. Tuy
nhién, cac két qua nghién ciru da chi ra rang
céc tham s6 niy c6 kha ning bién doi manh
va khong c6 quy luat khi diéu kién sdy thay
d6i. Do d6, kha niang ing dung mo hinh thyc
nghiém dé du doan qua trinh siy trong mot dai
rong diéu kién van hanh cua thiét bi séy rat han
ché va thiéu d6 chinh xac.

3. MO HINH LY THUYET

Khac vé1i mo hinh thyc nghiém, mo
hinh 1y thuyét duoc xdy dung va phat trién dua
vao dinh luat bao toan vat chat va nang luong.
Hé phuong trinh vi phan dao ham riéng thiét
lap mbi quan hé cua phan bd nhiét do, d6 4m
voi1 khong gian va thoi gian. Béi vay, mo hinh
ly thuyét dugc coi 1a mo hinh c6 10i giai chinh
x4c nhat mo ta hién tuong truyén nhiét - truyén
chat trong qué trinh sdy [4], [6]. Tty vao mirc
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d6 phan tich cac anh huong cia cac co ché vat
1y van chuyén nhiét va chit trong long vat liéu
va tir bé mat vat liéu vao moi truong cling nhu
phuong phap mo hinh héa mo6 phong qua trinh
ma do phurc tap va tinh chinh xac ctia hé phuong
trinh vi phan dao ham riéng la khac nhau. Céc
qua trinh sdy thuong dugc mé hinh héa bang
md hinh khuéch tan vé6i gia thiét dong luc cia
qua trinh dich chuyén 4m 1a gradient ctia d6 4m
[2], [3]. Phuong trinh khuéch tan dugc xem la
mo hinh 1y thuyét dau tién dugc hai nha khoa
hoc Lewis va Sherwood xay dung va phat trién
vao dau thé ky XX duya trén dinh luat Fourier vé
dan nhiét va dinh luat Fick IT vé khuéch tan am.
Dic diém cua mo hinh 1a qua trinh dich chuyén
am gdm hai giai doan doc 1ap: khuéch tan am tir
trong long vat liéu ra bé mat va su bay hoi am
tlr bé mit ra moi truong. M6 hinh khuéch tan
vt liéu duoc coi gém pha ran va long va duogc
thé hién trén hinh 1.

[ Nhigt 45

Pha rin

Dong nhiét nir
mii tnrmg
vio vill

—

Am it be

it ra o
memg

= == =

o o L,

Hinh 1. M6 hinh khuéch tan

Ceaglseke va Houghen [15] d4 bd sung
va stra d6i mo hinh khuéch tan theo phuong
trinh (2):

oxX
——=ViD,VX) )

Hé s6 khuéch tan 4m hiéu dung duogc
xac dinh la ham phu thudc vao diéu kién séy va
dic tinh cta vat liéu, c6 thé 1a tuyén tinh, ham
mi, ham phan s hodc da thuc. Trong nhiéu
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thap ky qua, nhiéu nha khoa hoc nd lyc nghién
clru va cong bd phuong phap xac dinh hé sb
khuéch tan dé hoan thién mé hinh. Tuy nhién,
say la qua trinh phuc hop chiu tac dong cua
nhiéu yeu t6 nén hé sb khuech tan am hiéu dung
khong thé 12 mot tham sb gop phan anh day du
co ché dich chuyén nhiét - 4m cua qué trinh
sdy. Thém vao nita, md hinh khuéch tan khong
xem xét dén dong chay hai pha (hdn hop cia
hoi va 10ng) va su thoat am dién ra tap trung
trén bé mat vat liéu nén mo hinh kho c6 thé mo
ta chinh xac cac co ché cta qua trinh sdy. Mic
du vay, mo hinh khuéch tan van dugc st dung
rong rai boi tinh don gidn va hiru ich trong thuc
nghiém cua sé trudng hop cu thé.

Nam 1966, Luikov [16] da xay dung hé
phuong trinh vi phan mé ta mot cach kha day
du cac co ché anh huong dén qua trinh truyén
nhiét, truyén chit trong qua trinh sdy vt liéu
x6p mao dan. Trong d6, gradient nhiét do,
gradient d6 am va gradient ap suat dugc déanh
gi4 dong thoi vao qua trinh trao d6i nhiét - am.
Hé phuong trinh vi phan truyén nhiét - truyén
chat duogc viét dudi dang:

-

X , , ,

& K VX + K,V + K VP

L ér

| ér
| —=K,V'X+K Vi+K VP (3)

3T
| EP

— =K, VX +K. . V1+EK. VP
| &t
Trong do:K,, sz K., lan luot dai dién

cho hé s6 khuéch tan am, hé so dan nhiét va hé
sO tham; KJ 1a cac hé s6 anh huong chéo gilra
ham luong am, nhiét d6 va ap suat. Mo hlnh
Luikov danh gia mot cach khé toan dién vé tac
dong dong thoi cia cac co ché vat Iy 1én qua
trinh séy Tuy nhién, trén thue té dé xac dinh
duoc day du cac tham sé trong mé hinh (3) 1a
rat kho khan, dic biét 1a anh hudng cta ap suat.

Stephen Whitaker cudi nhiing nim
1970 va dau nhimg nim 1980 d3 hoan thién mo
hinh lién tuc dya trén k¥ thuét trung binh thé
tich, tao ra mot budc dot pha trong viéc nghién
cuu qua trinh truyén nhiét - truyén chét cta vat
li¢u say [17]. M6 hinh nay duoc xem la mo
hinh hién dai, phic tap va chinh x4c nhat khi
mo ta qua trinh sdy cua vét liéu xdp tinh dén
nay [3], [4]. Vat liéu sy duoc ciu tao boi 3
pha: rén, 16ng va khi (hdn hop cua khong khi
khé va hoi nuéc). Su bay hoi 4m trong vét liéu
dugc dién ra trong ca 2 pha: bay hoi ctia long
trong pha 16ng va bay hoi cua hoi trong pha
khi. D6 4m cia vat liéu sdy giam dan theo thoi
gian boi cac co ché truyén am: khuéch tan cua
khong khi, d6i luu cua khong khi, khuéch tan
ctia hoi nude, ddi luu cta hoi nude, luc mao dan;
co ché truyén nhiét gém dan nhiét, d6i luu va
khuéch tan. Phuong trinh cin bang vat chat viét
cho nuéc & ca dang long va dang hoi, viét cho
khong khi lan luot theo phuong trinh (4) va (5).

Z(pe+pe )+ V-(pn)+V (o, )=V p, DV B2
= S A

_[pa )+ pv,)-V- pD v ﬁ’:i

Phuong trinh truyén nhiét dua trén viéc
xét mot phan t6 thé tich, hiéu dong entanpi
cua long, hoi va khong khi khé di vao va di ra
khoi phan t6 cung voi dong nhiét do din nhiét
dudi tdc dung ctuia chénh 1éch nhiét d6 chinh la
nguyén nhan giy nén sy thay doi mat do nang
lugng bén trong phan td.

—[,Dé‘r TOER+PEN T PED, |+"F \pr»+[pr +pr]» |

- Vol (o) ()

V. D,V ’D_l -V hp, D,V &l -V [4,9(T)]=0
L Sl L L2 )

Mot trong nhitng kho khan gap phai khi
gidi quyét bai toan truyén nhi¢t - truyén chat
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theo Whitaker 14 can xé4c dinh cac hé s6 nhu hé
s6 khuéch tan, hé sb tham tuyét dbi va tuong dbi,
hé s6 dan nhiét. Cac hé sé nay phu thudc 16n vao
cau tric vat liéu, nhiét do, d6 am va tée do gio
clia tic nhan sdy. Thém vao d6, hé phuong trinh
vi phan két hop giira truyén nhiét va truyén chat
thuong 14 phi tuyén va dé giai dugc thuong phai
str dung phuong phap s6 phc tap.

4. MO HINH BAN THU'C NGHIEM

M6 hinh ban thyc nghi€ém - md hinh
nang luong hoat héa (REA) dugc X.D. Chen
dé xuit vao nam 1996, la mo hinh ban thuc
nghi¢m co kha nang ngoai suy va du doan cac
thong s6 dong hoc qua trinh say hiéu qua, toi
wu hoa s6 1an thi nghi¢m, dac biét 1a trong cac
diéu kién say phuc tap nhu nhiét do say cao,
toc do sdy 16n, mau qua nho hoic qué 16n [6],
[9], [18]. M6 hinh sdy ning luong hoat hoa dya
trén y tudng coi qua trinh bay hoi tir bé mat vat
liéu vao moi truong sdy 1a phan tung bay hoi
v6i nhiét an hoa hoi 1a nang lugng can thiét dé
vuot qua rao can nang luong tuong tu nhu nang
luong hoat hoa trong phan tng hoéa hoc [2].

Mo hinh REA 1a mé hinh khéng chiéu
¢6 Bi < 0,1 véi vat liéu tng dung chu yéu &
dang hat, 16p mong va dung dich huyén phu,
vat liéu sdy c6 thé 1a thuc pham hodc phi thuc
pham. Phan b nhiét do va do 4m cua vat liéu
sdy duogc coi 1a dong déu trong sudt qua trinh
sdy [2], [7]. Mat d6 hoi trén bé mat vat licu
12 ham cua do 4m trung binh va dugc thé hién
theo phuong trinh:

dX  JBF

PR

= Pus) (7)

Trong d6: B (m/s) 1a hé s trao doi chat
ctia bé mat vat liu VO’l tac nhan say, p, va p,
(kg/m®) 1an luot 1a d6 4m tuyét ddi cua khong
khi (hay khdi luong riéng cua hoi nudc) tai bé
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mat cua vat liu va cua khong kh1 F (mz) la
dién tich bé mit trao d6i nhiét am cua mau.
Phuong trinh can bang ning luong viét cho qué
trlnh sdy dua trén nguyén ly: tong dong nhiét
cap (Q,,,) cho vt li¢u dudi dang trao d6i nhiét
d6i lu’u s¢ lam tdng nhiét d¢ cua vat (Q, ) va
bay hoi 4m ra kh01 bé mit (Q - Qua tr1nh trao
d6i nhiét cia mau dugc thé hién trén hinh 2.

Q..=aF(t, -1 ¢

Quer = (Gye,, + 0,0,

Hinh 2. Dong nang luwong ra, vao vdt trong qua
trinh say

Phuong trinh biéu dién phan bb nhiét
do cua vat liéu theo thoi gian:
dX
ﬁ ~ aF(tf —t)+er E
dr G.C,, +GXC,

(8)

Trong do: C, L va C, lan luot 1a nhiét
dung riéng cua chat kho va long (J/kg. K) a(W/
m2K) 13 hé s6 trao nhiét d6i luu ctia bé mat vat
li¢u v6i khong kh1 t. (°C) la nhi€t do cua dong
khi; r (J/kg) nhiét an hoa hoi cia nude. Bé giai
quyét duoc phuong trinh (7) va (8) thi toc do
bay hoi trén bé mait vat liéu (p, ) la dai lugng
can xac dinh va dong vai tro quyét dinh.

Trong d6, téc do bay hoi am duoc xac
dinh qua nang luong hoat hoa AE . Do am
tuong d6i ctiia khong khi tai bé mat Vat ligu @
duoc xac dinh:

AN
o= 2z Prora® )

AE_ (J/kg) 1a nang lugng hoat hoa dai &
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dién cho tr¢ khang cia qua trinh bay hoi; R (J/
kg.K) 13 hing sé pho bién cua chit khi; T (K)
la nhi¢t d¢ cua khong khi; p_ (t) 1a d chira hoi
béo hoa tai nhiét d6 bé mat Vat t dugc xac dinh
theo biéu thirc thuc nghiém [18]:

=8,342x107 -4,8613x107t +2,6575x107°t
vxat X X X (10)

-1,4807x107t +4,844x107t"

Thay phuong trinh (7) vao (9), nang
luong hoat hoa AE  dugc xac dinh:

pv’fj:l (11)

Theo Chen [7], nang luong hoat hoa
dugc dua vé dang khong thtr nguyén va biéu
dién theo ham thuc nghiém cua do am:

1 ( m, dX
pv,sat(t) ﬂAd

AE = —RTln{

AEV
AE

v,eq

=f(x-x,) (12)

Ning luong hoat hoa can bang duogc

xac dinh:
)

v,eq
v,sat \" f

AE =—-RT ' ln(

Theo do, khi xac dinh dugc nang lugng
hoat hoa, phuong trinh vi phan xéac dinh téc do
bay hoi am cua vat liéu duoc biéu dién nhu sau:

dx F AE,
= —%{exp( =7 jpv =P, fj|(14)

Uu diém ctia mo hinh niang luong hoat
hoéa 14 tir toc do bay hoi am cta vat lidu c6 duoc
tur dir 1iéu thyc nghiém ta cé thé x4c dinh duoc
ham truyén theo cong thirc (12). Tir mot ham
truyén cho phép ta img dung trong mot dai rong
diéu kién sdy khac nhau, dic biét 1a trong cac

diéu kién siy phuc tap nhu nhiét do va tc do
sdy cao, mau qua nho hodc qua 16n. M6 hinh
ning lugng hoat hoa tir khi dwgc X.D. Chen dé
xuat tir nam 1996 dén nay da duoc Gmg dung va
phat trién da dang cho nhiéu vt liéu va phuong
phap siy khac nhau, bao gdm cac vat liéu thuc
pham: kiwi [19], nudc trai nhau [20], sita [7],
khoai tay - dau xanh - vé chanh [21] hay 1a vat
lidu phi thuc pham: bun [9], cao lanh [22] va
cac san pham gd dang 16p mong [23]. Ngoai
ra, m6 hinh REA con dugc dung hi€u qua cho
nhiéu phuong phap say khac nhau nhu sdy d6i
lwu ¢6 hd tro vi song [24], sdy két hop vi song
- siéu 4m - hong ngoai [21], siy gian doan [22]
va siy bang hoi qua nhiét [23]. Trong diéu kién
thuc nghiém duoc chuin hoa, mé hinh REA
cho phép str dung mdt bo s6 liéu chuén dé tir do
ngoai suy xac dinh céc thong sé dong hoc qua
trinh sy voi cac truong hop khac nhau vé nhiét
do say [6], [7], [10], [24], toc d6 gid [21], kich
thude va thanh phan ciu trac vat liéu siy [20],
cuong do siéu 4m [21], cong sut phat vi song
[24]. Tir d6 cho thay mé hinh ning luong hoat
hoa REA khong qué phtrc tap, linh hoat va tdi
uu hoa s 1an thi nghiém, tiét kiém thoi gian va
chi phi van hanh may séy.

Bén canh d6, mé hinh REA duoc coi
1a mé hinh giam cip dugc tng dung trong cac
moé hinh thiét bi sdy [25]. Nhu ta da biét, cac
thi nghiém x4c dinh thuc hién trong phong thi
nghiém thuong dugc xac dinh véi mot hay mot
vai mau vat liéu sdy trong diéu kién nhiét do va
d6 am khong khi dong nhat. Tuy nhién, trong
cac thiét bi say thuc té, khi sdy dong thoi hang
chuc dén hang triéu mau vat lidu say dong thoi,
su thay d6i vé nhiét do va do 4m ctia khong khi
trong khong gian thiét bi dan dén sy khac nhau
vé tc d6 sdy & cac vi tri. Bén canh do, viéc
giai dong thoi hé phuong trinh vi phan dao ham
riéng ctia mo hinh 1y thuyét cho hang nghin
mau vat liéu séy la khong thé. Do d6, mé hinh
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giam cép nhu REA dugc sir dung dé mo ta su
tuong tac nhiét am gitra vat li¢u va moi truong
cling nhu x4c dinh bién thién nhiét do, do 4m
cua vat li¢u theo thoi gian.

08 2ol s 7

s O OQO"-

© o0 &0

© 0% o

o ©ie!%¢

o GG'&-Q_D akF|r, ab'
00" O OH._

o o Qg ... Jic nhin sy

e ® 0 %9

Tttt

Tac nhan siy

Hinh 3. M6 hinh thiét bi sdy tang séi.

Lay vi du nhu thiét bi sdy ting s6i dugc
thé hién trong hinh 3, su thay d6i cua nhiét do
va do chira hoi ctia tic nhan sy theo chiéu cao
cta thiét bi c6 thé duoc biéu dién théng qua
phuong trinh vi phan.

Oh
G, —85‘ =—aF,(t,~t)+m,Fr (15)
Gkk % = mevE/ (16)
0z

Tbéc dd bay hoi m_ trén bé mat hat
duoc xac dinh theo phuong trinh (14) dua vao
gia tri do am, nhiét do tirc thoi cua hat va trang
thai cua khong khi 4m tai vi tri dang xét. Trén
co s& d6, qua trinh trao d6i nhiét Am trong thiét
bi séy 6 thé duoc du doan mot cach chinh xac
dé 1am co s& cho vige thiét ké va van hanh tdi
wu thiét bi [25]. Uu diém cua phuong phap
tiép can nay 1a cho thoi gian giai nhanh va co
dd chinh xac cao nho kha ndng ngoai suy cua
mo hinh ban thyc nghiém, dac biét 1a mo6 hinh
REA.
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5. KET LUAN

Tur cac két qua tim hiéu, nghién ctru va
phan tich ¢ trén, bai bao c6 nhiing két luan sau:

(1) M6 hinh thyc nghiém don gian, dé
thuc hién nhung két qua ctia mé hinh ¢ duogc
thudn tay tir hoi quy thuc nghiém, cac co ché
vat ly bi han ché trong qué trinh moé ta hién
tuong, tinh phd quat cua phuong trinh chua
cao. Vi vay, mo hinh phu hgp véi cac bai toan
du bao két thong s6 dong hoc ban dau va hd trg
thiét ké may sdy.

(2) M6 hinh 1y thuyét duge xay dung
trén co s& phan tich cac hién tugng vat 1y nén
tinh tong quat cao, tinh phurc tap 1on. Két qua
mo hinh c6 dugc la nho giai hé phuong trinh
vi phan dao ham riéng. Cé nhidu mo hinh ly
thuyét duoc dwa ra va da duoc dé cap o trén,
mdi mé hinh s& ¢6 vu va nhuoc diém riéng.
Trong do, m6 hinh Whitaker dugc xem 1a mo
hinh c6 d6 chinh xac cao va dugc danh gia la
mo hinh phirc tap nhat.

(3) M6 hinh béan thuc nghi¢m don gian
hon mé hinh Iy thuyét nhung chinh xac hon mé
hinh thyc nghiém. Trong d6, m6 hinh REA c6
¥ nghia 16n trong viéc du bio thong sé dong
hoc va phat trién mo hinh thiét bi say. Dac biét,
trong mo hinh‘REA ham truyéq AEV/AEV’%: f
(X - X chi can x4c dinh mat ]ﬁn va c()’thé su
dung ngoai suy cho mét dai diéu kién say, dac
biét hiru ich trong & cac ché do siy phuc tap.

Viéc phan loai cac mo hinh toan hoc cua
qua trinh sdy s& gitp lya chon md hinh phu hop
v6i d6i twong mod phong nhim giam do phirc
tap va thoi gian tinh toan trong khi van dam bao
kha nang du doan cua 101 giai.
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NGHIEN ClrU DAO DONG RIENG CUA KHUNG NHA THEP

STUDY OF NATURE VIBRATION OF STEEL HOUSE FRAME

TS. Nguyén Hiru T
B9 mon K¥ thuat co s¢, Khoa Khoa hoc Co ban, Hoc vién Hau can
Email: huutul 23456@gmail.com

TOM TAT

Khung la két cau chiu lire dioe sir dung phé bién trong xdy dung nhw khung nha xwéng, mdi
che san vin dong, mdi che bé boi; cdc cong trinh nay can c¢é do an toan trong qud trinh sir dung.
Trude hét, can tinh todn dé bén, o cung va do on dinh ciia két cdu khung, qua do xac dinh kich
thuée t6i han, luc t6i han ma mét két cau do cé thé chiu duoc. T uy nhién, trong thyc té doi khi xuat
hién cdc dang tdi trong cé chu ky nhw: rung déng do mdy dam, rung déng do va ddp, hodc do cdc
mdy lam viéc trong nha xwong gdy ra, trong cdc truong hop dé, néu tan sé dao déng cua tdi trong
tring véi tan sé dao déng tw do ciia khung c6 thé xdy ra hién twong cong hwéng, hién twong nay
6 tac hai rat lom dén cong trinh. Do vay, viéc tinh toan, xac dinh duwoc tan s6 dao dong, xac dinh
dang dao dong riéng ciia két cau khung sé la co sé dé tranh hién twong cong huwdng xdy ra; hodc
c6 nhitng bién phdp khdc phuc khi no xay ra. Trong nghién cieu nay, sir dung phwong phdp phan tir
hitu han dé xdc dinh tan s6 dao dong riéng, dong thoi vé ra cdc dang dao dong riéng twong iing.
Két qua tinh todn c6 thé duwoe dimg lam tham khdo va dp dung vao thiee tién.

T khéa: Khung phang; Phan tir hitu han; Tan sé dao dong riéng; Dang dao dong; Thép.
ABSTRACT

Frames are load-bearing structures commonly used in construction, such as factory frames,
stadium roofs, and swimming pool roofs. First of all, it is necessary to calculate the strength,
stiffness and stability of the frame structure, thereby determining the critical size and critical force
that a structure can be able to bear load. However, in reality, while the structure was under loading,
cyclical loads sometimes appeared such as vibration caused by compactors, vibrations caused
by impacts, or by machines working in the factory. In those cases, if the frequency of the load
coincides with the free oscillation frequency of the frame, resonance phenomenon can occur, which
can have great harm to the project. Therefore, calculating and determining the vibration frequency
and determining the specific vibration mode of the frame structure will be the basis to avoid the
resonance phenomenon occurring,; or have measures to overcome this phenomenon when it occurs.
In this study, the finite element method is used to determine the natural oscillation frequency and
draw the corresponding natural oscillation forms. Calculation results can be used as reference and
applied in practice.

Keywords: Frame, Finite element, Natural frequency, Vibration mode, Steel.
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1. PAT VAN PE

Trong qua trinh cong nghi¢p hoda, hién
dai hoa dat nudce, nhiéu khu cong nghiép di va
dang dugc xay dung. Trong d6, cdc nha may,
nha xuéng véi nhiéu kich thude, két cau khac
nhau dugc xay dung. Véi dac diém: don gian,
nhe, thoi gian xay dung ngan, dé dang thay doi,
stra chira, dong thoi than thién véi moi truong
ma van dam bao an toan; cho nén két cdu khung
thép dugc xay dung kha pho bién hién nay. Két
ciu khung thép con duogc str dung dé xay nha
trong cac cong trinh dan sinh v6i nhiéu wu diém
ndi troi so véi cac loai két ciu khac. Ngoai ra,
trong xay duyng cdc cong trinh nhu san van
dong c& nho, nha thi ddu ctia nhiéu mon thé
thao, san ciu long, da cAu, bong chuyén, cu
may, pickleball... két cdu khung thép duoc uu
tién lya chon hang dau. Pé dam bao an toan
trong st dung, két cAu dam bao du bén, di ciing
va dam bao on dinh, déng thoi can xéac dinh tan
s0, dang dao dong riéng cua chung [1].

Két cau khung kim loai thuong dugc
lam tir thép hodc thép hop kim c6 do bén cao,
day 1a nhimg vat liéu phd bién, d& mua trén thi
truong; do do thuan ti¢n trong qua trinh stra
chira, bao dudng hoic thay thé. Cac thong sd
vat liéu nhu mo dun dan hoi (E), hé s6 Poisson
(v), khéi luong riéng (p)... thuong di duoc
xac dinh [2, 3]. Khung thép thudong duoc ché
tao tur cac loai thép hinh (chit I, thép goc, thép
mang...), ché tao theo mo dun va dugc tiéu
chuin hoa, nén thong s vé mit cit ngang cia
két cau da duoc xac dinh [2, 4]. Nhiing thong sb
nay rat can thiét va 1am dau vao trong tinh toan
két cAu khung, dé xac dinh d6 bén, do climg va
d6 6n dinh ciing nhu tan sé dao dong riéng [5].

C6 nhidu phuong phiap dé tinh toan

két cau khung nhu: phuong phap giai tich [6],
phuong phap thuc nghiém, mé phong bang cac
phan mém [5], hodc sir dung phuong phap phan
tr hitu han [7-9]. Ngay nay, v6i su phat trién
cua cong nghé thong tin, cho phép ching ta
stt dung phuong phap phan tir hiru han dé tinh
toan voi thoi gian ngan, dé dang thay doi diéu
kién bién, sé lugng phan tir 16n, két cu phirc
tap, c6 thé sur dung dé mo phong két cAu co kich
thudc vi mo, hodc két cdu kich thudce c& nano
mét [7-9]... cho ra két qua tinh toan co do tin
cay cao. Chinh vi vay, trong nghién ctru nay tac
gia s dung phuong phap phan tir hiru han dé
xé4c dinh tan sb va dang dao dong riéng cia két
c4u khung.

2. PHUONG PHAP PHAN TU HUU HAN
POI VOI BAI TOAN KHUNG

2.1. X4y dung ma tran d¢ cirng ctia hé khung
phing

Dic diém chiu lyc cua khung phéng 1a
chiu kéo — nén, ddng thoi chiu ubn [11]. Truc
ctia khung 1a mot dudng gap khac, do vy hé
truc toa do gén v&i mit cit cua khung thay ddi
phu thudc vao tung doan khung (hinh 1). Do
dic diém chiu lyc cua khung, tai moi mat cit
tdn tai 3 thanh phén noi luc 1a luc doc truc, luc
cit va mo men udn; twong tng 13 3 thanh phan
bién dang: doc truc thanh (u), d6 vong (v) va
gbc xoay cua mit cat (0). Pé tinh khung bang
phuong phap phan tir hitu han, st dung phan
tir thanh hai niit, m&i nat s& co 3 thanh phan
chuyén vi dac trung cho bién dang doc truc
thanh, d6 vong va goc xoay ciia mit cat ngang,
khi d6 chuyén vi ciia mot phan tir khung hai nat
lafu} = {ul,vl,el,uz,vz,ez}T , véc to chuyén vi
nay gén vo1 h¢ truc toa do dia phuong.
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ST
Hinh 1. Két cau khung

Do khi chiu luc, cac phén cua khung
chiu kéo — nén, déng thoi chiu ubn; nén theo
nguyén ly cong tac dung, bai toan khung tuong
ung véi: bai toan kéo — nén ding tam cdng voi
bai toan udn ngang phang cia phan tir thanh hai
nat (hinh 2); ma tran d6 ctg phan tir ctia phan
tor khung s€ dugc mo rong tir ma tran do cling
phan tr dim chiu ubn, c6 xét dén anh huong
cua luc doc truc [8,10].

u ] u, ] ]
U = u + (
[ 0, : o\ )u_
\ v
¢)

a) b)
Hinh 2. M6 hinh phan tir khung 2 niit. Trong do: a)
Phan tur khung 2 nut, b) Phan tir thanh chiu kéo, c)
Phan tir dam chiu uén ngang phang [8, 10].

Ma tran dg ctiing phfin tr thanh chiu kéo
xac dinh nhu sau [8, 10]:

AE, |1 -1
(e = ;{_1 J (1)

e

Trong d6: A_ la dién tich mat cit ngang,
E, m6 dun dan hoi, 1 1a chi€u dai phan tir thanh.

Ma tran do cimg phan tir ddm chiu uén
xac dinh nhu sau [8, 10]:
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12 6/, -12 6l
_EJ|6l, 4, -6l 2I,

k = e
Lan 2|12 —6l, 12 —6l,
6/, 21, -6I, 4l

e e

2)

Vi trén mot phan tir khung ¢6 2 nat, mdi
nut ¢6 3 chuyén vi nén ma tran do cing phan tir
khung [k ], . ¢6 kich thudc 6 hang, 6 cot. Mo
rong ma tradn phﬁn tir thanh chiu kéo va phﬁn t
dam chju uén rdi cong lai, ta dugc ma tran do
g phan tir khung [8, 10]:

[(4E/1) 0 0 (-4E/L) 0 0

0 12EJ/E 6EJ/I> 0 -12EJ/I 6EJ/I
] _|0 6EJ/I> AEJ/l, O -6EJ/I>  2EJ/I, 3)
i (=4E/1) 0 0 (4E/L) 0 0

0  -12EJ/ -6EJ/I> 0 12EJ/I -6EJ/I?

10 6EJ/I} 2EJ/l, O -6EJ/I! 4EJ/I, |

Ma tran do cimg phan tir khung theo
cong thuc (3) tinh ddi voi hé truc toa do dia
phuong gan lién véi phan tir, cac phan tir tuong
ung trén hinh 1. Trong h¢ truc toa do téng thé,
bac ty do dugc tinh twong Ung véi chuyén vi
dia phuong thong qua ma tran quay [T], voi
biéu thirc tinh ma trdn quay nhu sau:

[cos® sin®@ 0 0 0 0]
—sin® cos® 0 O 0 O
7] 0 0 1 O 0 0 4@
0 0 0 cosO sin® O
0 0 0 -sin® cos6 0
| O 0 0 0 0 1]

Trong d6, 6 1a goc tao béi truc phan tir
khung véi phuong ngang (hinh 3).

&
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O C

Hinh 3. Phan tir khung trong hé toa dé tong thé
[8, 10].

Ma tran do ctmg phan tir khung trong
hé toa do tong the la:

[k ]ey =TT R, ] IT] (5)
Tur do, tinh ma trdn d§ cung téng thé

cua khung [K ];Tvx3 , 12 ma tran hop khéi clia
cac ma tran do cirng phan tu, véi N 1a tong s0
nat da chia trong hé. Str dung ma tran d¢ cliing
téng thé nay dé giai cac bai toan vé& khung bang
phuong phap phan tir hiru han.

2.2. Dao dong tu do khong can ciia khung

Hé phuong trinh phan tir hitu han cta
bai todn dong luc hoc két cau duogc thiét 1ap va
viét dudi dang ma tran nhu sau [7, 8]:

(KT {q}+[M]" {4} ={s} (6)

Trong d6: [K]™, [M]™, {q}, {f} lan
luot 1a ma tran do cung téng thé, ma tran khoi
luong tong thé, véc to chuyén vi va véc to luc
nut trong ng cua toan khung.

Vi bai toan khung, ma tran khdi luong
téng thé duoc thanh 1ap tor ma tran khdi luong
phan tir khung. Céch thiét 1ap ma tran khi
luong phén tir ctia phan tir khung trong hé toa
d6 dia phuong tuong ty nhu thiét 1ap ma tran do
cting thong qua phan tir thanh chiu kéo va dam
chiu uén [7, 8].

(140 0 0 70 0 O
0 156 221, 0 54 -13],

[m*]:pAze 0 221, 4> 0 131, -3I, o
42070 0 0 140 0 O
0 54 13, 0 156 -22/,

0 -13, -31, 0 -221, 4I} |

Trong do: p la khéi lugng riéng, A: dién
tich mat cat ngang ctia khung, 1, 1a d6 dai phan
tu.

Tuong tu, dbi voi ma tran do cung, tu
ma tran khéi luong phan tir & toa d6 dia phuong,
tinh ma tran dg cung phén tir trén hé truc toa do
tong thé théng qua ma tran quay [T], nhu sau:

[ )y =17 [ ], 1] ®)

Néu vé phai {f} = {0}, phuong trinh (6)
duoc goi la phuong trinh dao dong riéng khong
can cua hé dong luc [7, 8], nghi€ém cta phuong
trinh (8) c6 dang sau:

tay={gjsin(or) ©

Trong do: {67 } la véc to bién do dao
dong tai cac nut tuong ung.

Tinh dao ham (9) rdi thay vao (6), ta duoc:

(K7™ -’ [M]" )@} ={0}  (10)

Do diéu kién ton tai nghiém khong tim
thuong nén:

K] —?[M]" ={0} (11)

Néu dit A = w?, phuong trinh (11) ¢6
dang:

(KT —a[mM]" ={0} (12)
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Nghiém cua phuong trinh (12) chinh la
bai todn tim tri riéng A; tan so6 goc dao dong

s& duoc tinh 1a: @ =+ (rad/s) 1a tan sb dao
dong riéng cua hé. Tuong g voi tri riéng A la
nhiing véc to riéng, cling chinh la bién d¢ dao
dong 16n nhat tai cac nat; khung & nhing vi tri
tuong ung la cac dang dao dong riéng (mode).
Sau déy 1a két qua tinh tan s0 dao dong, dang
dao dong riéng cua mot s6 két cau khung.

3. KET QUA TiNH
3.1. Dao dong riéng ciia khung két cau I’

Thong sb bai todn: A= 10x10 (mm); p =
1000 kg/m?, E = 100 GPa [7], s6 phan t khung
N = 40. Két qua xé4c dinh tan s6 dao dong tu do
thé hién trén bang 1, dang dao dong riéng trén
hinh 4.

Bdng 1. Két qua tan s6 dao déng ciia khung I

Ngam mot dau, | oo aay
N Ngam mét dau, © (rad/s) mot dau lién két & ’
Tan so thir o (rad/s)
tua, o (rad/s)
Kétquatinh | Kétqua[7] | Saisbso véi[7] Két qua tinh Két qua tinh
1 34,41 34 1,2% 71,55 460,3
2 93,49 92 1,6 % 451,89 667,79
3 460,33 455 2,3% 652,5 1491,37
/G?.;_—;:.:-:—-’-f“&'\ [€) — A o >
‘ J: (4]/ } (1) ’.__r -)_ —g N / o 7 ’_“ - ":;_._1____‘ e 7
AL oy =10 mm /1 @ \(:’] @
I E[-P-a -' ELp \  ELp
I — (1) Trang thii diu i

._ I — (3) Dang dao ddng thir hai

i ~ (2) Dang dao déng thir nhit ‘
'l

= (4) Dang dao djng thir ba

a=10 mm
ic( a

a=10 mm

R

Hinh 4. Dang dao déng ciia khung I" véi diéu kién bién khéac nhau.

3.2. Dao djng riéng ciia m6 hinh khung nha
thép hai mai nghiéng

M6 hinh khung nha thép hai mai
nghiéng ché tao tir thép hinh c6 mit cit ngang
chtt I (hinh 5), voi th6ng s6 vat liéu nhu sau:
s6 hiéu thép I 0 chiéu rong b =400 mm; h, =
155mm, dién tich mat cit ngang A = 71,4 cm?,
mo6 men quan tinh J = 18930 cm?, khéi luong
riéng p=7857 kg/m?, md dun dan héi E=21.10¢
MPa [2] khung c6 kich thuéc: chiéu cao H = 4
m; chiéu cao phan mai h = 2,5 m, chiéu rong B
= 12 m; chia phan tir khung c6 chiéu dai bang
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nhau lal = 0,05 m, khung duoc ngam hai dau.
Két qua t1nh tan s6 va dang dao dong ciia mo
hinh nay duoc tong hop trong bang 2 va hinh 5.

Bdng 2. Két qua tinh tan sé cia khung nha thép

Khung nha thép ngam hai

Tan 56 thwr d?lu, o (rad/s)

1 91,34
2 133,13
3 310,03
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= (1) Trang thai diu

= (2) Dang dao dong thir nhit
= (3) Dang dao dfng thir hai
= (4) Dang dao dong thir ba

b)

Hinh 5. Dao déng ciia mé hinh khung nha thép hai mai nghiéng, mat cat ngang chi I:
a) M6 hinh khung;b) Dang dao dong rieng (mode).

3.3. Nhin xét két qua tinh

Véi két qua xac dinh tan s6 dao dong
ctia hai dang khung, mot sé van dé rat ra nhu
sau: tan s6 dao dong riéng cua khung I" di duoc
so sanh v&i két qua tinh toan [7] khi khung ¢
mot dau ngam; trong bang 1, sai s6 16n nhét
1a 2,3%, diéu d6 cho thiy chwong trinh tinh
toan dang tin cdy. S6 liéu trong bang 1 chi ra
rang, tan sd dao dong riéng cua khung c6 hai
dau ngam 16n nhét khi so sanh cac tan sé dao
dong riéng tuong ung. Trén hinh 4, ba dang dao
dong dau tién cua khung I' da duoc vé ra twong
g vai cac diéu kién bién. Tir d6, chiing ta xac
dinh dugc nhiing viung c6 bién d§ dao dong tu
do 16n nhat, cu thé: dbi véi truong hop khung
¢ mot dau tu do hodc mot dau la géi tua, phia
dau ty do va phia gdi twa c6 bién d6 dao dong
16n nhat; nguoc lai v6i truong hop ngam hai
dau, bién d6 dao dong 16n nhét xdy ra & phia
trong tiy thudc vao dang dao dong riéng, néu
dang dao dong c6 1 bung song thi diém giira
cua cac doan khung c6 bién dd 16n nhat, néu la
hai bung séng thi cac diém c6 bién do 16n nhat
khi cach hai dau khung mot doan 1/4 chiéu dai
doan khung.

Véi md hinh khung nha thép hai mai
nghiéng ché tao bang th{ep hinh I, géc t}léng
sO vat liéu tuwong ing, két qua tinh tan so dao
dong trén bang sé 2 cho thiy tan sé dao dong

cua khung khé 16n. Véi 3 dang dao dong riéng
dau tién vé ra trén hinh 5, du doan dugc vi tri
hodc vung s€ c6 bién do dao dong 16n nhét
khi khung dao dong. Ung véi dang dao dong
thtr nhat, diém goc cta khung c6 bién do theo
phuong ngang 16n nhét; véi dang dao dong thir
hai dinh ctia khung dao d¢ v6i bién d6 16n nhat;
trong truong hop thir 3 thi bién d¢ dao dong 16n
nhit ¢ gitra ciia phan khung mai.

4. KET LUAN

Thong qua chuong trinh tinh dao dong
khung T, két qua da xac dinh duoc tan sd dao
dong riéng khong can, dong thoi két qua so
sanh véi [7] cho thdy chuong trinh tinh c6 do
tin cdy cao. Mat khac, véi viéc thay doi diéu
kién bién khac nhau, khi khung ngam hai dau,
tan s6 dao dong riéng 1 16n nhat. Dang dao
dong da duoc vé ra twong g véi cac didu kién
bién, tir d6 cho thay su khac nhau vé bién d6 va
hinh dang ctua khung I'. Trong nghién ctru nay,
tan s6 dao dong riéng cia mo hinh khung nha
bang thép hai mai nghiéng voi mat cit ngang
chir I (sé hi¢u I,)) da duogc xac dinh, cac dang
dao dong riéng twong tng ciing dugc vé ra. Két
qua nghién ctru ¢6 thé duoc dung 1am co s
dé co thé tinh toan dao dong riéng cta nhiéu
két cau khung khac nhau dang dugc dung trong
thuc té; hodc cling c6 thé 1a s6 liéu tham khao
khi thiét ké, thi cong két cAu khung nha thép.
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Trong cac nghién curu tdi, tac gia tap trung tinh
toan dao dong riéng cho khung nha nhiéu tang
va ket cau khung khong gian. %
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DESIGN AND MANUFACTURING OF ULTRASONIC VIBRATION
AMPLITUDE MEASURING DEVICE USING DIGITAL MICROMETER

THIET KE CHE TAO THIET BI PO BIEN PO RUNG DONG SIEU AM DUNG
PANME DPIEN TU PO PO DICH CHUYEN
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'Thai Nguyen University of Technology, Thai Nguyen, Vietnam
*National Research Institute of Mechanical Engineering, Ha Noi, Vietnam
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ABSTRACT

In order to support the study and use of ultrasonic vibration in mechanical processing,
this work describes the design and manufacturing of an ultrasonic vibration amplitude measuring
equipment. A digital micrometer is utilized in this investigation, which enables precise measurement
of the vibration amplitude at an ultrasonic frequency of 20 kHz. This measuring device's basic
idea is to measure the difference in distance between the oscillating surface and the measuring
head using an oscilloscope, an electronic probe, and a digital micrometer (tolerance 0.001mm)
in order to calculate the amplitude. An ultrasonic vibration head used for electrical discharge
machining (EDM) has had its ultrasonic vibration amplitude measured by the instrument. Based
on the research findings, the instrument can measure the amplitude of ultrasonic vibrations with an
accuracy of up to 0.001 mm.

Keywords: Ultrasonic vibration amplitude;, Measuring equipment,; Digital micrometer;
The sensor detects displacement; Measure displacement; Measure amplitude.

TOM TAT

Bai bdo nay trinh bay vé nghién ciru thiét ké va ché tao mét thiét bi do bién dé rung dong
siéu dm nham phuc vu viéc nghién ciru va vmg dung rung dong siéu am trong gia cong co khi. Trong
nghién ciru ndy, mot panme sé dwoe sir dung, cho phép do chinh xdc bién dg rung dong o tan sé siéu
am 20 kHz. Y twong co ban ciia thiét bi do nay la do si khdc biét vé khodng cdch giita bé mdt dao
déng va dau do bang mdy hién song, dau do dién tir va panme s6 (dung sai 0,001mm) dé xdc dinh
bién d¢ rung dong. Dé danh gid thiét bi, mét dau rung dong siéu am sir dung cho gia cong xung dién
(EDM) dd dwoc do bién d¢ rung dong siéu dm bang thiét bi nay. Tir két qua nghién civu, thiét bi do
bién do rung dong siéu am voi do chinh xac lén dén 0,001 mm da dwoc dé xudat.

Tw khoa: Bién do rung dong siéu am; T hiét bi do; Panme sé; Po dé dich chuyén; Do bién
do.
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1. INTRODUCTION

Mechanical vibrations with frequencies
higher than the human hearing threshold, or
above 20 kHz, are referred to as ultrasonic
vibrations. As ultrasonic waves can pass
through a variety of materials, including gases,
liquids, and solids, they can produce significant
effects that are frequently employed in industry
and engineering. This unique characteristic
makes ultrasonic vibrations a valuable tool
in a variety of applications, including non-
destructive material testing, ultrasonic welding,
and mechanical processing. Piezoelectric
transducers and magnetostrictive transducers
are the two primary techniques used to produce
ultrasonic vibrations. Magnetostrictive effects
use magnetic fields to induce the expansion and
contraction of materials, producing vibrations,
whereas piezoelectric sensors use electrical
energy to create mechanical vibrations. Based
on these ideas, ultrasonic devices may produce
vibrations with tiny amplitudes but extremely
high frequencies, which aids in the completion
of tasks requiring a high degree of precision.

Mechanical processing is one of the
key areas where ultrasonic vibration is used.
Electrical discharge machining (EDM),
drilling, turning, polishing, and other processes
are all accomplished with ultrasonic machining
(USM) technology. The main benefit of this
technique is that it doesn't produce heat,
which helps protect the material from thermal
deformation.

Since ultrasonic vibrations typically
have amplitudes that are only in the nanoscale
(nm) to micrometer (Lm) range, measurement
techniques must be extremely accurate. Some
popular techniques to measure the amplitude of
ultrasonic oscillations are listed below.
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The piezoelectric sensor is one of
the primary techniques. The piezoelectric
phenomenon, which occurs when a piezoelectric
crystal is subjected to mechanical vibration,
provides the basis for this sensor's operation.
The oscillation's amplitude can be ascertained
by analyzing this electrical signal [1]. Although
this approach has the benefit of being simple to
include into the measurement system, external
variables like pressure and temperature might
have an impact on accuracy.

Furthermore, the Laser Doppler
Vibrometer (LDV) is a sophisticated technique
that measures the amplitude and velocity
of ultrasonic oscillations by utilizing the
Doppler effect of laser light. Without coming
into contact with the item, LDV can measure
vibrations at the nanoscale level with extreme
precision [2]. However, the LDV system is
somewhat expensive, and in order to attain
high efficiency, this approach needs a good
light-reflecting surface.

In [3], the disappearing Fizeau fringe
technique was used in the interferometric
measurement of vibration amplitudes. When
drilling with UV, a dial indicator with a two
micron accuracy is utilized to measure the
vibration amplitude at the tool tip [4]. The use
of this method to measure the amplitude of
ultrasonic vibration is also applied in rotary
ultrasonic machining [5] and in drilling small
and deep holes [6].

In this work, the ultrasonic vibration
amplitude of an ultrasonic vibration head used
for EDM is measured using a digital micrometer.
This gadget can measure the amplitude of
ultrasonic vibrations with an accuracy of up to
0.001 mm, according to measurement tests.

&
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2. DESIGN OF EQUIPMENT
2.1. Device description

The schematic diagram of the ultrasonic
vibration amplitude measurement device is
shown in Figure 1. The main idea is to use
an oscilloscope, an electronic probe, and a
micrometer (tolerance 0.00lmm) to measure
the distance difference between the oscillating
surface and the measuring head in order
to determine the amplitude. The ultrasonic
oscillation part (the horn) is powered by a 24V
DC source. An oscilloscope is equipped with
a probe sensor that measures the difference
in distance between the measuring head and
the oscillating surface in order to calculate
the amplitude. The oscillation amplitude is
measured by attaching a digital micrometer to
the probe. The contact between the probe and
the oscillating component surface (the horn) is
detected by the oscilloscope.

]

i

&

Figure 1. Schematic diagram of equipment
2.2. Measurement method
The following procedures are involved

in determining the ultrasonic vibration's
amplitude:

Step 1: Determine the oscillating head's (the
horn) stopping point (origin point).

The digital panme and probe must first
be fixed so that they line up with the direction
of oscillation that has to be measured. After
making sure the ultrasonic head (the horn) is
in the stopping position (the origin point), the
ultrasonic source is then switched off. Make
sure the probe meets the horn surface by
adjusting the digital panme to find the initial
contact point. The oscilloscope shows 24V
DC when in contact, indicating an electrical
connection. The oscillation's source is the
digital panme, which is now set to the 0.000
mark.

Step 2: Move the probe and digital panme from
the range of ultrasonic oscillations.

Once the origin has been established,
position the probe and digital panme
approximately 0.5 mm (500 micrometers) from
the horn surface. In order to prevent impact and
guarantee that the measurement is unaffected
by the initial location, this aids in the probe's
separation from the horn surface.

Step 3: Determine the peak-to-origin distance,
or amplitude of the ultrasonic vibration.

The horn head starts to oscillate when
you turn on the ultrasonic source. Then,
while keeping an eye on the oscilloscope's
signal, gradually bring the probe closer to the
oscillating surface. The electric pulse appears
in phase with the ultrasonic vibration pulse
when the probe makes contact with the horn
surface, verifying the contact location.

The oscillation amplitude (in pum) is
now the value shown on the digital panme. To
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find the ultrasonic frequency, simultaneously
read the oscilloscope's electric oscillation
frequency.

3. EXPERIMENTAL VERIFICATION

An ultrasonic vibration amplitude
measuring device was made based on the
design of the aforementioned measuring
equipment. The following experiment (with the
setup in Figure 1) was carried out to evaluate
this device's accuracy: An ultrasonic source
energized the oscillating head at a specific
frequency (in this example, 20 kHz) while
it was tightly fastened. To guarantee precise
measurement, the manufactured measuring
equipment was positioned with its measuring
axis parallel to the horn head's oscillation
direction (Fig. 2a).

Figure 2. Experimental setup

The amplitude of the horn head was
measured with three values of the total length
of the horn head, 113.4; 113.8, and 114.2 (mm)
using the above device and a Laser Doppler
Vibrometer (LDV) (Keyence LK-HO055).
The Keyence LK-H055 is a high-precision
laser displacement sensor, with the following
specifications: Standard measuring distance:
55 (mm); Measuring range: +10(mm);
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Wavelength of light source: 655 (nm);
Repeatability: 0.025 (mm); Sampling cycle:
55/5/10/20/50/100/200/500/1000 (ms).

It is important to remember that the
Keyence LK-HO055 is positioned so that the
laser beam is perpendicular to the oscillating
surface when measuring the oscillation
amplitude of the oscillating head (the horn)
(Fig. 2b). This ensures precise measurement of
the displacement of the surface in the oscillation
direction.

The measurement results obtained
from the two devices are used to evaluate the
accuracy of the proposed device with Keyence
LK-HO055 using the following formula:

A= 2270 10004 (1)

dp

Where A, is the discrepancy between
the two results of the two measuring devices
(%); A i and ALK are the amplitude measured
by the designed device and by Keyence LK-
HO55.

Table 1. Comparative experimental results

Horn Amplitude (pm) .
Discrepancy
length New Keyence (%)
(mm) device | LK-H055
11.9 2.0 1.75 12.5
12.3 1.2 1.15 4.17
12.7 1.5 1.60 6.25

The experimental results comparing
the new measuring device with the Keyence
LK-HO055 are shown in Table 1. In this table,
the measured values are the average of three
measurements. From the measured results, it

can be seen that the error between the measured &
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values by the new device and the Keyence
LK-HO055 ranges from 6.25 to 13.04%. This
result shows that the new device can measure
vibration amplitudes in the micrometer range
with negligible errors. This proves that this
measurement method can be applied to
ultrasonic vibration amplitude measurement.
However, it should be noted that when using
this device, the contact force and the ability to
continuously monitor the vibration may have
an impact on the micrometer because it is a
contact measurement technique.

4. CONCLUSIONS

This paper describes the design,
manufacturing, and testing of a device for
measuring ultrasonic vibration amplitude
utilizing a digital micrometer. The test results
indicate that the device accurately measures
vibrationamplitudewithinthemicrometerrange,
exhibiting minimal errors relative to the LDV,
thereby confirming the method's feasibility. This
device demonstrates effectiveness and practical
applicability, particularly in scenarios requiring
a straightforward and economical measurement
solution. The micrometer measurement method,
while advantageous for its simplicity and
low cost, has limitations related to its contact
nature, which may compromise accuracy.
Future integration of electronic sensors and
automation of the measurement process will
enhance performance.
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