‘ ~ THELE
VE CONG BO CONG TRINH KHOA HQC VA
PANG BAI BAO KHOA HQC TREN TAP CHi CO KHIi VIET NAM

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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UU - TRAO DO

NGHIEN CU’'U TUABIN THUY TRIEU DANG TRUC DOC BANG
PHUONG PHAP MO PHONG CFD

STUDY ON VERTICAL AXIS TIDAL TURBINE USING CFD SIMULATION METHOD

Pham Minh Ngoc!, Tran Dinh Du?
'Khoa May tau bién, Truong Dai hoc Hang hai Viét Nam
Poan 871, Téng cuc Chinh tri Quan doi Nhan dan Viét Nam
Email: ngocpom.mtb@yvimaru.edu.vn

TOM TAT

Trong nghién civu nay, tac gid tdp trung vao thiét ké tuabin thity triéu dang truc doc & Viét
Nam. Bing cdch sir dung phwong phap CFD, nghién ciru da thiét ké mét tuabin thiy triéu cé cong
sudt 10 kW, véi toc dé dong chay dinh mikc la 1,5 m/s. Tuabin ndy dwoc thiét ké dé phi hop véi do
sau vung nuwoc tir 20 - 30m, va co dac diém la ¢6 duong kinh 4 m. M6 phong $6 dwoc thuc hién dé
danh gid hiéu sudt va xdac dinh cdc thong sé ky thudt can thiét, bao gom téc dé quay va hé sé cong
sudt cua tuabin. Két qua cho thdy rang, véi cdc thiét Idp nhat dinh, tuabin cé thé dat hiéu sudt toi

wu véi it anh hudng dén méi truong xung quanh.
Tir khéa: Tuabin truc doc; Nang heong; Thiy triéu; CFD.
ABSTRACT

This study focuses on the design of a vertical axis tidal turbine in Vietnam. Using
Computational Fluid Dynamics (CFD), the research outlines the design of a 10 kW tidal turbine
with a rated flow velocity of 1.5 m/s. The turbine is designed to be suitable for water depths ranging
from 20 to 30 meters and has a diameter of 4 meters. Numerical simulations were conducted to
evaluate the performance and determine the necessary technical specifications, including the
rotational speed and power coefficient of the turbine. The results indicate that, with specific settings,

the turbine can achieve optimal performance with minimal environmental impact.

Keywords: Vertical-axis turbine; Energy,; Tidal; CFD.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 324+325, thang 142 nim 2025
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CUU - TRAO DOI

1. TONG QUAN

Nang lugng tai tao dang la xu hudng
toan cau nho tinh bén viing, than thién véi moi
truong va trir luong vo tan. Nhiéu loai ning
luong tai tao da dugc Gmg dung, bao gdm ning
luong mit troi, gio, thuy triéu, thiry dién va sinh
khdi. Viée ché tao tuabin thuy triéu truc doc doi
hoi quy trinh thiét ké t6i wu dé khai thac ning
luong hi¢u qua va bao vé hé sinh thai bién.

O Viét Nam, ngudn ning luong thuy
triéu hién nay van chua dugc dua vao khai thac
do thiéu cac nghién ctru va cong nghé phu hop.
Ngay nay, v6i sy phat trién cua khoa hoc may
tinh va viéc xuit hién céc cong cyu mo phong
d3 tao didu kién cho viéc giai quyét bai thiét ké
tuabin tré nén tiét kiém va hiéu qua hon [1, 2].
Trong nghién ctru nay, dua trén phuong phap
tinh toan thiét ké va thé tich hitu han, tac gia dé
xuét viéc thuc hién nghién ctru thiét ké tuabin
thuy triéu dang truc doc phu hop cho viéc tan
dung ning luong dong thuy triéu tai Viét Nam.

Trong nghién clru nay, tac gia st dung
phuong phap mé phong s6 CFD dé thiét ké,
tinh toan, danh gia hi¢u suit cua tuabin thuy
triéu dang truc doc [3, 4]. Bén canh dé, cin ctr
trén khao sat dong chay thuy triéu ¢ Viét Nam,
thiét ké tuabin c6 cong sudt 10 kW véi toc do
thity triéu dinh muc 14 khoang 1,5 m/s.

2.CO SO LY THUYET THIET KE TUABIN
THUY TRIEU DANG TRUC DQC SAVONIUS

Tuabin thuy tridu truc doc, dién hinh
1a loai Savonius, khac v6i tuabin truc ngang &
chd dong chay vudng goc véi truc quay. Tuabin
Savonius hoat dong dua trén luc can, dugc phat
minh boi Sigurd Johannes Savonius va hién
nay duoc ung dung rong rii trong ca thiét ké
tuabin gié va thay triéu. Bai bao nay tap trung

nghién cuu thiét ké tuabin thuy triéu truc doc
Savonius. Tuabin thuy triéu dang truc doc
Savonius c6 thiét ké hiéu suat thap hon so véi
cac loai tuabin khac. Tuy nhién, do c6 thiét ké
don gian va dé ché tao, vi vy loai tuabin van
dang duoc ap dung kha phd bién. Tuabin thity
triéu Savonius bao gdm cac canh ban nguyét
dugc gin vao truc chinh, dong chay thuy triéu
téi va tao ra md men xodn co hoc, tir d6 dan
dong may phat dién tao ra dién.

Cong suat tir ngudn nang luong dong
chdy thuy triéu c6 thé chuyén doi thanh dién
nang dugc tinh theo cong thirc sau:

P=%V2pAV (1)

Cong thirc tinh cong suét tir nang luong
thuy triéu chi mang tinh 1y thuyét. Trén thuc té,
hiéu sudt toi da cta tuabin thiy triéu (va tuabin
gi0) chi dat 59,3% theo gidi han Betz. Gidi han
nay, dua trén dinh luat Betz, dugc tinh toan tr
nguyén 1y bdo toan nang luong, dong luong va
khéi luong, v6i gia dinh dong chay dong déu va
s6 lwong canh tuabin vo han [6, 7].

3. THIET KE VA THIET LAP MO PHONG
CFD

3.1. Thiét ké hinh dang tuabin thiy triéu
truc doc

Pé thiét ké mot tuabin thiy tridu, ta cin
tinh toan dugc van toc va do siu cua vung nudc
khao sat dé dat tuabin bang thiét bi chuyén
dung la Acoustic Doppler Current Profiler
(ADCP). Tuy nhién, viéc khao sat va tinh toan
van téc dong nudc khong nam trong pham vi
ctia nghién ctru [8, 9]. Vi vay, dé tai 1dy mot van
tbc nudce 1y twong 1a 1,5 m/s dé tinh toan, thiét
ké ciing nhu md phong sau nay.
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Gia thiét rang khi cong suat dinh mirc
cua tuabin la 10kW, hé sO cong suat woc tinh
(€) 13 30%, hiéu suit co hoc (m) 1a 90%, mat
do nuée (p) 1a 1024 kg/m?, toc do dong nude
(V) 1a 1,5 m/s, do d6 duong kinh thiét ké tuabin
s€ 1a 4 m tinh theo phuong trinh:

8P
rated ( 2)

D= 3
nC,prV

Tuabin dugc thiét ké phu hop véi ving
nude c¢6 do sau 20 - 30m. Bang 1 tom tat cac
thong s6 thiét ké tuabin sir dung trong nghién
clru nay:

Bdng 1. Céc théng sé thiét ké tuabin

A e Ky | Gia | Pon
Thong so hié); tri vi
Cong suat dinh mirc P 8,5 | [kW]
Hé sd cong suatudctinh | C | 30 | [%]
Toc (gz }:hrl;yﬁ (;meu v 1.5 /s
Mat do nudc p 1024 | kg/m?
Puong kinh cua tuabin D 4 m
Puong kinh tru gitta d 0.4 m
S6 canh cua tuabin B 2
Pham vi toc do
thiy tri‘gldo Vo134 mis

Tuabin Savonius 1a loai tuabin thuy
triéu don gian, hoat dong dua trén luc kéo cua
nude. Cau tao gdbm hai canh hinh ban nguyét
tao m6 men quay khi nuéc chay qua. Uu diém
1a két cdu don gian, d& ché tao, chi phi thip,
hoat dong duogc & tdc do dong chay thép. Nhuoc
diém 1a hiéu suit nang luong thap va dé bi anh
huong boi dong chay manh. Tuabin Savonius
phu hop véi cac ing dung quy mo nho va vua,
didc biét ¢ ving c6 dong chay nudc khong 6n
dinh. Trong nghién ctru nay, tac gia lya chon
thiét ké canh cua tuabin dang hinh ban nguyét
nhu thé hién trong Hinh 1.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 324+325, thang 142 nim 2025
cokhivietnam.vn / tapchicokhi.com.vn

Hinh 1. So' do biéu dién cdc théng sé cia tuabin
thuy trieu Savonius

7N
£

Hinh 2. M6 hinh 3D cua tuabin 2 canh

Trudc khi tién hanh mé phong CFD cho
tuabin thuy triéu dang truc doc Savonius can
thuc hién dung mo6 hinh ba chiéu cho tuabin.
Béng cach su dung Solidworks dé thiét ké,
mo hinh hoa ba chiéu cua tuabin thuy tridu
Savonius dugc thé hién trong Hinh 2.

3.2. M6 phéng CFD
D¢ chinh x4c cua md phong CFD phu
thude vao loai ludi va sb lugng phén tor ludi.

Trong nghién clru nay, cac 16p ludi hinh lang
tru duogc tao ra xung quanh canh tuabin, va ludi

&
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hinh lang try luc gidc cho phan con lai. Hinh 3
cho thdy mé men xoén ting dan khi sb phan tir
ludi tang tir 4,5 triéu 1én 8,9 triu, sau do it thay
d6i khi tang 1én 12,3 triéu. Do d6, ludi 6,7 triéu
phz‘?m tir dwoc chon dé dam bao d6 chinh xéac va
tiét kiém tai nguyén tinh toan. Hinh 4 minh hoa
mirc 6 phan giai ludi cho mién quay va cac
16p ludi lang tru sat bé mét canh tuabin.

11000
10000
000
8000
7000
G000
5000
4000
3000
2000
o 2z 4 L 5 10 12 14
%6 phdn tr (triéu)

Momen xodn T (N.m)

Hinh 3. D6 thi nghién ciru sw hoi tu ludi

Hinh 4. D¢ phan gidi cua luwdi Hinh hoc

Hinh 5 m6 ta mién chat long duogc chia
thanh hai phan: mién bén trong (hinh try chira
canh tuabin) va mién bén ngoai (hinh hop chir
nhat bao quanh). Kich thuéc mién ngoai dugc
xac dinh dya trén duong kinh tuabin (D): chiéu
dai 15D, chiéu rong 6D, va chiéu cao 1,1D.
Thiét ké nay dam bao dong chay xung quanh
tuabin phat trién day du va khong bi anh huong
béi diéu kién bién.

Hinh 5. Kich thuéc mién khao sat

Viée xac dinh kich thudc mién tinh
toan rat quan trong trong mé phong CFD. Mién
qua nho s& cho két qua khong chinh xac, mién
qua 16n s& ton thoi gian va tai nguyén. Kich
thudc mién bén ngoai thudng dua trén kinh
nghiém, théng thudng chiéu dai gip 5-10 lan,
chiéu rong gap 2-3 lan, va chiéu cao gip 1-2
lan duong kinh tuabin. Trong truong hop nay,
mién tinh toan 15D x 6D x 1,1D du 16n dé md
phong chinh xac dong chay xung quanh tuabin
Savonius.

Tai diéu kién bién dong chay vao thiét
lap trong md phong CFD la dong chdy vao
(Velocity Inlet) véi van téc V = 1,5 m/s. Piéu
kién nay mé phong dong thity tridu chay vao
tuabin v&i van téc xac dinh. Van tde 1,5 m/s
dugc lya chon dya trén toc do dong chay thuy
tridu trung binh tai vi tri lap dat tuabin dy kién
hodc dua trén cac nghién ctu thuc nghiém
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trude d6. Hai tuong ddi xing hai bén va bién
phia dudi duogce thiét 1ap trong moé phong CFD
1a tuong khong truot (non-slip wall). Piéu kién
nay mo phong bé mit rin, noi van tdc chat long
bang khong tai bé mat tiép xuc. N6 thé hién
su ma sat gilra nudc bién va cac bé mat nay,
ngin khong cho nudc “trugt” qua. Phan bién
phia trén duoc thiét 1ap trong mé phong CFD
12 mién mé (Opening). Piéu kién nay cho phép
chat 1ong chay ty do vao hodc ra khoi mién
tinh toan tai bién nay. Bién nay s€ mo phong
bé mit nude bién, noi ap suét duoc coi 1a ap
suat khi quyén. Tai vi tri dong dau ra, diéu kién
bién duoc lua chon 1a dau ra ap suét (Pressure
Outlet).

Chét 1ong duoc st dung trong md phong
nay 1a nudc bién ¢ 25°C. M6 hinh dong rdi
duogc su dung trong nghién ctru nay 1a mo hinh
SST k-0 véi muc do nhiéu loan 1a 10%. Mo
hinh SST k-0 két hop vu diém cta hai mé hinh
k-¢ va k-m, mang lai do chinh xéc cao trong ca
ving gan thanh va ving xa thanh.

4. KET QUA VA THAO LUAN

Trong nghién ctru s€ tép trung khao sat
cac gia trj TSR trong khoang tir 0,4 dén 1. Day
1a khoang gi tri thuong dwgc xem xét ddi véi
tuabin Savonius vi né bao gdm cac ché do hoat
dong tir khoi dong dén van hanh ¢ téc 46 dong
chay trung binh.

N

Hinh 6. Do thi mo men xodn twong wng voi cac gid
tri toc do dau canh khdc nhau
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Hinh 7. Do thi hé so cong suat tai cac gia tri TSR
khac nhau

Hinh 6 thé hién dao dong cia md men
xodn theo thoi gian d6i véi cac truong hop toc
dd dau canh TSR khac nhau. Duya trén dd thi
dao dong moé men xodn theo thoi gian, c6 thé
thiy bién d6 dao dong 16n nhat & TSR = 0,4 va
giam dan khi TSR ting, cho thay sy 6n dinh
tang 1én khi téc d6 quay 16n hon. M6 men xodn
trung binh cé xu hudng tang khi TSR ting tu
0,4 dén khoang 0,8, sau do gidm nhe khi TSR =
1, do d6 gia tri TSR t6i wru trong khoang 0,6 dén
0,8. Tuy nhién, can tinh toan hé sb cong suat dé
xéac dinh chinh xac TSR tdi vu. Dao dong bat
thuong & TSR thap (0,4) cho thay sy khong on
dinh ctia dong chay, trong khi dao dong déu din
hon & TSR cao (0,6 - 1) thé hién sy 6n dinh tbt
hon.

Két qua mo phong CED cho thay hiéu
suit cla tuabin Savonius phu thuoc manh mé
vao tdc dd dau canh (TSR). Phan tich dao dong
mo men xoan theo thdi gian cho thay bién do
dao dong 16n nhat khi TSR = 0,4 va giam dan
khi TSR ting, thé hién sy 6n dinh cua tuabin
tang 1én khi toc d6 quay 16n hon. Tuy nhién,
mo men xoan trung binh lai c6 xu hudng ting
khi TSR ting tir 0,4 dén khoang 0,8, sau d6
giam nhe khi TSR = 1. Diéu nay goi y vé sy ton
tai cia mot gia tri TSR ti wu, noi ma tuabin dat
duoc hiéu suit cao nhat.
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(d) TSR = 1
Hinh 8. Phan bo truong véc-to vdn toc tai cdc gia
tri TSR khac nhau

Két qua md phong CFD cho thay hé sb
cong suat (CP) dat gi tri cuc dai khoang 0,15
tai TSR = 0,6 (Hinh 7), x4c nhéan day la gia tri
TSR t6i wu. TSR thip hon khién tuabin quay
cham, khong khai thac hét ning luong, trong
khi TSR cao hon lam tang luc can va giam
hiéu suat. TSR ti wu (0,6) khong chi cho phép
tuabin dat hiéu suét cao nhit ma con dam bao
su On dinh, giam thiéu dao dong.

Hinh 8 m6 ta sy phan bd véc-to van tde
xung quanh tuabin ¢ cac gia tri TSR khac nhau.
Tai TSR thép (0,4), dong chay nhiéu loan manh,
tao xoay 16n phia sau, gdy mat niang lugng. Khi
TSR tang (0,6 - 0,8), dong chay 6n dinh hon,
véc-to van toc di theo hinh vong cung, ving
xody nho dan, luc can giam. Tai TSR cao (1),
dong chay tron tru, it nhidu loan, nhung xuét
hién xody nho ¢ dau tuabin, c6 thé do dong
chay bi tach khoi canh do téc do quay cao.

Toém lai, hinh 8 minh hoa rd rang anh
huong cua TSR dén dong chay va hiéu suét
tuabin. TSR tbi wru (0,6 - 0,8) gitip dong chay
on dinh, giam thiéu luc can va tang hiéu suat.
Nhin chung, sy phan bd vée-to van tdc cho
thiy TSR anh huong tryc tiép dén dic tinh
dong chay xung quanh tuabin Savonius. TSR
thép tao ra nhiéu loan 1ém va luc can cao, trong
khi TSR cao c6 thé dan dén hién tuong dong
chay bi tach khoi tuabin. TSR téi uu s& tao ra
dong chay on dinh, giam thiéu luc can va tbi da
hoéa luc day 1én tuabin. Dua trén hinh anh, TSR
trong khoang 0,6 - 0,8 c6 vé 1a vung hoat dong
hiéu qua, tao ra su twong tac tot nhat gitra dong
chdy va tuabin.

5. KET LUAN
Nghién ciru da thiét ké va mo phong

thanh cong tuabin thiy triéu truc doc, cho thay
kha nang thich tng tot voi di€u kién dong chay
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& Viét Nam. Két qua mo phong CFD cho thiy
TSR = 0,6 13 gia trj toi vu, giup tuabin dat hiéu
suat cao nhat (C cuc dai) va van hanh 6n dinh,
khai thac nang luong hiéu qua véi bién do dao
dong moé men xodn nhd, tru:ong dong chay 6n
dinh, lyc can thap va luc day cao. %
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PHAN TICH KIEM BEN CANG MUI MAY BAY GROB G115A

STRENGTH ANALYSIS OF THE NOSE LANDING GEAR OF THE GROB G115A
AIRCRAFT

Lé Thi Tuyét Nhung
bai hoc Bach khoa Ha Noi

Email: nhung.lethituyet@hust.edu.vn
TOM TAT

Cang mady bay la mét bg phdn rat quan trong trén mét chiéc mady bay trong viéc cat canh, ha
canh an toan, chiu tdi trong I6n ciia cd chiée mdy bay trong cdc trieong hop tai khdc nhau. Thong
ké cho thdy 55% cac vu tai nan xay ra vao giai doan cat canh va 45% ¢ giai doan hg canh. Két cau
cang la b phdn chiu tdi trong lon nhat khi may bay o ché dé ha canh, trong do chi tiét vau noi trong
cang la bé phdan dé bi huw hai do chiu tdi I6n va tai méi. Nghién civu nay dp dung phwong phdp phdn
tich Iy thuyét dé tinh todn tdi tac dung 1én cum cang miii ciia mdy bay Grob G1154, sau d6 ding
phirong phdp mé phong phan tir hitu han dé kiém bén va phan tich tuéi tho méi ciia chi tiét.

T khéa: Cang mdy bay; Tudi tho méi; Kiém bén.
ABSTRACT

The landing gear is a crucial component of an aircraft, playing a vital role in ensuring safe
takeoffs and landings, while bearing the heavy load of the entire aircraft under various loading
conditions. Statistics show that 55% of accidents occur during takeoff and 45% during landing. The
landing gear structure endures the highest loads during landing, with the connecting lugs within
the gear being the most prone to damage due to high loads and fatigue stress. This study applies
theoretical analysis methods to calculate the loads acting on the nose gear assembly of the Grob
G 1154 aircraft, followed by finite element simulation methods to verify its strength and analyze the
fatigue life of the component.

Keywords: Axial crushing; Ductile damage,; Crash test.

1. TONG QUAN

Cang may bay 1a mot bo phan rat quan
trong trén mot chiéc may bay trong viéc cit
canh, ha canh an toan, chiu tai trong 16n cua ca
chiéc may bay trong cac trudng hop tai khac
nhau. Thong ké cho thdy 55% cic vu tai nan

xdy ra vao giai doan cit canh va 45% ¢ giai
doan ha canh (theo cac bao cao cua FAA). Vi
thé nén cac nha san xuét va cac nha nghién ciru
da tap trung nghién ctru vé bo phan nay, cu thé
hon 13 nghién ctru vé d6 bén moi ciia cang may
bay. Mohanraj va cong su di nghién ctru vé do
bén moi trén truc banh clia cang may bay sir dung
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phan mém CATIA [1]. Infante va cong su
nghién ciru vé viéc phat trién vét nit st dung
kinh hién vi va mé phong phan tir hitu han [2].
Aftab va cong sy nghién ciru (g suat tac dong,
bién dang va do bén moi cang mii cia mot
chiéc Boeing 737 sir dung phan mém mo phong
) [3]. Kumar va cong sy st dung phén mém
MSC PATRAN moé phong phan tir hiru han tim
ra g sudt va tir 6 phan tich do bén moi cua
ciu trac vau ndi cang v6i than may bay [4].
Freitas va cOng sy nghién ctru truc cang miii bi
pha hily moi trén mot chiéc may bay chd khach
thwong mai bang phuong phap nghién ciru vét
nut du’0’1 kinh hién vi va mo phong FEA trén
phan mém ABAQUS tinh todn Gng suét trén
cang mili va dua ra két luan hong hoc cua truc
no6i trén [5]. Gerhardinger va cdng su thi tap
trung nghién ctru vé d6 bén mai trén cang cla
mot chiée may bay luyén tap c& nho, st dung
ma tran Covariance, hé s6 hiéu chinh Pearson
va Spearman [6].

Trong khuon kho nghién ciru nay, viée
tinh toan do bén moi trén méay bay c& nho (2
chd ngoi) Grob G115 trén cac truong hop tai
nguy hiém nhat 1a ché do ha canh duoc tién
hanh. Pau tién, tai trong tac dung 1én cang miii
cia may bay G115 & ché d6 ha canh duoc tinh
toan 1y thuyét, sau d6 sit dung phuong phéap
Phan tir hiru han phan tich ¢mg suat trén cang
mili, tir két qua d6 tinh toan phan tich moi trén
cang dya trén ngudn co s& 1y thuyét cac nghién
ctru khoa hoc néi trén.

2.MO HINH CANG MUI MAY BAY GROB
G115A

Dé thyc hién cac mo phong, trude tién
ta can xay dung mo hinh CAD cua cang mili
Grob G115A. Tur ban vé so dd céu trac cang
mii [7, 8], m6é hinh cang duoc xay dung lai
bao gdm céac két ndi giira cac bo phan. Cac két
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cAu chinh dugc xdy dung mé hinh s& bao gdm
tang trong banh xe clia cang, truc banh xe, viu
nbi va ¢ dinh tryc (Fork), chan dé gitp két ndi
Fork va cac dc (Connector) va cudi cing 1 bon
bc M8 ¢b dinh cum céu truc voi than may bay
(Hinh 1a). Cac két ciu nay dong vai tro chinh
trong qua trinh chiu lyc tdc dung 1én cang miii,
trong d6 bd phan ngam nbi truc (Fork) dong vai
tro chinh nén s€ dugc tap trung moé phong.

@ ()
Hinh 1. a) So do cau tric cang miii, b) M6 hinh
3D don gian cua cang miii

2.1. M6 hinh héa chi tiét vau ndi va c6 dinh
truc (Fork) va vat liéu

M hinh cum bénh va vau ndi duoc xay
dung nhu hinh 1b. Banh xe dugc st dung cho
chiéc Grob G115A 1a loai banh xe san xuét boi
hang Goodyear c6 kich thude 380x150/15x6,
thong s6 chiéu rong hai bén vanh banh 1a 3.75
inch (95.25 mm). Ban kinh mat trong vanh banh
dugc tinh bang ban kinh 16p xep trir di chiéu
cao vanh cho ta két qua 3.59 inch (91.2 mm).
Véi b phan vAu két ndi truc banh (Fork), ta co
vat liéu dugc st dung 1a Hop kim Aluminum
5182 véi thong sd vt liéu 13: mo-dun dan hoi
E = 69,6 GPa, hé s6 Poisson v = 0.33, ung suét
chay déo o, = 350 MPa, mg suat bén kéo o,
=420 MPa. Céc by phan con lai dung vat liéu

thép cong nghi¢p AISI 1020 véi mo-dun dan &
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hdi E =200.1 GPa, hé s6 Poisson v = 0.25, ung
suat chay déo o, = 130 MPa, tng suat bén kéo
o, =275 MPa.

| e P B —E .

I Pa]

-
I

Abwrnitng e (L

L L T |

Hinh 2. Puong cong S-N cua vat liéu Aluminum
Alloy 5182

2.2. Tai va diéu kién bién

Dé tinh toan tai tac dung & ché dd hoat
dong nguy hiém nhat, ta c6 phuong trinh tinh lyc
doc tac dong 1én cang miii trong trudong hop ha

canh 3 diém (3 cang tiép xc mat dat cing lac).

v, = (n—1).w.(%) (1)

D, =knW. (3—:) (Z—:) (2)

@ )
Hinh 3. a) Diéu kién bién va b) Diéu kién tai

Hé sd tai lue doc n duoc lua chon theo
quy dinh tir FARs Part 23, §23.473(d), (f) va (g)
[9] va c6 gia tri 2.67. Tuong tu, hé s6 luc nang
canh so vdi trong lugng may bay L dugc quy
dinh tai §23.473(e) [9] cho gia tri 0.67. Trong
luong may bay toi da 1a 850 kg, cac gia tri b' =
595mm va d' = 1560 mm duoc tinh toan tir do
dac, thay s vao E.q (1) ta dugc V,= 6354.32N.

Tuong tu, ta c6 cong thuc tinh lyc ngang tai
cang, trong d6 hé sb k dugc 13y bang 0,25 véi
loai méay bay khdi lugng nho hon 1361 kg, thay
s vao E.q (2) ta duge D, = 2120.72N.

M6 hinh dugce tién hanh chia ludi dé
tinh toan bang phuong phap phan tir hitu han.
V6i ¢& luéi 5 mm, sai s6 nam trong khoang
cho phép va luéi da hoi tu. S6 phan tir cia chi
tiét vau ndi 1a 35145 phan tu, cua banh xe 1a
133285 phan tir, ciia dc vit va mbi ndi 1a 10960
phan tir. Thoi gian tinh toan 106s thuan tién va
td1 uu cho cac bai tinh toan sau. Diéu kién bién
ngam ¢ bén vi tri 6¢ vit nhu trong hinh 3a va tai
dugc dat nhu trong hinh 3b.

3. KET QUA VA THAO LUAN
3.1. Phén tich phan b tng suit

Ung suat 16n nhat thu duoc 1a 226.9
MPa & vi tri phia trén cta chi tiét vau ndi. Hop
kim nhom dugc st dung c6 gioi han chay 1a 350
MPa. Ung suit cho phép phu thudc vao hé sb an
toan, ddi voi may bay, hé sb nay dao dong tir 1.2
dén 3, tuy thudc vao ng dung va vat li¢u. béi
v6i cac két cau cang chinh, hé s6 an toan thuong
14 1.25 [9]. Ung suit cho phép dugc st dung dé
kiém bén la 5, =6 /1.25 = 280MPa. Nhu vay,
doi1 voi chi tiét vau noi cua cang miii & ché do ha
canh, tmg sudt 16n nhét théa man diéu kién an
toan véi hé s an toan 1.25.

Hinh 4. Truong iing sudt trén chi tiét vau noi
(Fork)
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3.2. Panh gia méi trén chi tiét theo chu ky
bay (Flight Cycle)

Tir cac Gng suat da tinh dugc, ta tién
hanh tinh toan do bén moi trén chi tiét Fork
theo Iy thuyét. Ta c6 bang thong ké két qua tng
suét, bién d6 tmg suat va tudi moi tuong ung
trong ting truong hop tai (bién do Gng sut
dugc tinh tir img suat 16n nhat theo E.q.(3):

1

Ogq = E(gmax o gmi’ﬂ) = —ﬂg 3)
Véi: 6, - Bién do ung suét; ¢ o - Ung

suat 16n nhat; o i - Ung sut nho nhat; A_-Chu

trinh Gmg suat.

Trong trudng hop ha canh, ing suit I6n
nhit 14 226.9 MPa, (mg suit nho nhat 1a 0 MPa
g voi trudng hop hé sb tai R = 0, do d6 véi
bién do tng suét 113.45 MPa, tra tudi tho moi
trén duong S-N cua vat li¢u cho ta thay tudi tho
1y twéng cua chi tiét nay 1a 105.6 chu ky bay.
Nhu vay, do bén moi cua chi tiét trong trudng
hop ha canh s& bang d6 bén méi trong trudng
hop ha canh 1la 398107 chu ky bay (Flight
Cycle) trong diéu kién 1am viéc binh thuong,
khong xuét hién ha canh cimg hay ha canh
bang cang miii trong qua trinh 1am viéc.

4. KET LUAN

Sau khi tinh toan va phan tich moi,
két qua thu duoc 1 trudong Gmg sut trén cang
mili may bay GROB G115A, két qua cho thay:
két cdu cang lam viéc an toan trong diéu kién
hoat dong binh thuong qua céac chu ky bay cua
truong hop ha canh, trong diéu kién may bay
khong trai qua ha canh ctmg hay ha canh bang
cang mii trong qua trinh hoat dong. Vung tap
trung ung suat nam & Vi tri lap vit cia vau ndi
véi dé két ndi, va thuc té cling c6 thuc nghiém
quan sat vé trudong hop hu hong moi tai vi tri
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ndy da duoc nghién ciu [2]. Voi tudi tho moi
hay s chu ky bay hoat dong ma cang chiu
duoc, ta co thé két luan cang lam viéc binh
thuong trong gi61 han hoat dong da tinh toan.
Thong sb nay ciing c6 thé duoc tham khao dé
dua ra cac chuong trinh bao dudng, thay thé
chi tiét trén may bay GROB G115A, tranh cac
truong hop nguy hiém an toan bay. <

Ngay nhan bai: 12/10/2024
Ngay phan bién: 16/11/2024
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KHAO SAT ANH HUONG CUONG PO DONG DIEN DEN DO BEN
UON SAN PHAM WAAM

SURVEY OF THE INFLUENCE OF ELECTRICAL CURRENT INTENSITY ON
BENDING DURABILITY OF WAAM PRODUCTS

Vii Pinh Thing*, Nguyén V6 Thanh Cong, Lé Anh Vi,
Cao Pham Pirc Hiéu, Huynh Pd Song Toan
Truong Pai hoc Su pham K§ thuat Thanh phd Ho Chi Minh (HCMUTE)
*Email: tanlb@hcmute.edu.vn

TOM TAT

Pé tai “Khao sat anh hieong cuong do dong dién dén dp bén uon san pham WAAM” ¢é tinh
thiét thiee va g dung cao trong cong nghé ché tao phéi mau in 3D WAAM. Cwong d dong dién
c6 tac déng rdt I6n dén qud trinh anh hiong dén hinh dang ciia moi han. Véi cuong dé cao, moi
han ¢é xu hwdng rong va sdu hon, trong khi véi cuong dé thap, moi han c6 thé hep va néng hon.
Thi nghiém cho thdy doi véi vt liéu sdt, cuong do qud cao hodc qud thdp déu cé thé dan dén cdc
khuyét tdt nhuw ré, niet va trong qud trinh han WAAM anh hwéng 1om dén cdu triic vt liéu va tinh
chat co hoc. Do vy, can khado sdt ré anh huéng nay dé lya chon théng sé han phit hop. Qua dé, dé
tai nay sir dung may CNC 4 truc diing dé ché tao mau khoi try 16i réng han theo 16p layer theo qud
trinh hinh thanh in 3D kim logi vé6i cdc théng sé cwong dé dong dién khao sdt. Két qua nghién ciru
sé gop phan hoan thién quy trinh cong nghé in 3D WAAM, t6i wu héa cdc théng sé qud trinh dé san
xudt trong linh vuc ché tao nhanh, giup tao hinh nhanh cac chi tiét kim loai ¢6 kich thude Ién ma
cdc phirong phdp truyén thong khé cé thé thiee hién duorc.

T khoa: WAAM (San xudt boi ddp bang day cung); Cuong dp dong dién; In 3D kim logi;
Cau truc vat liéu; Khuyét tat.

ABSTRACT

The topic “Research on the influence of electric current on the bending strength of WAAM
products” is practical and highly applicable in WAAM 3D printing prototype manufacturing
technology. The intensity of the current has a great impact on the process affecting the shape of
the weld. With high intensity, the weld tends to be wider and deeper, while with low intensity, the
weld can be narrow and shallow than. Experiments show that for iron materials, intensity that is
too high or too low can lead to defects such as pitting and cracking, which in the WAAM welding
process greatly affects the material structure and mechanical properties. Therefore, it is necessary
to clearly study this influence to choose appropriate welding parameters. Thereby, this project uses
a 4-axis CNC machine to manufacture hollow core cylindrical samples that are welded in layers
according to the metal 3D printing process with the investigated current intensity parameters. The
research results will contribute to perfecting the WAAM 3D printing technology process, optimizing
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process parameters for production in the field of rapid manufacturing, helping to quickly shape
large metal parts that require advanced methods, traditional methods are difficult to implement.

Keywords: WAAM (Wire Arc Additive Manufacturing); Electric Current Intensity;, 3D
Metal Printing; Material Structure; Defect Analysis.

1. GIOI THIEU
1.1. Tong quan

Ngay nay, v6i sy phat trién manh mé
cua nganh cong nghé in 3D kim loai méi st
dung han hd quang va day kim loai dé tao ra
cac cAu trac kim loai 16p theo 16p. Viéc nghién
clru va phat trién cong nghé nay co thé tao ra
cac bo phan kim loai 16n, phuc tap véi chi phi
thip hon va thoi gian san xuit nhanh hon S0
vOi cac phuong phap truyén thong. Hiéu 15 vé
cac thong s vé cuong do dong dién tac dong
anh hudong dén co 1y tinh vat liéu c6 thé gitp
t6i wu hoa thong s, tir d6 tang cuong do bén,
d6 cting va hiéu suat chung cta co cau. Céc két
qué nghién ciru ¢ thé img dung rong rai trong
linh vuc co khi, 6 t0, hang khong,. ..

Trong nudc: Pé tai “Khao sat anh
huong cudng do dong dién dén d6 bén udn san
phém WAAM?” tai Viét Nam con kha mdi mé.
Tuy nhién, cong ngh¢ WAAM da dugc nghién
ctru trén thé gidi trong thoi gian gan day. Tai
Viét Nam, méi chi c6 mot sb cong trinh nghién
ctru so bo vé cong nghé WAAM nhu:

» Nghién ctru ché tao phoi thép khong gi 316L
bang cong nghé WAAM tai Pai hoc Bach khoa
Ha Noi [1].

- Céc hudng nghién ctru chinh:
» T6i wu hoa cac thong sb qua trinh (cudng

d6 dong, tbc d6 han,...) dé cai thién tinh chit
co hoc.
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» Khao sat anh huong cua qua trinh hau xi
1y nhiét dén céu tric va tinh chit cua vat liéu.
Phat trién phan mém mo phong va kiém soat
qua trinh WAAM.

» Ung dung WAAM dé ché tao cac chi tiét 6
to, hang khong, y sinh.

- M6t s6 nghién ctru lién quan mat thiét
dén de tai:

» Khao sat anh hudng cua cuong do dong dién
dén co tinh cua thép 304L, cho théy d6 bén udn
tang khi tang dong di¢n [2].

» Nghién cuu twong tu trén thép 316L, xac
dinh cuong do dong tbi uu 1a 200A [3].

» Phan tlch moi lién he gita cdu tric vi mo
va d6 bén udn cua cac mau 316L ché tao bang
WAAM [4].

1.2. Co s ly thuyét

Thiét ké va tién hanh cac thi nghiém
khao sat anh hudng cua thong sd cudng do
dong dién dén do bén udn san pham WAAM.
Thir nghiém véi cac thong s6 trén may CNC 4
truc duge diéu chinh theo céc sb liéu nam trong
bang thong sb dd duoc xem xét va van hanh
dé kiém tra tinh 6n dinh hd quang va sy thay
d6i cuong d6 dong dién 1am anh hudng toi qua
trinh han tao mau.

- D6i tugng: San pham sit ché tao bang
cong nghé WAAM theo két ciu tiéu chuan
kiém nghiém;

- Thong s6 thay d6i: Cuong do dong

dién han;
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- Két qua: Bo bén udn;

- Gi61 han: Chi khao sat trong pham vi
cuong do dong dién 100-200A;

- Nghién ctru mdi quan hé giira chung
thong qua thuc nghiém va ly thuyet

- Két hop phan tich cdu trac vat lidu dé
1am 13 co ché anh huéng cua cudng do dong
dién;

- Pé xuét cudng do dong dién tdi uu va
cac khuyén nghi vé thong s6 cong nghé. Trong
qua trinh tao mau, diéu chinh thong s6 han theo
g véi cac gié tri trong bang 1, v&i cac bién sb
cong nghé khéc giir khong doi.

Bang 1. Céc théng sé han

STT I | Offset a \% D
(A) | (mm) | (mm) | (mm/phit) | (mm)

1 |130| 2 |Thing 425 17

2 120 2 |Thing 425 17

3 |110| 2 |Thing 425 17

sé lwgng (1 mdu)
] @ e |
ﬂ' @’:}zmi '
E} @’_1124:1“
| @ xees

Hinh 1. M6 hinh chi tiét san pham va hinh anh
thuc te cua do ga mau

Mo ta théng s hinh hoc ciia mé hinh
khao sat cuong do dong dién. Co cdu c6 hinh
dang 13 hinh tron véi cac duong kinh 1an luot
la @17, 015, @14, @13 voi duong kinh 15 12 26.3
dugc ldp ghép vao mot cay ty c6 ren ¢6 duong
kinh 1a M6 va cb dinh trén than cay ty bang
2 dai 6c. Muc dich ding cay ty c6 ren dé gin
thém chi tiét truc c6 ranh va 16 cham tam gitp
dinh vi bang hai dau chdm tam trong qua trinh

ga dat mau 1én mam cip, kep chit bing mam
cap 3 chau. Trong qué trinh han sinh ra nhiét
luong rat 16n nén ding nuée dé tudi ngudi (vi
tri chi tiét truc co ranh) tranh lam cho méu han
bi cong vénh do tinh chét gidn ng sinh nhiét.

_ﬁlﬂ a0l

w17

#2240,

e13 #14 015

o (O

5

Hinh 2. Ban vé ché tao mau long dén theo tiéu
chuan mau khao sat

- Thiét ké ban v& mau nghién ciru c6
kich thuéc tiéu chuan theo quy dinh ctiia phuong
phap thir nghiém, kiém tra d6 bén uén sau khi
gia cong cac 16p han theo kich thudc.

"l".-l&ﬁﬁ

?1*;}2%

Hinh 4. Két qua sau khi gia céng tao ra mau thir
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- Nhan thiy trong qu4 trinh han can phai
kiém tra chup khi do xi han ban 1am cho khi ra
khong déu anh hudng dén chét lwong mbi han,
kiém tra dau kep day ngudi dé dam bao dién
cuc tiép xtc ludn 6n dinh trong qué trinh han.

- MAu sau khi han can phai xtr Iy bé mat
dat theo yéu cau ban v€ ché tao qua quy trinh
gia cong may tién, may phay CNC.

2. MO HINH THU NGHIEM

2.1. M6 hinh may han

Hinh 6. Universal Testing machine WE-1000B
« Thong s6 may:

- Hanh trinh truc: 300 x 260 x 250 (mm);

- Cong suét tiéu thu tdi da: 1.5 kW;

- Tdc d6 t6i da cac truc: Max 2500 mm/phut;
- B9 chinh xac 1ap lai: <0.03mm.

2.2. M6 hinh may thir kéo

- Model: WE-1000B;
- Serial number: 72106;
- Max force: 1000 kN;

- Accuracy: = 1 %;

- Tensile test space: 0-700 mm;

- Compression test space: 0-600 mm,;
- Clamping jaw: Manual/Hydraulic;

- Clamping jaw for round specimens: ®14-45 mm;
- Clamping jaw for flat specimens: 0-40 mm,;

- Compression platen: ®225 mm;
- Piston stroke: 200 mm;
- Diameter of bending roller: ®50 mm;

- Mainframe dimensions: 900 x 700 x 2250 mm;
- Control cabinet size: 550 x 500 x 1250 mm;

- Machine power: 1.1 kW;

- Weight: 2900 kg.

3. KET QUA THi NGHIEM

Bdng 2. Két qua dat dwoc sau khi thi nghiém uon

: Ung
Cuong | pig | Tai | suét
x do dong I .
Mau : dien di¢n trong lon
; (mm?) | (kN) | nhét
Am-pe
(Am-pe) (Mpa)
1 130 23.86 30.99 |1298.83
2 120 23.86 2446 |1025.15
3 110 23.86 23.57 | 987.85
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1

1,360

. Miul_|=130A
1

Maximun strengh
= 1298.83 (MPa)

Stress(MPa)
. @~ ow

1 2 3 4 § & T ] ]
Stran(%

Hinh 7. Biéu @6 Ung sudt — bién dang sau khi thuc
nghiém uén véi mau I = 130 (Am-pe)
» Ting cuong do dong cai thién do bén udn:
Khi ting cuong d6 dong tir 110 Am-pe dén
130 Am-pe, ng suit ting tir 1189.26 kN 1én
1481.27 kN. Piéu nay cho thay thay doi cuong
d6 dong dién giup cho qua trinh mbi han c¢6 do
ngéu va dong chay kim loai nhiéu hon giup cai
thién kha nang chiu lyc uén cia moi han.

» Thong sb toi vu: Thém vao d6, & mirc cudng
do dong 1a 130 am-pe cho thdy tai trong ban
dau tac dong 1én mau la nhu nhau nhung van
dat duoc ng sudt 10n nht so véi hai trudng
hop c6 cudng do dong thap hon. Qua do, thong
s6 cudng d6 dong c6 anh huong téi do bén
mau, giup xac dinh duoc gia tri dau vao phu
hop trong qué trinh img dung vao thuc té.

» Ung dung trong quy trinh han: Dé dat duoc
méi han c6 tinh chit co hoc t6t nhat va xac dinh
mirc 6 pht hop véi thong sé cudng do dong
trong pham vi nghién ctru trén. Cuong do dong
qua thap co thé din dén mbi han co do ngau it
hon, trong khi cudng d6 dong cao c6 thé din
dén cac van dé khac nhu qua nhiét, hién tuong
ving ban xi va ho quang khong on dinh giy
bién dang khéng mong mudn.

» Sau khi thuc nghiém do kiém nghiém do bén
udn cua ba mau han nhu trén thi ta rat ra duogc
bang thong sé va biéu d6 nhu trén Hinh 7, 8, 9
va Bang 2. Ta thdy rang anh huong cuong do
dong dién 1én d6 bén cia san pham 1a c6 thay
d6i khi san pham c6 thong sb cudong do dong

cang 1on can tai trong 16n tao ra Gng suat lon
hon lam bién dang mau uon.

0
990 miu2_1=1204
0

Maximun strengh
=1025.15 (MPa)

Stress(MPa)

1 2 3 4 ] L T & L] 10
Sran(%

Hinh 8. Biéu d6 Ung sudt — bién dang sau khi thuc
nghiém uon véi mau I = 120 (Am-pe)

Miud =110 T

Maximun strengh
80 =987.85 (MPa)

(WP a)

Swes

1 2 3 4 5 [ 7 2 L] 10
Stran(%

Hinh 9. Biéu d6 Ung sudt — bién dang sau khi thuc
nghiém uon véi mau I = 110 (Am-pe)

4. KET LUAN

Trong qua trinh khao sat va nghién ctru
thi d6 bién dang, d6 cung va ng suit ciia mau
han WAAM bi anh huong twong ddi boi viée
tang cuong do dong voi pham vi thi nghiém va
di thir bén udn cho ra gia tri c6 do chinh xac va
c¢6 thé tmg dung trong thuc té 1am thong s co
ban cho cac van dé vé do do6 bén mau han. Vi
vdy, cac linh vuc nhu xay dung, ché tao may
va san xuat két cu thép, viéc lya chon tde do
han phu hop 1a diéu can thiét. Tuy nhién, voi
thong s6 cuong do dong 130 am-pe co thé bi
anh hudng va tac dong tr moi truong lam viée
va diéu kién han trong phong thi nghiém s& c6
nhing sai sb cho nhiing tmg dung yéu cau mdi
han ¢6 strc bén cao, vi vay can xem xét thém
cac yéu tb khac.
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(*) Péng gop ciia tac gia:

- Hinh thanh y tuong va muc ti€u nghién
ctru: Huynh o Song Toan;

- Thyc hi¢n nghién ctru, thu thap dir
liéu, phan tich dir liéu, viét va chinh sta bai
bao: Vii Binh Thang, Nguyén V4 Thanh Cong,
Lé Anh Vii, Cao Pham Puc Hiéu.

Loi cam on:
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NGHIEN CU’U ANH HWONG CUA TOC PO QUAY SAN PHAM
DEN PO BEN KEO TRONG QUY TRINH IN 3D WAAM

STUDY ON THE EFFECT OF PRODUCT ROTATION SPEED ON TENSILE
STRENGTH IN THE WAAM 3D PRINTING PROCESS

Tran Triéu Vi*, Phung Long Quéc Son, Duwong Thanh Nhén,
Nguyén Ba Khiém, Huynh Db Song Toan
Trudng Pai hoc Su pham K§ thuat Thanh phd H5 Chi Minh (HCMUTE)
*Email: trieuvil 59@gmail.com

TOM TAT

Bai bdo nghién ciru vé sw anh hwéng ciia toc do quay san pham dén dg bén kéo trong quy
trinh in 3D WAAM. WAAM la quy trinh tao ra nhitng chi tiét c¢6 bién dang gan giong véi chi tiét
trén ban vé bang cdach ddp tirng 16p kim loai chong 1én nhau. Thi nghiém dwoc tién hanh in cdc
mau WAAM theo phwong phdp xép I6p (layer) véi cdc toc do dich chuyén ciia mé han khdc nhau
theo théng sé 300, 425, 550 (mm/p) bang cong nghé WAAM va thi nghiém do dé bén kéo (Tensile
strength) kha nang chiu liec ciia mau kéo. Pé tai sé gop phan lam sang té co ché anh hwdng ciia toc
dé dich chuyén mé han téi tinh chdt co hoc cia san pham WAAM. Két qua nghién ciru ¢é y nghia
quan trong véi viéc mo réng kién thirc vé qud trinh hinh thanh cdu triic vét liéu trong cong nghé in
3D kim logi, gitip dira ra cdc khuyén nghi quan trong trong viéc vin hanh thiét bi WAAM trong thuc
té va gbp phan néng cao chat heong va hiéu qua san xudt ciia cong nghé.

Tir khoa: WAAM; Toc dé dich chuyén ciia mé han; Dé bén kéo.
ABSTRACT

This paper investigates the effect of product rotation speed on tensile strength in the WAAM
3D printing process. WAAM is a process that creates parts with shapes closely resembling those
in the design drawings by layering metal successively. The experiment involves printing WAAM
samples using the layering method with different welding torch travel speeds set at 300, 425, and
550 (mm/min). Tensile strength tests were conducted to measure the force-bearing capacity of the
samples. The study aims to clarify the mechanism by which welding torch travel speed affects the
mechanical properties of WAAM products. The research results are significant for expanding the
understanding of material structure formation in metal 3D printing technology. They provide crucial
recommendations for the practical operation of WAAM equipment, contributing to the improvement
of production quality and efficiency in this technology.

Keywords: WAAM; Welding torch travel speed; Tensile strength.
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1. GIOI THIEU
1.1. Téng quan

Hién nay, cong nghé WAAM van con
kha méi mé, mang lai rat nhiéu kha ning tha
vi cho céc k¥ su thiét ké, dong thoi ciing duoc
nhan sy quan tim rat nhidu trong nganh cong
nghi¢p, linh vuc, trong do linh vyuc cong nghiép
hang khong vii tru chiém mat ti trong 16n trong
s6 cac tng dung cia WAAM. Phuong phap nay
cho phép tao ra cac chi tiét kim loai 16n, phirc
tap, san phdm gan voi thiét ké nhét, giam va gia
thanh dau tu hé théng WAAM thap hon so véi
cac cong ngh¢ in 3D kim loai khac str dung bot
kim loai va ngudn laser. Két hop sir dung cong
ngh¢ CNC dé tao ra chit luong bé mat va kich
thudc cia san pham dat yéu ciu.

Trong nhiig nim gan day, cong ngh¢
WAAM ciing nhan dugc sy quan tam trong
nudce siu sic. Tai Viét Nam, cong nghé van con
khé méi mé va chua dugc nghién ctru sau rong.
Mot sb cong trinh nghién ctru tiéu biéu gan day
nhu:

+ Nam 2018, nhém nghién cliru tu
Truong Dai hoc Cong nghiép Thanh phé Ho6
Chi Minh di c6 bai bao gi6i thiéu vé cong nghé
WAAM va trién khai thi diém in mot s6 mau
don gian bang thép.

+ Nam 2019, Pai hoc Duy Tén cong bd
nghién ctru vé anh huong cua toc do day dén
hinh dang han cho cong ngh¢ WAAM.

+ Nam 2020, nhom nghién ctru Pai hoc
Bach khoa Ha N¢i da in thanh cong mot s6 chi
tiét tiéu biéu bang hop kim nhém bang cong
nghé WAAM va nghién ciru tdi wu héa mot s6
thong s cong nghé.
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Nhin chung, cac cong trinh nghién ctru
tai Viét Nam vé WAAM chua nhiéu va méi chi
tap trung vao khao sat cong nghé, ché tao cac
mau thir nghiém don gian. Nghién ciru chi tiét
vé cac yéu t6 anh huong dén chét lugng co hoc
cta cac chi tiét WAAM van con han ché, trong
d6 c¢6 van dé& anh huong cua toc do quay san
pham. Do d6, dé tai nay c6 ¥ nghia quan trong
dé 1ap day khoang trong nghién ctru vé cong
ngh¢ WAAM tai Viét Nam.

Dbi véi ngoai nudce, tinh hinh nghién
clru & nude ngoai vé anh hudng cua tbe do quay
san pham dén do bén kéo trong quy trinh in 3D
WAAM nhu sau:

+ Tai Anh, Pai hoc Cranfield 1a mot
trung tim nghién ctru hang dau vé cong nghé
WAAM. Ho d3 c6 nhiéu cong trinh nghién ciru
vé anh huong cua cac thong sd cong nghé dén
co tinh ctia san phdm WAAM. Trong d6, nhom
cua Gido su Stewart Williams da nghién ctu
anh hudng cua toc do quay trong khoang 60-
100 rpm ddi véi hop kim nhom 6061.

+ Tai Duc, Vién Fraunhofer ciling 1a mot
trung tAm nghién ctru tién phong vé WAAM.
Ho di c6 cong bd vé viéc tdi uu hoa cac thong
sb cong nghé nham cai thién tinh chét co hoc
clia cac chi tiét. Tdc d6 quay 1a mot trong nhirng
yéu t6 then chdt dugc nghién ctu.

+ Cac nhom nghién ctru khéc tai My,
Trung Qudc, Nga ciing déu quan tm t6i van
dé t6i wu hoa quy trinh WAAM, trong do6 c6
nghién ctru anh huéng cua tde do quay t6i cac
tinh chit co hoc cua san pham.

Nhin chung, cac nghién ctru déu cho
thdy téc do quay cé tac dong déng ké téi cau
tric vi mé va tinh chit co hoc cua cac chi tiét
WAAM. Tuy nhién, miac d0 anh huong con
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phu thudc vao nhic¢u yéu to khac. Do do, viéc
nghién ctru chi tiét vdi tung loai vat li¢u 1a can
thiét.

1.2. Co s 1y thuyét

Pé tai nghién ctu vé sy anh huong
cua toc do quay (téc do dich Chuyén cua mo
han) dén d6 bén kéo cia san phdm dang xép
16p layer cac vong tron kim loai véi nhau, cu
thé 13 thép carbon. Str dung ngudn ning lugng
han hd quang nung chay vat liéu kim loai dang
soi va bdi dip vat liéu theo 16p (hinh 1.1), c6
khi CO, bao vé dé tao thanh san pham, va h¢
thong may CNC han ty dong (hinh 1. 3) Sau do
su dung cong ngh¢ gla cong CNC dé c6 duoc
chat lwong bé mat tt va thi nghiém d6 bén kéo
trén may kéo van nang WE-1000B (hinh 1.4a
va 1.4b).

WAAM 1a viét tit cua “Wire Arc
Additive Manufacturing”, 1a mdt phuong phéap
san xuat bang cach st dung qua trinh han cung
cép day dé tao ra cac bd phan kim loai, b.':ing
cach ndi cac 16p kim loai 1ién mach, chong 1én
nhau dé tao ra hinh dang cudi cung theo yéu
cau.

Uu diém cua phuong phap nay 1a toe d6
san xuét cao, tiét kiém vat liéu, kha nang san
xuat cac bo phan phirc tap va dong thoi cé tinh
linh hoat cao, tng dung dugc cho tir san Xuét
don chiéc dén hang loat.

Nhuoc diém cua phuong phap nay la
vé chat lugng bé mit thudng khong duge hoan
hao nhu cac phuong phap khac; can thém qua
trinh gia cong hodc mai dé dat duoc chat lugng
bé mat mong mudn, su bién dang do qué trinh
nhiét va 1am lanh nhanh c6 thé dan dén bién
dang ctia bo phan trong qua trinh san xuat; dic
biét 1a d6i véi cac bo phan 16n hodc co hinh

dang phrc tap, yéu cau k¥ thuét cao va chi phi
dau tu ban dau cao.

Thir kéo 1a phuong phép kiém tra do bén
cua vat liéu, 1a mot phuong phép thtr nghiém
dugc st dung dé do luong va danh gia kha ning
chiu tai cta vat liéu khi tac dong luc kéo theo
thoi gian. Muc dich chinh cta thur nghiém kéo
1a x4c dinh cac thong s6 quan trong nhu d6 bén
kéo, d§ déo dai, d cing cua vat li¢u. Thong
qua viéc ap dung luc kéo déu dan 1én miu vat
liéu, ta c6 thé quan sat va ghi lai cac bién ddi
trong cdu trac va tinh chat cua vat lidu khi no
chiu luc kéo.

Kim legl mdd hivn Al i

divig dis

10h quang
DMy hids

— Khi b v

Kim logi mén

Kim bl ddng dhiy

Hinh 1. Han theo phwong phdp WAAM béi dap vit
liéu theo [6p.

Hinh 2. Thép carbon tdm Smm.
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hh H]

Hinh 3. May WAAM.

N~

Hinh 5. Mdu phéi layer:

Mau ap dung tiéu chuan TCVN-5400
vé& mdi han va TCVN 197:2002 véi vt liéu kim
loai — thir kéo & nhiét d6 thuong. Mau kéo c6
kich thudce nhu hinh 7.

Hinh 4b. Bang diéu khién mdy kéo van nang —r .___.:.Tajl:.}r_ ——_ EL
WE-1000B. m!'_ __________ R
1 - = . 435 L 28 J_ 415 J
2. QUY TRINH CHE TAO MAU
Mau dugc thiét ké st dung cac vong Hinh 7. Mau thit kéo.

tron kim loai dugc gia cong cat laser ghép lai
v6i nhau, mo hinh phéi ¢6 kich thudc nhu hinh Thong sO han cia mau thu duoc che
sau: tao nhu bang sau:
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Bdng 2.1. Théng sé han ciia mau thir kéo.

) Méu
Thong so
A B C
I 120 120 120
Offset 2 2 2
\% 300 | 425 550
Goc xodn (dd) 180 180 180
Ty 1& 16p dép (%) 17 17 17
Trong do:

+ I: Cuong do dong dién (A).

+ Offset: Khodng cach gitra hai duong
han (mm).

+V: Téc d6 dich chuyén mé han (mm/
phut).

Véi cac thong s6 han da chon ¢ trén,
mau thir dugc ché tao thong qua céc budc nhu
sau:

- Buéc 1: Chuan bi md hinh 3D cua
mau thir bang phan mém vé& 3D (SolidWorks,
Inventor,...) nhdm xac dinh phuong phéap in phu
hop.

- Bude 2: Viét chuong trinh G-code va
tién hanh nhap vao may WAAM, nham thiét lap
hinh dang dudng han can thiét.

- Bude 3: Mau dugc tao ra sau khi diéu
chinh thiét 1ap may WAAM.

- Bu6c 4: Mau duoc ldy ra khoi may va
thong qua gia cong CNC dé dat dugc hinh dang
cua mau thtr ti€u chuan va chat luong bé mat
t6t.

Hinh 8a. Hinh dang mau kéo sau khi ché tao bang
cong nghé WAAM.

Hinh 8b. Hinh dang mau kéo sau khi gia cong
CNC.

3. THU KEO VA BAO CAO

Sau khi hoan tit ba mau thir véi ba tdc
do dich chuyén mo han khac nhau, thi nghiém
thtr kéo duge tién hanh dé tim do bén kéo cua
mau. May kéo van ning WE-1000B (hinh 9)
duogc st dung cho qua trinh thi nghiém.

B =+
—l_\_|_‘_ -'—..

————

Hinh 9. May kéo van nang WE-1000B.

Hinh 10. Gd kep mau thir lén may kéo.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 324+325, thang 142 nim 2025
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

Sau khi ga kep 1én may, ta tién hanh
kéo va dugc két qua nhu sau:

Hinh 11. Két qua thir kéo mau A véi toc dé dich
chuyén mo han V = 300 (mm/phut).

Hinh 12. Két qud thir kéo mau B véi téc dé dich
chuyén mo han V = 425 (mm/phut).

Hinh 13. Két qua thir kéo mau C véi toc dé dich
chuyén mé han V = 550 (mm/phiit).

Qua thi nghiém kéo va két qua thuc
nghiém thu duoc tir biéu do va bang thong s,
ta co thé thdy téc do dich chuyén mo han cé
anh huong dén tinh chit co hoc cua san phém,
v6i ba mau thir kéo dugce han véi ba te do dich
chuyén mo han khac nhau. D6 bén kéo ctia ba
mau A, B, C 1an luot 13 168,028 (MPa); 206,117
(MPa); 236,296 (MPa), ting dan tir mdu A — B
— C.
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Nhin chung, qua cac biéu dd, ta c6 thé
thay rang toc do dich chuyén mo han cang cham
thi mbi han s& cang to, tao ra luogng kim loai
dap 16n hon, s6 lugng cac mbi han khong day
dac, nhung tdc do ché tao nhanh hon va déng
thoi do bén kéo s& giam. Tbc @6 dich chuyén
mo han nhanh s& tao m6i han mong, luong kim
loai dép it hon, sb luong cac mbi han trén mau
kéo s& day dic hon do nhidu méi han méi hoan
thanh, tbc d6 ché tao 1au hon va dong thoi do
bén kéo sé& tang.

m 150
= e
& B Cc

Mau
Hinh 14. Biéu dé cot so sanh dé bén kéo gitta ba
mau A, B, C.

4. KET LUAN

Thong qua qua trinh thyc nghiém, phan
tich két qua thyc nghiém, viéc ting hay giam
tbc do dich chuyén cia mo han s€ lam anh
huong dang ké dén kha nang chiu bén kéo cua
san pham. T d6, ta ¢ thé xem xét cac yéu
cau kha nang ing dung cua san pham ma s& st
dung thong s6 phut hgp. Néu can kha nang chiu
kéo t6t hon, khong xét dén téc do ché tao nhanh
thi ta tang tbc do dich chuyén moé han, 16p dép
s& day dac lién ké nhau hon. Néu khong can
kha ning chiu kéo cao, gia ting téc do ché tao
thi ta c6 thé giam tde do dich chuyén mo han,
16p dap s& it day dic lién ké nhau hon. Qua do,
ta c6 thé xem xét dé rat ra van dé vé chat luong
san ph'?lm, tiét kiém vat liéu, tang nang suét,
hiéu qua kinh té.
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DANH GIA ANH HUONG CUA VAT LIEU VO'I TINH NANG BANG
TAI S&’ DUNG TRUC VIT

INVESTIGATION FOR THE INFLUENCE OF MATERIALS ON SCREW CONVEYOR
FEATURES

Lé Thwong Hién*, Ngé Sy Pong, Nguyén Thanh Thiy
Truong Dai hoc Bién luc

*Email: hienlt@epu.edu.vn
TOM TAT

Viéc khao sat va danh gia anh huong cua cac vat liéu khdac nhau voi truc vit dung cho bang
tdi, cho thdy khi dimg truc vit dang in 3D cho phép tang mé-men xoan 10-50% so véi sir dung truc
Vit bdng thép, ciing nhw ddac tinh lam viéc phu thuoc vao loagi vit va vat liéu gia do duoc s dung.
Voi logi truc vit nhwa in 3D hay loai bcﬁng thep tien CNC két hop voi gia do nhwa dang in 3D co thé
la gidi phdp thay thé hop Iy trong thuec tién.

Gidi phdp ky thudt cho cdc bang tdi dang méi cé thé thay thé cho bing tdi truyén thong ¢

mike tdi thdp trong cdc g dung khdc nhau.
Tw khéa: Bang tai; Truc vit.
ABSTRACT

In this paper, the surveying and evaluating the effects of different materials on screws used
for conveyors, it has been shown that using 3D printed screws allows for a 10-50% increase in
torque compared to using steel screws and depends on the screw type and mounting material used.
3D printed plastic screws or CNC turned steel screws combined with 3D printed plastic brackets

can be a reasonable alternative in practice.

Technical solutions for new conveyor belts that can replace traditional conveyors at low

loads in various applications.

Keywords: Conveyor, Screw shaft.
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1. MO PAU

Van chuyén vat li¢u st dung trong céc
day chuyén san xuat hodc lap rap thuong can
phai duogc di chuyén noi bd trong nha may
va giita cac tram lam viéc khac nhau noi dién
ra cac quy trinh khac nhau. Bang tai vat li¢u
dién hinh cho chuyén dong ngang vat lidu ran
bao gom bang tai dai, xich va con lan. Pé van
chuyén vat li€u long hodc bot, chéng han nhu
nudc hodac xi mang, bang tai st dung nguyén ly
Vit Archimedes thuong dugc sir dung. Thong
thuong, khi van chuyén cac vat don gian co thé
dung bang tai nhu trong hinh 1.

Béng tai su dung day dai, con lan hodc
day xich déu c6 wu va nhuge diém. Nhuoc
diém chinh la gid thanh cao. Vi dy, mot con
lan trong mot con lan bang tai thuong bao gom
mot banh xich va it nhat hai vong bi. Hon nita,
cac con ldn can duoc dit gan nhau va do d6 can
rat nhiéu con lan dé tao thanh mot bang chuyén
truc lan. Hé thong dian dong truc vit va thanh
rang duoc Ung dung nhiéu trong hinh 2. Véi
mot dong co dan dong mot truc dai véi nhiéu
dong co vit gin vao nd. Mién 1a cac vit duoc
dit cach nhau khong qua chiéu dai cua thiét bi
van chuyén va huéng quay ciia chiing 14 chinh
Xac so voi tung thiét bj mat khac, khong can
phai c6 ren trén toan bo chiéu dai cua truc. Mot
thiét bi danh cho can gin gia d& cua thiét bj van
chuyén vao vit khi bat dau bang tai.

Hinh 1. Ghé ngoi 6 t6, van chuyén trén bang tdi
con lan [2]

Hinh 2. Bang tdi truc vit [1]

Viéc st dung bang tai dang nay trong
thuc té nhi€u va rong rai. Tuy nhién, cac nghién
ctru chuyén sau con han ché.

2. PANH GIA ANH HUONG CUA VAT LIEU

Phan nay thuc hién viéc xac dinh vi tri,
van toc va dong Iq ctia dong co. Tir d6 xac dinh
mo-men xodn sau dong co hoac néu hop $6
dugc gin phia sau né. Tai trong cho tat ca cac
thi nghiém la 32kg, tai trong nay da dugc chon
vi ¢6 san hai qua ning 15 kg 1a tai trong thich
hop cho két cau co khi.

= Mﬁ i :,:m' S—
Hinh 3. Két ciu tong thé thi nghiém

Trong qué trinh thyc hién, cac trong
lugng dugc phan bd déu nhat c6 thé va vi tri
ctia chung duoc danh dau va lip dat & ciing mot
vi tri (hinh 3).

Céc phuong phap ché tao cing vit lidu
dang truc vit nhu mo ta trén bang 3.
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Bdng 1. Cdc logi vit thi nghiém thé hién trong bang 1.

Vit liéu K§ thuat In 3D Chiéu cao Khéi lwong
Thép C45 Tién CNC - - 498 g
Nylon-12 SLS in 3D Tao mau nung 0.11 mm 68 g
Iglidur I 180 FDM in 3D Ultimaker S5 0,06 mm 58¢g
Tough 2000 (SLA) SLAin 3D Tao mau 3D 0,05 mm 8lg

Céc dang truc vit nhu hinh 4. Két qua thé hién trén Hinh 5a. Do nhiét

d6 dung may anh dugc hudng vao vit va co thé
quan sat dugc nhiét do tr tr chim. Thoi gian
gitta lan chay vira méi thyc hién va cho dén
khi nhiét do gidm khong con quan sat dugc nira
dugc do trong khoang hai phat. Hinh 5b thé
hién vit mot khi d 1am ngudi. Dé giai thich cac
dac tinh vat liéu khac nhau va dé co gidi han an
toan, thoi gian ngimg hoat dong giita cac 1an
chay 1a 3 phut.

Hinh 4a. Tién CNC trén thép 45

Hinh 4b. In SLS trén Nylon-12

a. Sau 1 lan chay

Hinh 4c. Iglidur I 180

b. Sau khi lam lanh 2 phut
Hinh 5. Hinh anh chénh léch nhiét do sau 2 phut
Hinh 4d. Tough 2000 ha nhiét.
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Thi nghiém sau d6 duoc tién hanh bang
cach chay mot chudi thir nghiém da duogc lap
trinh kéo dai 6 cac phép do 1ap lai voi thoi gian
tré 1a 3 phut gitra cac lan do. Sau do, vit dugc
thay d6i va vit tiép theo duoc chay 6 lan, v.v.
Sau do, tt ca cac vit da duoc chay 6 1an mdi
vit, quy trinh duoc lip lai 4 1an, tong cong 1a 24
lan chay mdi vit. Két qua ctia thi nghiém nay
duogc thé hién trén Hinh 6.

Torque demand with different material of screw on onyx rack

1 L 1 1 L 1 L I
2 4 [ 8 10 12 14 18 18 20 22 24

Hinh 6. M6-men xodn RMS trong mét lan chay voi
cac vat liéu khdc nhau

Mdi quan hé tuyén tinh gitra lan chay
thir va mo-men xodn RMS cho mdi vit vat liéu,
duogc danh gia bang cach kiém tra truc quan
biéu dd phan tan. Co6 sy déng nhét cua do doc
hdi quy vi s6 hang twong tac khong cé y nghia
thong ké, F(2.144)= 1,637, p=0,198. Du lugng
tiéu chuén hoa cho vat liéu vit va cho téng thé
md hinh c6 phan phdi chuan, dugc danh gia
bang thtr nghiém vé6i p > 0,05. Tinh déng nhat
va tinh doéng nhat cua cac phuong sai, dugc
danh gia bang kiém tra truc quan cua biéu do
phan tan va phép thir Levene vé tinh dong nhat
cua phuong sai (p = 0,329), tuong ung. Khong
¢6 trudong hop nao c6 sd du chuan hoa 16n hon
+3 d0 léch chuan. Sau khi diéu chinh sb lan
chay thua, da c6 mot su khac biét c6 y nghia
thong ké vé mo-men xoin RMS giita cac vat
lidu truc vit, F(2, 146) = 320,934, p < 0,0005,
riéng phan n2 = 0,815. Phén tich sau dugc thuc
hién véi diéu chinh Bonferroni. M6-men xo4n

RMS 1a thap hon dang ké vé mat thong ké khi
st dung vit thép so vdi khi st dung nylon hoac
vit Tough 2000 (chénh léch trung binh 0,022
[95% CI, 0,024 dén 0,020] Nm, p < 0,0005)
nhung khong c6 sy khac biét c6 ¥ nghia thong
ké gitta nylon va Mac du 2000 vit. Mo-men
xo0dn RMS cho céc vat liéu vit khac nhau khi sir
dung ma ndo gia d& duoc thé hién trén Hinh 7.

Torque demand with different material of screw on Onyx rack
T
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Test run
Hinh 7. M6-men xoan khi thay doi vat liéu vit trén
gid nhya Onyx. Buong lién cac dwong mo ta mau
vit dau tién va mau cham thir hai.

Gia tri trung binh wéc tinh cho tat ca cac
to hop vit va gia do, nhu trén bang 2.

Bang 2. Cdc gida tri trung binh woc tinh

Gia tri can bién RMS

Vit liéu A <
mo-men xoan

Thép/ Iglidur 0.101 £0.01
Nylon/ Iglidur 0.117+0.01
Tough 2000/ Iglidur 0.126 £0.01

Két qua thi nghiém 1 cho thdy viéc st
dung vit in 3D yéu ciu ting md-men xoan 10-
50% so voi st dung vit thép, tuy thudc vao loai
vit va vat liéu gia d& duoc sir dung. La dc vit
nhua in 3D hay 6c¢ vit thép tién CNC két hop
v6i gid nhya in 3D 1a mot giai phap thay thé
hop 1€ trong tng dung nay va céach ho co so
sanh vo1 nhau khong.
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3. KET LUAN

Hé thong bang tai tryc vit dung cac vat
liéu phii hop nhim giam gia thanh va cai thién
tinh ning. N6 duoc lam trong diy chuyén ty
dong duogc s dung trong cac nha may lip rap,
cac cong ty san xuat, doanh nghiép ché bién
thuy hai san,... dé tu dong hoa cac quy trinh
san xuat.

Vi cach st dung truc vit c6 gia thanh
phu hop véi loai vat li¢u lya chon. Véi nghién
ctru vé vat liéu cling phuc vu tdt cho co so dit
lidu cho cac mon hoc va do an dung trong cac
trrong dai hoc va cao déng.’:‘
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KHAO SAT ANH HUONG VI TRi LO TREN TRUC ONG NHOM PEN
KHA NANG HAP THU NANG LUONG VA CHAM

ANALYSIS OF THE INFLUENCE OF THE HOLE POSITION ON THE ALUMINUM
TUBE SHAFT ON THE IMPACT ENERGY ABSORPTION CAPACITY

Lé Thi Tuyét Nhung
Pai hoc Bach khoa Ha Noi
Email: nhung.lethituyet@hust.edu.vn

TOM TAT

Thi nghiém va cham doc truc va cdc phwong phdp tang kha nang hdp thu va cham trong mé
phong két cdu ciia Ba-do-soc trong 6 16 van la hudng nghién ciru dwoc cdc nha san xudt 6 t6 khai
théc trong nhitng ndm gan day. Céc nghién ciru vé thiét ké ciia ong nhém réng gdan vao mdt sau
ctia Ba-do-séc sao cho luc nén va cham giam di la muc dich cua nghién ciru nay. T hiét ké duc cdc
16 tron trén truc ong nhém réng nay la mét trong cdc y twong dwge cde nha nghién ciru quan tam.
Trong nghién cuu nay, vi tri dat 16 sé duoc khdo sdt, cdc 16 s€ nam & than ciia mé hinh cach dé cao
H doc theo chiéu dai ciia bién dang L, kich thudc cua 16 sé dwoc xdc dinh tir chiéu rong hiéu dung
cia thanh mong diea trén nguyén tdc ciia Von Karman. Ba vi tri ddt 16 khdc nhau dwoc phan tich, tir
dé cé thé danh gia dwoc anh hieong ciia vi tri ciia 16 trén sw hdp thu nang lwong cing mot két cau.

Tiwr khoa: Nghién doc truc, Hu hai déo; Thur nghiém va cham.
ABSTRACT

The axial impact experiment and methods to enhance impact absorption in the structural
simulation of car bumpers have remained a focus of research by automotive manufacturers in
recent years. This study aims to investigate the design of hollow aluminum tubes attached to the
rear of bumpers to reduce the compressive impact force. One of the ideas attracting researchers’
attention is the design of circular holes on the axis of these hollow aluminum tubes. In this study,
the placement of the holes will be examined. The holes will be located on the body of the model at
a height H along the length L of the profile. The hole diameter is determined based on the effective
width of the thin wall according to Von Karman's principle. Three different hole placement positions
will be analyzed to evaluate the influence of hole positions on energy absorption within the same

Structure.

Keywords: Axial crushing; Ductile damage,; Crash test.
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1. TONG QUAN

Céc vat liéu méi nhu hop kim nhom,
hop kim magié va thép c6 do bén cao dang
duoc st dung cang ngdy cang nhiéu trong cic
linh kién 6 t6, may bay dé giam trong luong
va dé tang hiéu suit tong thé cua cac phuong
tién. Nhirng vat li¢u nay thuong c6 do déo thép
khi bi pha huty so véi vat liéu truyén thong va
c6 thé bi hu hai, pha huy trong diéu kién tai va
va cham. Thong thuong sy lya chon nay dat ra
giéi han dé don gian hoa mé hinh pha hily dya
trén tiéu chuan bién dang toi da (bién dang pha
huy khong thay dbi cho tit ca trang thai tmg
sut). V4i cac mo hinh nay 1a chung khong phu
thudc vao bién dang pha hiy hoan toan trong
trang thai Gng suit ciia mot thanh phan.

Elyasi va cong su da nghién ctru phuong
phap san xuat hop kim nhém anh huodng téi
kha ning hap thu ning luong khi va cham [1].
Nghién ctru ctia Nikkhah va cong sy [2] khao
sat cac phan Gmg nghién nat cua cac ong co
hinh dang 16 khoét khac nhau ciing nhu dng
don gian dugc nghién cru trong diéu kién tai
doc truc va xién. Nghién ctru cua Taghipoor va
cong sy [3] trinh bay mot khao sat thyc nghiém
vé anh hudng cta 16 dbi voi luc nghién cua cac
dng mong voi tiét dién vudng dudi tac dong doc
truc voi tde do bién dang cao. Trong do, 24 mau
hap thu sdc dd dugce nghién ciru va tinh chat
nghién (crushing) ciia chung da dugc chi ra va
so sanh véi mot mo hinh hap thy don gian. Anh
huong cta cac thong sd khac nhau, bao gdm
duong kinh 18, chiéu dai mau, kich thudc mat
cit mau va toc do va dap ciing duoc danh gia.
Ung xir va dap cua kim loai ngay cang dugc
nghién cru nhiéu hon trong nhiing nim gan
day bang cac phuong phap thuc nghiém va mo
phong s6 nhu cac phuong trinh hu hai déo déu
dua theo cong trinh nghién ctru cua Hooputra
[4]. Tiép ndi két qua nghién ctru vé mé hinh hu
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hai cda vat li¢u déo dugc tng dung trong mo
phong phan tir hiru han cta mau éng nhém co6
vach ngan nham nghién ctru Gng xtr cia éng
khi chiu tai va dap 10m/s [5], nghién ctru nay
phan tich anh hudng ctia vi tri cac 15 tron duge
khoét trén thanh dng nhom tdi lyc nén va kha
nang hap thu ning luong va cham cua két cau.

2. MO HINH VA LUAT UNG XU HU HAI
CUA VAT LIEU

2.1. Hinh hoc va vit li¢u

Hinh hoc dau tién duoc st dung mo
phong s6 trong d6 an nay 1a hinh hoc da xay
dung bdi Hooputra [4]. M6 hinh dung vat li¢u
hop kim nhom EN AW7108T6 va cham vd&i
khdi lugng 500 kg va van tdc ban dau 1a 10m/s,
thoi gian stir dung dé xéac dinh hiéu qua cua vi tri
16 12 0.03s. Mb hinh dugc coi 1a két céu thanh
mong hinh lang tru dugc lam tir hop kim nhoém
EN AW-7108 T6 véi chiéu dai L 1a 400 mm,
chiéu rong W =95mm, chiéu cao B = 68 mm va
d6 day t=2.5 mm. Vi tri cac 16 cach mat phang
va cham mét khoang la H (Hinh 1a).

(b)
Hinh 1. a) M6 hinh va cham trong ABAQUS; b)
Diéu kién bién va diéu kién tdi

Dé nghién ctru anh hudng cua vi tri duc
16 t6i kha ning hip thy nang luong va cham cua
6ng nhém, bdn mé hinh 6ng TO, T50, T125 va
T200 tuong tng v&i khoang cach H 1an luot 1a
khong duc 16, H = 50mm, H = 125mm va H =
200mm dugc tién hanh mé phong. Khéi luong
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ctia md hinh khong duc 16 1a 0.843kg trong khi
khdi lwong ctia ba mé hinh ¢6 16 12 0.841 kg.

2.2. Vit liéu va thong s6 mé phong

Mo phoéng sb duoc sir dung cac thong
s0 vat liéu ctia hop kim nhém co céc thong sd
khéi Iwong riéng 2700 kg/m?, Mo-dun dan hdi
70 GPa, hé s6 Poisson 0.33. Ung suit chay déo
1a 311 MPa, Gng suat dut 13 697 MPa tai bién
dang déo 1a 2.1. DPdi véi tiéu chuan pha hay,
mo hinh két hop vé6i cac tiéu chuan pha hay
nhu pha hity do tmg sudt kéo, pha huy do tng
sudt cat va tiéu chuan Miischenborn-Sonne cho
su mat 6n dinh cua hién tuong that co chai.
Céc thong s6 nay sé lay tir dir liéu thuc nghiém
tham khao tur tai liéu [4] 1a:

ET = 0.44, £T= 1494, k, = 8.63. Thong s6 pha
huy do tng suét cat: €8 = 0.35, €5 = 1.2, f=
2.05,k_=8.63.

Dbi voi mo hinh thanh méng hinh ling
try, kich thuge tiét dién cua phﬁn tr la 5 mm.
Mo hinh khong 16 dugc tao ra véi 6162 phan tir
S4R (phan tr vo 4 nut hodc ludi vudng). Ludi
ctia truong hop dng nhom co duc 16 gdm 5088
phan tir (S4R). Piéu kién tai va diéu kién bién
duoc biéu thi trén hinh 1b.

3. KET QUA VA THAO LUAN

3.1. Két qua mé phéng 6ng nhom khong 15
chiu va cham

Mo hinh dugc mo6 phong dau tién duogc
tién hanh cho mé hinh TO véi van téc va cham
10 m/s. Ung xu cua vat liéu dugc st dung dé
mo phong két ciu 6ng nhom: vt liéu déo co
su dung luat hu hai. Két qué trén hinh 4 cho
thiy hinh dang pha hay ctia mau 6ng nhom
khi st dung ludt hu hai cia vat li¢u déo mo

ta ding trang thai khi bi tai nghién va dap cua
6ng. Hinh dang va kich thudc phan bi nghién
tuong thich cao so v6i két qua thuc nghiém cua
Hoopoutra [4]. D4i v6i phan tich chuyén vi tai
cac vi tri khac nhau, Hinh 2 cho thay, dau tién
két cau s& hinh thanh va lan truyén cac vét nit
tai viing 1an can goc dan dén pha huy.

EN C_hu}.'éu vi tai 10 mm b, fhu:.'ér. vitai20mm c C'hu_\‘é'n w1 tai 65 mm

Ve i Phi by —
-

-
Hinh 2. Ung xir va cham ciia mé hinh T0 ¢ chuyén
vi 10 mm, 20mm va 65 mm

Hinh 3. Ung xit mé phéng ciia 6ng nhém chiu va
ddp voi van toc 10 m/s voi ludt hu hai

Dbi voi phan tich trang thai ng suét
trong ong nhom, két qua & hinh 3 cho thiy ung
Xt ctia 6ng bi chén 1a hinh thanh nép gip, ing
suat 16n nhat dat 469 MPa. Két qua cho thiy
do tin cay ciia mo6 hinh mé phong cling nhu cac
thong sb vat lidu thuc nghi¢ém dy doan chinh
xéac ung xur ciia két cdu ong.

3.2. Phan tich anh hwéng vi tri duc 16 trén
thanh dng

Két qua md phong vé tng suit ciia ba
mo hinh TS50, T125, T200 dugc trinh bay trong
hinh s6 5.
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Hinh 4. Hinh két qua mé phéng ciia cdc truong
hop co lo: a) M6 hinh T50, b) M6 hinh T125, c)
M6 hinh T200

Céc duong dd thi cta luc nén voi chuyén
vi ctia két cdu khi c6 15 tron tir md phong sb
duoc thé hién trong Hinh 5. Ban dau chuyén Vi
ctia cac mod hinh tuong dong nhau, sau d6 do
chuyén vi cua két cau s& khac nhau hoan toan
do sy pha hity & vi tri khac nhau. Két qua cho
thdy rang khi lam 18 cho két cdu s& giam duogc
luc nén 16n nhat P .

T30 Ti25 T200

4
th
=]

Luenén [mm]
5]
=]
[—]

2

0 20 40 60 80 100 120 140 160 180 200 220
Chuyén vj [mm]

Hinh 5. D6 thi ciia luc nén — chuyén vi cua ba moé
hinh T50, T125 va T200

Bdng 1. Bang tong hop két qua mé phong e nén

Luc Luc - Hap

L s . Nang thu

Mo nen lo’n nen lwong nang

. nhat danh PN

hinh - hap thu | lwgng
max nghia E (kJ). riéng

(kN) | P_(kN) a /gr)

TO 250,90 | 73,86 16,25 19,28
T50 227,92 | 74.82 16,46 19,57
T125 220,68 | 75.18 16,54 19,68
T200 | 217.40 | 73.95 16,27 19,35
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Dé hiéu duoc tmg xir va dap cua cac
mo hinh, két qua mé phong da thu dugc trong
Bang 1. Lyc nén 16n nhat P_cta mo hinh ¢ 16
6 thé giam tir 9.16 — 13.23%. Tuong tu, sy gia
tang hap thu ning luong E co thé tang tir 0.12
— 1.79%. Vi tri dugc dat 13 tron tt nhat 1a vi tri
ctia mo hinh T125, két qua cho thay gi tri hap
thu ndng lugng riéng va hi¢u suét luc nén cao
hon cac mo hinh con lai.

4. KET LUAN

Trong nghién ctru nay, phuong phap st
dung tiéu chuan hu hai théng qua bién dang
déo da dugc tng dung trong du doan Ung xur
chiu tai va dap cua 6ng nhom véi van tée 10
m/s. Nghién ctru so sanh kha ning hip thu
ning lugng cua vi tri dit cac 16 tron trén truc
cho thay hip thu ning lugng tang 1én khi dat
16. Anh hudng cta 15 tron trong két cau ong
nhém tuan tay: luc nén 16n nhat giam tir 9.16 —
13.23%, nang luong hap thu ting 0.12 — 1.79%
va vi tri dat 16 tron ciia mé hinh T125 1a vi trf
t6i uu nhat. Tir d6, mo hinh tinh toan nay véi
cac thong s6 co hoc cua vat liéu nhém da thi
nghiém co thé dugc dung dé danh gia luc va
cham trong céc thi nghiém crash test 40 véi mo
hinh ba-dd-sé¢ ¢6 gin 6ng nhom dé co duoge
cac két qua danh gia vé anh huong cia van toc
hay céac tham s6 khac.

Loi cam on:
Nghién ctru nay dugc tai trg boi Pai hoc
Béach Khoa Ha Noi trong dé tai ma so6 T2023-

PC-017. Tac gia xin chan thanh cam on.«

Ngay nhan bai: 08/11/2024
Ngay phan bi¢n: 05/12/2024



NGHIEN CUU - TRAO DOI

Tai liéu tham khao:

[].

[2].

Elyasi M., Hossein T.G., Khatir F.A.,
Modanloo V., “Numerical and experimental
study of energy absorption in multilayer
tubes manufactured through spinning forming
process under quasi-static axial loading”.
Alexandria Engineering Journal, Vol. 106,
p571-581, 2024.

Nikkhah H., Guo F., Chew Y., Bai J., Song J.,
Wang P., “The effect of different shapes of holes
on the crushing characteristics of aluminum
square windowed tubes under dynamic axial
loading”. Thin-Walled Structures, Volume
119, 2017.

[3].

[4].

[5].

Taghipoor H., Ghiaskar A., Shavalipour A.,
“Crashworthiness performance of thin-walled,
square tubes with circular hole discontinuities
under  high-speed  impact  loading”.
International Journal of Crashworthiness,
Volume 27, 2022.

Hooputra H., Gese H., Werner H., Dell H., “4
Compressive failure model for crashworthiness
simulation — of  aluminium  extrusions”.
International Journal of Crashworthiness, p
449-464, 2010.

Lé Thi Tuyét Nhung, “Phdn tich hw hai ciia
5ng nhom chiu va cham doc truc bcing luat hu
hai theo co ché déo cia vat lieu”. Tap chi Co
khi Viét Nam, s6 316, 2024.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 324+325, thang 142 nim 2025
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

THUC NGHIEM IN 3D DANG TRUC VOI CAC TOC PO XOAY SAN
PHAM KHAC NHAU

EXPERIMENTAL INVESTIGATION OF 3D PRINTING CYLINDRICAL SHAPES AT
VARIOUS PRODUCT ROTATION SPEEDS

Nguyén Thanh Nam*, Nguyén Khac Nhat, Lwong Thanh Khanh,
Pham Xuén Phi, Nguyén Trong Hiéu
Truong Pai hoc Su pham K§ thuat Thanh phd Ho Chi Minh (HCMUTE)
Email: thanhnam012822@gmail.com

TOM TAT

Cong nghé WAAM (Wire Arc Additive Manufacturing) sir dung nguéon ndang lwong han hé
quang nung chay vat liéu kim logi dang soi va boi dcfp vat liéu theo 1op co khi bao vé dé tao thanh
san pham. Qud trinh nay cho phép tao ra cdc san pham kim logi phirc tap va tity chinh mét cdch
hiéu qua. Trong linh viee WAAM, dé hiéu sw anh hieong ciia toc do han dén cdac ddc trung trong qud
trinh thuwe hién nhw: toc do lang dong, kha nang két dinh giita cac 16p phi, cdu triic vi mé va tinh
chdt co hoc cia san pham dang truc la I6n nhw thé ndo? Muc tiéu ciia bai bdo nay la gidi quyét vin
dae nay, thong qua cac thi nghiém vé cong nghé WAAM cho san phcfm dang truc dwoc thuc hién trén
hé thong mday CNC véi nguon nang lirong han MIG/GMAW cho thdy: Téc dé han ¢6 anh hieong rat
I6m dén toc dg lang dong, khd nang két dinh gitka cdc 16p phii va tinh chdt co hoc ciia san phdm.

Tiwr khéa: Cong nghé¢ WAAM,; Han MIG/GMAW; San xudt phu gia; Kim logi; Tinh chét co hoc.
ABSTRACT

WAAM (Wire Arc Additive Manufacturing) technology uses arc welding energy to fuse
fibrous metal materials and accrete materials in layers with protective gas to form products. This
process allows for the creation of complex and customized metal products efficiently. In the field
of WAAM, to understand the influence of welding speed on performance characteristics such as
deposition rate, adhesive ability between coatings, microstructure and mechanical properties of
axial products? The objective of this paper is to solve this problem, through experiments on WAAM
technology for axial products performed on CNC machine systems with MIG/GMAW welding
power source showing: Welding speed has a great influence on the deposition rate, adhesive ability
between coatings and mechanical properties of products.

Keywords: WAAM technology, MIG/GMAW welding; Additive manufacturing, Metals;
Mechanical properties. &
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1. GIOI THIEU
1.1. Tong quan

In 3D kim loai da dugc nghién ctru va
phat trién manh mé& trén thé gi6i trong nhiing
nam gan day. So véi cac cong nghé in 3D kim
loai khac sur dung bdt kim loai va nguén laser,
WAAM c6 toe do ché tao cao hon nhiéu lan so
véi cac cong nghé in 3D kim loai khéc sir dung
vat lidu dau vao dang bot kim loai, gia thanh
dau tu hé thdng WAAM thip hon nhiéu. Viéc
nghién ctru téc d6 han phi hop c6 thé tiét kiém
vat li¢u va thoi gian ché tao ra san phém ma van
dam bao co tinh va do bén ctia san pham. Céac
két qua nghién ctru ¢6 thé ung dung rong rai
trong linh vyuc co khi, y té,...

1.2. Co sé ly thuyét

Dé tai nghién ctru vé sy anh huong cua
cudng d6 dong dién dén chat luong san pham
dang truc, khi sir dung phuong phap in 3D bang
day kim loai. Stir dung nguyén ly cua qua trinh
han ho quang, trong d6 mot dong dién dugc sir
dung dé tao ra cam bién han giira diy han va bé
mat lam vi¢c kim loai. WAAM st dung thiét
bi han tiéu chuan san c6: ngudn dién han, mo
han va hé thong cap day [2]. Chuyén dong cd
thé dugc cung cap bang hé thong robot hoic hé
théng may CNC. WAAM loai bo cac budc ché
tao truyén thong bang cach xay dung san pham
tir dir lidu k¥ thuat sb, gitp tao ra san pham co6
hinh dang phirc tap ma khong can khuon mau
hay cong cu dat biét.

Uu diém cta phuong phép gia cong niy
1a: san xudt voi te do nhanh vi ty 18 ling dong
WAAM dua trén GMAW cao hon 2-3 lan so
voi cac ky thuat dua trén GTAW hoac PAW,
tinh tiy chinh cao, tiét kiém nguyén vat liéu,
tiét kiém chi phi, dat biét 1a co thé tao ra cac
san pham c6 kich thudc 16n véi hinh dang phirc
tap [3]. Tuy nhién, mat khac, WAAM duya trén
GMAW kém 6n dinh hon va tao ra nhiéu tia
Itra han va khoi han hon do dong dién duoc cép
tryc tiép vao nguyén liéu tho.

Welding torch \;’m Wiidog adioe
| 4 Ly

Hinh 2. Hé théng WAAM va cdc nguon nang heong
hé quang khdc nhau c6 thé duwoc sir dung.

Hié¢n nay, cong ngh¢ WAAM dang duogc
nghién ctru manh trén thé gidi, dic biét trong
khoang 15 ndm tré lai day. Trong do, Pai hoc
Crafield, Vuong qubc Anh 1a don vi dan dau
nghién ctru va phat trién cong nghé nay. Tinh
dén thoi diém hién tai, mdi c6 duy nhat Pai hoc
Cranfield va cong ty WAAM 3D da nghién ctu
va hoan thién hé thdng cong nghé WAAM, bao
g6m h¢ thdng phan cimg va phan mém di kém
va bat dau thuong mai héa hé thong WAAM
trén thi truong trong nam 2022. Bén canh do,
My, Phap, Trung Qudc, Han Quéc, Uc,... ciing
1a nhitng nuéc dau tu, nghién ctru va phét trién
manh vé cong nghé nay [4].

2. PHUONG PHAP

Phin ndy cung cap thong tin vé tiéu
chuén TCVN-5400 dé x4c dinh d¢ bén kéo cuia
mau WAAM 3D dang truc. Ngoai ra, cung cip
vé quy trinh san xuat mau, cac thong s6 thiét ké
va may thur nghiém.
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Trong phuong phap han bdi dip, toc do
han c6 anh huong 16n dén tinh ddng déu, sy két
nbi ctia cac 10p han, tinh dong nhat cua cau triic
tric kim loai va do bén cia san phém. Tbc do
han quyét dinh thoi gian ma nhiét do duoc duy
tri trong ving han. Néu toc do han qua nhanh,
c6 thé dan dén nhiét do khong du dé dam bao
su két tu hoan chinh cua vt liéu, dan dén cac
16 hong hodc khuyét tat trong san pham. Nguoc
lai, tbc d6 han quéa cham co6 thé gay ra hi¢n
tuong nhiéu loan nhiét d6 va 1am bién dang san
pham.

Hinh 3. Mdu thir ché tao theo phwong phap WAAM
bang may CNC xudt hién 16 hong

3. THIET KE MAU THU

Budc dau tién trong nghién ctru 13 thiét
ké miu thtr dé xac dinh do bén kéo theo tiéu
chuan TCVN 5400 va mo6 hinh 3D duoc tao
trén phan mém Inventor 2025 dwa theo hinh
dang va kich thudc ctia tiéu chuan.

Ra 1.25

EL
@17+0.05
1
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Hinh 4. Mau kéo TCVN-5400
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4. CHE TAO MAU

Bdng 4.1. Théng s6 ciia mau thir

SPECMENT
A B C

PARAMETER

Van téc han (mm/phut) | 400 | 450 | 500

Offset (mm) 3 3 3

Cudng d6 dong dien1(A) | 110 | 110 | 110
Goc xodn (dd) 38 38 38
Ty 18 16p dép (%) 77 77 77

Vé6i cac théng sb quy trinh dd chon,
mau thtr nghiém dugc chuan bi thong qua bon
budc duoc liét ké dudi day:

1) M6 hinh ba chiéu (3D) ctia mau thi
dugc chuan bi thong qua phan mém thiét ké
Inventor 2025, nhim xéc dinh phuong phap in
phu hop.

2) Tao chuong trinh G-code va tién
hanh nhap vao may CNC, nham thiét 1ap hinh
dang chi tiét can san xuat vao may.

3) Mau duoc tao ra sau khi diéu chinh
thiét [ap may.

4) Mau duoc ldy ra khoi may sau khi
thuc hién hoan tat chuong trinh gia cong va tién
hanh loai bo cac vat liéu con thura.

e

cong xong

Hinh 5. Mdu sau khi in 3D va gia
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5. KIEM NGHIEM VA BAO CAO

Sau khi qua trinh san xudt mau hoan
tat, thir nghiém do bén kéo duogc thyuc hién dé
tim do bén kéo va d6 bién dang cua mau. May
kéo van nang WA-1000B dugc st dung dé thu
nghiém.

Pull model

Clamp jaw
4‘\_' pi

Hinh 6. Kéo mau

6. KET QUA THU'C NGHIEM

Két qué thtr nghiém cac mau vat dugc
mo ta trong ké hoach thir nghi¢m c6 két qua
kéo nhu bic¢u do dudi day:

o 30 289.1 289.5
£ 290
qEJ’ 280
= 270
BQ 260 253.7
o = 250
3 240
8 230
Pl (‘ 2 0"
63' ~c3’ )
bQ
» C_. o el
A < <0

Hinh 7. Biéu dé thé hién dé bén kéo ciia mau thir

284.1

300
- 241.3
= 217.4
g 250
S 200
S . 150
= £ 100
22 50
-
. 0
= . . \“’z‘o
o - bO. . bO. _ _Q}Q

<D(J /\.Or_a ,\'Dl"

Hinh 8. Biéu d6 thé hién gidi han chay ciia
mau thir

Do bén kéo 1a mot thude tinh co hoc
cua vat li€u, do luong kha nang cua vat li¢u do
chiu duoc luc cang ma khong bi vo hoac bién
dang vinh vién. DAy 12 mét trong nhiing chi sb
quan trong nhat dé danh gia tinh chét co hoc
ctia vat lidu. So sanh cac mau vat véi toc do han
400mm/phut va 450mm/phit, o bén kéo ting
nhung khong dang ké. Trai nguogc, voi hai mau
vat co toc do han 450mm/phut va 500mm/phut,
d6 bén kéo giam di 1 rét cu thé 1a 12,4%. Tu
d6 cho thay toc do han cao din dén cac khuyét
tat cho san phém lam d6 bén cua san phém
giam di.

Giéi han chay 1a thuat ngir chi dén
su bién dang cua mdt vat liéu khi n6 bat dau
chuyén tir trang thai dan hoi sang trang thai
bién dang vinh vién. Cac mau vat véi toc do han
400mm/phut, 450mm/phut, S00mm/phit ng
vo1 cac gidi han chay 284.1Mpa, 241.3Mpa,
217.4Mpa. Ta thay toc d6 han ting lén thi gidi
han chay cua san pham s& giam di, tir d6 tay
thudc vao nhu cau hay diéu kién van hanh cua
san pham, yéu cau do dan hdi hay cimg ma ta
diéu chinh toc do han cho phu hop.

39
38
37
36
35 .
34

Toc déhan Tocdfhan Toc dd han
400mm/phit 450mm/phat S00mm/phit

Percentage total
fracture (%)

extensio

Hinh 9. Biéu do thé hién do gian dai cua mau thir

D¢ gian dai chi dén ti 18 phén tram cua
su mé rong téng cong cia mau vat liéu sau khi
xay ra v& hodc gy so voi chidu dai ban dau cua
n6. Qua biéu do trén cho thdy tc do han ciing
anh huong dén do gidn dai cta san pham: tdc
dd han cang tang, do gian dai cang giam. Pay
12 mot chi s6 quan trong dé danh gia d6 bén va
tinh dan hoi cua vat liéu, va cung cp thong tin
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quan trong cho vi¢e thiét ké va Iwra chon vat liéu
trong cac ung dung khac nhau.

7. KET LUAN

Thong qua qua trinh thyc nghiém va
phan tich két qua thyc nghiém, cho thy tdc do
han anh hudng 16n dén cau tric va tinh chit co
hoc ctia san phdm sau khi han. Téc d6 han cao
s& lam mat di do cing va dé dan hdi cua san
pham. Diéu chinh va kiém soat téc do han 1a
rat quan trong dé dam bao chat lugng va tinh
dong nhét cia san phdm trong quy trinh han.
Tuy thudc vao muc dich st dung san phém ma
ta diéu chinh tdc d6 han cho phu hop.

(*) Péng gop cua tac gia:
- Hinh thanh y tudng va muc tiéu nghién

ctru: Nguyén Trong Hiéu;

- Thyc hi¢n nghién ctru, thu thap dur
lidu, phan tich dit liéu, viét va chinh sira bai
bao: Nguyén Thanh Nam, Nguyén Khéc Nhat,
Luong Thanh Khanh va Pham Xuén Phu.
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PNG DUNG PHUONG PHAP SO TiNH TOAN LWA CHON TY SO
TRUYEN CHO O TO PIEN

USING NUMERICAL METHODS FOR GEAR RATIO SELECTION IN ELECTRIC
VEHICLES

Nguyén Thé Hoang*, Tran Viét Linh, Ping Vi Pinh
Khoa Co — Dién, Truong Pai hoc Mo — Dia chat
*Email: nguyenthehoang@humg.edu.vn

TOM TAT

Dé ndng cao hiéu sudt hé thong truyén luc tir d6 kéo dai quang dwong di chuyén ciia 6 t6
dién trong mot lan sac, cdc nha thiét ké thuong lwa chon hé théng truyén luc co 1 hoac 2 ty 56
truyén. Tuy nhién, 6 t6 hoat dong trong dai van téc rong, tai trong lam viéc thay doi nén viéc lya
chon 1y $6 truyén sao cho givip 6 t6 tang toc nhanh, dat vin toc 1om nhdt cé thé dong thoi dong co
dién van hanh véi hiéu sudt cao la vin dé can dwge quan tdm. Bai bdo trinh bay phwong phdp vmg
dung phian mém Matlab - Simulink trong tinh chon hop Iy ty s6 truyén é t6 dién. Phwong phdp tiép

cdn méi cho phép liwa chon ty s6 truyén theo nhiéu tiéu chi.
Tir khoéa: O 16 dién; Hé thong truyén luc; Ty so truyén; M6 phéng Matlab/ Simulink.
ABSTRACT

To enhance the efficiency of the powertrain system and thereby extend the driving range of
electric vehicles on a single charge, designers often choose powertrain systems with one or two gear
ratios. However, since electric vehicles operate across a wide speed range and under varying load
conditions, selecting an appropriate gear ratio to enable quick acceleration, achieve the highest
possible speed, and ensure the electric motor operates at high efficiency is a key consideration. This
paper presents a method for applying Matlab - Simulink software to reasonably determine the gear
ratios for electric vehicles. The new approach allows for selecting gear ratios based on multiple

criteria.

Keywords: Electric vehicle; Drivetrain system; Gear ratio;, Matlab/Simulink simulation.
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1. PAT VAN PE

Xu huc’mg giao thong dang chuyén dich
manh mé sang 6 t6 dién, loai phuong tién it
phat thai khéi bui hon xe truyén thong. Pham
vi hoat dong cua 6 t6 di¢n phu thudc chu yeu
vao pin va hé thdng truyén luc. Trong cac thiét
ké 6 t6 du lich, hé théng tmyén luc thuong co
tir 1 dén 2 ty s6 truyén nham khai thac hiéu qua
kha nang lam viéc cua dong co dién, déng thoi
lam tang hiéu suat truyén dong.

Trén thé gidi, cac nghién ciu vé hé
théng truyén lyc trén 6 to dién tap trung vao
t6i wu hiéu suét truyén niang luong, cai thién
kha ndng van hanh va kéo dai quang duong di
chuyén cho mot lan sac. Nghién ctu [1], [2]
xay dung mé hinh diéu khién dong co dién
hu0’ng dén nang cao hleu sudt van hanh dong
CO, t6i ru mo-men xodn. Cac thuat todn quan
ly va diéu khién pin xe dién [3] cling dang
duogc phat trién. Cac nghién ctru vé 6 to dién
tai Viét Nam ciing dang tip trung vao van dé
diéu khién dong co dién [4], [5] va quan 1y pin
[6], [7], [8]. Phan 16n cac nghién ctru nay duoc
thue hién bang phwong phap mé phong voi cac
thong sb vé hé thdng truyén luc cho trude. D6i
v6i cac mo hinh nghién ctru vé hé thong truyén
luc, viéc thay doi ty sb truyén luc c6 thé dan
dén thay d6i cac két qua nghién ciru, do d6 viée
nghién ctru lya chon ty sé truyén mot cach hop
1y can phai duoc xem xét trude.

2. NOI DUNG NGHIEN CUU

2.1. M6 hinh hé thong truyén e 6 6 di¢n

': FOu }

i e oy

Hinh 1. M6 hinh hé thong truyén lyc:
(1) DBong co dién PMSM; (2) Hop so, (3) Cac
dang; (4) Vi sai; (5) Banh xe.
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Hinh 1 mé ta so do hé thong truyén
lyc 6 t6 dién trang bi dong co dién déng bo 3
pha co6 ro-to la nam cham vinh cuu (PMSM).
Pong co dién (1) duoc didu khién bang bién
tan (Inverter) theo phuong phap véc-to (Field
Oriented Control — FOC). Hop s6 (2) 6 mot
ty 56 truyen i s& bién doi mo- men cua dong co
trude khi truyen dén vi sai (4) rdi dén banh xe

(5).

Do thi (Hinh 2) biéu dién cac dudng
dic tinh cua dong co dién dong bo 3 pha su
dung nam cham vinh ctru (PMSM). Cac dudong
dac tinh ctia dong co PMSM co thé duge phan
thanh hai vung lam viéc.

1- E¥ic tinh cong sual
2- Bidc tinh hiéu suat
3= Bdc tnh md men

Cong sual. higu suial. mo men

trém truc dong oo

ar

Viin e quay e dong cor
Hinh 2. Dé thi ddc tinh lam viéc ciia dong co
PMSM

Ving tdc do thap (oa <w,), di¢n ap va
dong dién cung cép du dé mo-men dat gia tri
dinh muc (M = const), cong suét tang theo tdc
d0, hiéu suat 1am viéc ciia dong co & muc cao.

Khi téc do dong co vuot gia tri dinh
muc (0)6' > o ), dong co lam vigc & ché do tur
thong yéu. Do kha nang lam viéc cua bién tan,
diéu kién van hanh va ngudn cung cip bi giéi
han, dién ap va dong dién cép cho dong co bi
han ché nén cong suat coi nhu khong doi, mo-
men xodn ty 1€ nghich véi tdc do, hidu suit
dong co giam nhanh.
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2.2. M6 hinh dong luc hoc than xe

Hinh 3 mo6 t4 mo hinh dong luc hoc
than xe. O to c6 khdi lugng toan tai M dang
di chuyén véi van toc v _1én dbc. Trong tam xe
cach cac truc trudc, sau lan luot 1a a, b va cach
mit dc khoang h. Strc can khong khi P tac
dung 1én xe dugc xac dinh theo CT (2). Phan
I tir mat duong tac dung 1én cac banh lan luot
la N, N, theo CT (3), (4), (5), luc can ldn P,
P, dugc xéac dinh theo CT(6), (7).

Hinh 3. M6 hinh than xe

My =P, +P,-P,—-M.gsinf (1)

@

1

P = E.Cd P AV (2)
N, +N, = M.g.cosf3 3)
—h(P,+M.g.sinf+My_)+bM.g.cos
a+b
N, - +h(P,+M.g.sin B+ My )+aM.g.cosf (5)
a+b
Py +P,=P =G.f (©)
V2
S =1 1500)

2.3. Diéu kién chuyén dong ciia 0 to

Hé thong truyén luc tao luc kéo P, dugc
xac dinh theo CT (8). Luc kéo tai cac banh xe
chu dong phu thudc vao mo-men xodn M, cua

dong co, hiéu suat ciia hé thong truyén lyc 1 oty
s0 truyen cua h¢ thong truyen luc 1, va ban kinh
lam vi€c trung binh cta banh xe r,.

:Me.ﬂt.lt
rb

L ®)

Luc kéo 16n cho phép xe vuot dbc cao,
tang toc nhanh. Trong moi tinh hudng, luc kéo
cua cac banh xe chu dong luon phai 1én hon suc
can mat duong. Tuy nhién, qua 16n ¢6 thé khién
banh xe bj truot quay khi di chuyén. Theo [9],
luc kéo bi giéi han boi didu kién chuyén dong
nhu CT (9).

G(f.cosa+sina).r, <i< G, )

Me'nt Me'nt

Vi cac yéu cau thiét ké vé tai trong,
kich thuéc banh, hiéu suat so bd cua hé théng
truyén lyc va mo-men ma dong co di¢n tao ra,
CT (9) s& khoanh ving dugc gia tri ty s6 truyén
ctia hé thdng truyén lyc.

2.4. Céc tiéu chi danh gia ty s6 truyén ciia h¢
thong truyén lwe trén 6 to di€én

2.4.1. Viin hanh tiét kiém

Hiéu suét dong co dién va hiéu suét cta
hé théng truyén lyc anh huéng dén kha ning
tiét kiém ning luong khi xe van hanh. Quéng
duong di chuyén cua xe ting 1én khi ting hiéu
sudt hé thong truyén lyc va hiéu sudt cua dong
co dién.

Hiéu suét ctia hé théng truyén luc phu
thudc vao két cAu co khi va ché do van hanh.
Ty s6 truyén cao can st dung nhiéu cip banh
rang hon dan dén hiéu suét giam. Banh ring
quay nhanh, strc can chuyén dong cua dau boi
tron ting, tai trong va dap tang ciing gop phan
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lam giam hiéu suét cia hé thong truyén luc. 2.5.1. Thong sé ddu vao mé phéng
Viéc xac dinh hiéu suét ctia hé thong truyén luc
6 thé duogc xac dinh thong qua thuc nghiém. 1 | Pongco 3 | Khdi luong
Trong nghién clru ndy, gia thiét higu suat cua Cong suat Khéi lugng
cac bo truyénn, = 0.95. dongco | 100 toan tai
, (kW) (kg)
Hiéu suat lam viéc 9ﬁa dong co PMSM Mb men Phin bé i
phu thudc vao tai trong, toc do lam viéc. Tai lén nhat | 203 trong
trong tang lam tang dong dién trong day dan, (N.m) i
tén that nhiét tang, hiéu sut giam. Hiéu suit Tdc do
lam viéc cua dong co thudng dat cao nhit khi dinh m@rc | 4700 | 4 Lép
dong co lam viéc ¢ ché do dinh mirc. CT (10) (vg/ph)
gitp xac dinh hiéu suat cua dong co PMSM bién ap Hé s6 cén
theo toc do lam viéc. dinhmac | 360 |5 lanovan | 0.015
V) toc thap f,
2 Ban kinh
1, =0,9991— 0,15.(2J (10) , | Kich ¢ lamviec oo 0
@, thude xe trung binh |
r, (m)
Dé ting hiéu qua s dung dién ning, Dién tich H¢ s6 bam
dong co dién can dat hiéu suat cao khi 6 t6 hoat can chinh | 2.5694 doc
dong trong van tdc van thudng xuyén tir 40 — dién (m) .= 0-5%
60 km/h. Trong nghién clru nay, nhém tac gia Chidu dai Hiéu Eu"?‘t
thuc hién dénh gia cdc phuong 4n lya chon ty co s¢ (m) 2.6 h¢ tPong 0,95
s6 cua hé thong truyén luc bang cach so sanh truyen 1}10
hiéu suat lam viéc cta dong co PMSM ¢ tbc do Goc doc 10
50 km/h. leo duoce (%)

2.4.2. Ting téc nhanh 2.5.2. Quy trinh tinh todn

Kha nang tang toc cua xe co thé dugc

danh gia thong thoi gian ting tdc (t,0) tr 0 dén

100 km/h duoc tinh theo CT (11). Thoi gian e o (CT9)
tang toc xe phu thudc vao gia toc doc V, . M,.F,
100 . .
dvx : :i Yes No p=P
loo = J. - (11) B=3 0 A
0 vx | # |

1'||na\'. » "I 003 )?Pm!?.'l

2.5. Ung dung phin mém Matlab — Simulink

trong lua chon ty $0 truyén hé théng truyén —

Hinh 4. Luru do tinh chon ty sé truyén luc chinh &
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3. KET QUA VA THAO LUAN
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Hinh 5. Két qua tinh toan ty so truyén hé thong
truyén lyc xe 0 to dién

Két qua tinh van tdc 16n nhét, thoi gian
tang tdc dén 100 km/h, hiéu suit lam viéc cua
dong co ¢ toe dd 50 km/h khi thay ddi ty sé
truyén tir 7 dén 15 duoc md ta nhu trong Hinh
5.

Su thay ddi ctia van tdc 16n nhat theo ty
sO truyén duoc thé hién trong Hinh 5(a). Khi ty
sO truyén ciia hé thong truyén lyc ting thi van
tbc 16n nhat ma xe dat dwoc giam. Vi ty sb
truyén 1a 7, van tdc 16m nhét cua xe dat duoc
khoang 148 km/h, nhung véan toc 16n cia xe
khong dén 100 km/h véi ty sb truyén trén 14.
Diéu nay cho thay, cong suit cua dong co di
khong duoc khai thac t6t ¢ dai van toc cao khi
ty s truyén 16n.

Tir d6 thi Hinh 5(b) cho thay khi ty sb
truyén xe tang thi thoi gian ting toc dé xe dat
100 km/h bi kéo dai hon. Dai ty s truyén tir 8
dén 10, thoi gian tiang toc khong c6 bién dong
nhiéu nhung khi & muc 12 thi thoi gian ting 1én
dang ké. Ty sb truyén cta hé théng truyén luc
14 9,6 thi thoi gian tang toc cua xe 1én 100 km/h
1 nho nhit & muc 16,91 s. Ty sb truyén ting s&
lam tang lyc kéo nhung lai khong lam tang gia
toc cua xe, boi khi d6 banh xe bi trugt qua trén
mat duong, luc kéo bﬁng luc bam.

Hiéu suét lam viéc cta dong co & tde do
50 km/h giam khi tang ty s truyén lyc, nhu trén
Hinh 5(c). Piéu nay cho thay, ty s6 truyén cho
khong c6 loi vé mit hiéu sudt khi van hanh xe
& dai téc d6 thuong xuyén tir 40 dén 60 km/h.

Mic dii phuong phap sé trong nghién
clru trén da giup tinh toan va lya chon ty sd
truyén cho 6 t6 dién mot cach hop 1y, nhung
n6 van ton tai mot sé han ché can khic phuc.
Nghién ctru gia dinh hiéu suit cia hé thong
truyén lyc khong d6i, ham mo ta hiéu suat cua
dong co PMSM dang dugc ly tudng hoa.

Trong tuong lai, nghién ctu co thé
duoc phat trién theo hudéng danh gia kha ning
véan hanh cia 6 t6 dién trong cac diéu kién van
hanh khac nhau hoac tich hop hop so vo cap
(CVT) dé cai thién kha ning ting toc va tiét
kiém nhién liéu.
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4. KET LUAN

Ung dung phuong phap sb trong tinh
chon ty sb truyén cua hé thong truyén Iyc 6 t6
dién cho phép tinh toan nhanh va chinh xac.
N6 gitup nha nghién ctru quan sat su bién dong
ctia nhiéu yéu t6 khi ty sb truyén thay doi tir d6
chon ra phuong &n hop ly. Nguyén ctru trong
truong hop cu thé cho thay, véi ty sd truyén
thép 0 t6 dién dat dugc kha nang dong luc hoc
t6t hon, tiét kiém nhién liéu hon. Day 13 co sé
dé thuc hién cac nghién ctru su hon vé téi uu
hé théng truyén luc trén 6 to dién, tdi wu qua
trinh diéu kién dong co.

Loi cam on:

Nghién ctru ndy dugc tai tro boi dé tai
nghién ctru cap Trudng Pai hoc M6 — ia chét,
trong khu6n khé dé tai cip co s ma sb T24-07.
Nhom tac gia xin cam on Truong Pai hoc M6 —
Dia chit di hd tro thoi gian, phuong tién va co
sO vat chat cho nghién ctru nay. %

Ngay nhan bai: 15/11/2024
Ngay phan bi¢n: 10/12/2024
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THIET KE TAM KHUON AM CHO SAN PHAM DANG 2D
DESIGN OF CAVITY PLATE FOR 2D PRODUCTS

Vii Pirc Hoan*, V6 Vin Lam, Lé Viét Phi, Pham Anh Tuin, Pham Quéin Anh
Khoa Co khi Ché tao may, Truong Dai hoc Su pham K§ thuat Thanh phé H6 Chi Minh
*Email: vuduchoan23 l(@gmail.com

TOM TAT

Bai bdo nay nghién cd’u Vé thiét ké tam khuén am cho san pham dang 2D. Cong nghé phun
ép nhua la cong nghé san xudt cdc san pham nhiea phé bién dwoc img dung rong rai trong cong
nghiép. Tuy nhién, viéc san xudt khuén mdu cho qua trinh phun ép con gap nhzeu han ché. Cong
nghé in 3D kim logi WAAM la mét cong nghé tién tién, cho phép ché tao truc tiép khuon mau ma
khong can gia cong co khi phirc tap. Tai Viét Nam, cong nghé nay dang dwoc mot SO  don vi nghién
ceu trién khai. Cdc nghién ciru chii yéu tdp trung vao khao sat cac théng sé in, cdu tric va tinh
chat co hoc cua vdt liéu sau in. Viéc u’ng dung thuec té trong san xudt con han ché. Céc nghlen cuu
Vé ing dung cong nghé WAAM dé ché tao long khudn cho quda trinh phun ép nhya con rat méi mé,
chira ¢é nhiéu céng trinh dién hinh. Do d6, nghién civu ting dung cong nghé WAAM dé ché tao long
khuon va thuc nghiém qua trinh phun ép nhwa voi long khuén nay la hudng nghién ciru moi, co y
nghia thuc tién cao doi véi Viét Nam.

Tw khéa: WAAM; Phun ép nhua, T am khuén am; Khuén 2D; Vat liéu nhua ABS, PP. PA6, HDPE.
ABSTRACT

This article studies the design of negative mold plates for 2D products. The design was
carried out by students under the direction of Master Pham Quan Anh. Plastic injection molding
technology is a popular technology for producing plastic products that is widely used in industry.
However, the production of molds for the injection molding process still faces many limitations.
WAAM metal 3D printing technology is an advanced technology that allows direct manufacturing
of molds without the need for complicated mechanical processing. In Vietnam, this technology is
being deployed by a number of research units. Research mainly focuses on investigating printing
parameters, structure and mechanical properties of printed materials. Practical application in
production is still limited. Research on applying WAAM technology to manufacture mold cavities
for plastic injection molding is still very new, there are not many typical projects. Therefore,
researching and applying WAAM technology to manufacture mold cavities and experimenting with
the plastic injection molding process with this mold cavity is a new research direction with high
practical significance for Vietnam.

Keywords: WAAM, Plastic injection molding; Negative mold plate; 2D mold; ABS, PP,
PA6, HDPE plastic materials.
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1. GIOI THIEU
1.2. Tong quan

Cong nghé in 3D kim loai WAAM da
duoc nghién ctru va ung dung rong rai ¢ nhiéu
nude phat trién trén thé gisi trong thap ky gan
day. Cac nghién ctru chil yéu tap trung vao tdi
wu hoa cac théng sb in, nang cao chit luong
bé mat va kich thudc chi tiét, mo rong vat li¢u
¢6 thé in dugc. Mot s6 san pham dién hinh da
duoc ché tao thanh cong bang WAAM nhu cac
chi tiét khdi 16n trong nganh hang khong vii try,
khuén mau, cau thang... Cong nghé WAAM da
dugc ung dung thanh cong dé ché tao cac loai
long khudn cho qué trinh phun ép nhua véi uu
diém 1a tiét kiém thoi gian, chi phi, c6 thé ché
tao cac hinh dang phuc tap. Cac nghién ctru cho
thiy san pham phun ép nhua véi 10ng khuén
duoc ché tao béng WAAM c6 chat luong tot,
dap ung dugc yéu cau thiét ké. Pay duoc xem
12 hudng nghién ctru va tng dung trién vong
cua cong ngh¢ WAAM trong tuong lai. Nhu
vay, cong ngh¢ WAAM da dugc Ung dung
thanh cong trong linh vyc ché tao 1ong khuon
cho phun ép nhya ¢ nhiéu nudc phit trién.

1.2. Co sé 1y thuyét

Dé tai s& nghién ctru vé thiét ké tAm
khudn 4m cho viéc phun ép nhwa dang san pham
2D. Pugc cit laser thanh ting tam vai loai vat
li¢u 1a thép C45, sau d6 sir dung phuong phap
han MIG dé lién két thanh mot bo khuén hoan
chinh.

Nhitng vu diém cua thiét ké nay 1a giai
nhiét nhanh, chiu nhiét tot va c6 do o6n dinh vé
kich thuoc.

Thiét ke dugc dua trén cac mau khuon
¢p nhyua dugc thiét ké boi cac anh chi sinh vién
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khoa trude.

Hinh 1. B6 khuén duoc sir dung lam mau thiét ké.

Va s€ dugc ép thu trén may:

Hinh 2. May phun ép nhua.

Vi 1a khuon khong phai 1a nguyén khéi,
nén nhém can phai ¢ cac tinh toan ky cang
hon d6i voi ban thiét ké nay, chia bo khuon
thanh cac tdm c6 do day, mong thich hop cho
viéc cit laser cling nhu khi han dé cac tAm duogc

lién lai v&1 nhau.

2. THIET KE RA TAM KHUON HOAN
CHINH

2.1. San phim 2D
Sau qué trinh dua ra y tudng san pham,
thao luan va dong goép ¥ kién va duoc duyét

thong qua ThS. Pham Quéan Anh, nhom da chét

dugc san pham 2D can ép ra.
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Hinh 3. San pham 2D ép thi.
2.2. TAm Core
Dya vao hinh dang san phdm 2D can

ép ra, nhdm c6 dugc tAm Core c6 kich thude
320x300x40 mm.

Hinh 4. Tam Core cho san pham dang 2D.
2.3. Tam Cavity

Thiét ké s& dwoc nhém tién hanh thyc
hién trén phan mém Creo Parametric 8.0 voi
kich thudc tim khuén am 1a 320x300x40 mm
véi cac chi tiét can co trong tim Cavity can co.

Hinh 5. Mau thiét ké tam khudn am dwoc nhém
hoan thanh.

Tach khuon ra dé nhin thay ro dugc
phan bén trong s€ gom co tam khuén am, tam
khuon duong va san pham ép thur.

L
A

Hinh 6. Khuén dwoc tach ra dé nhin ré bén trong.
3. KET QUA THUC NGHIEM

Qua quaé trinh 1am viéc cung nhau, dudi
su hudng dan ctia ThS. Pham Quéan Anh, nhém
da hoan thanh duoc viéc thiét ké tim khuon am
cho san pham dang 2D.

T cac chi tiét 16n, nhd nhu san pham,
bac cubng phun, duong nudc hay chét dan
huéng déu dugc nhom dua theo céc tai liéu dé
¢6 thong s6 chudn va tién hanh lam.

Qua trinh thiét ké ciing khong gip nhiéu
kho khin, vi 1a mdi nguoi mot y kién khac nhau
nén nhom mat thoi gian dé dua ra phuong an
thiét ké cudi cing. Va cung v6i do, vi 1a dung
phuong phap WAAM c6 thé hoan tit b khuén,
nén ¢ khau thiét ké can c6 nhiing quyét dinh
chic chan va dam bao sau khi dua ra gia cong
s& han ché gip cic van dé anh huong dén qua
trinh gia cong cling nhu ép thr.
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4. KET LUAN

Thong qua qua trinh thiét ké va lam viéc
nhom, viéc thiét ké dic biét ddi véi phuong
phap WAAM (phuong phap con kha méi dbi
v6i thi trudong Viét Nam) 1a bude dau dé c6 thé
lam ra dugc mot bd khudn hoan chinh véi ti 1€
yéu cau 1:1, ddm bao 1am ra ép thur phai dat,
khong cho phép sai vi khi sai s& phai ton rat
nhiéu cong strc cling nhu chi phi dé 1am lai.

(*) Péng gop ciia tac gia:

- Hinh thanh y tuédng va muc ti€éu nghién
ctru: Pham Quéan Anh;

- Thyc hién nghién ctru, thu thap dir
liéu, phan tich dir liéu, viét va chinh sta bai
bao: Vi Puc Hoan, Vo Van Lam, Lé Viét Phi,
Pham Anh Tuén.

Loi cam on:

Nhom nghién ctru xin cam on Truong
Pai hoc Su pham K§ thuat Thanh phd H6 Chi
Minh d tai trg kinh phi ciing nhu hd tro trong
qué trinh nhém thyuc hién nghién ctru nay. Bai
béo nay la san pham cua dé tai NCKH véi ma
$0: SV2024-257.
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TOI YU HOA HE THONG TREO XE HYBRID DUNG TRi TUE
NHAN TAO

OPTIMIZATION OF HYBRID VEHICLE SUSPENSION SYSTEM USING
ARTIFICIAL INTELLIGENCE

Lé Thuong Hién*, Té Ngoc Thién, Hoang Vin Luec
Truong Pai hoc Di¢n luc
*Email: hienlt@epu.edu.vn

TOM TAT

Cdc phwong tién giao thong ngdy cang tré nén phicc tap voi sw tich hop ciia nhiéu cong nghé
mdi, viéc vmg dung cdc thudt todn hoc mday (ML) va tri tué nhén tao (AI) trong t6i wu héa hé thong
treo 6 t6 hybrid dang mé ra nhitng trién vong ding ké. Hé thong treo déng vai tro quan trong trong
viéc dam bao sw on dinh, an todn va cam giac lai, dac biét la doi véi cac phuwong tién hybrid, noi
su két hop giita dong co dot trong va dong co dién doi hoi mot hé tho”'ng treo linh hoat va hiéu qua
hon. Bai béo trinh bay img dung AI va ML ¢é thé gitip t6i wu héa cdc tham sé ciia hé thong treo, cdi

thién hiéu sudt van hanh va giam thiéu mirc tiéu thu nang luong.
Tir khéa: Xe hybrid; Hé thong treo.
ABSTRACT

As vehicles become increasingly complex with the integration of new technologies, the
application of machine learning (ML) and artificial intelligence (Al) algorithms in optimizing
hybrid vehicle suspension systems is opening up significant opportunities. The suspension system
plays a crucial role in ensuring stability, safety, and driving comfort, particularly in hybrid vehicles,
where the combination of internal combustion engines and electric motors requires a more flexible
and efficient suspension system. This paper presents how the application of Al and ML can optimize

suspension parameters, improve operational performance, and reduce energy consumption.

Keywords: Hybrid,; Suspension system.
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1. MO PAU

Nhu cu ngiy cang ting vé phuong tién
giao thong hién dai, tiét kiém nhién liéu va than
thién véi moi truong di dan dén sy phat trién
nhanh chong cuia xe hybrid. Xe hybrid 14 sy két
hop gitta dong co dot trong va dong co dién,
mang lai sy can béng gitra hiéu suét van hanh
va tiét kiém nhién liéu. Tuy nhién, cic hé thong
treo thong thudng kho c6 thé déap ¢ ng duoc yéu
cau ctia xe hybrid do sy phirc tap vé cau triic va
su thay doi lién tuc cua tai trong va diéu kién
14i. Chinh vi vay, viéc tmg dung Al trong toi uu
hoa hé thdng treo ciia xe hybrid 12 mot hudng
di day trién vong [1, 2].

O t6 hybrid c6 cac dic tinh dic biét nhu
trong luong thay ddi theo murc d6 sac cua pin,
va sy phan b lyc kéo khac nhau gitta dong co
dién va dong co d6t trong. Cac yéu to nay yéu
cau hé thdng treo phai c6 kha ning diéu chinh
linh hoat dé duy tri sy 6n dinh va thoai mai
cho nguoi 1ai trong moi tinh hudng. Vi thé, hé
thong treo khong chi can toi wu hoa dé dam bao
hiéu suat trong cac diéu kién l4i khac nhau ma
con phai két hop vai cac hé théng khac cua 6 t6
hybrld nhu hé thong phanh tai tao va hé thong
diéu khién dong co. Su phic tap nay yeu cau
cac cong cu manh m& nhu Al va ML dé xir ly
va dua ra cac quyét dinh t6i wu trong thoi gian
thuc [3, 4]. Cac thuat toan hoc may va tri tué
nhan tao c6 kha ning tu dong hoc tur dir licu,
nhan dién mau va diéu chinh h¢ thong theo thoi
gian. Piéu nay dic biét hiru ich trong viéc toi
uru hoa hé thong treo, vi cac hé thong treo phai
phan mg nhanh chéng va chinh xac voi nhiéu
yéu td nhu téc do, dja hinh, trong lugng xe va
luc kéo tr dong co [4].

2. MO HINH UNG DUNG

Hé théng treo cua 6 t6 hybrid c6 thé
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dugc trang bi cac cam bién dé thu thap dir li¢u
vé cac yéu td nhu téc do, goc nghiéng cua xe,
tinh trang mat duong va mac do nén cua 10 xo.
Nhitng dir liéu nay s& dugc st dung dé huan
luyén cac md hinh hoc may nham ti uu hoa
céc tham sb ciia hé thdng treo (chang han nhu
do ctmg cua 16 xo va do giam chan). Céc thuat
todn hoc mdy nhu hoc sau (Deep Learning)
hoac hoc tang cuong (Reinforcement Learning)
c6 thé duoc s dung dé phan tich dir liéu tur
cac cam bién va dua ra quyét dinh vé viéc diéu
chinh cac tham sb trong hé thong treo. Vi du,
néu xe di chuyén trén mot con dudng gb ghé,
hé théng treo c6 thé tu dong diéu chinh d6 mém
ctia 10 xo dé giam thiéu va cham va rung lac,
trong khi khi di chuyén trén mat duong bang
phiang, do ctng co thé duoc ting 1én dé cai
thién sy 6n dinh [1,2].

Hinh 1. Hé thong treo xe hybrid

Mo hinh 6 t6 hybrid voi hé thdng treo
c6 thé diéu chinh do cung cua 1o xo va do
giam chin dua trén cac yéu t6 nhu téc do, goc
nghiéng cua xe, va tinh trang mat duong. Muc
tiéu 1a sir dung dir liéu tir cac cam bién ciia xe
dé t6i vu hoa cac tham sé nay dé mang lai sy 6n
dinh t6i da va tiét kiém nang luong khi 1ai [4,

5.
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Céc yéu to ma ching ta c6 thé toi uu
hoa bao gom:

Toc do cua xe: Toc do cao hon co thé
yéu cau do ctng 16n hon cta h¢ thong treo dé
gitr cho xe On dinh.

Goéc nghiéng cua xe: Khi xe vao cua
hodc gap con duong go ghé, h¢ thong treo can
di€u chinh dé giam thiéu rung lac.

Piéu kién mit duong: i voi duong
g6 ghé hodc khong bang phang, hé thong treo
can mém hon dé gidm va cham.

Chutng ta s€ sir dung mot mo hinh hoc
may, cu thé 13 thuat toan hdi quy (regression),
dé du doan do cung t8i wu va do giam chan dua
trén cac thong sd dau vao.

Lap trinh bang Python:

import numpy as np

import pandas as pd

from sklearn.model selection import train
test_split

from sklearn.preprocessing import
StandardScaler

from tensorflow.keras.models import
Sequential

from tensorflow.keras.layers import Dense

# 1. Tao dur li¢u gia 1ap cho bai toan tdi wu hé
thong treo

# Gia st chiing ta c6 céac dac trung sau:

# - Do gb ghé clia dudng (road roughness)

# - Trong tai (load)

# - Toc 40 xe (speed)

# - Trang thai dong co (engine_state): 0 1a dong
co d6t trong, 1 1a dong co di¢n

# Dir liéu dau vao (input_features) va tham sb
dau ra (output_parameters)

data_size = 1000

np.random.seed(42)

road roughness = np.random.rand(data_size) *
10 # Gia sir 4o gb ghé tir 0-10
load = np.random.rand(data_size) * 1000 #
Trong tai tir 0-1000 kg
speed = np.random.rand(data_size) * 120 #
Tdc do tir 0-120 km/h
engine state = np.random.randint(0, 2, data
size) #01a dong co dot trong, 1 1a dong co dién
# Tham s toi wu cua hé thdng treo: PO cimg va
luc giam chan
spring_stiffness = road roughness * 0.5 + load
*0.1 +speed * 0.05 + engine state * 5
damping_force = road roughness * 0.3 + load
* 0.2 +speed * 0.1 + engine_state * 3
# Tao DataFrame
data = pd.DataFrame({
'road_roughness': road roughness,
'load': load,
'speed': speed,
'engine_state': engine_state,
'spring_stiffness': spring_stiffness,
'damping_force': damping_force
})
# 2. Chuan bi dit liéu cho mé hinh Al
X = data[['road roughness', 'load', 'speed',
'engine_state']].values
y = data[['spring_stiffness', 'damping_force']].
values
# Chia dir li¢u thanh tap huén luyén va tap kiém
tra
X train, X test, y train, y test = train_test
split(X, y, test_size=0.2, random_state=42)
# Chuan hoa dit liéu d¢ cai thién hiéu suat ctia
mang no-ron
scaler = StandardScaler()
X train = scaler.fit_transform(X_train)
X test = scaler.transform(X_test)
# 3. Xay dyng m6 hinh mang no-ron
model = Sequential()
model.add(Dense(64, input_dim=4,
activation="relu'))
model.add(Dense(32, activation="relu'))
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model.add(Dense(2, activation='linear")) # 2
dau ra: spring_stiffness va damping_force

# Compile mo hinh
model.compile(optimizer="adam', loss='mse’,
metrics=['mae'])

# 4. Huan luyén mo hinh

model.fit(X_train, y train, epochs=100, batch
size=32, validation_split=0.1, verbose=1)

# 5. Banh gia mo hinh

loss, mae = model.evaluate(X test, y test)
print(f'Mean Absolute Error on test data:
{mae}")

# 6. Dy doan trén tap kiém tra

y_pred = model.predict(X _test)

# 7. Hién thi két qua

import matplotlib.pyplot as plt

# DO thi so sanh gitra gia tri thuc va gia tri du
doédn

plt.figure(figsize=(14, 6))

# Do thi d6 ctng cta 10 xo

plt.subplot(1, 2, 1)

plt.scatter(y test[:, 0], y_pred[:, 0],
color='blue', alpha=0.5)
plt.plot([min(y_test[:, 0]), max(y_test[:,

0]], [min(y_test[:, 0]), max(y_test[:, 0])],
color="red")

plt.xlabel('Actual Spring Stiffness')
plt.ylabel('Predicted Spring Stiffness')
plt.title('Spring Stiffness Prediction')

# D04 thi lyc giam chan

plt.subplot(1, 2, 2)

plt.scatter(y_test[:, 1], y_pred[:, 1],
color='green', alpha=0.5)
plt.plot([min(y_test[:, 1]), max(y_test[:,

1], [min(y_test[:, 1]), max(y_test[:, 1])],
color="red")

plt.xlabel('Actual Damping Force')
plt.ylabel("Predicted Damping Force')
plt.title('Damping Force Prediction')
plt.show()

Giai thich cac budc cua chuong trinh:
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Tao dit liéu gia lap: Dir lidu dau vao bao
gém do gb ghé cua duong, trong tai, tbe do xe
va trang thai dong co. Dau ra 1a cac tham s6 toi
vu cta hé thong treo (d cung cia 10 xo va luc
giam chén).

Chuan bi dir liéu: Dt liéu dugc chuan
hoa dé cai thién hiéu suat cia mo hinh.

Xay dyng mo6 hinh mang no-ron: Mo
hinh ANN dugc xay dung voi cac 16p an co
kich thudc 64 va 32, véi 16p dau ra du doan hai
gia tri.

Huan luyén mo hinh: M6 hinh dugc
huén luyén véi dir licu huén luyén.

béanh gid mo hinh: Hiéu qua cia mo
hinh duoc danh gid dya trén do 16i tuyét doi
trung binh (MAE) trén dit lidu kiém tra.

Du doan va hién thi két qua: Du doan
ciia md hinh dugc hién thi dudi dang d6 thi
phan tan, so sanh gitra gia tri thuc va gia tri du
doan cua do cing 16 xo va lyc giam chan.

3. KET QUA MO PHONG VA BAN LUAN

Do thi trén thé hién mbi quan hé gitra
gi4 tri thuc va gia tri du doan ciia cac tham s6
hé thdng treo xe hybrid. D6 thi bén trai 1a do
cting 16 xo0 va do thi bén phai 1a lyc giam chén:
+ Do thi d6 cliing cua 10 xo (Spring Stiffness):
Céc diém phan tan xung quanh dudng mau do
biéu thi sy khac biét nho giira gia tri thuc va gia
tri dy doan. Puong mau do biéu dién duong
Iy tuong noi gia tri thuc bang gia tri dy doan.
Diém cang nam gan dudng nay thi do chinh xéac
cua mo hinh cang cao. Du mo6 hinh khong hoan
toan chinh x4c, ching ta van thay rang mé hinh
du doén véi do chéch 1on. Cac diem dir liéu
phan tan xa duong chéo ching té mo hinh chua
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thé¢ nam bat hét cac yéu to anh hudng téi do
cung cua 10 xo.

} Spring Stiffness Prediction Damping Farce Prediction

g Stiffness
£

Predicted Damping Farce

Predicted Sprir

10

0 60 80 20 30
Actual Spring Stiffness v Actual Damping Force

Hinh 2. Két qua mé phong

+ Db thi lyc giam chin (Damping
Force): Tuong tu, cac diém phan tin xung
quanh dudng mau dé biéu thi mbi twong quan
gitra gia tri thuc va gia tri du doan cua lyc giam
chan. Péi véi do giam chin, md hinh c6 vé du
doan chinh xac hon. Céc diém dit liéu phan bd
gan duong chéo hon, chi ra ring mo hinh c6
thé hoc duoc mdi quan hé dé dang hon gitra cac
yéu td dau vao va do giam chén.

Hinh 3, 1a két qua d6 thi mé phong sy
thay d6i cua do cung hé thong treo theo thoi
gian, dya trén d6 gd ghé cua mit duong (gia
toc). Khi mat duong tré nén gd ghé hon (dao
dong gia toc tang), hé thong treo tw dong dicu
chinh dé tré nén mém hon nham hép thy chin
dong. Nguoc lai, khi duong phang, d cimg cta
hé théng treo tang 1én dé duy tri sy 6n dinh.

Diéu chinh d§ cing caa hé théng treo theo thai gian

D0 gb ghé mit duing (gia téc)
D} cimg hé thng treo

Glé tr

0 2 4 6 8 10
Thai gian (gidy)

Hinh 3. Diéu chinh dj cirng theo thoi gian

Két qua s& 1a cac do thi phan tan cho
dd ctiing cua 16 xo va lyc giam chan, cho théy
hi€u qud ciia mo hinh Al trong viéc du doén cac
tham s6 t6i uu ctia hé thong treo xe hybrid.

4. KET LUAN

Viéc ing dung tri tu¢ nhan tao trong tdi
uu hoa hé théng treo xe hybrid 1a mot hudng
nghién ctru day hira hen. Cac thuat toan hoc
may va Al khong chi giup moé hinh hoa va du
doan cac tham s6 ctia hé thong treo ma con tdi
uu hoa chung trong thoi gian thuc, cai thi¢n
hiéu suit van hanh, tiét kiém nang lugng va
tang tinh on dinh cho xe hybrid. Trong tuong
lai, cac nghién ctru s& tiép tuc phat trién cac
thudt toan hoc sau, tich hop dir li¢u 16n va hé
théng diéu khién ty dong, tir d6 mang lai thé
hé phuong tién giao thong thong minh va than
thién véi moi truong. <
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NGHIEN ClU GIAI PHAP CAI THIEN HIEU QUA CHO THIET BI XU
LY NOx KIEU XUC TAC CHON LOC TRANG BI TREN PONG CO’
CHINH TAU THUY KHI KHAI THAC O TAI THAP

RESEARCH ON SOLUTIONS TO IMPROVE THE NOx TREATMENT USING THE
SELECTIVE CATALYTIC REDUCTION METHOD IN THE MARINE MAIN ENGINE
AT LOW LOAD OPERATION

Cao Vin Binh*, Trin Viin Thz‘ing, Vii Puc Anh
Khoa May tau bién, Truong Pai hoc Hang hai Viét Nam
*Email: caovanbinh@yvimaru.edu.vn

TOM TAT

Gidam phat thai oxit nito tir tau la quy dinh bdt budc véi cdc tau déng méi khi hoat dong
trong cdc ving ddc biét theo MARPOL phu luc VI. Tuy nhién, ¢é nhitng lo ngai cho thdy dong co
chinh tau thity sir dung phwong phép khir NOx kiéu xiic téc chon loc khéng dam bdo nguéng yéu
cau khi tau hoat dong gan bo v tdi thap. Bai bao trinh bay két qua nghién civu hiéu qud giam NOx
trong khi xd déng co chinh tau thity cia thiét bi xir Iy kiéu xiic tdc chon loc (SCR) ¢ cdc ché dé tdi,
phan tich co ché hoat dong va cdc yéu té anh hieong dén hiéu qua ciia thiét bi, nghién civu cdc gidi
phap vt liéu, ky thudt va khai thac d@é dé xudt cdac giai phdp cdi thién.

Tiwr khoa: Xuc tac chon loc; Khir NOx,; Tai thdp,‘ Khu vue kiém sodt 6 nhiém vé NOx.
ABSTRACT

Reducing nitrogen oxide emissions from ships is mandatory regulation for newly-built ships
when operating in special areas according to MARPOL Annex VI. However, there are concerns that
de-NOx method using selective catalytic reduction ((SCR) for the ship's main engine exhaust gas
treatment does not meet the required threshold when the engine operates at low loads. This paper
presents the results of the research on the efficiency of NOx reduction using selective catalytic type
in the ship’s main engine exhaust treatment in different load, analyzes the operating mechanism
and factors affecting the efficiency of the equipment, research on materials, technical and operating
solutions to propose improvement solutions.

Keywords: Selective Caltalytic Reduction; NOx reduction, Low load; NOx emission control

areas.
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1. PAT VAN PE

Phat thai oxit nito (NOx) tir tau la mot
méi quan tAm déng ké d6i voi méi truong, bén
canh phét thai vé oxit luu huynh (SOx). NOx
gop phan gy 6 nhiém khong khi, dan den cac
van dé nhu mua axit, khoi bui va cac van dé vé
ho hip ¢ nguoi.

Van tai bién 12 mot ngudn phat thai oxit
nito (NOx) dang ké voi luong tiéu thu khoang
65.5 triéu tin nhién liéu nam 2020 [1]. Trén
toan cau, nganh hang hai chiu trach nhi€ém cho
khoang 15% lugng khi thai NOx cua thé gidi
[2]. Nhiing khi thai NOx nay phat sinh tir qua
trinh d6t chay nhién liéu trén dong co diesel
hang hai ¢ diéu kién chay nhiét do va ap suat
cao, dan dén sy hinh thanh NOx.

T6 chirc Hang hai Quéc té (IMO) da
thiét 1ap cac quy dinh dé kiém soat phat thai
NOx tur tau. Cac quy dinh nay dugc phan loai
thanh cac cAp khac nhau dua trén ngay dong tau
va tée do dinh mirc cua dong co.

Cap I: Ap dung cho tau dong vao hoic
sau ngay 01/01/2000. Gidi han phat thai NOx
1a 17.0 g/kWh dbi v6i dong co c6 toc do dinh
mac (RPM) dudi 130 vong/phut (dai toc do
thiét ké ddi v6i cac dong co chinh lai chan vit
tryc tiép) [3].

Cép II: Ap dung cho tau dugc déng vao
hodc sau ngay 01/01/2011. Gidi han phat thai
NOx 1a 14.4 g/kWh d6i véi dong co c6 toe do
dinh muc dudi 130 vong/phut [3].

Cap III: Ap dung cho céc tau duoc dong
vao hodc sau ngay 01/01/2016, hoat dong trong
Khu vire Kiém soat phét thai (ECA) duoc chi dinh.
Gi6i han phat thai NOx 1a 3.4 g/kWh dbi voi dong
co ¢ tc do dinh mirc dudi 130 vong/phit [3].

Khu vuc Kiém soat khi thai (ECA):
Céc tiéu chuan Cap III duogc thuc thi trong cac
ECA cu thé, bao gdm ving bién Bic My, Bién
Caribe cuia Hoa Ky, Bién Baltic va Bién Bic
[3]. Cu thé:

Ap dung cho tau dong méi tir01/01/2016
hoat dong tai ECA Bic My va ECA Bién Caribe
cua Hoa Ky; hodc:

Tau dong mai tr 01/01/2021 va hoat
dong tai ECA Bién Baltic hoic ECA Bién Bic.
Chung nhan: Bong co diesel tau thay phai co
Gidy ching nhan Phong ngira 6 nhiém khong
khi qudc té cho dong co (EIAPP) dé chung
minh sy tudn thu cdc gidi han phat thai NOx

13].

Dbi véi mdi dong co diesel dugc ching
nhan NOx, phai c6 mot ho so ki thuat duoc phé
duyét [4].

2. CAC PHUONG PHAP GIAM NOx TU
KHI XA

Nito 1a mot khi tro trong tu nhién, tuy
nhién & nhiét d6 khoang 1800 K tr¢ 1én, phan
tor Ni:[o (N,) bi tach thénhv nguyén t (N), va
c0O thé phan rng voi 6xy de€ tao ra cac oxit nhu
N,0, NO, N,O,, N,O,, NO,, N,O,va N,O, [5],

goi chung 1a NOx.

Pong co diesel c6 dic diém hoat dong
trong diéu kién ddt chy nhién liéu v6i khong
khi nap ludn du thira, diéu nay thic dy nhiét
d6 budng dot cao hon va do d6 kha ning hinh
thanh nhiéu NOx hon [5].

Bén canh dé, ap suét phun cao va thoi
gian phun nhién li€u chinh xac trong dong co
diesel ciing gop phan gia ting hinh thanh NOx:
do qua trinh chay dién ra nhanh chong ctia hon
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hop nhién lidu-khong khi dan dén cac ving
nhiét do cao cuc b, noi tao diéu kién thuan loi
dé hinh thanh NOx [5].

12004

NOX (ppm)
2
=
—

&
£
[F——

-]
-]

n-—,—L,—L.—L,—L.—L.—A—y-E-./L,—
R o
Nhigt 88 budng &t (K)
Hinh 1. Quan h¢ gitta sy hinh thanh NOx va nhiét
do chay [5]

Thoi gian tdn tai cta vung nhi¢t do cao
cang dai thi luong NOx tao ra cang l6n, tir d6 sé&
d& nhan thiy dong co diesel thap tdc (cac dong
co diesel chinh tau thuy) phat thai nhiéu NOx
hon so vé6i cac dong co cao tc, do thoi gian khi
chay ton tai lau hon duéi diéu kién ap suat va
nhiét do cao.

Mirc phat thai NOx cap III yéu cau mirc
giam t6i 80% so voi cap I nén phuong phap
cai thién thiét ké khong thé mang lai mirc giam
dang ké (tir 17,7 g/kWh xubng 3.4 g/lkWh).

Céac phuong phap sau day hién dang
duogc str dung trén cac dong co chinh tau thay dé
dat duoc phat thai NOx ¢ cap III, mirc nghiém
ngit nhat:

» Giam xtc tac chon lgc (SCR): Pay la
mot trong nhitng phuong phap hiéu qua nhat,
¢6 kha ning giam lugng khi thai NOx 1én dén
90% [6]. SCR hoat dong trén nguyén ly phun
dung dich uré¢ vao dong khi xa tir dong co, phan
ra thanh amoniac ¢ nhiét do cao, phan ung vdi
NOx trén bé mit xuc tac dé tao thanh nito va
nuée. SCR (Hinh 2) ¢6 thé dugc st dung cho ca
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dong co chinh lai chan vit va cac dong co diesel
lai may phat dién.

« Tuan hoan khi thai (EGR): Phuong
phap nay tuan hoan mot phan khi xa trd lai hoa
tron vi khi nap cua dong co, lam giam néng do
oxy va giam nhiét do chay, tor do lam giam su
hinh thanh NOx. Phuong phap tuan hoan khi xa
¢6 uu diém vé hiéu qua giam NOx tot khi nhiét
d6 budng d6t thap, tuy nhién, ciing c6 nhiéu
nhuoc diém, vi du tang luong phat thai mudi
va bui min, gidm cong suét dong co do nhién
li¢u chay thiéu khong khi, dac biét phai trang bi
thém nhiéu thiét bi di kem.

« Chuyén d6i nhién liéu: Sir dung nhién
liéu sach hon, vi du khi ty nhién hoda long
(LNG), két hop thay ddi co ché cap nhién liéu
(theo chu trinh Otto) gitip giam lugng khi thai
NOx dat ngudng cap I11.

Hinh 2. Nguyén 1y lam viéc ciia bé khir NOx kiéu
SCR [6]

3. HOAT PONG CUA SCR VA YEU TO
ANH HUONG

Theo hudng dan tai MARPOL Phu luc
VI, Quy dinh 13, cac loai phat thai NOx duogc tinh
toan chii yéu 1a oxit nitric (NO) va nito di-oxit
(NO,) [3]. Nhitng khi thai nay dugc do dé lam cin
cir dam bao tuan thu cac gidi han phat thai NOx

duogc dat ra cho dong co diesel hang hai.
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Déi voi cac dong co diesel tau thuy hién
nay, hai phuong phap dugc sir dung phd bién 1a
SCR (HP-SCR hodc LP-SCR) hodc EGR.

Cong ngh¢ khir NOx dung xuc tac
chon loc (SCR) dua trén phan g chon loc
giﬁ:’a amoniac (NH,) va NOx trong khi xa trén
chat xuc tac kim loai dat tai bau phan ung trén
duong khi xa thoat ra ngoai moéi truong, trong
d6 NOx dugc khir thanh nguyén té nito theo
phan ung:

4NH3 + 4NO + O3 =2 4N, + 6H20
4NH; + 2NO; + O3 = 3N; + 6H;0

Tuy nhién, dudi ap sudt va nhiét 46 binh
thuong, amoniac 1a mdt chat d& bay hoi, rat kho
dé sir dung truc tiép va luu trit trong thoi gian
dai trén tau ¢ diéu kién binh thuong, bén canh
d6 con ¢ van dé an toan véi con ngudi. Do do,
dung dich uré¢ (40%), luu trit & nhi¢t d§ thuong,
khong doc hai, dugc st dung lam chét trung
gian va phun vao dong khi xa, sau do duogc
phan hay boi nhiét d6 cao tai cac tim kim loai
xuc tac (tai bau phan tng) chuyén hoa thanh
amoniac va phan tng véi NOX tai cac bé mat
clia cac tAm xuc tac nay.

-> NH + HNCO

2 (urea) 3 (khi) (khi)

+H,0,, > NH, . +CO

(khi) 3 (khi) 2 (khi)

NH,-CO-NH
HNCO

(khi)

450

400 | | | |

) - /

3c0. . + . ~ . 4

250 \ Nhide 34 lam vidc hifu quad cda SCR
‘Nh &t dd khi |.|I [

zm k- + + + 4
20 40 60 80 100
Tai déng co (%)

Nhiét 36 khi xa T

Hinh 3. Nhiét @b khi xa thuc té va yéu cau dam
bao hiéu qua cua SCR [6]

Céc tam xuc tac ¢ bau phan tng 13 cac
tam kim loai, 1am bang oxit vanadi (V,0,), oxit
vonfram (WO,), hodc oxit molypder} (MoO,),
hog_“lc oxit titan (TiO,). Chung c6 d0 bén va hi¢u
suat cao, hoat dong khur NOx hiéu qua & vung
nhiét d6 260-450°C [7]. Do do, khi dong co lam
viéc & tai thap (dudi 25% tai), dac biét véi dong
co chinh tau thay khi tau hoat dong gan bo va ¢
giai doan ra, vao cang, hi€u qua giam NOx cua
phuong phap SCR giam va c6 kha nang khong
dam bao ngudng yéu cau Cap III.

Déi v6i dong co chinh tau thay, SCR
dugc st dung ¢ vi tri dat trudce tua-bin khi xa
(HP-SCR), & ving ¢ nhiét do cao, nham nang
cao hiéu qua gidm NOx cua SCR. LP-SCR co6
thiét k& nho gon va don gian hon, tuy nhién
khéng phu hop déi v6i dong co chinh do han
ché vé nhiét 36 dé dam bao hiéu qua cua xuc
tac kim loai tai bau phan tng.

Hién nay, IMO dua ra hudng dan kiém
tra phat thai NOx d6i v6i cac dong co chinh,
bao gém chu ky kiém tra E2 — ap dung cho
dong co lai chan vit bién budc hoidc hé dong
luc diesel — dién co tde do dong co khong ddi:
chu ky kiém tra E3 — ap dung cho cac dong co
6 téc do thay doi. Trong ca hai trudng hop, cac
méc tai can duoc kiém tra chi bao gé)m 25%,
50%, 75% va 100% [4]. Muc d¢ phat thai NOx
khi dong co lam viéc dudi 25% tai khong duoc
dé cap dén.

Nhiét d6 khi xa ctua dong co 1a yéu tb
quyét dinh dén hiéu qua ctia phan tmg khir NOx
trén cac bé mit xuc tac, tir d6 quyét dinh dén
hiéu qua giam NOx cua thiét bi SCR. Nhiét do
nay c6 lién quan va phy thudc nhiéu vao tai hoat
dong cuia dong co. Thyc té thdy rang rat kho dé
duy tri nhiét do khi xa cao phu hop cho hoat
dong hi¢u qua cua SCR khi dong co hoat dong &
tai thap (dudi 25%) trong thoi gian dai [9].
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Sing phun U
Biimg o Ehetil phamn chit kha Bdiw phiin ing Tiaa i ki i
[HP-5CR}
Sdimg phan U ré

| =W e (HH=

Dang e Tuss bbbl b Wi phun chish kv B3u phdn ting

[LP - SCR)
Hinh 4. Hai kiéu bé tri SCR truée (HP-SCR) hodc
sau tua-bin khi xa (LP-SCR) [8]

4. GIAI PHAP CAI THIEN

Str dung xuc tac gbc Platinum va chét
khir H, ¢6 kha nang lam vi€c hi¢u qua voi nhiét
do khi xa thap (H,-SCR):

Str dung SCR ¢6 xuc tac gbe Platinum
(Pt) mang lai hiéu qua khir NOx t6t & nhiét do
khi xa thip tir 100-200 °C [10].

Véi chat khir H,, phan tmg khir NOx
trén chat xuc tac kim loai gbc Platinum xay ra
theo phan tng [10]:

2NO +4H; + O3 = N3 + 4H,0
2NO + 3H; + O3 = N;0 + 3H;0
2H; +0; = 2H;0

2NO +4H; = 2NH; + 3H,0

San pham cua phan ung trén H,-SCR
chu yéu la N, va nudc, tuy nhi€n, phan ing phu
o the xdy ra tao ra san pham la N,O, mot chat
c6 mirc d¢ gdy hiéu ung nha kinh gap 300 lan
so voi CO,. Bén canh d6, amoniac cling 1a mot
san phém phu sinh ra, tuy nhién, & nhiét do cao
hon 100-200 °C, amoniac nay s€ c6 tac dung
khtr NOx [10].
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Hinh 5. Hiéu qua khir NOx trén SCR voi cdc xiic
tac kim logi khac nhau [11]

Sir dung xiic tic gbc Mangan (Mn):

Chét xtic tac dya trén gdc Mangan dugc
nghién ctru rong rdi vé hiéu qua coa chung
trong viéc khir NOx, dic biét 1a & nhiét d6 thap.
Hop chat MnOx tinh khiét (c6 thé la MnO,,
Mn,0,, Mn,0, va MnO) trong diéu kién [NO]
= [NH,] = 500 ppm, [O,] = 3 vol%, co hi¢u
qua khir NOx & khoang nhiét do 120-250 °C
12 100% doi voi MnO, tinh khiét va véi Mn,O,
tinh khiét dat t6i da 92% & 160 °C [12].

Hidid qui gidem MO (Ye)

Illl] I 1;‘ ]I‘HJ I;'.I I l-lll] !':'IZI _lzlll
Nhidt 48 (T)
Hinh 6. Hiéu qua khir NOx ¢ nhiét dé thap trén
SCR dung vat liéu goc Mangan [13]

—
LU

Két qua trén cho thay wu diém chinh vé
chat xtic tac tai biu phan img SCR dua trén gbc
Mangan la hoat dong hi¢u qua cao ¢ nhi¢t do
thap, 1am cho chung phu hop véi cac ing dung
c¢6 nhiét d6 hoat dong thap hon, vi du khi xa
dong co trong truong hop dong co chinh tau

thuy hoat dong & gan bo voi tai thap.
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Trong sb cac chat xtc tic oxit kim loai
chuyén tiép, chit xtc tic dwa trén gdc oxit
mangan, chéng han nhu nano-MnO_ tinh khiét,
hay hon hop oxit kim loai dya trén géc Mn,
bao gdm lién két don MnOxCeOZ,, lién két don
MnO FeO_va MnO_ dugc san xuat c6 bo sung
thém trén cac oxit kim loai khac nhau, bao gém
ALO,, TiO, da cho thiy hoat dong SCR khir

273

NOx & nhiét d6 thap vuot troi [13].

Fhun o rié

HPF-5CR

Khil = tir
dimg o

I:rn-; adp khi pa

Tua bin khi wa

Ra meidl brudnig

T,"' T E] ke hlin gid
[,zr ! LA}
Mbl trudng o Khi vio
il d‘-ﬁni:l‘t':j

Hinh 7. Hé thong trao doi khi véi gidi phdp xa bét
khi nap

Str dung phwong phap xa bot khi nap:

 Xa bot sang phia khi xa (1), nhu Hinh 7.
* X4 bdt ra ngoai moi truong (2).

450
400
(o]
E 35ﬂ. Thx khi xa butl gid nap 1 " 1 |
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£ 300 Nhiét dé lam viée
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o
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Hinh 8. Hiéu qua khir NOx khi s dung phiong
phdp xa bot khi nap ¢ tdi thap [6]

HP-SCR dit bau phan tmg SCR trudc
tua-bin, tuy nhién, trong diéu kién tai dong co
thép, nhiét do khi xa chua du cao dé dién ra
phan mg xuc tac tai SCR. Dé ting nhiét do khi
x4, van x4 khi nap (1) ndi théng khoang gi6 nap
v6i dudng dng khi xa hodc xa b6t ra ngoai moi
truong (2) nhu Hinh 8, két qua 1am giam lugng
khi nap vao xy-lanh dong co, tir d6 lam tang
nhiét d khi xa. V& mit ky thuat, phwong phap
nay cai thi¢n hiéu qua xuc tac tai SCR va tir do
tang higu suat khir NOx, tuy nhién do thiéu khi
nap, suét tiéu hao nhién liéu s& tang [6].

Giai phap trong khai thac:

« Sdy bo xtc tac (bau phan tng) SCR
bang ngudn nhiét ngoai (siy dién hodc siy hoi)
khi hoat dong & tai thap hodc khi chuan bi hoat
dong nham tang nhi¢t do tai céac tam kim loai
xUc tac.

Chi str dung SCR khi dong co stir dung
nhién liéu c6 thanh phan luu huynh duéi 0.1%
(LSMGO), dé dam bao bao vé.

5. KET LUAN

HP-SCR 14 mét giai phap khir NOx phd
bién cho dong co chinh tau thuy, nhung bi han
ché khi 1am viéc ¢ nhiét do thip dién ra trong
qua trinh tau hoat dong trong cic ving kiém
soat vé NOx ¢ mirc Cap III. Nhiéu nghién ciru
va cong bd bao cio thiy rang dong co khong
dam bao ngudng NOx khi hoat dong dudi 25%
tai.

Bai bao di nghién ciru, phan tich va dé
Xudt cac giai phap vé vat lidu, ky thuat va cac
giai phap trong khai thac, dé nang cao hiéu qua
khir NOx d6i voi dong co chinh tau thiy, gop
phan thoa man ngudng phat thai yéu cau theo
MARPOL, phu luc VI, quy dinh 13.
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NGHIEN C(rU THIET KE VA CHE TAO BAN CAT
VE TRANH NGHE THUAT

RESEARCH ON THE DESIGN AND MANUFACTURING OF AN ARTISTIC SAND
DRAWING TABLE

Nguyén Minh Triéu', Vii Twong Quyén?, Trinh Thiy Anh2, Nguyén Truong Thinh!*
'Vién Cong nghé Thong minh va Tuong tac, Pai hoc Kinh t¢ TP. H6 Chi Minh
’Khoa Thiét ké Truyén thong, Pai hoc Kinh t¢ TP. H6 Chi Minh

TOM TAT

Nhu cdu trang tri ndi that ngay cang tang cao trong thoi dai ngay nay, dic biét la doi véi
nhitng nguwoi cé niém dam mé nghé thudt, khéng chi don thuan tim kiém nhitng san pham néi that
théng thuong ma con muon sé hitu nhitng mon do doc ddo, hién dai va mang tinh tham my cao.
Tuy nhién, thi trwong hién tai van con thiéu hut nhitng san pham mang tinh dét pha, két hop nhudn
nhuyén giita cdc linh viee khdc nhau. Ngay nay, sw phat trién manh mé cia co khi héa va tir dong
héa trong nhiéu linh viee, bao gom cd trang tri ndi that. Nghién cieu ndy tdp trung vao nghién ciiu
thiét ké va ché tao ban cdt vé tranh nghé nham két hop gitra tinh nghé thudt trong thiét ké néi that
Véi cong nghé co khi tir ddng héa. Nghién civu ndy tdp trung vao cd phan cirng va phan mém, trong
d6 ban cdt dong lyc sé tao ra cdc hoa van nghé thudt dia trén ma G-code do nguoi ding cung cap.
Phan mém dong vai tro la giao dién nguwoi dimg, cung cdp cdc lénh can thiét dé diéu khién ban mét
cach hiéu qua. Mot ban cat nghé thudt co thé vé tranh cat tu dong dwoc dé xuat trong nghién cuu
nay.

Tw khoa: Ban cat nghé thudt; ArtTech; Sand table; Cong nghé nghé thudt, Robot.
ABSTRACT

The demand for interior decoration is increasingly rising in today's era, especially
among those passionate about art. They are not merely looking for ordinary furniture products
but also seeking unique, modern, and aesthetically pleasing items. However, the market still lacks
innovative products that combine different fields seamlessly. There is a significant development in
mechanization and automation across various sectors, including interior decoration. This research
focuses on designing and developing an artistic sand drawing table to blend artistic elements in
interior design with automated mechanical technology. The study addresses both hardware and
software aspects, wherein the kinetic sand table creates artistic patterns based on user-provided
G-code. The software serves as the user interface, providing the commands to efficiently control the
table. An artistic sand table capable of automatic drawing is proposed in this study.

Keywords: Art technology, ArtTech, Sand table; Artistic sand table; Robot.
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1. TONG QUAN

Hién nay, xu hudéng thiét ké ndi that két
hop v6i co khi tyr dong hda dang ngay cang phat
trién, tao ra nhimg san phdm vira théng minh
vira mang tinh thim my cao. D noi that thong
minh duoc tich hop cong nghé diéu khién tu
dong va cam bién, cho phép nguoi dung didu
chinh nhiéu chue nang tién ich. Bén canh do,
xu hudng két hop giira nghé thuat va ky thuat
trong noi that cling dang dugc ua chudng, dién
hinh 1 cac mén do noi that c6 kha ning tu thay
ddi hinh dang, tao ra hoa van phtic tap trén
nén cat. Su ra doi cta ban vé tranh cat tu dong
“Sisyphus 1.0” vao ndam 2015 cua nghé si Bruce
Shapiro 1a mét vi du ti€u biéu, mang lai trai
nghiém doc dédo cho nguoi dung [1]. Sau khi
ra mat ban v& tranh cat tu dong dAu tién, Bruce
Shapiro da thu hut sy quan tdm 16n tir nguoi
tiéu dung. Chiéc ban dugc gidi thidu vao nam
2017 da nhan duoc sy don nhan néng nhiét, voi
cac don dit hang kin truée gan 1 nim. Thanh
cong ctia phién ban dau tién da thic day Bruce
Shapiro tiép tuc ra mat cac phién ban nang cip
v6i nhiéu cai tién vé mau ma va tinh ning. Hién
nay, ban v€ tranh cat tu dong da trd thanh san
pham pho bién trong linh vuc nghé thuat, trang
tri noi that va giai tri, mang dén trai nghiém tha
vi va sang tao cho nguoi dung.

Hién nay, khi nhic dén ban cat dong luc
nghé thuat, nguoi ta thuong nghi ngay dén san
pham ban vé& tranh cat ty dong Sisyphus cia
Bruce Shapiro. Py 1a mét sang tao két hop
giita cong nghé diéu khién ty dong va nghé
thuat, mang dén trai nghiém doc dao cho nguoi
dung. Ban Sisyphus sir dung co cau nam cham
dé vé& cac hoa van phuec tap trén bé mit cat, tao
nén nhimg tac phdm nghé thuat séng dong va
c6 thé xo6a di dé tao lai lién tyc. Khong chi 1a
mot ban cat thong thuong, Sisyphus con 1a mot
san phdm mang tinh thAm my cao, tich hop

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 324+325, thang 142 nim 2025
cokhivietnam.vn / tapchicokhi.com.vn

cong nghé hi¢n dai nhu diéu khién Raspberry
Pi, dén LED, va co ché diéu khién thong qua
ung dung trén dién thoai. Mac du hién tai chua
c6 nhiéu nghién ctru chuyén siu vé loai ban
cat ty dong nay, nhung su két hop hai hoa giira
nghé thuat va céng nghé da khoi ngudn cam
htrng manh mé€ cho ngudi yéu thich linh vuc
nay. San pham Sisyphus khong chi déng gop
vao viéc phat trién nghé thuat sb ma con mo
ra hudng di méi trong viée két hop giita nghé
thudt va cong nghé, mang dén cic san pham
doc d4o va hap dan. Hay trong nghién ctru cta
Chen va cong su [2] da gidi thi€u mot sy tuong
tac ciia ban cat sir dung camera c6 chiéu sau dé
tuong tac. Ngoai ra ngay nay, cong ngh¢ con
duoc tmg dung nhiéu trong cac san pham nghé
thuat [3-4].

Trong nghién ctru nay, mdt ban cat vé
tranh nghé thuat duoc dé xuat thiét ké. Cac co
so 1y thuyét duoc sir dung cho thiét ké duoc
gidi thiéu trong phan 2. Phan 3 trinh bay cac
thiét ké co khi va céc thuét toan diéu khién cua
ban cat. Cac thyc nghiém va danh gia cho ban
cat v& tranh ty dong dugc trinh bay trong phan
cuoi.

2.COSO LY THUYET

Ban cat dong luc nghé thuat co thé co
nhiéu kiéu dang va két cau khic nhau, nhung
thuong bao gdom céac thanh phan chinh nhu bé
mit v&, hé thong diéu khién, hé thong khung
va dong co. Bé mit v& 13 tim phang phu cat
dong luc, noi cac hinh v€ dugc tao ra thong qua
su di chuyén ciia vién bi. Hé thong diéu khién
chuyén dung s& diéu chinh chuyén dong cia
vién bi trén bé mat, tao nén cac hinh v& doc
dao. Hé théng khung, thuong dugc tao thanh
ttr cac thanh nhom dinh hinh lién két chéc chan
bang cac ke goc vudng, giup cau trac ban cat
vitng chai va d& dang thao lip. Pong co duogc

&
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su dung dé tao chuyén dong cho vién bi trén
bé mat v& va c6 thé 1a dong co budce, dong co
servo hodc céc loai dong co khéc, tuy vao thiét
ké va yéu cau cta ban v&. Tom lai, du c6 nhiéu
cach céu tao khac nhau, cac ban cat dong luc
nghé thuat déu can nhitng thanh phan co ban
nay hoat dong cting nhau dé tao ra cac tac pham
nghé thuat doc ddo trén cat.

Nghién ctru thiét ké va ché tao ban cat
v€ tranh ngh¢ thudt mang lai nhiéu vu diém
vuot trdi trong ca linh vuc nghé thuat va ky
thuat. Pau tién, hé thong duogc thiét ké véi do
chinh xdc cao nhd vao viéc st dung co cAu
chuyén dong hién dai nhu CoreXY, dam bao
cac nét vé duoc thuc hién muot ma va chinh
x4c trén bé mat cat [5-6]. Th hai, téc do va
tinh 6n dinh ctia hé thdng gitip rat ngan thoi
gian tao ra cac tac pham nghé thuat, dong thoi
giam thiéu 13i trong qua trinh van hanh. Ngoai
ra, kha nang chiu tai cao va kich thudc nho gon
ctia hé théng cho phép linh hoat trién khai &
nhiéu khong gian khac nhau, tir trién 1dm nghé
thuat dén khong gian gido duc. Cudi ciing, hé
thong diéu khién than thién, sir dung cac thiét
bi phd bién nhu Arduino hodc b diéu khién
CNC [7], gitip ngudi dung dé dang lap trinh va
tiy chinh theo nhu cau sang tao riéng biét. Day
1a mot budc tién 1on trong viée két hop cong
nghé vao nghé thuat, tao diéu kién cho su sang
tao va kham pha khong ngimg. So d6 nguyén Iy
hoat dong ctia ban cat duoc thé hién nhu hinh 1,
qua trinh van hanh bat dau tir may tinh, noi phat
tin hiéu diéu khién va gui dir liéu dén vi didu
khién. Vi diéu khién thyc hién xu 1y tin hiéu va
chuyén tiép 1énh dén driver. Driver dong vai tro
nhu bo khuéch dai tin hiéu va cép nguén can
thiét dé diéu khién dong co, tir d6 dong co nhan
tin hiéu va thuc hién chuyén dong theo yéu cau.
So d0 nay thé hién mdi lién két chat ché giira
cac thanh phan, dam bao su chinh xac va on
dinh trong hoat dong ctia hé théng.

May tinh Vi diéu khién Driver Dong co

Hinh 1. So' d6 nguyén 1y ciia ban cat.
3. TINH TOAN VA THIET KE CO KHI

Trong thiét ké ban cat v& tranh ngh¢
thuat, yéu t6 thAm my va kha ning thu hat
ngudi xem dugc dit 1én hang dau. Khong chi
don thuan 1a mot hé thong co khi, ban cat con
duoc xem nhu mot tac phém ngh¢ thuat voi
nhiém vu truyén tai vé dep cia timg duong nét
va su hai hoa trong thiét ké tong thé. Viéc tinh
toan va thiét ké co khi khong chi dam bao do
chinh xac va bén viing, ma con phai hoa quyén
v6i cac yéu té my thuat nhu dudng nét mém
mai, cAu trac tinh t& va sy phdi hop hai hoa
gitra cac vat liu. Bé mit ban cat duge thiét ké
vo6i kich thude phu hop, dam bao moi ngudi ¢
thé quan sat rd rang timg chuyén dong cua cac
nét v&. Pong thoi, mau sic, anh sang va cac chi
tiét trang tri xung quanh cling dugc chu trong
dé lam ndi bat tinh ngh¢ thuat va tao khong
gian truyén cam hing. Thiét ké nay khong chi
nhim tao ra mot san pham co khi, ma con mang
dén trai nghiém tham my doc dao cho nguoi
xem. Cac dong co can duoc tinh toan nham lya
chon cac thiét bi c6 thong sb phu hop voi khong
gian hoat dong va tai trong ctia hé thong, tong
s6 budc quay cua dong co trong qué trinh hoat
dong dugc tinh toan nhu (1). Thoi gian tang
tdc duoc tinh t = t,x 0.25=10.6s va tan s6 hoat
dong cua dong co dugc tinh toan nhu (2).

x360
) (1)
x 360
X
AT
= 2
- @
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Vi 0, 1a goc bude cua dong co, D 1a
duong kinh cua puly truyén dai. Véan toc cia
dong co dugc tinh nhu cong thic (3).

0
VM = f‘2xy X— (3)
6
Luc gay ra bdi dau cong tac clia ban cat
v¢€ tranh dugc dinh nghia nhu sau (4).

F,=F,+mg(sinf+ ucoso) 4)

Vai F, la ngoai luc tac dung lén dau
cong tac, m 1a khéi luong cua tai va dai. Tong
mo-men quan tinh dugc tinh theo cong thuc

().
2
M, =m, x(%) +2x[%mpD2j

2
M, :mp{%) +2x(%mPD2j

Mé-men can thiét khi dong co hoat
dong duoc tinh toan nham lua chon dong co
phu hop véi cac thong sé duge yéu cau, nd dugc
tinh toan nhu (6). Bén canh do6, viéc tinh toan
lwa chon va kiém tra d6 bén ciia day dai truyén
dong duogc tinh va phan tich theo tai trong riéng
cua day dai dugc tinh nhu cong thic (7).

)

T, =(M +T,)S, ©
T, =(My +Tuy)Sf
F o’
W,=—t+— 7
IRAT )

V6i T, la mé-men gia toc theo truc x,
T,dy la m6-men gia tdc theo truc 2 S.1a h¢ s6 an
toan, F la lyc vong, v 1a van toc cua dai, ¢ 1a
khéi luong 1m day dai.
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Hinh 2. M6 phong chuyén vi cia cdc ga chi tiét
bc%ng vat lieu nhua ABS.

Dé kiém tra lai do bén cta céac chi tiét
g4, cac chi tiét duoc tinh toan va mé phong dé
kiém tra do chuyén vi cling nhu d6 bén cua chi
tiét, ching dugc trinh bay ¢ hinh 2. Dya trén
két qua phan tich tmg sut hién thi trong hinh,
thiét ké str dung vét liéu nhya ABS cho cac bo
phan da chiing minh dugc kha nang chiu duoc
mg suat can thiét. Cac ving c6 ng suit cao
van ndm trong giéi han bén cua nhya ABS,
dam bao rang cau trac khong bi bién dang hoic
hu hong dudi tai trong lam viéc thong thuong.
Ngodi ra, sy phan bd tng suat dong déu trén
cac bé mit quan trong gitp ting do bén va do
on dinh cta thiét ké. Piéu nay cho thay nhwa
ABS 1a vat li¢u phu hop cho cac tng dung yéu
cau nhe, bén va c6 kha nang chiu luc tdt.

4. THU'C NGHIEM VA PANH GIA KET
QUA

Robot v& tranh cat duoc thiét ké va dé
xuat phuc vu cho cac tng dung vé trang tri ndi
that, cac thiét bi mang tinh nghé thuat cao, tao
ra cac gia tri tinh than cho ngudi st dung. Ban
cat dong luc nghé thuat co thé tai hién chinh xac
céc hoa tiét ma ngudi dung mong muén thong
qua viéc doc va phan tich dir li¢u tur file G-code
do ngudi dung nhap vao phan mém diéu khién.
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Khi van hanh, dong co ctia hé chuyén dong hoat
dong ém ai, khong tao ra tiéng on 16m, mang
lai trai nghiém dé chiu cho nguoi str dung. Véi
tinh img dung cao, ban cat dong luc khong chi
1a mot san pham cong ning ma con cé gia tri
nghé thuat cao, c6 thé tai hién cac hoa tiét phirc
tap mot cach linh hoat, hinh anh thuc té ctia ban
cat v€ tranh ngh¢ thuat ty dong dugc trinh bay
nhu hinh 3 voi théng sé nhu bang 1.

Hinh 3. Ban cat vé tranh tu dong duoc ché tao
thuc té

Bang 1. Théng soé cia ban cat vé tranh tir déng

thuc té
Kich thuéc tong thé | 600 x 1000 x 340 (mm)
Khoéng gian hoat dong 410 x 770 (mm)
Tbc do dau bi vé 220 (mm/s)

Két qua nghién ctru da thanh cong trong
viéc dat duoc su can béng hoan hao gitra yéu ciu
k¥ thuat va yéu té tham my, mang dén mot thiét
ké ban cat v& tranh nghé thuat khong chi hoat
dong chinh xac ma con ¢6 strc hiit manh mé d6i
v6i ngudi xem. Hé théng van hanh co khi dugc
tdi wu hoa dua trén viéc ap dung co ciu chuyén
dong CoreXY hi¢n dai, giap dam bao do chinh
xac cao trong ting nét vé va do bén vuot trdi
trong qua trinh st dung. Bén canh do, su két
hop thong minh gitra vat liéu nhuya ABS nhe,
bén, va c6 kha ning chiu luc tot d3 gop phan
nang cao hi¢u suét va tinh linh hoat cua thiét

ké, cho phép hé thong hoat dong 6n dinh trong
nhiéu diéu kién khac nhau. Cac thong sé quan
trong nhu van tc, tan sb hoat dong va kha nang
chiu tai déu dugc tinh toan va kiém chimg k¥
ludng dé dap tmg toi wu cac yéu cau van hanh
thuc té. Su phan bd dong déu tmg suat trén cac
chi tiét cling dam bao do an toan va tudi tho cao
cho hé thong, gitp giam thiéu rai ro hu hong
trong qua trinh sir dung. Hon nita, yéu t6 tham
my duoc chi trong thong qua viéc tao ra thiét
ké tinh té, tryc quan, gitip ngudi xem khong chi
cam nhan dugc gia tri nghé thudt trong ting
duong nét ma con dé dang tuong tac véi hé
thong. Nghién ctru nay khong chi mé ra mot
hudong di moi trong linh vyc Gng dung nghé
thuat co khi ma con gop phan thuc day su sang
tao va sy giao thoa hi¢u qua gitra cong nghé va
nghé thuat. Day 1a tién dé dé phat trién thém
nhiéu san pham sang tao, thong minh, dép tmg
nhu ciu ngdy cang cao cua xa hoi, dong thoi
khing dinh vai tro cua céng nghé trong viéc
nang tam gia tri ngh¢ thuat truyén thong.

5. KET LUAN

Nghién ctru thiét ké va ché tao ban cat
dong luc ngh¢ thuat da dat dugc nhiing két qua
ndi bat vé ca ky thuat va thim my. Hé thong co
kha nang v€ chinh xac cac hinh anh phurc tap
theo yéu cau cua ngudi dung théng qua viée
phan tich va thyc thi dir li¢u tur file G-code. V&i
thiét k& van hanh ém &i, hé chuyén dong dam
bao giam thiéu tiéng 6n, mang lai trai nghiém
dé chiu trong qua trinh sir dung. Ban cat khong
chi mang tinh ng dung thyc té cao, phui hop
v6i nhiéu linh vuc nhu nghé thuat, gido duc va
giai tri, ma con vuot xa chiéc ban thong thuong
khi két hop yéu t6 nghé thuat sang tao. Giao
dién than thién gop phan nang cao trai nghiém
ctia nguoi ding, dong thoi cung cap day di cac
thong tin dé t6i wu hoa thao tac va van hanh.
Tong thé, san pham khong chi 13 mot bude tién
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trong viéc Kkét hop cong ngh¢ va ngh¢ thuat, ma
con md ra tiém nang phat trién nhiing giai phap
sang tao moi trong tuong lai.

Loi cam on:

Bai bao nay la san pham cua dé tai

nghién ctru khoa hoc cong nghé cép trudng cd
mi s& CTD-2024- 09 duoc tai trg bai Pai hoc
Kinh té TP. H5 Chi Minh.

Ngay nhan bai: 21/11/2024
Ngay phan bién: 18/12/2024

Tai liéu tham khao:

[1].

[2].

Ersoy, A., & Bozkurt, M. (2015),
“Understanding an  elementary  school
teachers' journey of using technology in
the classroom from sand table to interactive
whiteboard”. International Electronic Journal
of Elementary Education, 8(1), 1-20.

Chen, K. M., & Wong, S. K. (2014, August),
“Interactive sand art drawing using kinect”.
In Proceedings of the 7th International
Symposium  on  Visual  Information
communication and Interaction (pp. 78-87).

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 324+325, thang 142 nim 2025
cokhivietnam.vn / tapchicokhi.com.vn

[3].

[5].

[6].

[7].

Chun, D. (2023, August), “When the NFT
Hype Settles, What Is Left beyond Profile
Pictures? A Critical Review on the Impact of
Blockchain Technologies in the Art Market”.
In Arts (Vol. 12, No. 5, p. 181). MDPI.

. Pawelzik, L., & Thies, F. (2022), “Selling

Digital Art for Millions-a Qualitative Analysis
of NFT Art Marketplaces”. In ECIS.

Amri, A. A. N., & Sumbodo, W. (2018),
“Perancangan 3D Printer Tipe Core XY
Berbasis Fused Deposition Modeling (FDM)
Menggunakan Software Autodesk Inventor
2015”. Jurnal Dinamika Vokasional Teknik
Mesin, 3(2), 110-115.

Aycardi Salgado, L. C., & Tuiran Moreno,
H. J. (2018), “Diserio y construccion de una
impresora 3d de gran formato con tecnologia
de fabricacion con filamento fundido (FFF)
tipo Core-XY basada en Arduino”.

Quatrano, A., De Simone, M. C., Rivera, Z.
B., & Guida, D. (2017), “Development and
Implementation of a Control System for a
Retrofitted CNC Machine by Using Arduino”.
FME Transactions, 45(4).



NGHIEN CUU - TRAO DOI

PHAT TRIEN HE THONG THU HOI NANG LUQNG GIO THONG
QUA BO CHUYEN POI THUY LUC

DEVELOPMENT OF WIND ENERGY HARVESTING SYSTEM THROUGH
HYDRAULIC CONVERTER

D6 Tri Cuong, Ding Tri Diing*
Vién Cong nghé Thong minh va Twong tac, Truong Cong nghé va Thiét ké, Pai hoc Kinh té
Thanh pho H6 Chi Minh

TOM TAT

Bai bdo nay trinh bay vé viéc phdt trién mot hé thong thu hoi nang leong gié sir dung bo
chuyén doi thity lwe, véi muc tiéu chuyén doi dong nang ciia gié thanh dién nang. Cy thé, déng ndng
tir gié duwoc truyén qua tryc quay dén bg chuyén doi nang leong. Trong hé thong thity lec, bom thity
liee ¢6 vai tro chuyén déi nang lwong co hoc tir truc quay thanh ndng heong thity lirc. Nguon nang
lwong thuy lyc nay sau do dwoc tich tri trong cdc binh tich nang, gzup duy tri murc nang hfong on
dinh ngay ca khi téc @ gié thay doi. Tiép theo, nding lu"ong tir hé thong thity luc dwoc truyen toz
dong co thuy luc, noi nang lwong thiy lwc duoc chuyen doi thanh nang lwong co hoc dé truyén
déng cho mdy phdt dién. May phat dién tiép tuc bién doz nang luwong co hoc nay thanh dién nang,
6 thé duge sir dung dé sac pin hodc cung cdp truc tiép cho ludi dién. Két qua mé phéng cho thdy
hé thong cé kha ndng thu hoi nang heong hiéu qud, véi hiéu sudt dat khodang 60%, khang dinh tiém
nang tng dung lom trong cdc hé thong ndng lwong tdi tao.

T khéa: Turbin gié; Bé chuyén doi thity luc.
ABSTRACT

This paper presents the development of a wind energy harvesting system using a hydraulic
converter, aimed at converting wind kinetic energy into electrical energy. Specifically, the kinetic
energy from the wind is transmitted through a rotating shaft to the energy conversion unit. In
the hydraulic system, the hydraulic pump plays a role in converting mechanical energy from the
rotating shaft into hydraulic energy. This hydraulic energy is then stored in accumulators, ensuring
a stable energy level even when wind speed fluctuates. Subsequently, the energy from the hydraulic
system is transmitted to a hydraulic motor, where hydraulic energy is converted into mechanical
energy to drive the generator. The generator then converts this mechanical energy into electrical
energy, which can either charge batteries or be supplied directly to the power grid. Simulation
results show that the system is capable of recovering energy efficiently, with a recovery efficiency
of approximately 60%, highlighting its significant potential for application in renewable energy
systems.

Keywords: Wind turbine; Hydraulic energy converter.
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1. TONG QUAN

Nang luong gi6 dong vai tro quan trong
trong vi¢c gidm phu thudc vao nhién li¢u hoa
thach va giam khi thai nha kinh. Bén nam 2020,
cong suat lap dat nang lugng gid toan cau da
vuot 700 GW va du kién tiép tuc tang [1]. Mic
du tua-bin gié da cai thién vé hiéu suét va do
tin cdy, viéc chuyén d6i nang luong gi6 thanh
dién nang hiéu qua van gip nhiéu thach thic,
dac biét trong viéc nang cao hiéu suit 1am viéc
ctia hé théng thu hoi niang luong va giam ton
that [2]. Bién d6i tbc do va hudng gio giy ra
su khong 6n dinh trong chuyén d6i nang luong.
Céc hé thong truyén dong co khi truyén thong
nhu hop s6 va truc truyén dong han ché vé do
bén va hiéu suit trong diéu kién bién ddi lién
tuc, anh hudng dén hiéu suét tong thé va ting
chi phi bao tri. Do dé, can tim giai phap truyén
dong hi€u qua va linh hoat [3].

B chuyén ddi thuy lyc ndi 1én nhu giai
phap tiém nang, c6 kha nang hip thu va truyén
tai nang luong tr tua-bin gid hiéu qua, thich
nghi v&i bién doi toc do va tai trong [4-5]. Hé
thng thuy luc con c6 vu diém truyén tai ning
luong qua khoang cach 16n ma khong ton that
dang ké, giup giam ton that ning luong va ting
tudi tho hé thong. Nhiéu nghién ctru da tich hop
cong ngh¢ thuy lyc vao tua-bin gié [6-7]. St
dung hé théng thuy luc cling mé ra kha ning
tich hop véi cong nghé luu trit nang lugng, nhu
tich trir thuy luc, gitp cAn bang tai va cai thién
on dinh luéi dién. Cong nghé thuy luc trong
tua-bin gié ngoai khoi co thé giam chi phi lap
dat va bao tri.

Bai bao nay gidi thiéu mot hé thong thu
ho6i nang luong gi6 sir dung bd chuyén doi thay
luec, chuyén doi dong nang cua gié thanh di¢n
nang. Hé thong hoat dong bang cach truyén
dong nang tur gidé qua truc quay téi bom thay
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luc, chuyén ddi thanh ning luong thuy luc va
tich trit trong binh tich ning dé duy tri muc
ning luong 6n dinh. Ning lugng thuy luc sau
d6 duoc chuyén doi thanh néng lugng co hoc
boi dong co thuy lyc, truyén dong cho may
phat dién dé tao ra dién ning cung cap cho pin
hodc lué6i dién.

2. THIET KE BQO CHUYEN POI THUY LUC

ERRRER

G10

Hinh 1. Hé théng dwoc dé xudt.
2.1. Nguyén ly lam viéc

Hé théng thu hdi ning luong gié thong
qua bd chuyén d6i thuy luc hoat dong theo
nguyén 1y chuyén déi nang luong dong cua gid
thanh nang luong dién mot cach hiéu qua va 6n
dinh. Khi gi6 théi, cac canh quat gi6 s& quay,
chuyén d6i ning luong déng cia gi6 thanh
nang luong co hoc. Chuyen dong quay nay
duogc truyén qua truc quay dén bo chuyén doi
ning luong. Trong hé thong thuy lyc, bom thuy
luc chuyén ddi nang lwong co hoc tir truc quay
thanh nang luong thuy lyc. Nang luong thuy
luc nay dugc tich trir trong cac binh tich nang,
gitip duy tri mic nang luong on dinh du toc
d6 gi6 co thay d6i. Nho co ché nay, hé thong
¢6 kha nang giam thiéu dao dong niang lugng
do sy bién doi cua toc do gio. Tiép theo, ning
luong tir hé thong thuy luc duoc dan t6i dong
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co thay lyc. Pong co ndy chuyén ddi ning
lugng thuy luc trd lai thanh nang luwong co hoc,
truyén dong cho may phat dién. May phat dién
sau d6 bién ddi nang luong co hoc ndy thanh
nang lugng dién, co6 thé sac vao pin hodc cung
cp tryc tiép cho ludi dién nhu thé hién ¢ Hinh
1.

2.2. M6 hinh toian hé thong thu hoi ning
lwgng gioé

a) Mo hinh tua-bin

Cong suit ma tua-bin c6 thé tao ra dugc
tinh bang cong thtrc:

B=— pAVIC(p.2) (1)

Trong d6, p 1a khdi luong riéng cua
khong khi. A la dién tich quét cua canh quat. V
1a van toc gio. C, 1a h¢ so cong suét, phu thudc
vao goc nghleng B va ti s6 toc d6 dau canh A.
Ti s6 toc do dau canh A dugc dinh nghia 1a ti 16
giira toc d6 tuyén tinh cua dau canh quat va tdc
do gio:

xR

7

w

A= (2)

’ Trong d6, R 1a chiéu dai céph quat; o,
la téc d§ quay cua canh quat. HE sO cong suat
Cp 1a thudc do hiéu suat chuyén d6i ning luong
g16 thanh nang lugng co hoc, dugce xac dinh béi
cong thic:

Cp (B, A)=c(c,—c;f—-c, B = 05)6_06 (3)
Trong do, B la goc nghiéng canh quat; ¢,

dén ¢, lacaché sO dac trung cho tua-bin. Gia tr1
diéu chmh ctua A dugc tinh nhu sau:

&:[ 1 j 4)
2+0.088—0.0355 +1

Mo6-men xoan T, dugc tao bdi tua-bin
duoc tinh nhu sau:

I=— )

Theo dinh luét IT Newton, chuyén dong
quay cua tua-bin duoc méd ta bing phuong
trinh:

. T-Co-T,

t

(6)

Trong do, T, la mo-men tai do bom thuy
luc tao ra; J 1a mo- men quan tinh ctia hé thong;
C lah¢ s6 can.

b) M6 hinh bom thiy luc

Bom thay lyc dong vai tro chuyén dbi
nang luong co hoc tur tua-bin thanh nang luong
thuy luc. Luu luong cua bom thuy lyc dugc
tinh boi:

QPi: aPa)PDPmax (7)

Trong do, a, la goc nghiéng cua bom;
o, la téc do quay; D b 1a Iuu lugng riéng toi
da ctia bom. Hiéu suat thé tich va co hoc cua
bom dugc biéu dién béi:

QPi - QI
nvP: (8)
QP[
_ 0Dy, AD 9
v QPDPMAP + T} ( )

¢) M6 hinh dong co thiy luc

Pong co thuy luc chuyén doi ning
luong thuy luc thanh ndng luong co hoc. Hi¢u
suét thé tich va co hoc cua dong co duogc tinh
biang:
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a,D, o
= (10)
aMDM”,axa)+Qloss

d) M6 hinh tinh toan binh tich nang thuy luc

Ap suit trong binh tich ning thity luc

dugc gia dinh tudn theo qua trinh doan nhiét,
v6i phuong trinh:

an = pOVOn: pmaan:lin (14)

— aMDMm‘uAp_Z-;OSS (11)

77;M aM DMWX Ap

Thé tich dau thuy luc trong binh tich
nang dugc tinh boi:

Luu lugng thue té va mo-men xodn dau
ra cua dong co dugc tinh nhu sau:

QM=HQ—" (12) )
M V="V, 1—(—(’} ,néu p;> p, (15)
Ty=0a,ApDy, 1, (13) l
3. MO PHONG

3.1. Xay dung mo hinh mé phéng

® S S ’
’ . .l.__:._l 3
ot 8 feas LYo
0 B |
L . o
m oy (o
. 880

Hinh 2. M6 hinh mé phong hé thong thu hoi ning lwong bang phan mém AMESim.

Bdng 1. Théng s ciia hé thong

Thiét bi Th"t‘l‘li :;’ ky Gia tri Thiétbi | Thong sb ky thudt |  Gia tri
Bom thiy lvc | Luu lugng riéng | 50 cm®/vong Ban kinh 50 m
Donghig thiy Luu lugng riéng | 28 cm?/vong Van toc gio 10m/s

: . Tua-bin - -
Theé tich 90 bar H¢ s6 cong suat 0,4
Binhtichap 1 | . ‘ Khdi lugng riéng
A A ’ y 3
Ap suat ban dau 20 1it cita khong khi 1,225kg/m
Thé tich 70 bar . ,
Binh tich ap 2 p ; : May phat dién Cong suat 10 kW
Ap suat ban dau 20 lit

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 324+325, thang 142 nim 2025
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CUU - TRAO DOI

Heé thong mo phong thu hdi ning luong
gid qua bo chuyén d6i thuy luc duoc xay dung
bang cach két hop AMESim va MATLAB/
Simulink, tao nén mdt phuong phap tich hop
da mién dé t6i wu hoa va phén tich hiéu suat
hé thong trong diéu kién thyc té nhu thé hién ¢
Hinh 2. M6 hinh bao gdm hé thong thuy lyuc, hé
thng dién va hé thdng diéu khién véi cac thong
s6 mo phong duoc liét ké trong Bang 1. Trong
do6, MATLAB/Simulink chiu trach nhiém cho
hé thong diéu khién, quan 1y cac thong s6 quan
trong nhu cong sut, toc do, ap sut, luu luong
va mo-men xoan. Bo quan 1y ning lugng trong
MATLAB thu thap dir liéu tir AMESim dé
tinh toan, tdi wu héa va diéu chinh cac tin hiéu
diéu khién nham cai thién hiéu suit tong thé.
AMESim mo6 phdéng chinh xéac cac hién tugng
vat ly trong hé théng thuy luc, nhu ro ri, mét
mat ap suét va dong luc hoc chét long; dir liéu
dau ra dugc chuyén sang MATLAB dé xir Iy va
phan hdi.

3.2. Phén tich két qua mé phong

Dt liéu gi6 dugce trinh bay trong Hinh
3 minh hoa cho théy su bién dong cua van tde
216 theo thoi gian trong khoang 160 gidy, dao
dong tir 8 m/s dén 18 m/s [8]. Pic diém ndi
bat cta dir liéu nay 1a tinh khong 6n dinh, thé
hién qua cac bién d6i 16n tai mot s6 thoi diém.
bac biét, tur gidy thir 100 dén giay thur 130, van
toc gié giam manh va sau d6 ting tré lai nhanh
chong. Nhitng bién doi nay phan anh diéu kién
gi6 thuc té, dic biét ¢ nhitng khu vuc c6 dja
hinh phtc tap hodc thoi tiét thay doi lién tuc.
Dir liéu nay rat hiru ich trong viéc phan tich
hiéu suit ctia hé théng tua-bin gid va kiém tra
kha ning thich img cua hé thdng thuy luc.

Téc @§ gi6 theo théi gian

E‘ {M\/\Aw /WJ\\ %\M\ Mﬂﬂr J \vw
10 u'p

=

Téc dé gié (m/s)

] 20 40 60 80 100 120 140 160
Théi gian (gidy)

Hinh 3. Dit liéu gio.

Hinh 4 thé hién sy bién d6i clia dién
ap va cuong do dong dién nap vao pin sau khi
dong ning duogc chuyén doi thanh dién ning
thong qua hé thong thu hoi ning luong trong
160 gidy. Dién ap duy tri 6n dinh, dao dong rat
nho quanh gia tri trung binh c6 dinh. Cudng
do dong dién bién dong dang ké, phan anh su
thay d6i cua gio trong qua trinh thu hdi ning
luong. Két qua nay cho thiy hé thong co kha
ning duy tri kha ning 6n dinh trong qué trinh
thu hoi nang lugng gbp phan nang cao hiéu suat
va dg tin cay trong van hanh.

Thiéng s6 lam viéc ciia Pin

Dién dp (Vol)
g
Cuirng do (;:':n;_-_diin A)

0 20 40 60 80 100 120 140 160
Théi gian (gidy)

Hinh 4. Dién ap va cuong do dong dién cua pin.

Hinh 5 thé hién sy bién d6i cta ning
luong dau vao va niang luong thu hodi boi hé
thong dugc dé xuit theo thoi gian. Tai thoi
diém cudi cung, tic 160 gidy, ning luong du
vao dat khoang 250 kJ, trong khi nang lugng
thu hdi duoc 1a khoang 150 kJ. Piéu nay co
nghia 13 hé thong thu hoi dugc 60% ning lugng
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tir tong nang lugng dau vao. Phin ning lugng
con lai (40%) bi méat mat, ¢ thé do cac nguyén
nhan nhu ton thit trong chuyén doi thuy luc,
t6n that ma sat. Két qua nay cho thiy hiéu suét
ctia hé thong 1a twong dbi t6t, nhung van cé
tiém nang cai thién dé téi da hoa luong ning
luong thu hoi.

e Ning lrgng dwge chu}'én adi

/
/
P4
200 o
/
- A
2 jrd
$1s0 /
E
E] A
=0 /
Z 100 7
z %
.
/// —Nang lwgng dau vao
50 S Nang lwong thu hoi
)
7
//

0 20 40 60 80 100 120 140 160
Thaigian (gidy)

Hinh 5. Nang lwong gié dwoc chuyén doi sang
nang luong dién.

4. KET LUAN

Heé thdng thu hdi ning luong gid thong
qua bd chuyén dbi thuy luc da duoc phat trién
nham cai thién hiéu suit va do 6n dinh trong
viéc chuyén d6i ning lugng gié thanh dién
nang. Két qua mo phong va thir nghiém cho
thiy hé thong hoat dong hiéu qua trong diéu
kién gié khong on dinh: ap suit va luu luong
thuy luc duy tri 6n dinh, dién ap hé thong gitr
virng mac du cuong do dong dién bién ddi, va
trang thai sac pin ting déu dan. Hiéu suat thu
ho6i ning luong dat khoang 60%, khing dinh
tinh kha thi va tiém ning tmg dung thuc té cta
hé théng. Pidu ndy md ra hudng phat trién moi
cho cac giai phap ning lugng tai tao bén viing
va hiéu qua.

Loi cam on:

Nhom tac gia cdm on sy hd tro cua Pai
hoc Kinh t& Thanh phé H6 Chi Minh (UEH).
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Nghién ctru ndy dugc sy hd tro vé tai chinh
ctia Pai hoc Kinh té Thanh phé H6 Chi Minh
— UEH. Bai bao nay la san pham cua dé tai
nghién ctru khoa hoc cong nghé cip trudng cd
mi s6 CTD-2024-01 duoc tai trg boi Dai hoc
Kinh t& Thanh phé H6 Chi Minh. <
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NGHIEN CUPU THIET KE, CHE TAO MAY NGHIEN TRON ROM RA
THANH NGUYEN LIEU LAM PO GIA DUNG THAN THIEN VOl
MOI TRUONG THAY THE SAN PHAM NHUA KHO PHAN HUY

RESEARCH DESIGN, MANUFACTURE A MACHINE TO GRIND AND MIX
STRAW INTO RAW MATERIALS TO MAKE ENVIRONMENTALLY FRIENDLY
HOUSEHOLD ITEMS TO REPLACE HARD-TO-DECOMPOSE PLASTIC
PRODUCTS

Nguyén Viét Cwong", Vii Vin Mirng?, Té Trong Hién?
'Trudng Cao dang Kinh té - Ky thuat Bic Bo
*Truong Pai hoc Hang hai Viét Nam
*Email: vietcuong.tunb@gmail.com

TOM TAT

Rdc thai nhwa khé phan hity dang la moi de doa nghiém trong ddi véi méi truong va sirc
khée con nguoi. Rom ra, mot phu pham néng nghiép phé bién, cé thé dwoc sir dung nhw mot gidi
phap thay thé nhwa tiém ndng nho vao tinh san cé, gid thanh thap va kha nang phdn hiy sinh hoc.
Bai bdo nay trinh bay qud trinh nghién civu, thiét ké va ché tao may nghién trén rom ra dé chuyén
doi thanh nguyén liéu san xudt do gia dung than thién véi méi truong. Két qud nghién cieu da xdy
dung mé hinh 3D, thiét ké may, thir nghiém va déanh gid chdt rong san pham dau ra, gép phan giam
thiéu rdc thdi nhwa va ting gid tri kinh té cho phy pham néng nghiép.

T khoa: Tdi ché rom ra; Mdy nghién trén; Po gia dung bén viing; Phu phiam néng nghiép.
ABSTRACT

Non-degradable plastic waste is a serious threat to the environment and human health.
Straw, a common agricultural by-product, can be used as a potential plastic alternative due to its
availability, low cost and biodegradability. This paper presents the process of researching, designing
and manufacturing a straw mixer to convert it into raw materials for producing environmentally
friendly household items. The research results have built a 3D model, designed the machine,
tested and evaluated the quality of the output product, contributing to reducing plastic waste and
increasing the economic value of agricultural by-products.

Keywords: Straw recycling; Mixer, Sustainable household items; Agricultural by-products.
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1. PAT VAN PE

Réc thai nhya kho phan hiay dang tré
thanh mot trong nhitng thach thtrc 16n nhat d6i
v6i moi truong toan cau [1, 2]. Voi thoi gian
phén huy kéo dai hang trdm ndm, nhya khong
chi 1am 6 nhiém dat, nwéc ma con anh huong
tiéu cuc dén hé sinh thai va sirc khoe con nguoi.
Viéc tim kiém céc giai phap thay thé nhya bang
cac nguyén li¢u than thién véi moéi truong la
yéu cau cip thiét nham giam thiéu tic dong xau
dén mai truong song.

Rom ra, mot phy phidm nong nghiép
pho bién tai cac qubc gia ndng nghiép nhu Viét
Nam, thuong bi bo phi hodc xur 1y khong hi¢u
quéa nhu dbt chay tryc tiép, gdy 6 nhiém khong
khi. Thanh phan ctia rom ra bao gém Cellulose
(30-50%), Hemicellulose (20-30%), Lignin
(10-20%) va khoang chat [3, 4]. Cellulose
1a thanh phan chinh, tao cdu trac cimg cap,
Hemicellulose hd trg cdu triic va tinh linh hoat
va Lignin tao d6 bén va kha ning chéng phan
huy sinh hoc. Rom ra, dugc thu truc tiép tur
ddng rudng, c6 thé c6 mat do tir 13 dén 18 kg/
m3 chit khé (dm) [5]. Rom ra cat nho, c6 chiéu
dai tir 2 dén 10 mm [6], c6 thé c6 mat do tir 50
dén 120 kg/m3 [7], tuy thudc vao thiét bi duoc
su dung.

Rom ra c6 tiém nang 16n dé tré thanh
nguyén lidu san xuét cac san pham than thién
v6i moi trudng nho tinh sin co, gia thanh thap
va kha ning tai ché [8]. Tuy nhién, viéc chuyén
d6i rom ra tir trang thai tho thanh nguyén li¢u
c6 thé tmg dung trong san xuat do gia dung doi
hoi cac giai phap cong nghé tdi wu, dac biét 1a
cong nghé nghién va tron két hop voi cac phu
gia dé tao ra vat lidu co tinh chit co Iy phu hop.

Hién nay, mdc du da c6 mot so nghién
ctru va ung dung lién quan dén vi¢e tai ché rom
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ra, nhung phan 16n vin & quy mé nho, chua
dong bo va chua duogc phat trién thanh cac giai
phap k¥ thut hoan chinh dé san xut trén quy
mo cong nghlep [9]. Do @6, viéc nghlen clru va
thiét ké ché tao mot thiét bi nghién tron rom ra
c6 kha ning chuyén d6i rom ra thanh nguyén
liéu than thién v6i moi truong thay thé nhya la
can thiét va co y nghia thuc tién cao.

Bai bdo nay tap trung vao nghién cuu,
thiét ké va ché tao may nghlen tron rom ra két
hop v&i cac chat phu gia, nhim tao ra nguyén
lidu c6 tiém ning ung dung trong san xudt db
gia dung than thién véi moi truong. Két qua
ctia nghién ctru khong chi gop phan giam thiéu
6 nhidm nhya ma con nang cao gia tri kinh té
cho phu pham néng nghiép, dong gop vao xu
hudng phat trién bén viing.

2. XAY DUNG MO HINH 3D VA CHE
TAO HE THONG MAY NGHIEN TRON
ROM RA

2.1. Xay dung mo hinh 3D

Hinh 1. M6 hinh 3D hé thong mdy nghién tron
romra

Hién nay, trén thi truong da ban mot s6

loai may bam rom ra. Tuy nhién, nhiing thiét bi &
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nay dugc ché tao nham phuc vu cac muc dich
nhu bam rom ra dé trc“mg nam hodc lam thire an
cho gia xtc nén thuong khong tao ra bot rom
ra co kich thudc nhé dudi 1 mm. Can cir vao
dac tinh cua rom ra, voi muc dich nghién rom
ra thanh bot dé tron vai chat phu gia lam thanh
nguyén liéu lam dd gia dung than thién voi moi
truong thay thé san pham nhua khé phan huy
chung t6i dd xay dung mo hinh 3D hé thng
nghién tron rom ra nhu Hinh 1.

Hé théng may ché bién rom ra thanh
nguyén liéu 1am dd gia dung than thién véi moi
truong thay thé san pham nhwa kho phan hiy
bao gébm: May bam, may nghién, thiét bi loc
tach bot rom ra va may tron bot rom ra voi chét
phu gia. Ngoai ra, dé hé théng su dung mot
béng tai dé cung cip rom kho vao may bam.

May bam rom ra dung dao kép két két
hop voi quat thoi dé day rom ra sau khi bam
sang may nghién théng qua mot duong dng dan
(Hinh 2). May nghién c6 ciu tao dao bua két
hop véi1 mat sang dé cho ra bot rom ra c6 kich
thudce 0.1-0.3mm (Hinh 3).

Hinh 2. M6 hinh 3D may bam rom ra

Hinh 3. Cdu tao mdy nghién

Rom ra sau khi duoc nghién thanh bot
tai may nghién s& dugc thoi qua thiét bi loc va
tach bot rom. Bt rom ra sau d6 dugc dua sang
may tron dé tron voi chat phu gia theo mot ti 18
nhat dinh (Hinh 4). Hon hop bot rom ra va chat
phu gia s& duoc di ép thanh nhirng san pham do
gia dung than thién voi méi truong thay thé san
pham nhya kho phan huy hién nay.

Hinh 4. May tron bot rom ra voi chdtphu gia

Sau khi hoan thi¢n xay dung mé hinh
3D, ching t6i da tién hanh ché tao, cai tién va
van hanh hé thong. Két qua hinh anh san pham
sau khi ché tao va san phém bot rom ra sau khi
nghién duoc trinh bay dudi day.
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2.2. Ché tao va van hanh hé thong may
nghién trén rom ra

Trén Hinh 5 dén Hinh 8 trinh bay hinh
anh cac thiét bi sau khi duoc ché tao.

Hinh 7. Hinh anh thiét bi loc tach bot rom ra va
may tron rom raq sau khi ché tao

Hinh 6. Hinh anh bang tdi va may bam sau khi
ché tao

Hinh 8. Hinh anh hé thong mdy nghién tron rom
ra sau khi ché tao

Trén Bang 1 trinh bay cdc théng sé co ban ciia cdc thiét bi trong hé thong.

Théng sb Kich thwéc Théng s6 Kich thwée
May bam May tron

Chiéu cao 1036 mm Chiéu cao 780 mm

Chiéu rong 600 mm Chiéu rong 320 mm

Chiéu dai 600 mm Chiéu dai 320 mm
Loai dong co dién 3 pha Loai dong co dién 3 pha
Cong suat dong co dién 7,5 kW Cong suat dong co dién 1 kW
S6 vong quay dong co dién 1450 v/p S0 vong g‘:gr}; dong co 90 v/p
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May nghién Thiét bi tach loc bt rom ra
Puong kich ngoai 450 mm Chiéu cao toan bd 897 mm
Chiéu rong 170 mm Chiéu cao than 600 mm
Chiéu dai 805 mm Chiéu cao dng thoat khi 100 mm
Loai dong co dién 3 pha Puong kinh ngoai 300 mm
Cong suat dong co dién 2 kW
Sb vong quay dong co dién 1450 v/p

3. PANH GIA SAN PHAM THU PUQC
3.1. P4anh gia quA trinh van hanh cia hé théng

Qua qua trinh van hanh hé thong may
nghién rom ra, chiung t6i thiy rang hé thong
lam viéc 6n dinh trong subt thoi gian van hanh,
khong bi dimg dot ngodt. Cong suat nghién cia
hé¢ thong 1a 50kg/h. Khong phat hién thay su
rung dong qua muc ¢ cac bo phan. Nhiét do tai
céc 0 d& nam trong gidi han cho phép. Khong
phat sinh bui trong qué trinh van hanh do hé
théng co trang bi thiét bi loc tach bot rom ra.
Tiéng On phat sinh trong qué trinh van hanh hé
thdng nam trong gidi han cho phép. Trong qua
trinh van hanh khong yéu cau can nhiéu cong
nhan van hanh.

3.2. Danh gia b6t rom ra thu dwogc

Trén Hinh 8 trinh bay hinh anh bt rom
ra thu duoc sau khi van hanh hé théng.

Hinh 8. Hinh dnh bot rom ra thu dwoc

Két qua thu dugc cho thiy bot rom thu
dugc nho min, ¢6 thudce 0,1 — 0,3 mm, dép Gng
yéu cau k¥ thuat. Sau khi tron véi chat phu gia
v6i ty 1¢ nhat dinh c6 thé 1am nguyén ligu dé
lam d6 gia dung than thién voi méi truong thay
thé san phém nhya khé phan huy. Bot rom ra va
chét phu gia sau khi tron bang may tron c6 do
déng déu cao, khong bi von cuc.

4. KET LUAN

Qua qua trinh van hanh, hé théng may
nghién rom ra cho thiy hiéu qua va do on dinh
cao. Hé théng hoat dong lién tuc voi cong sut
50kg/h ma khong gdp hién tugong diung dot
ngdt, rung dong qui muc hay ting nhiét bat
thuong tai cac 6 d5. Nho duoc trang bi thiét
bi loc tach bot rom ra, hé théng khong phat
sinh bui, ddm bdo mdi truong lam vi¢e sach s€.
Tiéng dn trong gidi han cho phép va yéu cau it
nhan cong van hanh, gop phan tiét kiém chi phi
lao dong.

Bot rom ra thu duoc c6 kich thudce déng
déu, dat yéu cau ky thuat va phu hop dé s dung
lam nguyén liéu ché bién dd gia dung than thién
v6i moi truong, thay thé cac san phim nhya
kho phéan hity. Nhimng két qua nay khang dinh
hé thdng 1a giai phap hiéu qua, bén viing cho
viéc tan dung phu pham néng nghiép.

Trong thoi gian tdi, ching toi s€ nghién
ctru tich hop hé thong ty dong dé diéu khién
qua trinh cap nguyén liéu va tron dé tang hi¢u
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RESEARCH ON SURVEYING THE LATERAL ACCELERATION ERROR OF CARS
THROUGH NONLINEAR MODEL
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TOM TAT

Bai bao tap trung nghzen cteu khao sat gia toc ngang tai cdac vi tri khac nhau o trén 6 to con
dé tim vi tri ldp ddt cam bzen gia téc ngang t0i wu voi sai $6 nhé nhdt S0 VOi tai vi tri toa do trong
tam ly tuong. Nghlen cieu tién hanh khao sdt 6 t6 phz tuyén tir phan mém chuyén dung CarSim. Mo
hinh 6 to phi tuyen nay cho phép su’ dung cam bién do cé thé dat dwoc & cdc vi tri khdc nhau trén
xe dong thoi xudt ra gid tri gia téc ngang ciia cam bién dé theo thoi gian thue. Pdc tinh ciia 6 t6
dwoc tién hanh khao st cho hai kich ban la chuyén lan kép va quay vong déu. Céc gid tri gia téc
ngang dwoc xdc dinh theo thoi gian va sai léch binh phwong trung binh dé danh gid vd S0 sdnh Két
qua khdo sdt cho thay, khong nén dat cdam bién tai ving gan noc 6 té vi khi dé sai so gia toc ngang
la I6m nhdt. Hon nita sai so gia toc ngang ¢ phan dudi é t6 thm)’ng 16m hon sai so gia toc ngang o
phan ddu 6 16. Trén co s6 két qua nghién citu nay, cdc tdc gia dé xudt vi tri dat cam bién nén nam
& gan san xe va léch vé phia trude ciia 6 16 con.

Tirkhéa: Gia toc ngang; Quay vong déu; Chuyén lan kép; On dinh ngang; CarSim; Matlab/Simulink.

ABSTRACT

The article focuses on the study of lateral acceleration at different locations on a car to find
the optimal location for installing a lateral acceleration sensor with the smallest error compared
to the ideal center of gravity coordinate position. The study conducts a survey of nonlinear cars by
using specialized software CarSim. This nonlinear car model allows the use of virtual sensors that
can be placed at different locations on the car and simultaneously outputs the lateral acceleration
value of that sensor in real time. The characteristics of the car are surveyed for two scenarios:
double lane change and steady cornering. The lateral acceleration values are determined in the
time domain and the root means square for evaluation and comparison. The survey results show
that the sensor should not be placed near the roof of the car, because then the lateral acceleration
error is the largest. Moreover, the lateral acceleration error at the rear of the car is often larger
than the lateral acceleration error at the front of the car. Based on the results of this study, the
authors propose that the sensor location for the lateral acceleration should be near the floor and
offset towards the front of the car.

Keywords: Lateral acceleration,; Steady cornering; Double lane change, Lateral stability;
CarSim; Matlab/Simulink.
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1. GIOI THIEU

Theo Tong cuc Thong ké, 10 thang dau
nam 2024, trén dia ban cd nudc da xayra 19.513
vu tai nan giao thong, lam chét 8.990 nguoi, bi
thuong 14.505 ngudi. S6 vu tai nan giao thong
tang so véi cung ky nam trude. Trong thang
10, tir 26/9 dén 25/10/2024, ca nude da Xdy ra
1.850 vu tai nan giao thong, 1am chét 896 nguoi
va bi thuong 1.347 nguoi. So voi cung ky nam
trude, sO vu tai nan glao thong tang 5,7%; 5O
ngudi chét giam 8,4%; s6 nguoi bi thuong ting
13,9%. Binh quan mdt ngay trong 10 thang
nam 2024, trén dia ban ca nudc xay ra 64 vu tai
nan giao thong, 1am chét 30 nguoi, bi thuong
48 nguoi [1].

Co thé thdy tinh trang tai nan giao
thong tai Viét Nam van con nhiéu, gay thiét hai
nghiém trong dén con ngudi, tai san va co so ha
tang giao thong. Trong sd nhirng vu tai nan do,
tai nan do hién tuong l1at ngang cua xe khi quay
vong, khi chuyén lan chiém ti trong khong nho.
Khong chi ¢ Viét Nam, ma tai My, theo Cuc
Quan 1y An toan Giao théng Pudng bd Qudc
gla (NHTSA) ctiia nudc nay, khoang 2% trong
sO tat ca cac vu tai nan xe co gioi lién quan dén
lat xe [2].

Vi vay ma nhu ciu xdy dung va thiét ké
céc hé thong 6n dinh ngang trén 6 t6 hién nay la
rat can thiét. Dé xay dung duoc nhitng hé thong
do, cac dir liéu va thong sé vé dic tinh 1at ngang
clia 6 t6 1a rat quan trong. Pic trung nhat 1a
thong s6 gia tc ngang ciia 6 to con, ky hién 1a
a . Gia tdc ngang 1a co s¢ dé danh gla qua trinh
lat va ngudng 1t cta 6 t6. Cam bién gia toc
ngang 13 cam bién quan trong trén cac hé thong
c6 diéu khién & trén 6 to, vi thé ma viéc lap dat
cam bién nay cling can duoc chi trong. Du dat
cam bién tai trong tAm cua 6 to nhung sai 1éch
ctia cam bién d6 van c6 do trong tAm thuc té
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clia 6 to thay ddi lién tyc khi chuyén dong va
trong cac diéu kién khai thac khac nhau. Pong
thoi, viée dat chinh xac cam bién ngay vao
trong tAm ctia 6 to cling kho khan, boi chi can
thay d6i s6 luong ngudi ngdi trong xe hay thay
d6i khéi lugng hanh 1y thi trong tim cua 6 t6
cling sé& thay doi theo.

Trén thyc té, dé do duoc gia tdc ngang
c6 thé st dung phuwong phap thuc nghiém
nhung nhuge diém ctia phuong phap nay 1a chi
phi 16n, tén thoi gian do phai sir dung xe thuc
té. Ngoai ra con cc') phuong phap moé phdng,
phuong phap nay can phai xdy mo hinh 6 to
bang phan mém chuyén dung nhung vi mo hinh
xay duoc thuong la mo hinh tuyen tinh nén kho
cung cip du cac yéu t phi tuyen cua 0 to thuc
té. Vay nén phuong phap c6 thé khic phuc hai
nhuoc diém trén 1a mo phong trén mo hinh phi
tuyén 0. Trong bai bao nay, tac gia xay dung
phuong phap khéo st gia tc ngang bang phan
mém CarSim - phin mém c6 kha ning mé
phong trang thai chuyén dong phi tuyén cta 6
to trén thuc té.

Muc tiéu cua nghién clru nay la céc tac
gia khao sat sai léch gia tri gia toc ngang thuc
clia 0 t6 so voi gia tri gia tbc ngang ciia cam
bién do dugc tai vi tri trong tam 0 t6. Tur do, tac
gia d& xuat ving lip dit cam bién gia tc ngang
sao cho phu hop nhét.

2. XAY DUNG PHUONG PHAP KHAO SAT
2.1. M6 hinh khao sat

M hinh xe duge chon dé khao sat trén
phan CarSim la: “Sedan E-class” [3] boi day 1a

mau xe phd bién trén thi truong. Duéi day 1a
thong so kich thudc co ban cua loai xe nay:
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Hinh 1. Khong gian 3D cua 6 t6 Sedan E-class

Liaw

i

Hinh 2. Cac kich thuoc cua 6 t6 theo phuwong doc

Theo hinh 1, géc toa do cua hé nay s€
1a diém giao nhau gifra tryc X, truc Y va truc
Z. Truc X nam trén mit dudng, chiéu s& hudéng
theo chiéu chuyén dong cua 6 to, truc X s&
di qua trung diém ciia hai banh xe phia trudc
va trung diém cua hai banh xe phia sau; truc
Y nam trén mit duong, 1a dudng thang di qua
diém tiép xtic cua hai banh xe phia trude véi
mat dudng; truc Z s€ c6 hudng vudng goc voi
mat duong.

Theo hinh 2, don vi cta hé la mm. Toa
do trong tam cua 6 t6 s€ 1a X = -1400mm, Y =
0, Z = 530mm so véi gbc toa dd cua hé. Cac
thong s6 co ban cua 6 t6 Sedan E-class duoc
xac dinh trong bang 1.

Bdng 1. Théng s6 kich thuée ciia 6 16 Sedan E-class

Thong s6 Kich thwée | Pon vi
Bkan km,h banh xe 320 mm
cau truoc
B‘Aan kinh banh xe 300 mm
cau sau
K‘hoang ‘cac’h gilia 1430 mm
san xe va noc xe
Chiéu dai co s& cta xe 3050 mm

Can luu y rang khoang cach tir mat
dudng dén san xe s& bang ban kinh banh xe cau
sau. Do day cta san xe 1a tvong ddi nho nén khi
khao sat s€ tam bo qua do day nay.

2.2. Céc buée tién hanh khio sat

- Trén phan mém CarSim: thiét 1ap loai
xe va ché do chuyén dong, thiét 1ap cac thong
s6 dau ra cta CarSim, thiét 1ap vi tri dat cam
bién gia tbc ngang theo truc X, Y, Z nhu hinh
1. O t6 di chuyén véi van toc 60 km/h, thoi
gian chay mo phong trong CarSim la 15 gidy.
Toa d0 X cua cam bién s& thay ddi tir Omm dén
-3050mm, tirc thay do6i trong khoang chiéu dai
co s& cua 6 to. Toa dO Y ciia cam bién s& ludn
béng Omm. Toa dd Z cta cam bién s& thay doi
tr 300mm dén 1780mm, tirc thay doi trong
khoang cach gitra san xe va ndc xe. Cai dat kich
ban chuyén dong cho 6 t6: d6i voi chuyén lan
kép “Double Lane Change”, cac tac gia chon
quy trinh mac dinh trong CarSim la “DLC @
120 km/h (Quick Start)” [3]; di voi quay vong
déu, vi trong CarSim khong c6 truong hop nay
nén cac tac gid phai xay dung mdt quy trinh maéi
dua trén quy trinh ctia phan mém TruckSim 1a
“180 deg. Step Steer 40 km/h” v4i goc danh lai
1a 40 406 [4].

- Trén phan mém Matlab: X4y dung mo
hinh phan tach dit liéu dau ra cia CarSim trén
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Simulink, xdy dyung cau lénh xuat db thi gia tdc
ngang ctia 6 to va gia toc ngang ciia cam b1en
xdy dung cau lénh gui dir liéu tir Matlab vé
phén mém Excel duoc thé hién trong hinh 3.

Hinh 3. M6 hinh Simulink

- Trén phan mém Excel: Dyng bang
“khdo sat sai I¢ch gia toc ngang cua 6 t6 con”
theo tirng vi tri toa do khac nhau.

2.3. Chi tiéu danh gia

- Béanh gia theo phuong phap “Gia tri
16n nhat”, ttc 1a 14y gid tri 1on nhat trong ca qua
trinh hoat dong cua hé théng, tham chi la c4 gia
tri am. Cong thure tinh gia tri theo phuwong phap
“Gia tri 1on nhat” s& nhu sau [6]:

8:max(|y|) (1)

Trong d6: e - Gié tri 16n nhét; y - Ma
tran chua tit ca gia tri cia dic tinh can xac
dinh cta hé thong theo thoi gian. Cu thé trong
truong hop nay, dac tinh do la a.

- Béanh gia theo phuong phap do do 1éch
chuan - Standard Deviation, tic 1 1y gia tri
trung binh trong ca qua trinh hoat dong cua hé
théng. Cong thirc tinh gia tri theo phuong phap
“Standard Deviation” [5] dugc xac dinh nhu sau:
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2)

Trong d6: ¢ - Do léch chuén; x,- Gia tri
cua quan sat thr i; x - Gia tri trung binh cua tap
di liéu; n - SO quan sat trong tap dir liéu.

- Cong thuc tinh sai s6 gia tdc ngang
duoc xac dinh nhu sau:

a —a
%aszXIOO 3)

Ay

Trong do: %a, - Sai sO gia toc ngang
cua 0 t6 tinh theo phan tram; a_- Gia téc ngang
ctia cam bién xac dinh trén 6 to, duoc tinh theo
cong thtrc (1) hoac (2); A" Gia toc ngang tai
trong tam cua 0 to.

Tién hanh khao sat 6 t6 theo cac ché do
va quy trinh da dugc thiét 1ap ¢ trén, cac két
qua nghién ctru khao sat dugc thé hién trong
phan 3.

3. KET QUA MO PHONG

3.1. Két qua md phéng trong truwong hop
chuyén lan kép

Hinh 4. Gia téc ngang tai trong tam 6 16 va ciia

cac cam bien
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O hinh 4, “ay mass center” 13 gia toc
ngang tai trong tam 6 t6, “a (0,300)” la gia toe
ngang clia cam bién dit tai toa do X =0mm, Z
=300mm trén 6 t6. Tuong tu, cic gia toc ngang
con lai 12 vi tri ctia cam bién theo X, Z. Khi 6 t6
chuyén dong véi kich ban chuyén lan kép, nhin
chung tai cac vi tri khac nhau trén xe thi gia tri
gia toc ngang do dugc tir cam bién ciing khac
nhau. Ving phong to 13 viing ¢6 gia tbc ngang
16n nhat, c6 thé thdy sai léch trong trudng hop
chuyén dong nay 1a tir -3 dén -3.5 m/s2.

Bdng 2. Sai s6 gia toc ngang tai mét s6 vi tri trén
0 t6 theo “Gia tri [on nhat”

64 5.9 564 650
sall 430 419 489
2.4 1.55) 2.36|
0.9 0.0§] 0.26{

Bdng 3. Sai so gia toc ngang tai mot so vi tri trén
0 t6 theo “Do¢ léch chuan”

s 50 a7y  asg
a77 3 8| 3.57] 378
3.0) 2 19] 168
164 06s 0,06 017
ou| o7d o6

Tai bang 2 va 3, don vi cta bang 1a %,
cOt ngoai cung bén phai biéu thi cho toa do Z
ctia 6 t6 don vi theo mm, hang dudi cing biéu
thi cho toa do X cua 6 t6 don vi theo mm. Vung
duoc t6 mau vang 1a cam bién duoc dit & trong
tdm cia 6 t6. C6 thé thiy ring du cam bién
duoc dat tai trong tdm cua 0 t6 nhung khi di
chuyén thi trong tam thuc cta xe s€ bi 1éch so
v6i cam bién, vi thé da tao ra sai s6 0.06%.

Nhin chung, sai s6 16n nhat di voi
“Gia tr1 16n nhat” 1a 12.38%, do6i vé1 “D9 1éch

chuan” 1a 7.25%. Vung sai s0 16n nhat chu yéu
phan bo tai phan noc xe phia sau cua 6 to.

' lrgng taim

1300

(L 1] ; [
00 « Y

Z (mm) D X {mm)

Hinh 5. Mién sai s6 gia toc ngang trén é t6 theo
“Gia tri lon nhat”

500 - <2000

[T
FA ] e X {mm)

Hinh 6. Mién sai so gia toc ngang trén 6 to theo
[ A A /:) »
Do léch chuan

Tai hinh 5 va 6, sai s6 gia téc ngang tai
san xe I twong doi nho, chi khoang tir 1 t6i 2%.
Nhu'ng cang dit cam bién 1én cao thi sai s gia
toc ngang cang tang va cao nhét tai noc xe.

3.2. Két quiz mé phoéng trong truong hop
quay vong déu

3
—il, munss cenfer |

25 ay, (0, 300)
™ — iy, (0, 1T80)
F 4 —y JO50, o)
—_— 2% ay (=D050, 1 T80)
g | %
-
08 26 28 3 32
1]
«0.5
o L} [{1] 15
Time |s|

Hinh 7. Gia toc ngang tai trong tdm 6 t6 va cua
cdc cam bién
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Tai hinh 7, cac ky hiéu a trén hinh 7
giong vdi hinh 4. Khi 6 t6 chuyén dong véi kich
ban quay vong déu, thdy duoc ring tai cac vi tri
khac nhau trén xe thi gia tri gia toc ngang do
dugc tir cam bién ciing khac nhau. Ving phong
to 14 ving c6 gia téc ngang 16n nhit, sai léch
trong truong hop chuyén dong nay 1a tir 2.8 dén
3 m/s?.

Bang 4. Sai so gia toc ngang tai mot so vi tri trén

6 16 theo “Gid tri Ién nhdt”

5.17 3.39 337 3.81] 518
3.79 1.88 2.54 298] 435
191 028 1.20 164 3.00
08 0% 0.02 045 182
0.56 1.51 060 o016 120

Bang 5. Sai so gia toc ngang tai mot so vi tri trén

0 10 theo “Do¢ léch chuan”

Bé cuc cua hai bang 4 va 5 duogc thiét
lap giéng bang 2 va 3 & trén. Trong truong hop
6 t6 chuyén dong quay vong déu, sai sb gia toc
ngang tai cic vi tri trén 6 t6 déu tuong dbi nho,
khong vuot qua 6%. Sai sb gia tbc ngang theo
“Po léch chuan” nho hon so véi “Gia tri 16n
nhat”. Khi 6 t6 quay vong déu thi gia tri gia toc
ngang cua cam bién it bi thay d6i dot ngdt so
v6i ché d6 chuyén lan kép, vi thé ma sai s6 cam
bién giri vé& khong qua 16n.
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Hinh 8. Mién sai s6 gia téc ngang trén é t6 theo
“Gida tri lon nhat”

Sai -q'\ (%)

0.l I'ropng tim
2000 -

(1] - o)

Y
) . -1 00K
. 2000 00

0 3000 "2 Sy
P ) X (mm)

Hinh 9. Mién sai so gia toc ngang trén 6 to theo
“Bo léch chuan”™

Hinh 8 va 9 thé hién sai s gia toc ngang
tai san xe 1a twong ddi nho. Tuy vay, trong
truong hop khao sat voi “Gia tri 16n nhat” thi
sai s6 gia tbc ngang tai noc xe van la tuong dbi
16n. Con d6i voi truong hop khao sat véi “Do
léch chuan” thi sai s6 gia tbc ngang tai ving
phia sau cua 6 t6 16n hon 2% so véi vung phia
trude cua o to.

4. KET LUAN

Trong nghién clru nay, cac tac gia da
khao sat duoc sai sd gia tbe ngang cua cam bién
tai cac vi tri khac nhau & trén 6 t6. Két qua mo
phong cho thay, sai s gia tdc trong trudng hop
6 to di chuyén vdi kich ban chuyén lan kép 16n
hon truong hop quay vong déu. Sai sb gia toc
ngang cﬁa noc xe phia trudce cua 6 to luon nhod
hon sai s6 gia tdc ngang ndc xe phia sau, vi
vay ma cam bién gia tdc ngang nén tranh dat &
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& ving dudi xe. Hon nita, tir két qua khao sat,
cac tac gia dé xudt ving dit cam bién gia tdc
ngang tbi wu s& la: X = [-1800, -500]mm va Z =
[300 1471 mm. Trong vung nay, sai s6 cua gia
téc ngang ciia cam bién s& khong vuot qua 5%.

Trén co s két qua nghién ctru nay,
hudng nghién ciru tiép theo dugc xac dinh 1a
khao sat va so sanh trén cac loai 0 t6 khac va 6
t6 thyc té.

Loi cam on:

Nghién ctru nay dugc tai trg bdi Truong
DPai hoc Giao thong Van tai (BH GTVT) trong
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XAY DUNG GIAI THUAT PHAT HIEN SV DI CHUYEN
CUA XE QUAN SU SU’ DUNG CAM BIEN TU TRUONG

DEVELOPING AN ALGORITHM FOR DETECTING THE MOVEMENT OF
MILITARY VEHICLE USING MAGNETIC FIELD SENSORS

TS. Tran Lé Thai', TS. Vii Vin Quang?, ThS. Nguyén Hiru Binh!
'Vién Vi khi, Tong cuc Cong nghiép Qubc Phong
*Truong Co khi, Dai hoc Bach Khoa Ha Noi

*Email: quang.vuvanl@hust.edu.vn
TOM TAT

Bai bdo trinh bay phwong phdp phat hién va phan biét sw di chuyén ciia xe qudn sw sir dung
cam bién tir trieong ba truc va Mang No-ron. Nghién citu trich xudt cdc déic trung thong ké ciia
tin hiéu tw truong dé nhén dién su bién thién do phuwong tién gay ra. Thuat toan dwoc thiét ké cho
hé thong nhing hiéu sudt thap, dam bdo dé chinh xdc cao trong méi trwong nhiéu. Két qud thuc
nghiém dat do chinh xac 94,8% khi phan loai xe qudn su va xe dan su, khcfng dinh tiém nang ung

dung trong gidm sdt an ninh quoc phong.

Tir khoa: Phdt hién phirong tién quan sie; Cam bién tir truong; Mang No-ron; Phén logi tin

hiéu; Ddc trung thong ké.
ABSTRACT

This paper presents a method for detecting and distinguishing the movement of military
vehicles using triaxial magnetic field sensors and Neural Networks. The study extracts statistical
features from magnetic field signals to identify variations caused by vehicle movement. The algorithm
is designed for low-performance embedded systems, ensuring high accuracy in noisy environments.
Experimental results achieve a classification accuracy of 94.8% in distinguishing military vehicles

from civilian vehicles, highlighting the potential applications in national security surveillance.

Keywords: Military vehicle detection; Magnetic field sensor;, Neural Network, Signal

classification, Statistical features.
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1. MO PAU

Trong nhiing ndm qua, vi¢c phat hién
su di chuyén cua céc loai xe quan sy da duoc
nghién ctru va phat trién trong nhiéu hé théng
gidm sat va canh bao an ninh quéc phong. Cac
cam bién tir truong da duoc ing dung rong rai
trong cac hé théng nay dé ghi nhan sy bién
thién tir treong do su xudt hién cua cac phuong
tién kim loai [1]. Cac nghién ctu trude day da
chi ra ring cam bién tir trudng 1a cong cy hitu
ich trong viéc phat hién cac vat thé kim loai
16n, nhu xe quan sy, nho vao kha nang nhay
cam v6i su thay doi tir truong ciia cac doi tuong
nay [2, 3].

Mic du cac phuong phap phan loai
truyén théng dua trén ngudng van duoc st
dung nho tinh don gian va dé dang trién khai,
chung thuong khong hiéu qua trong cac moi
truong ¢ nhiéu yéu t6 gay nhiéu hodc khi co
su di chuyén cua nhiéu d6i tugng cung luc [4].
Vi Iy do nay, nhiéu nghién ctru da chuyén sang
sir dung céac thuét toan hoc may dé giai quyét
van dé nay, dic biét 1a v6i cac mo hinh phéan
loai c6 kha ning hoc va tong quat tt trong moi
truong phtc tap [5].

Trong sb cac phuong phap hoc may
duoc str dung, Mang No-ron (Neural Networks)
da duogc chirng minh 1a cong cu manh mé va
hiéu qua trong viéc phan loai va phan tich cac
dir liéu phue tap, dac biét 1a khi dir li¢u co su
thay d6i theo thoi gian hodc cac yéu té nhidu tir
modi truong [6, 7].

Muc ti€u ctia nghién clru nay la phat
trién mot giai thudt phan loai st dung Mang
No-ron ¢6 kha ning phan biét sy di chuyén cia
Xe quan sy so voi xe dan sy, cu thé & day la xe
tang T54 va xe hoi dan su. Pac trung tin hi¢u
xay dung trén cac dic trung thong ké trong cira

s6 khao sat — duoc khong ché boi ky thuat cai
dat ngudng. Viéc st dung Mang No-ron trén
dic trung tin hiéu v6i s6 chiéu han ché dam bao
kha nang trién khai trén cac hé théng nhung véi
kha nang tinh toan han ché.

2. THU THAP DU LIEU VA TRiCH XUAT
PAC TRUNG

2.1. Xay dung thi nghi¢m thu thap dir liéu

Hinh 1. Bo mach phat trién tich hop cam bién tir
truong 3 truc (trdi) va so do bo tri thi nghiém thu
thap tin hiéu cua muc tiéu (phai).

Trong nghién ctru nay, mot bo mach
phat trién tich hop cam bién tir truong 3 truc
loai ban dan LIS3MDL dugc phat trién va trong
thi nghiém duoc ¢d dinh trén mat dat — trén
duong di chuyén cua ddi twong muc tiéu, voi
tan sb 1ay mau 1a 80 Hz. Khi bo mach thu nhan
tin hiéu duoc bd tri ¢b dinh, va khong c6 su di
chuyén cua cac phuong tién ciing nhu nhiing
ngudn phat tir 16n, gia tri tir truong do duoc boi
cam bién 1a tir truong trai dét tai vi tri quan sat.
Khi phuong tién co gidi di qua vi tri quan sat,
n6 lam thay doi tir truong xung quanh cam bién
do céac phuong tién nay duoc ciu tao bdi mot
lwong 16n cac thanh phan mang tir truong nhu
khung thép, dong co, v.v... Qua trinh thay doi tir
truong nay dugc mo ta nhu trong hinh 1. Thuce
nghiém duoc dién ra tai Vinh Yén véi cac xe
tang T54 va cac xe hoi dan su.
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2.2. Bién ddi va trich xuit dic trung tin hiéu

Trong nghién cuiu nay, ching t6i su
dung cac thuat chinh: Ngudng va Chuin hoa
cho bién thién tir truong két hop véi cac dic
tinh thong ke.

Theo do, tai tirng thoi diém do, hé théng
xac dinh vector bién thién tir truong:

AB=(AB_AB AB)=B-B =(B,-B,.B -B, B -B,)(])

O day, B, (Bxe,Bye, B,) la vector
tor truong trai dat tai vi tri quan sat;
B= (Bx ,B,,B, ) la két qua do vector tur truong

turc thoi tai vi tri quan sat.

Hinh 2 mé ta mot s6 vi du dit liéu bién
thién tr truong do dugc trong cac truong hop
st dung phuong tién quan sy T54 va xe hoi dan
su dang SUV.

—| 1 . i

NenkngTs4 e din 3y SV

Hinh 2. Dit liéu thay déi tir truong theo 3 truc va

bién do thay doi tir truong dudi tac dong cua xe
tang T54 va xe hoi dan sy SUV.

C6 thé nhan thiy rang, mc bién do tir
truong gay ra bdi xe tang T54 va xe hoi dan
su SUV 1a twong d6i giéng nhau (vao khoang
400 mG), mac du trong lugng cua xe tang T54
1a 16n hon dang ké so vé6i xe hoi dan sy. Didu
nay c6 thé giai thich b(")ri gam cua xe hoi dan
su thap hO’l’l 50 v6i gam cua xe ting T54, dan
t6i mot s6 nguon tir truong clia xe hoi dugc bd
tri sat mat dat hon nhiéu so v6i T54, theo d6
tac dong 1én d6 16n cua bién do bién thién tir
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truong. Do d6, dé co thé xdy dung thuat toan
phan biét sy di chuyén cta hai ddi twong nay
qua cam bién tir trudng, can trich xudt nhiing
dac trung can thiét. Mat khéc, can cha y r?mg,
van toc di chuyén cua cac ddi tuong muc ti€u
khac nhau nén cac dic trung trich xuét ciing
khong bi han ché boi s6 lugng mau ciing nhu
toc d6 14y mau.

Ky thudt ngudng: Ky thuit Ngudng
duogc st dung dé phat hién sy thay doi dot ngot
clia tin hiéu tlr trudng, cho thay sy hién dién
cia mot vat thé kim loai 16n. Ngudng T [mG]
duoc xac dinh tur cac thir nghiém thuc nghiém,
theo d6 T = 50 mG. Theo do, ctra sb6 khao sat
duogc giéi han boi bat dang thirc:

|[AB| =T )

Tur d6, véi méi dir lidu thuc nghiém, ta
xac dinh duoc ctra s6 khao sat voi cac mau do
(hinh 3):

(AB,.AB,.AB, ).(AB,,.AB,, .AB,,).....(AB,.AB,,.AB, |

Chuan hoa tin hiéu: Vi cac dbi tuong
muc tiéu xe quan su khac nhau dang ké ca vé
khdi luong 14n cAu tric xe, nén cac dit liéu bién
do tir truong theo 3 truc can duoc chuan hoa.
Mat khac, lién quan dén viéc bd tri cam bién
nén vi tri cac truc x, y co thé bi thay ddi mot
cach ngiu nhién. Dé chuan hoa va can bang dir
liéu, chung t6i 4p dung k¥ thuat Chuan hoa cho
su bién thién cua ty 1€ tr truong trén truc z so
véi céc truc X, y.

_ "ﬁ'B.'.-'
\{[:éﬁi +AB+AB2)’

voi
i=1,2,...,N 3)

Xay dung dac trung tin hi¢u: Trong
nghién ctru cua ching t6i, dé giam anh hudng

&
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cua cac yéu t6 moi truong, vi tri cai dat cling
nhu sy khac biét vé van toc di chuyén cua cac
dbi tuong muc tiéu. Cac dic trung thong ké sau
day duoc st dung [8].

- Gia tri trung binh:

p=im, 4)

i=1

- Do léch chuan:

6=\/§§(mi—ﬂ)"‘ ©)

i=l

- Hé s6 bat d6i xtmg (Skewness):

N Rt
S {u} ©)
NS o
- B nhon (Kurtosii):
- i S m,— 4 |
TN Zl[ o ] @

Theo do, mot tap hop dir 1iéu thu dugce
voi vector dac trung X = (W, o, s, k) dugc gan
nhin Y = 1 néu d6 1a dic trung cta xe quén sy
T54,vagannhanY =-1 néu do la dac trung cuia
xe hoi dan su.

400

s = . =
Clra sd
khdio sit
2 200} o
gl
.'_' 28 2 as

gty

Hinh 3. Cai dat nguéng va chudn héa dir liéu cho
cita 56 khao sat

3. PAO TAO VA KET QUA PHAN LOAI
DU LIEU

Mang No-ron trong nghién ciru ¢6 cau
trac bao gdm 4 dau vao, trong tng véi sé chidu
cua déc trung X = (W, 0, s, €); 03 no-ron ¢ 16p
an, va 02 dau ra. Mang no-ron thuc hién chuan
héa Z-score cho dir liéu dau vao, gitp dua cac
dic trung vé cting mot quy md, tranh tinh trang
ddc trung nao do co6 gia tri qua 16n anh hudng
dén qua trinh hudn luyén. Tap dit liéu gdm 500
két qua do ludng, trong d6 ¢6 350 mau thudc vé
T54 va 150 mau thudc vé xe hoi dan sy SUV.
Tap dit liéu nay duoc chia thanh hai phan ngau
nhién theo ti 1&: 70% cho viéc huan luyén mang
No-ron va 30% con lai cho viéc kiém tra. Viéc
huén luyén dit liéu duoc thuc hién véi sy giup
d5 cta phin mém MATLAB. Hinh 4 mo ta
Biéu d6 16i theo tirng vong lip trong qua trinh
dao tao dir liéu va Ma tran nham 14n — danh gia
két qua hoat dong ctia mé hinh phan 16p.

Két qua danh gia cho thy, do chinh xac
ctia md hinh phan 16p dat téi 94,8 %. Can nhan
manh ring, d6 chinh xac nay dat duoc 1a do su
han ché cua sé dir liéu do. Két qua danh gia nay
cling chi ra sy hitu dung trong viéc st dung cac
dac tinh thong ké ciia tin hiéu va mo hinh phan
loai trén Mang No-ron trong ap dung thuc té,
dé phan biét su di chuyén cta phuong tién quan
su la xe tang so voi cac phuong tién xe hoi dan

Mamhsin b

m
LAl

Hinh 4. Biéu d6 16i trong qud trinh Hudn luyén
mang No-ron (trai) va Ma trgn nham lan cua
Mang No-ron sau khi dwoc hudan luyén (phai)
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4. KET LUAN

Nghién cuou nay da xdy dung va tha
nghiém mot giai thuat méi dua trén Mang No-
ron dé phén loai tin hiéu tir truong nham phat
hién va phan bi¢t cdc phuong tién quan sy, dac
biét 1a xe tang, thong qua cam bién tir truong ba
truc. Bang cach st dung cac dic trung thong ké
tur tin hiéu tur truong, mo hinh da dat dugc do
chinh xac 94,8 % trong phan loai xe quan su va
xe dan sy, ngay ca khi hoat dong trong cac moi
truong c6 nhiéu nhiéu.

Két qua cua phuong phap nay ching
t6 tiém ning trong viéc tmg dung cho cac hé
thng giam sat an ninh qudc phong, noi cac yéu
cau vé tiét kiém nang luong va hiéu qua trién
khai 14 rat quan trong. Két qua nghién ctru ciing
goi mé hudng phat trién thuat toan trong cac
tinh hudng thyc té phtic tap hon, chang han nhu
phan loai nhiéu loai phuong tién quan sy véi
cac dic trung di chuyén khac nhau. <

Ngay nhan bai: 12/11/2024
Ngay phan bién: 09/12/2024
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ANH HUONG CUA CAC THONG SO CONG NGHE PEN LUC CAT
KHI GIA CONG THEP SUS316L TREN MAY TIEN CNC

EFFECT OF TECHNOLOGY PARAMETERS ON CUTTING FORCE DURING
PROCESSING SUS316L STEEL ON CNC LATHE

ThS. Nguyén Vin Tric, ThS. Nguyén Tién Diing
Khoa Co khi, Trudng Dai hoc Kinh té K§ thuat Cong nghiép
Email: nvtruc@uneti.edu.vn / dungnt@uneti.edu.vn

TOM TAT

Bai bdo nay trinh bay két qua nghién civu thire nghiém vé anh hwong ciia ché dg cat dén luc
cat khi gia cong thép SUS3I6L trén may tién ROTURN 400 C véi dao hop kim cimg. Tdc gia da
s dungphwangphap quy hoach thuc nghlem daé xay dung mo hinh toan hoc mo ta anh huong cua
thong 6 vin toc cdt va lwong chay dao dén lyc cdt trong qud trinh gia céng. Két qua nghién ciru c6
thé duwoc dp dung trong san xudt va la co sé dé i ung dung cho cac vat liéu twong tu.

Tir khéa: Théong s6 cong nghé; Luc cat; Thép SUS316L.
ABSTRACT

This article presents the experimental research results on the influence of cutting parameters
on cutting forces during the machining of SUS316L steel on a ROTURN 400 C lathe using a carbide
cutting tool. The author employed an experimental planning method to develop a mathematical
model describing the effects of cutting speed and feed rate parameters on cutting forces during
the machining process. The research results can be applied in production and serve as a basis for
application to similar materials.

Keywords: Technological parameters, Cutting force; SUS316L steel.

1. PAT VAN DPE té, nhitng nhan thire vé luc cit rit quan trong dé

thiét ké dung cu cit, thiét ké do ga, tinh toan va

Theo [1], trong qué trinh cat kim loai,
dé tach phoi va thang duwoc ma sat can c6 lyc.
Luyc sinh ra trong qua trinh cit goi 1a lyc cat,
la dong luc can thiét nham thyc hién qué trinh
bién dang nham pha huy lién két trong ndi bo
kim loai va théng luc ma sat. Viéc nghién ctru
luc cit trong qué trinh gia cong vat lidu co ¥
nghia ca vé 1y thuyét va thuc tién. Trong thuc

thiét ké may moc, thiét bi. ..

Do anh huong cia céac hién tugng vat ly
Xay ra trong qua trinh cit nén tri s6 va phuong
ctia hop luc P 1udn ludn thay doi. Bé tién cho
viéc nghién ctru, nguoi ta thuong phan tich hop
lyc P thanh 03 thanh phan: P, P, P theoh¢ toa
d6 Pé-cac nhu Hinh 1 [1].
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Hinh 1. Cdc thanh phan lyc

Trong nghién clru nay lam rd anh hudng
ctia hai thong s6 cong nghé co ban 1a van toc
cit v va lugng chay dao s dén luc cit chinh
F, khi gia cong thép SUS316L trén may tién
ROTURN 400 C.

2. TRANG THIET BI VAT LIEU THi
NGHIEM

Céc thi nghiém dugc tién hanh trén
may ti¢cn ROTURN 400 C co: tdc do truc chinh
50+3000 (v/ph), hanh trinh truc x 1a 200mm, hanh

2.1. Miu thi nghi¢m

trinh truc z 1a 450mm, cong Sut dong co 7,5 kW.
Dung cu cét 1a manh hop kim ciia hing Chain.

Bdng 1. Théng s6 manh dao

Théng s6 Kich thwéc (mm)
L 16,5
S 4,67
IC 9,525
d 4,4

Hinh 2. May tién ROTURN 400 C

. 2 38°
1 1

Hinh 3. Manh dao VCMT160400

Bang 2. Thanh phdn hoa hoc mac vat lieu SUS316L

\ 2 , s . A X 10
Mic vt Thanh phan hoa hoc trung binh cac nguyén to (%)

licu C Mn P S Si Cr Ni Mo

SUS316L 0.03 2 0.045 0.03 1 16+18 10+14 2+3

Vat li¢u thi nghiém 1a thép SUS316L c6
tinh chong chiu dn mon cao va kha ning chiu
nhiét tot. Két qua phan tich thanh phan héa hoc
ctia mau thép SUS316L nhu bang 2.

Thép SUS316L dugc str dung lam thiét
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bi y té, trong cidc mdi trudng yéu cau do sach
nghiém ngit cua san pham hodc trong nganh
thuc phém va dac biét trong cdc moi truong
chtra nhiéu Clorua. Mau thuc nghiém dép tng
diéu kién thi nghiém.
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Hinh 4. Chi tiét gia cong

2.2. Thiét bi do

Hinh 5. Cam bién lyc 3 truc MTA400 Futek

Bdng 3. Théng s6 ky thudt may do lyc 3 truc

MTA400 Futek
Théng sb Gia tri
Khoang do (F, F ) 2501b/1134N
Khoang do (F) 5001b/2268N
Qua tai an toan 150%
Do can bang +3%

3. KET QUA VA THAO LUAN
3.1. Thi nghiém

V6i hai théng sb dau vao s& thay doi
cta qua trinh thi nghiém (v va s) s€ ¢6 2% = 22
= 4 diém thi nghiém gdc (¢ mac ma hoa -1 va
+1); va nén lya chon it nhét 3 diém trung tam
(6 mirc ma hoa 0) [2]. Nhu vay, ké hoach thi
nghiém s& bao gom 7 diém va dugc sip xép
nhu trong bang 4.

Gi4 tri cac thong sd v, s trong qua trinh
thi nghi¢ém dugc chon theo kinh nghiém thuc
té trong san xuat va pht hop véi loai may dang
str dung thi nghiém. Tién hanh thi nghiém theo
trinh tu da thiét ké véi gia tri cua cac bién tai
cac muc nhu trong bang 3, chidu sau cét dat c¢6
dinh t = 0,4 mm; mdi thi nghiém tién hanh 3
1an, sau d6 lay gia tri trung binh [3].

Bang 4. S6 liéu thuc nghiém

T m];if:,)a Bién thuc nghiém I;gtc
TN
X, | X, v (m/p) s (mm/v) | P_(N)
1 | -1]-1 56 0,04 250,5
2 010 62 0,06 252,5
3 010 62 0,06 2527
4 | -1 +1 56 0,08 2543
5 |41 -1 68 0,04 250,2
6 010 62 0,06 252,6
7 |41 +1 68 0,08 254
3.2. Két qua

Sau khi xtr 1y sé liéu, kiém tra kha
nang 1am viéc ctia mo hinh va loai bo cac hé sd
khong du murc y nghia, ta thu dugc moé hinh luc
cit nhu sau:

PZ — 275’365 .V-0’00609.SO’02177

Quan hé giita lyc cit va ché do gia cong
l1a ham md, luong chay dao anh hudng dén luc
cit nhiéu hon phu hop véi cac nghién ciu 1y
thuyét trudc do [4].
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0.05
0.06

s(mm/v) oo

0.08 68

Hinh 6. Anh hieong ciia ché dé gia cong dén
lyc cat

4. KET LUAN

T mot s6 két qua da thyc hién trong
nghién ctru nay, nhém nghién ctru rit ra mot s6
két luan khi gia cong thép SUS316L trén may
tién ROTURN 400 C bang dao dau hop kim
cung nhu sau:

Cé v, s déu c6 anh hudng dang ké dén
P . Luong chay dao s anh huong 16n dén luc
cat chinh, luorng chay dao cang 16n thi luc cit
cang 16n. Van toc cit v anh huong dén do nham
bé mat va van tdc cang 16n thi lyc cang nho va
nguoc lai.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 324+325, thang 142 nim 2025
cokhivietnam.vn / tapchicokhi.com.vn

C6 thé ung dung két qua trén vao trong
thuc té san xuat. Tir két qua thi nghiém trong
bang 3, trong nghién ctru tiép theo chung t6i s&
tién hélnh nghién ctru bé sung yéu t6 énh hu:("mg
tim gié tri tdi wu ctia bo thong $6 V, s va t nham
nang cao dugc ning suét va do bong bé mat gia
cong.

Ngay nhan bai: 28/11/2024
Ngay phan bién: 25/12/2024

Tai liéu tham khdo:

[1]. Banh Tién Long, Trin Thé Luc, Tran Sy Tuay,
“Nguyén ly gia cong vat lieu”. NXB. Khoa
hoc Ky thudt (2013).

[2]. Tran Vin Dich, “Nghién ciru do chinh xdc gia
céng bang thue nghiém”. NXB. Khoa hoc va
Ky thuat, 2003.

[3]. Nguyén Tién Tho, “Ky thudt do hrong va kiém
tra trong ché tao mday”. NXB. Khoa hoc va Ky
thuat, 2001.

[4]. Harish Kumar, Mohd. Abbas, Dr. Aas
Mohammad, Hasan Zakir Jafri (2013),
“Optimization of cutting parameters in CNC
Turning”. International Journal of Engineering
Research and Applications (IJERA), ISSN:
2248-9622, Vol. 3, Issue 3, May-Jun 2013,
pp-331-334, www.ijera.com.



NGHIEN CUU - TRAO DOI

NGHIEN CU’U THIET KE BO TRi CHUNG XE THIET GIAP
BANH XiCH

STUDY ON DESIGN OF GENERAL LAYOUT OF TRACKED ARMOURED
VEHICLE

T Viét Thanh
Vién Co khi Bong luc, Hoc vién K¥ thuat Quan su
Email: tovietthanhl79@gmail.com

TOM TAT

Hién nay, quan doi ta dwoc trang bi mot 6 loai xe thiét giap banh xich nhw BMP-1, BMP-2,
M-113... Tuy nhién cdc logi xe nay cé sé lwong it va hau hét da xuong cdp, lac hau. Viéc thiét ké,
ché tao xe thiét gidp banh xich la nhiém vu cdp thiét, ndng cao nang lic thiét ké, ché tao ciia nganh
cong nghiép quéc phong gop phan hién dai héa vii khi trang bi. Trong do, thiét ké bo tri chung mang
tinh quyét dinh, anh hieong triec tiép dén toan bé qud trinh thiét ké xe. Bai bdo phan tich, danh gid,
lia chon phirong én bé tri chung xe thiét gidp banh xich va trinh bdy cdc két qua tinh todn thiét ké
bé tri chung: xac dinh toa do trong tam, danh gia chat luwong dong luc hoc cua xe theo phuwong an

bé tri chung da chon.
Tir khoa: Xe thiét gidp; Bé tri chung; Chdt lwong déng liwc hoc.
ABSTRACT

Currently, our army is equipped with a number of tracked armoured vehicles such as BMP-
1, BMP-2, M-113... However, these vehicles are few in number and most of them are degraded and
outdated. The design and manufacture of tracked armoured vehicles is an urgent tast, improving
the design and manufacturing capacity of the defense industry, contributing to the modernization
of weapons and equipment. In which the general layout design is decisive, directly affecting the
entire vehicle design process. The article analyzes, evaluates, selects the general layout of tracked
armoured vehicles and present the results of calculation of the general layout: determining the
centre coordinates, evaluating the dynamics quality of the vehicle according to the selected general
layout plan.

Keywords: Armoured vehicle; General layout; Dynamics quality.
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1. MO PAU

Xe thiét giap banh xich san xudt tai Viét
Nam duoc thiét ké dua trén mau xe chién dau
bd binh BMP-1, trong d6 ciing ¢ mot sd thay
d6i so voi xe mau nhu vé mau ma cong nghiép,
cac hé thong vii khi, khi tai, trang thiét bi b tro
khac dé nang cao suc manh hoa lyc, kha nang
tu bao vé cua xe. B tri chung xe thiét giap
banh xich la viéc sép xép vi tri cac thanh vién,
vii khi, cac cum hé théng trén xe dam bao cac
chi tiéu tinh ning chién k¥ thut cao nhat ciia
xe. B6 tri chung xe phai dap tmg cac yéu ciu
co ban: Suc manh héa lyc; Kha nang co dong;
Kha nang bao v€; Thuan tién cho hoat dong cua
kip xe; Thuan tién trong bao dudng sua chira.
Co s& dé tinh toan thiét ké bd tri chung 1a cac
tinh ning chién ky thuat cua xe, du kién d6i voi
xe thiét ké nhu trong Bang 1.

Bang 1. Tinh ndng chién ky thudt ciia xe

Théng sb Tinh Théng s6 Tinh
nang ning
Trong lugng 135 Vuot déc 1on 35
chién dau (tan) ' nhat (d6)
Thanh vién Vuot hao rong
. 11 2.5
kip xe (m)

Cong suat 16 qut tuc‘mg (m) 0.7

riéng (KW/tan)

Kich thuoc g; i Khoang sang 0.37
(DxRxC, m) 2 1 gam xe (m) ’
Tdc do trung 40 Tbc d6 boi lén 7
binh (km/h) nhat (km/h)

Toc do 16n 65

nhat (km/h)

2. PHAN TiCH, LUA CHON PHUONG AN
BO TRi CHUNG

Qua khao sat phuong an bd tri chung
trén cac xe chién ddu bo binh thong dung cua
cac nude hién nay va cin cir tinh nang chién k¥
thuat cua xe thiét ké da duoc xay dung, tac gia
dé xuat st dung phuong an bé tri chung nhu
trén Hinh 1, xe dugc chia thanh cac khoang:
Khoang Dong truyén luc; Khoang diéu khién;
Khoang chién dau; Khoang bo binh. Phuong an
nay dam bao kha nang co dong, dac bi¢t kha
nang boi nudce, kha ndng bao vé cho kip xe, kha
nang tac chién cua bo binh.

%

b)
Hinh 1. a) So do bé tri chung xe thiét ké; b) Cau
hinh tong thé xe thiét ké.
1. Banh sao chu dong; 2. Hop S0;
3. Khoang diéu khién; 4. Khoang Péng truyén luc;
5. Khoang b¢ binh.

C4u hinh co ban duoc lya chon cho xe
thiét ké thé hi¢n trén Bang 2.
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Bdng 2. Cau hinh co ban ciia xe thiét ké

3. TINHTOAN THIET KE BO TRi CHUNG

oz *Thiét ké vé giap than xe
TT C"'mc’l:‘ifﬂtlh"“g Dic diém
Vo giap than xe cé cong dung bao vé
A L nguoi va trang bi dugc an toan trudc cac loai
Thiét bj dong luc: N (fong sudt 16n vii khi sat thuong, dong thoi dé 1ap dat cac cum
R C : nhat: 250 Kw A 1A \ s L Ay Ao ey
1 | Dong co Doosan A A hé thong va thap phéao cua xe. K&t cau vo giap
+ M6 men 16n nhat: R N v s an . A LA LA A
DL-08 1323 N.m than xe can phai c6 do cung lon, d§ bén tot. Do
' cung tao ra strc can lon doi véi sy xuyén cua
> | He mé o, Co ki vién dan vao vo giap, suc can do c6 thé gay ra
¢ thong truyen fuc | Co ki su pha huy cua vién dan hodc lam cho vién dan
bi truot di (hién tugng thia lia cia vién dan). Do
- Ly hop chinh -Masatkho bén bao dam vo giap chiu dugc tai trong va dap
_ Hop s6: Co khi, 5 Agé;o'trg};ezzlb B 16n, khong bi pha huy, ran nut tir bén trong cac
s6 tién, 156 1ui, trye |7 g%; e tAm thép ctia vo gidp. Ba yéu té quyét dinh dén
chit dong vudng goc 11111078 P 81V73 i van d& nay 1a vat liéu lam vé giap, chiéu day
véi cac tryc con lai | 4 39’3" o chong dan va két cau cia vo giap.
- Co cau quay vong: | _ Ty s6 truyén cham
Kicu hanh tinh 2 1.44 ' - Lura chon vat liéu v6 giap: Qua khao
bac . - Kiéu hanh tinh, i sat két qua nghién ctru va thir nghiém vé kha
- Truyén lyc canh £ N < ; , 1z % A
s0 truyén 5.5 nang chong dan cua vo thép ché tao xe thict
giap theo tiéu chuan STANAG 4569 cia NATO
. Din tién xich + hé doi voi thép ARMSTAL cua nha san xuat HSJ
3 | Phan van hanh £ NN _ . :
thong treo doc 1ap SA — Ba Lan, thép XAR 509 PREMIUM, thép
PERFORM cua nha san xuat ThyssenKrupp —
N Tich hop siing may C.c}Ang h?a LiA6n bagg Buc d}rqc ‘Ehuc Ahién boi
Phan v khi: Phédo oy 2005 gian Vién K§ thuat Thi€t gidp va 6 t6 quan sy Ba
4 | chinh 73mm, sing phéng dan khoi, Lan va Trung tdm thu nghiém H.P. WHITE
may 7.3mm luGi B40 chong dan cua My, tac gid lya chon vat li¢u ché tao vo
giap xe thict giap banh xich 1a thép XAR 500
5 | Co ciu boi Boi be“mg dai xich PREMIUM c6 thanh phén hoa hOC va co tinh
nhu trén Bang 3.
Bdng 3. Thanh phan héa hoc va co tinh ciia thép XAR 500 PREMIUM
Thanh phin héa hgc chii yéu (%) Co tinh
. .| Gioi han chay | Po bénkéo | Do gidn
C Si Mn P S Cr | Mo | Ni (N/mm?) (N/mm?) dai (%)
<0.28 | <0.8 | <1.5 |<0.025| <0.01 | <1.0 | <0.5 | <I.5 1250 1650 9
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- Xac dinh chiéu day chéng dan: D6 day
ctia vo giap thiét ké phu thudc vao vt liéu va
yéu cau cép do kha nang bao v¢, viéc lya chon
d6 day cac khu vuc cua vo gidp dua trén kha
nang xac sudt khu vuc bi pha hay ctua vo giap
nhu trén Bang 4.

Riéng phan day xe lya chon theo yéu
cau chong céac loai min chdng ting pho bién.
Tur do, tac gia xac dinh do day vo giap ¢ cac vi
tri trén than xe nhu trong Bang 5.

Bdng 4. Phdn bo xdc sudt phd hity ciia vo gidp

Hinh 2. Két cau 3D than xe, thdp phdo

2100

Bang 5. B¢ day cia vo gidp xe thiét ké

Chiéu day

TT (mm)

Vi tri vé giap

1 Miii xe ca nura trén va 16
ntra dudi

) Hai bén suon xe: than 16
trén va than dudi

3 Mat trén than xe 5
4 bay xe 5

- Hinh dang v6 giap than xe: Qua céc
phan tich & trén, tac gia thiét ké két cau vo giap
hoan thién nhu trén Hinh 2, 3. Trong do, két cau
than xe thap phao dugc ché tao bang phuong
phap han cac tim thép voi nhau. Két ciu vo
giap thiét ké ngoai viéc dam bao cac yéu cau da
néu con nang cao tinh nang thong qua cua xe,
dic biét khi xe thuc hién chuyén dong boi nuéc
nhu ting kha ning co dong 1én by xudng bén,
tang kha ning ndi cua xe.

TT Vi tri Ty 1é
1 Mili xe 35%
2 Hai bén suodn xe 23% ™ |
3 Pudi xe 2% 5000 6000

Hinh 3. Hinh chiéu 2D phan miii xe (trén mdt
phdng doc xe)

*X4c dinh khéi lwong va toa dd trong tim xe

Trén co so bd tri chung va cau hinh xe,
tién hanh xay dung mé hinh 3D cua cac cum hé
théng chinh cua xe gdm: Than xe, thap phao,
hé théng dong truyén luec, phén van hanh, lam
co s& xac dinh khéi lugng xe va toa dg trong
tam xe bang phan mém Autodesk Inventor. So
d6 x4c dinh va toa do trong tAm xe thé hién trén
Hinh 4.

o v -

Hinh 4. M6 hinh 3D xdc dinh toa do trong tam
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Hinh 5. M6 hinh khao sat dong luc hoc chuyén
déng thang xe thiét ké

Trong d6: G, — Trong luong than xe tinh
ca phan van hanh va cac cum hé thong bé tro
khac, G, — Trong luong phan thap phao, G, -
Trong luong hé théng dong truyén luc.

Bdng 6. Cdc théng so thiét ké bo tri chung

TT Théng sb Gia tri
1 | Khéi lwong tong cong (kg) 13.500
) Toa d¢ trong tdm theo phuong 2.978

X (m)
3 Toa d6 trong tam theo phuong 1,012
z (m)

*Khao sat dong lwc hoc chuyén dong thing

M6 hinh khao sat dong luc hoc chuyén
dong thang cta xe thé hién trén Hinh 5.

Trong d6: G —Trong lugng xe; N — Phan
luc phéap tuyén; P, — Luc kéo; P_ — Luc can
khong khi; P, — Luc can chuyen dong, F,—Luc
quan tinh; o — Géc ddc. Chap nhan mot sO gia
thiét nhu: bai toan dugc giai & dang mé hinh
phang, khao sat chuyén dong cia than xe nhu
mot chat diém co6 khéi lugong dat tai trong tdm
than xe; bé qua anh hudng cua luc can khong
khi. Ta co:

B =P +G.sina+mx (1)

Pé giai phuong trinh (1) sit dung dinh
Iy vé bién ddi dong ning cua hé théng dudi
dang vi phan trinh bay trong tai li¢u [1], 1ap
trinh tinh toan thu dugc cac két qua trén Hinh
6, 7.

Két qua tinh toan thu dugc chi ra ring
xe thiét ké dam bao chat luong dong luc hoc
chuyén dong nhu yéu cau vé tinh nang chién k¥
thuat cua xe.

D6 thi djc tinh kéo chuyén déng thing

0.642
0.58
0525

0.467
0.292
0.175

0.117

0.055]

0 585 117 175 233 292 35 408 467 525 583 42 T0
Vi wdcikavh)
Hinh 6. Dac tinh kéo chuyén dong thang xe
thiet ke

D¢ thj thay déi vin téc khi ting téc

60.57

5454

42.67
3657
0.4
247

13 N
/

&N

025 575 1012.51517.52022.52527.53032.53537.54042.545

Théd gian ting tSo t (1)

Hinh 7. Ddc tinh ting toc xe thiét ké
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*Khao sat dd ém diu chuyén dong

Khao sat 6 ém diu chuyén dong cia xe
thiét ké nham danh gia anh hudng ciia dao dong
dén cac thanh vién kip xe va trang thiét bi lap
trén xe.

Mo hinh khao sat dao dong thang ding
cta xe thé hién trén Hinh 8.

Hinh 8. Mé hinh khdo sdt dao déng thang dirng
cua xe thiet ke

H¢ phuong trinh vi phan md tad dao
dong gdm 3 phuong trinh (2), (3), (4):

X =Wt )

m =B (1,7,)6, 3)

1= 3B (5. 4)1, @
=

Trong do: m_— Khéi lwong phan treo;

Z - Giatbc thang dung phan treo; I -Mdmen
quan tinh khi lugng phan treo trong mat phang

doc di qua truc ngang than xe; ¢ - Gia toc goc
doc cua than xe; P, — Hop luc tac dung tir phan
tir dan hoi va glam chan ctia banh ti th j 1én
than xe.

Gidi h¢ phuong trinh vi phan, ta thu
dugc cac thong sd nhu gia tdc, van téc va
chuyén dich cua than xe, xay dung duoc dat
tinh tan s6 bién do.

2

I I

—— phi-max
z-max

— giatoc-Ix []

o
o
=

8

&

B 8

BIEN DO DAQ DONG CUONG BUC CUA THAN XE
o =}
2 £

0

=
0 2 4 6 8 10 12 14 16 18 20
VAN TOC CHUYEN DONG CUA XE [m/s]

Hinh 9. Pac tinh tan s6 bién do dao dong tai trong
tam than xe

Bién d¢ 16n nhat z =0. O63m tai toc
doV=16.2 km/h Két qua khao sat nam trong
gia tri cho phép vé bién d6 dao dong thang dimg
lorn nhét cta xe [1], trong qua trinh khai thac xe
can lwu ¥ tranh ving toc do chuyen dong cua xe
gan véi ving cong hudng trén do thi dic tinh
tan so bién do.

4. KET LUAN

Bai bao da xdy dung tinh ning chién
ky thuat cua xe thiét ké, phan tich lga chon
phuong an b tri chung, lya chon c4u hinh xe,
thiét ké 3D cac cum hé théng chinh cua xe.
Tinh toan thiét ké vo giap va céc tinh toan kiém
nghiém chat luong dong luc hoc cua xe theo
phuong 4n thiét ké. Két qua tinh toan khang
dinh ban thiét ké bd tri chung dap tng dugc
cac tinh nang chién ky thuat dit ra. Huéng phat
trién tiép theo 1a tiép tuc tinh toan thét ké timg
cum hé théng co ban cua xe, thyc nghiém kiém
chimg céc ndi dung thiét ké, tinh toan kha ning
boi nudc cla xe.
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NGHIEN ClPU THIET KE HE THONG LAM MAT BANG CHAT LONG
CHO BIEN TAN PHONG NO SU’ DUNG TRONG MO HAM LO

DESIGN OF LIQUID COOLING SYSTEM FOR EXPLOSION PROOF INVERTER IN
UNDERGROUND MINES

Pham Vin Viéu', Pao Thi Thiy?, Nguyén Thi Bich Hau?, Tran Vin Hoa?
Vién Co khi Nang lugng va Mo - Vinacomin
Trudng Pai hoc Mo - Dia chat
3Vién Tiéu chudn chat luong Viét Nam

TOM TAT

Bién tan phong né nhdt la nhitng loai cong sudt 1om sir dung trong mé ham 16 thi vin dé tan
nhiét la vin dé rat quan trong. Pé giai quyét van dé nay thi hién nay da sir dung gidi phdp sir dung
chdt long dé tan nhiét va dwoc goi la bién tan lam mat bang chat long. Bai bdo di nghién ciru thiét
ké hé thong lam mat bang chdt long sir dung cho bién tan phong né dién dp 660V, Két qua nghién
ctru c6 thé duwoc sir dung dé ché tao bién tan lam mat bcing chat long de phuc vu khai thac mo o Viet
Nam.

T khoéa: Bién tan; Lam mat; Chdt long.
ABSTRACT

Explosion-proof inverters used in underground mines, the problem of heat dissipation is
very important. To solve this problem, the solution of using liquid to dissipate heat is now used and
is called liquid-cooled inverter. This article studies the design of a liquid cooling system for 660V
explosion-proof inverters. The research results can be used to manufacture liquid-cooled inverters
for mining in Vietnam.

Keywords: Inverter; Cooling; Liquid.

1. PAT VAN PE khong gian va thong gi6 bi han ché, do am rat
cao dé bi dong suong. Do vay, ddi voi bién tan
Dé nang cao hiéu qua sir dung dién phong nd cong suat 1on ding trong mé ham 10,
nang hién tai, hiu hét cac mo than ham 10 da st véan dé tan nhiét 1 van dé rat quan trong [2].
dung bién tan dé khoi dong cho cac cac dong
co bom nudc, quat gié va bang tai [1]. Bién tan Hién tai, c6 3 loai nguyén 1y tan nhiét
phong nd ¢6 vo phong nd bang thép day, kich chinh cho bién tan 14 sir dung hé théng 1am mat
thude nho va lam viée trong méi truong ham 10 bang canh tan nhiét. Hé thng lam mat bang
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khi, nguyén 1y 1am viéc dua trén hé thdng trao
d6i nhiét ty dong bang khi nén ap suit cao.
Lam mét bang chat long vé co ban gidng nhu
bién tin lam mat bang khi nén, chi thay d6i giai
phap lam mat tir khi sang chat long [3].

Bién tan lam mat bang chat 1ong vé co
ban gidng nhu bién tan lam mat bang khi nén.
Uu diém 16n nhit cia nguyén 1y nay 13 hiéu
suét 1am mat cao, kich thuéc nhé gon, co thé
dung cho loai bién tan cong suat 16n dén trén
3000kW phu hop vai cac phu tai str dung trong
mo ham 10 [2]. Bai bao di nghién ctru thiét ké
bién tan lam mat bang chat long co dién ap

=

660V dugc su dung trong khai thac mo ham 10,
két qua nghién ctru c6 thé duoc sir dung dé ché
tao bién tan lam mat bang chat long dé phuc vu
khai thac mo ¢ Viét Nam.

2.BIEN TAN LAM MAT BANG CHAT LONG

Bién tan 14 thiét bi lam thay ddi tan sb
dong dién dat Ién cudn day bén trong dong co
va thong qua do c6 thé diéu khién téc do dong
co mot cach vo cip, khong can ding dén cac
hop sb co khi. Két cdu cua bién tin lam mat
bang chét 1ong str dung trong mé ham 10 ¢6 két
céu nhu hinh 1 [4], [5].
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Hinh 1. Bién tan lam mdt bang chdt long
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NGHIEN CU’U - TRAO BOI

Két cau ctia bién tan lam mat bang chat
long str dung trong moé ham 16 bao gébm hai
bd phan co ban, bao gém: mach bién tin co6
chirc nang va nhiém vy nhu mot bién tan thong
thuong str dung trong mo ham 16 va bo phén sir
dung chat long dé 1am mat cho bién tan. Nhu
vay, dbi voi bién tin 1am mat bang chit 16ng thi
viéc tinh toan thiét ké bo phan lam mat cho bién
tan 1a khau quan trong dé bién tan lam viéc 6n
dinh va tin cay.

3. THIET KE BQ PHAN LAM MAT BANG
CHAT LONG CHO BIEN TAN

Trong hé théng lam mét bang nude cho
bién tan ph(‘)ng n6 duoc chia ra ba kiéu nhu:
Lam mat bang nude kiéu boc hoi, kleu d6i luu
tu nhién, kiéu cudng birc. Két ciu tong quat
ctia hé thong lam mat bang chit long nhu trén
hinh 2.

Buong trao
doi phigt
BB < laateomtesi e N
e Hé théng 1am mét cua BT Bién tn
CET . —FTT
Cép murde ti Mach lim = Mach lim mat chinh =i
. mat thir = QO
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nhiét twén hoén [ -""‘ﬂ—i - f= i
=, o0 F
L
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Hinh 2. Cdu triic hé thong lam mat bang chdt long

Sau day, nhom dé tai s& phan tich mot
s0 dang két cau lam mat bang nudc dé tir do lya
chon két cau lam mat cho bién tan [2]:

1) Hé thong 1am mat kiéu bdc hoi: Day
1a loai hé thdng 1am mat str dung nudc va qua
trinh bay hoi dé tao ra sy 1am mat. Uu diém cua
hé thong 1am mat kiéu bdc hoi: Két cau don
gian, do dac tinh luu dong ddi Tuu. Tuy nhién,
nhugce diém ctoa hé théng nay 1a do kiéu lam
mat bdc hoi tu nhién nén ngudn nude trong
thung giam nhanh 1am cho tiéu hao nudc nhidu
va hao mon chi tiét.

2) Hé thong lam mat bang nudc kiéu
d6i luu ty nhién: Day 14 loai hé théng 1am mat
st dung nudc 1am chat 1am mat va tuan hoan
nudc qua thiét bi hodc qué trinh cAn 1am mat.
Qué trinh tuan hoan nay gitp duy tri nhiét do
on dinh va 1am mat hiéu qud. Tuy nhién, cAu
tao ciia hé thong kha phtc tap, doi hoi nhidu bo
phan va dudng 6ng dan, 1am nhu vay khién cho
két cAu cong kénh.

3) Hé théng lam mét bang nudc tuan
hoan cudng birc: Do tdc d6 luu dong cia nudce
trong hé thong tuan hoan dbi luu ty nhién nho,
vi vay dé ting toc do luu dong cua nude, ngudi
ta dung hé thong tudn hoan cudng bic. Uu
diém ctia hé thong 1am mat cudng buc 1a nudc
sau khi qua két 1am mat lai tr& vé dong co, do
do 1t phai bd sung nudc, tan dung dugc tro lai
ngudn nude 1am mat tiép dong co.

Tir cac co s¢ 1y thuyét trén, nhom dé
tai da tinh toan va lga chon b phén tan nhiét
cho bién tan gdm hai chu trinh: Chu trinh 1 1a
lam mat cho cac IGBT bang phuong phéap 1am
mat cudng birc sir dung dong chit long (nudc
sach) ddi lyu va chu trinh 2 14 lam mat dong
nude tudn hoan bang phuwong phap cudng buc
sir dung dong chét khi dugc sinh ra tir quat. Két
qua nghién ctru dua ra cdu trac hé théng lam
mét bang chat 1ong cho bién tan phong nd nhu
hinh 3.

L= i .
§
1 9.0
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Hinh 3. Két cau hé thong lam mat bang chat long &
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4. THU NGHIEM PANH GIA HIEU QUA
LAM MAT BANG CHAT LONG

Giai phap lam mat bang chét 1ong cho
bién tan phong nd duoc tinh toan ap dung cho
bién tin phong nd loai 660V sir dung cho dong
160kW trong moé ham 10. Qua trinh ché tao, thir
nghiém hé thong bién tin lam mat bang chat
long nhu hinh 4.

Hinh 4. Hé thong thir nghiém bién tan lam mat
bang chdt long:
a) Bién tan; b) Pau vao chat long; ¢) Hé thong
cung cdp chat long

Str dung Iwu d6 diéu khién bién tan nhu
hinh 5 dé thu nghiém bién tan lam mat bang
chat I6ng tai hién truong:

Hinh 5. So do thudt todn chicong trinh diéu khién

Két qua thir nghiém véi chu trinh lam
viéc nhu luu d6 thuat toan ¢ hinh 5 nhén thay
rang, khi bién tan lam viéc v&i 100% cong suat
dinh muc thi nhiét 46 cta bién tin déu trong
gidi han 55°C, dam bao diéu kién van hanh

ning nhoc trong khai thac mo ham 19.
5. KET LUAN

Nbi dung bai bao dd nghién ciru thiét
ké duoc hé thdng 1am mat bang chit long sir
dung cho bién tan phong nd dién ap 660V su
dung trong mé ham 10. Két qua nghién ctru da
duoc thir nghiém tai hién truong cho thay rang,
khi bién tan 1am viée véi 100% cong suat dinh
mure thi nhiét d6 cta bién tan déu trong gio1 han
55°C, dam bao diéu kién van hanh niang nhoc
trong khai thac moé ham 16. Két qua nghién ciru
c6 thé duoc st dung dé chat tao thu nghiém
bién tin 1am mat bang chét 1ong, tir 46 ning cao
n6i luc thiét ké va lam cha cong nghé ché tao ra
céc thiét bi mo trong khai thac mo ¢ Viét Nam.

Loi cam on:
Noi dung nghién ctru cta bai bao dugc
ho tro tir két qua cua dé tai cap nha nudc ma so:

009.2022.CNKK.QG/HDKHCN. %

Ngay nhan bai: 10/12/2024
Ngay phan bién: 02/01/2025
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NGHIEN CUO’'U BOI MOl CONG NGHE CHE TAO DAY CHUYEN
SAN XUAT TAM PU CACH NHIET CHONG CHAY BAP UNG
NHU CAU TRONG NU'O'C, THAM GIA THI TRU'ONG QUOC TE

RESEARCH ON TECHNOLOGICAL INNOVATION IN THE MANUFACTURING
OF FIRE-RESISTANT PU INSULATION PANEL PRODUCTION LINES TO MEET
DOMESTIC DEMAND AND ENTER THE INTERNATIONAL MARKET

PGS, TS. Lé Trung Kién', ThS. Buii Trung Hiéu?
'Pai hoc Bach khoa Ha Noi
?Cong ty TNHH Cong nghé cong nghi¢p Phu Son

TOM TAT

Nhu cau xdy dung kho lanh ciia doanh nghiép dang tang dot bién vi sirc tiéu thu cdc logi
hang thire pham nhe thit, trdi cdy ciing nhw yéu cau can bao quan ngay cang lom. Vit liéu xdy dung
kho lanh gém cdc tam Panel c6 kha ndang chong chdy va Viét Nam dang nhdp khau khodang 6,3 triéu
m? moéi ndm véi gia thanh rdt dat va khéng chii déng trong cung iing. Mot sé doanh nghiép trong
nuoc da nhdp khcfu 100% day chuyén tir nuwée ngodi nham ddp g nhu cdu sir a’ung cac tam Panel
nay. Cac dang tam Panel san xudt trong nuwoc hién nay khong dap urng deO’c yéu cau vé ky thudt va
kha ndng chéng chay thap Viéc ché tao mét ddy chuyén dong bo cung. cap cdc dang sdan pham vach
ngdn voi kha nang chong chdy dam bdo tinh nang ky thudt thwe sw can thiét va cap béach. Bdo cdo
trinh bay viéc nghién ciru va doi moi cong nghé ché tao ddy chuyén san xudt tam PU cach nhiét
chong chay dap urng nhu cau trong nuoc, tham gia thi triong quoc té trong khudn khé duw an Dur dn
san xudt thir nghlem cap Quoc gia cua cong ty Phu SO’I’l

Tir khéa: Tdm PU chéng chay; Cong nghé uon loc.

ABSTRACT

The demand for constructing cold storage facilities is experiencing a surge due to the rising
consumption of food products such as meat and fruit, as well as the growing need for preservation.
Cold storage facilities are built using materials that include fire-resistant panel sheets. Approximately
6.3 million square meters of panels are imported into Vietnam each year at very high costs, and
the supply of these materials is not self-sufficient. Some domestic enterprises have imported 100%
of their production lines from abroad to meet the demand for these panels. However, the types
of panels currently manufactured in Vietnam do not meet technical standards and have low fire
resistance. Developing a fully integrated production line to supply partition products with fire-
resistant and technically compliant features is highly necessary and urgent. This report presents
research and technological innovations for developing a production line to manufacture fire-
resistant and insulated PU panels that meet domestic demand and gradually enter the international
market. The report is part of a National Experimental Production project led by Phu Son Company.

Keywords: PU panels with fire-resistant; Roll forming.
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1. PAT VAN PE

Chu tao cua tam ton PU céch nhiét,
chdng chay duogc chi ra trong hinh 1. Véi hai
16p ton pha bé mit va 16p PU & giita. Lop mat
dugc 1am tir ton ma mau c6 kha niang chéng
oxy hoa, khang khuan va chéng an mon co
do day tir (0.4 = 0.6) mm. Do day cua ton phu
thudc vao cong ning cia cong trinh dé c6 thé
lya chon chung loai cho phu hop.

Lor Py
Low TON

Hinh 1. Cdu tao tam cach nhiét PU xdy dung kho
lanh cong nghiép

Céc kho lanh cong nghiép hién nay dugc
thi cong bang cac tim EPS, PU diing chung loai
v6i ton lop mai nha xudng, st dung so¢i thuy
tinh... hodc cac tdm Panel duoc san xuit thi
cong bang phuong phap phun bot EPS va PU
thii cong vao khe cac tim ton dinh sn véi kich
thude han ché theo khudn dinh hinh.

Hinh 2. Tam PU, EPS dwoc san xudt thii cong
bang khudn kich thuée gidi han

Véi cac ddy chuyén san xuat tim PU ty
dong van nhap ca day chuyén nay véi chi phi
16n, lang phi do khong sir dung hét hé sb sir
dung vat li¢u. Chinh vi vdy, muc ti€u nghién
ctru cap bach hién nay 1a 1am chu thiét ké, ché
tao day chuyén san xuét lién tuc tdm ton PU
cach nhiét, chéng chay & quy mo cong nghlep
va xay dung dugc day chuyen tu dong diéu
khién, san xuét lién tuc tim ton PU cach nhiét,
chéng chiy nham ung dung san xuét ra san
pham chét luong twong duong nhap ngoai tng
v6i so dd cong nghé ché tao tim PU cach nhiét
chdng chay san xuét lién tyc (hinh 3).

1. Mdy % cudn tén
2. B3 phin cit-phia sau '%. ®
3. May cén thm -

4. Ti digu khién
5 Bingtai dwdi

& Bing tii trén
7. T difu khién

§. HE théng ra tén 9. May phun bot PTT

10, Binh chira héa chit PU
11, Quat phin tan nhiét
12. Gianhiét bang tai

13. HE théng nén bing tai
14. My cit sin phém

§ 15. Tis didu khién
16 Dancon lan 4&
Hinh 3. So do day chuyén ché tao tam ton PU cach
nhiét, chong chay

2. QUY TRINH CONG NGHE CHE TAO
CAC SAN PHAM TON TAM LOP PU

Ton cudn dugce dua 1én May x4 cudn ton
dé nha ton vao trong day chuyén véi mot tdc
d6 phu hop véi cac thiét bi trong hé thong =>
Tén dugc dua vao Bo phan cét phia sau — Phan
nay dé cat ton phang xac dinh chiéu dai kich
thude tim cudi cung trong 16 san xuat => May
can tim profil ¢c6 nhi€ém vu tao hinh tam trén
va tim dudi ctia tim ton PU cach nhiét, chong
chay dam bao cac yéu cau k¥ thuat cua tim ton
PU cach nhiét, chdng chay nhu kha ning vé do
bén, do cung, kha nang chéng chdy... => Tén
sau khi qua mdy can ton s€ vao bang tai thép
dé g dua hai tim ton mit song song va dinh
lai khoang cach => Hé thong ra ton = > May
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phun bot xdp s& lam nhiém vu phun PU gém
hai thanh phan vao gitra hai 16p t6n — ton =>
Binh chita hoa chit xp s& cung cap hai loai
hoa chit dé phun vao trong ving tao xop =>
Quat phan tan nhiét c6 tac dung dua nhi¢t do
vao tir hé thong Gia nhiét bang tai vao trong
ving tao hinh xdp dé nhiét do dong déu trong
toan ving tao hinh => Hé thdng nén bing tai
thép gitp cho viéc tao hinh xdp giita hai 16p
clia tAm cach nhiét duoc dong déu tranh phong,
bién dang tdm => Sau khi tim vach PU chdng
chay duoc tao hinh vé6i cac bién dang cua tim
da hoan thanh, viéc dinh chiéu dai tim c6 d¢
bai bat ky theo y muén duogc thue hién trén
May cat san pham véi bién dang dao cat phu
hop v6i bién dang cta tAm cach nhiét chong
chay => San pham hoan thién s& dugc day ra
dan con lan d& va chuyén ra may dong goi.

3. THIET KE CONG NGHE CHE TAO
TAM PU CACH NHIET CHONG CHAY
VA NHUNG VAN BPE DU AN CAN GIAI
QUYET

Trén co s6 cac thiét bi trong day chuyén
san xuat tim lop thong thuong hién nay san
xudt trong nudc chua cé sy dong bo, cac cong
doan chuyén phéi gitta cac budc van dugc thuc
hién thu coéng giita cic may. Day chuyén san
xuét tim Panel cach nhiét chong chay tap trung
vao giai quyét cac van dé nhu sau:

- May nha t6n chua tu dong hoa phan
tu dong diéu khién tdc do nha theo may udn 16¢
profil. Hién nay, may nha ton van la sy chuyén
dong tu do cua cac tryuc trén cac may va van
hanh theo su kéo cang phoi ciia may udn 16c
profil. May nha t6n sir dung trong diy chuyén
duoc thiét ké va ché tao co thé sir dung nha hai
tAm ton vao may Idc ton 2 ting nham tiét kiém
khung than may va khong gian dat may trong
day chuyén.

- May udn 16c profil can duoc thiét ké
bién dang cta cac qua con lan udn 16c dong thoi
tinh todn md phong s6 cac budc udn 1c trong
qua trinh tao hinh tim vo t6n. My c6 kha ning
ché tao hai mit ton dé ddm bao do bén co tinh va
tinh ning cua tim PU cach nhiét chong chay.

- M4y gia nhiét ton: Hién nay chua diéu
khién cac thong s6 nhiét do khi thay ddi tde do
vao ton, chidu day tAm panel do cac day chuyén
san xuat hién nay 13 tdm lgp PU véi chiéu day
¢ dinh 50 mm va téc d6 chay ton khong doi.
Khi chuyén sang day chuyén tim cach nhiét PU
¢6 chiéu day, tdc d6 cta cac tAm khac nhau can
thiét phai diéu khién dugc cac thong so nay.

- Hé théng may phun PU: Hé théng
may phun PU hién nay khong diéu khién cac
thong s6: Ap sudt phun, ty 18 phun cac thanh
phan hoa chét, tdc d6 phun, toc do dai hoa chat
trén mit ton... do cac san pham hién nay 1 tim
lop PU ¢6 chiéu day c6 dinh 50mm va toc do
khong doi.

Sau khi d61 méi thiét ké, nhém nghién
cuu da cai tién bao gom:

Hé thong tu dong hoa dong b trén toan
day chuyén can thiét ké hoan thién: Cac may
trong ddy chuyén can thiét phai ty dong hoa dé
c6 thé diéu khién cac thong sb thong qua cac
phan mém diéu khién trén timg may. Viéc sir
dung diéu khién PLC két hop man hinh cong
nghiép HMI gitap cho két ndi gitta ngudi dung
va toan by day chuyén thong qua cac cai dat
thong s cong nghé tir nguodi dung.

He¢ thong phun céc thanh phan héa chat
nhu polyol, isocyanate, chét tao bot, cht xtc
tac hoa tron va dinh lugng nguyén liéu. HE
thong can lam chi diéu khién cic thong sd
cong nghé nhu: 4p suat phun; ty 1& phdi tron;
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téc d6 phun; khau do phun... ung kich thudc
va chiéu day cta tdm ton PU cach nhiét, chéng
chay dén 200mm nham tao tdm Panel PU dap
mg yéu cau ky thuét.

Hé thdng dinh hinh san phim sau khi
phun héa chit tao PU véi chiéu day 16p PU dén
200mm dam bao ngoai quan bé mit tim ciing
nhu cac yéu cau k¥ thuét cua tAm ton PU cach
nhiét, chéng chay. Do chinh xac san phém duoc
quyét dinh bang hé thong bang tai thép.

Hoan thién cong nghé véi quy mod cong
nghiép dé dong bo toan b day chuyén ché tao
nhim ning ning suit toan diy chuyén, dam
bao cac thong s6 k¥ thuat ctia tim tén PU cach
nhiét, chdng chay twong duong véi cic san
pham cing loai nhap ngoai.

3.1. Két qua md phoéng sb tao hinh v6 tim
PU céch nhiét chdng chay

Bé mat ngoai cua tam PU cach nhiét
chéng chay dugc phu boi hai miat ton, dé tao
hinh dugc cac bé mit ton chinh xac va dam
bao cac yéu cau k¥ thuat, nhom nghién ciru da
tinh todn rng sut va mé phong sb qua trinh tao
hinh vé tim PU céach nhiét chong chay, tir d6
thiét ké cac bude ubn loc tdm va thiét ké cac
con lan udn cho phu hop. M6 phong tao hinh
v6 tAm 1a co s& cho viéce thiét ké bién bién dang
con lan udn tim vo tdm PU cach nhiét chdng
chay.

Hinh 4. M6 hinh hinh hoc mé phéng vo tam PU
cdch nhiét chong chay

Hinh 6. M6 phong phén bé chiéu day va xu hwéng
bi rach ciia géc uon

Trén co s& md phong s6, nhom nghién
ctru da tinh todn thict ké va ché tao toan bg day
chuyén thiet bi.

Hinh 7. M6 hinh 3D ddy chuyén thiét bi sau khi da
101 wu cong nghé

3.2. Ché tao diy chuyén va thir nghi¢m sin
xuat san pham tam PU cach nhiét

Duya trén dir liéu thiét ké, mo phong
va tinh toan day chuyén thiét bi, nhom tac gia
da ché tao day chuyén bao gdm: May nha ton
cudn, may udn 15¢ tim vo (hinh 8a); hé thong
phun cao 4p hon hop ISO-POLY, bing tai thép
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dinh hinh (hinh 8b), hé thong may cit san pham,
gian d& san pham sau ché tao. San pham duoc
ché tao do diy chuyén co6 chiéu day tir 50mm
dén 200mm (hinh 9).

Hinh 8. Thiét bi trong day chuyen san xudt tam PU
cdch nhiét chéng chdy

Hinh 9. San phdam tam PU cach nhiét chong chay

san xudt sau hoan thién cong nghé
4. KET LUAN

Nhom nghién ctru da hoan thanh céac
muc tiéu dé ra. D6i méi cong nghé va hoan
thién day chuyén cong nghé san xuat tim PU
cach nhiét chdng chay vai quy m6 cong nghlep
v6i muc tiéu ning cao chét hmng san pham,
cha dong trong linh vuc san xuit din dén giam
gi4 thanh san pham, ting kha ning canh tranh
trén thi truong qudc té.

Loi cam on:

Cong bd 1a két qua nghién ctu tir Dy
an san xut thr nghiém cap Qudc gia ma sd
06/22-DADPL.CN-CNN do Cong ty TNHH
Cong nghé cong nghiép Phu Son chu tri. %
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DIGITAL IMAGE CORRELATION AND ITS APPLICATION TO
MEASUREMENT OF THE MATERIAL MECHANICAL PROPERTIES

UNG DUNG CUA PHUONG PHAP TUGNG QUAN HINH ANH SO TRONG VIEC
XAC PINH CO TINH CUA VAT LIEU

Hung Quach

Mechanical-Automotive and Civil Engineering Faculty, Electric Power University

ABSTRACT

Digital image correlation (DIC) is an optical method to measure displacement and strain
fields of an in-plane surface (2D-DIC) or out-of-plane surface (3D-DIC) by comparing the random
pattern or grey levels of the sample surface during deformation with an initial reference image taken
prior to loading. A wide range of mechanical properties such as force displacement curve, stress-
strain curve, Young's modulus can be measured by using DIC method. In this work, methodologies

and DIC techniques for displacement field measurement and strain field estimation are reviewed

and discussed.

Keywords: Digital Image Correlation, Mechanical properties;, Measurement.
TOM TAT

Twong quan hinh danh ky thudt so6 (DIC) la mét phwong phép quang hoc khéng tiép xiic dé
do triwong dich chuyén va bién dang ciia bé mdt trong mdt phang (2D-DIC) hodc bé mdt ngoai mdt
phang (3D-DIC) bang cdch so sanh mau ngdu nhién hodc mikc xdm ciia bé mdt mau trong qud trinh
bién dang voi hinh anh tham chiéu ban dau duoc chup truoc khi tai. Mot logt cac tinh chdt co hoc
nhuw dwong mé ta déc tinh luc — chuyén vi, dwong g sudt — bién dang, mé-dun dan hoi Young
modulus cé thé dwge do bang phwong phdp DIC. Trong bdi viét nay, cdc phwong phdp ludn va kj

thudt DIC d@é do truong dich chuyén va woc tinh truong bién dang dwoc xem xét va thao lugn.
Tir khéa: Ddc trung co tinh; Do liong khéng tiép xiic; Ung sudt; Bién dang.
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1. INTRODUCTION

Varieties of non-contact optical
methods have been proposed for surface
deformation measurements of objects. These
methods include interferometric techniques,
such as interferometric strain/displacement
gage (ISDG), electronic speckle pattern
interferometry (ESPI), moire interferometry
(MI) and laser speckle correlation technique
(LSC), and non-interferometric techniques,
such as video extensometer and digital image
correlation (DIC). Bing Pan et al [1] reported
that compared with other optical techniques
for surface strain deformation measurement,
the DIC technique is more appealing with
the following distinct advantages: (a) simple
experimental setup and easy specimen
preparation (compared with ISDG, ESP, MI and
LSC), (b) full-field measurement with adjustable
spatial resolution (compared with ISDG, video
extensometer and LSC), (c) suitable for both
laboratory and field measurements (compared
with ISDG, MI, ESPI and LSC) since neither
coherent laser source nor vibration-isolation
platform.

Digital image correlation is a non-
contacting image-based optical method to
measure displacement, strain and deformation
fields of an in plane surface (2D-DIC) or out
of plane surface (3D-DIC). DIC techniques
acquire digital images of an object at different
loadings states using a digital imaging
system, and then perform image analysis
with correlation-based matching algorithms
and numerical differentiation approaches to
quantitatively extract full-field displacement
and strain responses of the object.

There are two main typical DIC
systems as shown in Figure 1. In the 2D-DIC

techniques, a single camera is used to capture
the surface of specimens. It is limited to in-
plane (2D) deformation measurements. And,
a stereo-DIC system (as known as 3D-DIC)
uses two synchronized cameras in capturing
the testing procedure. Based on the principle
of binocular stereo vision, 3D-DIC system can
accurately measure full-field 3D shape and
deformation of both in-plane and out- plane
surfaces, and is thus more useful and practical
in real applications.
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Figure 1. Two typical DIC techniques and their
imaging models and system [2]

The principle method is based on
comparing the random pattern or grey levels of
the sample surface during deformation with an
initial reference image taken prior to loading.
Besides, an image-matching algorithm based
on cross-correlation method is used to obtain
displacement quantities to compare a pair of
digital images captured before and after a small
deformation. After recording the images of the
specimen surface at initial and final state, the
DIC software computes the motion of each
image point by comparing the images of the
test object surface in different states. The basic
calculations and correlation criteria involved
in DIC are introduced in Pan’s works [2, 4].
Figure 2(a) shows images of the specimen's
surface before and after stretching deformation.

The DIC system captured the tensile test &
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procedure, then a reference square subset
before deformation and a target (or deformed)
subset after deformation.

Hence, as schematically shown in
Figure 2(b), a square reference subset of 2n x 2n
pixels, the coordinates of point Q(x,, yj) around
the subset center P(x,, y,) in the reference
subset can be mapped to point Q(x/, y;) in
the deformed subset following the so-called
displacement mapping function expressed by

Eq. (1).

x; = x; +&(x, ;) 0
yi = y; + n(x.y;)

In the Eq. (1) the shape functions & and
n are frequently determined by using Eq. (2) as
below:

du
f(xuy),) =u+—Ax+—Ay
ad dy
(2)
(x- ) = v+a—vﬂx—l—a—vﬁy
MXir Y 0x oy

Where Ax = X, — X, Ay =y, —y; U, v
are the x and y displacement components of the
reference subset centre.

Before the correlation analysis process,
a correlation criterion is selected to assess
the similarity degree between the reference
and deformed subsets. Moreover, the DIC
algorithms find the extremum of a correlation
cost function to find the deformation of the
subset. Hence, the zero-normalized sum of
squared differences (ZNSSD) [3] is one of
these functions at the integer location, which
can be written as follows:

M

S Z i [f(xi,yf) ~fu 9(x%]) = Gm 2(3)

i=—M j=—M af Ag

Where f and g are the functions of
the reference and the current image grayscale
intensity at a point location (x, y), respectively.

(a) Shape of specimen after deformation

F x
y -

»
Q% ¥;)
-
P(%0. ¥o)

Deformed subset

Undeformed subsct

(b) A square subset after deformation
Figure 2. Comparing the specimen images before
loading and after loading.

2. DIGITAL IMAGE CORRELATION
SYSTEM

Figure 3(a) shows the schematic
illustration of a typical DIC experimental
setup for identifying material mechanical
properties. The basic DIC system has one
or two cameras that can be coupled with a
mechanical test machine, such as tensile test
or bi-axial tensile test machine, to synchronize
the experimental force data with the images
together. The specimen’s surface is printed
and has a random gray intensity distribution
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(as known as random speckle pattern).
Under testing procedure, the speckle pattern
deforms together with the specimen surface
as a transmitter of deformation information.
In detail, to capture the plastic deformation
and fracture process, two industrial cameras,
Blue Fox 3.0, with high revolution (2464x2056
pixels) are placed in front of the specimen
surface with the 50mm focal lens system. The
industrial camera is made carefully to work
under some hard conditions for a long working
time. Because of the structure of the 50mm
focal lens, even though the working distance is
quite large, the region of interest (ROI) is still
good to capture the surface of the specimen.
The experiment system includes a universal
tensile testing machine, two cameras with SMP
resolution. Note that the 3D DIC system needs
a calibration process before testing. The image
of the left camera is set as a reference image
and other images were all deformed images.
During the calculation process, the search area
was updated and according to the calibration,
the 3D coordinates were obtained. Figure 3(b)
introduces the procedure of the stereo-based
DIC method.

(a) Tensile test under recording of the DIC system
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(b) Process of 3D-DIC method [3]
Figure 3. Tensile testing process under capturing
of 3D-DIC system

3. APPLICATION OF DIC TO IDENTIFY
MECHANICAL PROPERTIES

In this study, to measure the mechanical
properties of Aluminum Alloy 6016, standard
dog-bone shaped specimens were used. The
experimental setup was arranged as shown in
Figure 3, the tensile speed was 3mm/min, and
the camera speed was 10 images per second.
A 50mm virtual extensometer was created to
measure the displacement on the surface of the
dog bone specimen.

Generally, mechanical response of
general metal is conventionally represented
using engineering stresses and strains. The
engineering stress-strain is usually calculated
using axial load and elongation measurements
during a tension coupon test. Engineering
stress, o, is computed as the applied tension
load on the coupon divided by the original
cross sectional area. Engineering strain, € e
is computed as the increase in length of the
original gage length divided by the original
gage length. Since the cross sectional area
of the coupon varies throughout the test, the
mechanical response of steel is more accurately
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represented using true stresses and strains, as
opposed to engineering stresses and strains.
A well-established concept covered in many
standard texts on mechanical behavior of
materials, true stress, 6 , is defined as the
applied tension load on the coupon divided by
the actual cross-sectional area. True strain, ¢ _,
is defined as the sum of incremental strains,
where each increment of strain is defined by
the increment of deformation divided by the
instantaneous gauge length. Prior to necking, a
true stress-strain curve can be derived from a
measured engineering stress-strain curve by:

il 4)
Oeong — 1
g AD
0 (5)
Eong — 7
) LO

Errue = NN (1 + Eeng) (6)

Otrue — (1 + Eeng) (7)

Figure 4(a) shows tensile experiment
results extracted from the tensile testing
machine and the fitting result to identify the
Young modulus of AA6016. A conventional
measuring device, elongation measuring
Electric Extensometer, also was used to
compare the experiment data for tensile test.
Figure 4(b) introduced the comparison result
of both traditional measuring method and
DIC method. It is illustrated that the results
calculated by DIC totally fitted with common

method.

]

Lond-displocemens

Lasd [kgd]

+— Longpbedas drechoa

0 ] i} L ol

Euiplaamnml [ man)

(a) Tensile force-displacement for AA6016
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(b) Comparison results of force-displacement data
of 2 measurement method for AA6016
Figure 4. Experiment results measured by using

3D-DIC method

Then, the mechanical properties of
AA6016 were calculated by using Eq. 4-Eq. 7
to identify engineering stress-strain curve, true
stress-strain curve, and the Young modulus as
shown in Figure 5. These results are essential
data for beyond applications such as identify
yield locus, fracture locus, simulation process
[5, 6].
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(b) Young modulus for AA6016
Figure 5. Mechanical properties of aluminum alloy
calculated by using 3D-DIC

4. CONCLUSIONS

In this research, the non-contact
measurement method by using images was
introduced. The detail of the algorithm method,
and setting up the optical system was explained.
The comparison results showed that the data
captured by the DIC system are similar with
the data measured by conventional methods.
Besides, the mechanical properties of AA6016
were measured by the DIC system, the force-
displacement, stress-strain curve and Young
modulus were calculated from the experiment
results. <
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TOI YU HOA THIET KE TRUC LOI CHO KHUON CAN TRONG DAY
CHUYEN CAN NGUOI PILGER MILL BANG PHAN MEM ANSYS
R15.0

OPTIMIZATION DESIGN MANDREL FOR ROLLING DIE IN PILGER MILL COLD
ROLLING LINE USING ANSYS R15.0

Huynh Céng Lén, Lwong Van Téi
Khoa Co khi, Trudng Pai hoc Bach khoa — Pai hoc Qudc gia Tp. Hb Chi Minh
Email: huynhconglon@hcmut.edu.vn
TOM TAT

Thiét ké t6i wu bién dang ciia 16i khuén (mandrel) cho quy trinh may cdan Pilger Mill dwoc
thuee hién bang cdch sir dung phan tich phan tir hitu han ¢6 tinh dén cdc yéu té xir Iy khdc nhau. Cdc
théng sé thiét ké quan trong ciia mdy cdn Pilger Mill la téc d¢ cdp liéu, toc do can, so budce can trén
mot chu ky cdn, 1y sé can va bién dang ranh ciia khudn can. Quy trinh thiét ké toi wu dwoc tién hanh
de nghién cutu cac tac dong dén tai trong tao hinh va hinh dang bién dang cua vat liéu tuy thugc vao
cdc bién dang cia 16i khuén. Ung dung phan mém ANSYS 15.0 dé phan tich luc chon bién dang tdi
wu ctia mandrel. Pong thoi ciing dira vao két qua phdn tich nay dé hra chon loai vit liéu phit hop

dwoc diing dé ché tao mandrel nham ndng cao tudi tho cia né.
T khéa: Pilger Mill; Toi wu héa thiét ké; FEM; ANSYS; Truc 16i.
ABSTRACT

The optimal design of the mandrel profile for the Pilger Mill process is carried out using finite
element analysis taking into account various processing factors. The important design parameters
of the Pilger Mill are feed rate, rolling speed, number of rolling steps per rolling cycle, rolling ratio
and groove profile of the rolling die. The optimal design process is carried out to study the effects on
the forming load and deformation shape of the material depending on the mandrel profiles. ANSYS
15.0 software is applied to analyze the force to select the optimal mandrel profile. At the same time,

based on the analysis results, the appropriate material type is selected to manufacture the mandrel.

Keywords: Pilger mill; Optimum Design; Finite Element Method; ANSYS, Mandrel.
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1. GIOI THIEU

Céc loai 6ng thép han thuong co nhugc
diém 1a kha nang chiu dugc tai ap suit trong
long 6ng rat 13 thap, thuong dudi 15bar. Trong
khi d6, thuc té st dung can nhirng loai 6ng chiu
duoc ap suit 1én dén 250 bar, chi c6 6ng duc
can noéng thi méi dap ung duoc yéu cau chiu
tai ap sudt 1on nhu vay. Bé nang cao kha nang
chiu duogc ap suit cao cua dng, ching ta co thé
tién hanh gia cong can dng trén méay can Pilger
Mill, quy trinh cédn nay s€ lam vung cén tang
nhiét cuc bd 18n rat cao 1am cho vat lidu & vung
d6 nong chay. Mdy can may cén Pilger c6 mot
b6 khuon can d6i c6 ranh hinh bau duc doc theo
bé mat khuon va truc 16i (mandrel) ddt trong
long 6ng, n6 dugc xem nhu 1a dudng ding
dé xac dinh duong kinh trong ctua éng thanh
pham [1-3]. Can ngudi trén may can Pilger
Mill dugc coi 1a mét trong nhitng quy trinh san
xuat hiéu qua nhat ding dé san xuit dng. Trong
cong nghi¢p, cong nghé nay dugc ap dung cho
ca vat liéu sit va khong chua sit ngay ca khi
chung kho bién dang. Nguyén lidu dau vao ciia
may can c6 thé bi bién dang téi 95% chi trong
mot 1an van hanh, gitp giam dang ké sé luong
cac hoat dong san xuét can thiét va cudi ciing
dan dén giam chi phi san xuat. Pong thoi, chat
lwong cao cia bé mit ngoai va trong ciia dng va
cac ddc tinh vat 1y va co hoc rat cao thu duoc.
Trong bai bdo nay, hinh dang tdi wu cua truc
16i khuén trong day chuyén can Pilger Mill
duoc thiét ké dé ap dung cho viéc tao hinh 6ng
tir duong kinh 49mm va chiéu day thanh éng
5mm xudng 6ng c6 duong kinh 25.4mm va day
thanh 3mm. Dé tim ra bién dang ti uu cua truc
161, ANSYS 15.0 da dugc str dung cho cac phan
tich cac mo hinh 3D cua 16i nham dat cac muc
tiéu: kéo dai tudi tho cua 15i, lya chon vat lidu
pht hop cit giam chi phi va gia thanh san xuét.

2.COSO LY THUYET

2.1. Quy trinh can ngugi trén may Pilger Mill

Hinh 1. Cum can cua mdy can ngugi Pilger Mill

Nguoc lai véi cac quy trinh san xuét dng
khac, can dng ngudi dugc thuc hién trén may
can Pilger Mill ¢6 tinh chat tuan hoan. Trong
quy trinh nay [1], gi4 can c6 kha nang thuc hién
chuyen dong theo chiéu doc. Cac con lan dugc
gin vao gia can di chuyén va chung quay theo
céc hudng nguoc nhau nhu thé hién trong Hinh
1. Céc con lan c6 ranh tron va ban kinh thay
d6i duge sir dung trong quy trinh nay. Mt cat
ngang ranh ta1 mat phang vao bang voi mit cat
ngang cta 6ng ban dau trong khi tai mit phang
ra bang voi miat cit ngang ctia san pham cubi
cung. Puong kinh cua ranh cling dugc lya chon
chinh xac. O ca hai vi tri quan trong cta gia
(phia sau - 16i vao cua vat liéu ban dau va phia
trude - 16i ra clia san pham cubi cing), khong
cod tiép xUc gitta cac con lan va vat liéu. Sau do,
vat liéu duoc can doc theo thanh truc hinh nén.
Chu ky can bat dau khi gia duoc dat tai vi tri
chét phia sau. Sau do, 6ng ban diu duoc dich
chuyén mot khoang cach tién nho va dong thoi
xoay 60° — 90° quanh truc ctia né. Két qua 1a
mot phan vat liéu khéc (tién trinh giam thé tich)
di vao ving bién dang va dugc can trong khi
gia d& di chuyén dén vi tri chét truée. Trong vi
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tri chét trudc, 6ng lai dugc xoay mot goc 60° —
90° quanh truc cua nd va qua trinh can lai ti€p
tuc dién ra.

2.2. Ung suit va bién dang ciia truc 16i (mandrel)

Céc thong s6 k¥ thuat va thong sé lam
viéc cua quy trinh can nhu sau: duong kinh
ong vao d, = 49mm, chiéu day thanh éng h, =
S5mm, khoang tinh tién moi chu ky can Smm,
gdoc xoay 75‘°, duong kinh ong ngd ra d, =
25.4mm, chiéu day thanh 6ng h, = 3mm.

o, =0, ﬂ{l—[ﬁ)ﬂ}+a [£Jﬂ+a (1)
d 0 ﬂ h2 b h2 b

Trong do: o, - Ung suét tac dung 1én
mandrel trong hinh trinh tién; o, - Ung suét
tac dgng 1én mandrel trong hi’nh trinh lui; p, -
H¢ s0 ma sat gilra khu6n va ong thep; p, - H¢

A ry e A \ +
sO ma sat gitra ong va mandrel; S =M;

5% . tana
= 0;6,= 210 N/mm*doi véi vat ligu
23

can la thép.

Oy

Hinh 2. Quy trinh cdn éng trén mdy can ngudi
Pilger Mill

Thé cac thong s6 két cau va thong sb
lam viéc cua cym cén tuong ung véi tung
tiét dién cu thé, ta tim dugc duong kinh cua
mandrel ¢ tung vi tri nhu trong bang 1.

Bdng 1. Puong kinh ¢ tirng vi tri mdt cdt ciia mandrel, mm

Vi tri Puong | Vi ,trl' Puwong | Vi ,tri Pudong | Vi ,trl' Puwong | Vi ,tri Pudng
i t' dién kinh tiet kinh tiet kinh tiet kinh tiet kinh
*" | mandrel | dién | mandrel | dién | mandrel | dién | mandrel | dién | mandrel

1 19.050 10 20.966 19 23.577 28 27917 37 36.720
2 19.255 11 21.209 20 23.958 29 28.563 38 38.002
3 19.459 12 21.464 21 24.352 30 29.261 39 39.313
4 19.664 13 21.719 22 24.771 31 30.064 40 40.654
5 19.868 14 21.986 23 25.228 32 30.968 41 42.025
6 20.085 15 22.279 24 25.698 33 31.954
7 20.302 16 22.572 25 26.205 34 33.057
8 20.520 17 22.890 26 26.738 35 34.248
9 20.737 18 23.221 27 27.308 36 35.469
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2.3. Lua chon vit liéu

Thép hop kim AISI M4 1a loai thép
dung dé ché tao dung cu lam vi¢c & tdc do cao
dugc sir dung rong trong nghién ctru thiét ké
mandrel thong s6 k¥ thuat cua thép thé hién
trong Bang 2.

Bang 2. Dac tinh vat liéu cua hop kim AISI M4

Bdng 3. Théng so kjf thudt ciia mandrel

hié hié 2 Khoi
Hinh | STiGU | Chidu Ty cy ©
dai truc | dai truc N lugng,
dang mm
X, mm | y-z, mm kg
Tuyen | so0 | 42,005 | 3.52B+05 | 2.88
tinh

Dic tinh vt liéu Hop kim AISI M4
Gidi han chay 4000E+6 N/m?
Do bén kéo 5129E+6 N/m?
Mo dun dan hoi 2.15e+011 N/m?
Hé s Poisson 0.27
Khdi luong riéng 8166 kg/m’
Mo dun cit 126E+09 N/m?

H¢ s0 gian nd nhiét

1.1e-005 /Kelvin

3. PHUONG PHAP NGHIEN CUU

3.1. Thiét ké mo hinh mandrel

Duya vao két qua tinh toan & (2.2), md
hinh hinh hoc cua mandrel dugc xay dung la
mo hinh tuyén tinh kich thu6c nhu hinh 3:

Hinh 3. Mo hinh hoa hinh hoc 3D cua mandrel

3.2. Chia lwéi cho mo hinh mandrel

St dung phan mém ANSYS R15.0 dé
chia lugi cho mo hinh phan tich bao bao gém
8364 nut va 1748 phan tr nhu trong bang 04.

"hm:’-i""' -r’]\-

Hinh 4. M6 hinh chia ludi cho mandrel

Badng 4. M6 hinh chia luoi cho mandrel

Loai luéi Ludi thé tich
Loai phan tir lugi Tt dién
Jacobian diém 4
S6 nit 8364
S6 phan tir 1748
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4. KET QUA VA THAO LUAN

4.1. Céc thong s6 dau viao cho md phéng trén
phan mém ANSYS R15.0

Nghién ciru nay st dung cac thong sb
dau vao nhu sau: khéi lugng mandrel 13 2.88
kg, vat liéu st dung 1a AISI M4, tai nén 16n
nhat 14 38.8KN, ty s6 nén 1a 57%, mé hinh hinh
hoc ctia mandrel 1a con tru tuyén tinh do ddc
1.5 radian. Két qua mé phong dugc thé hién
trong cac bang 5 va cac hinh 5, 6.

4.2. Két qua mé phong

Bang két qua mo phong biang ANSYS
R15.0 dugc cho trong Bang 5.

Bdng 5. Két qua mé phong

Vit liéu AISI M4 Max Min
Tudi tho, gid 5.047E+05 | 2124.9
Ung suit tuong
duong, N/mm? 4.3244 0.19543
Bién dang, mm 0.000995 0

L] Ed--q

T

Hinh 5. Bién dang ciia mandrel

Fi HW"T

W
Hinh 6. Tudi tho ciia mandrel

g T i i w

-

L

L

. o]
e T ——

. |=|I.I-Hi-ll-
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L

- [
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\

e B e A e

Hinh 7. Biéu do wng suat — chuyén vi cua mandrel

Dua vao biéu d6 Gng suit bién dang &
hinh 7, ta thdy rang mandrel bi chuyén vi 16n
nhat 7.8176mm tai vi tri 590mm va momen
ubn 16n nhit 1a 1.139¢+07 tai vi tri tiét dién 16n
nhét cua mandrel.

5. KET LUAN

Két qua tinh toan thiét ké t6i wu bién
dang két cAu ciia mandrel 1a déng tin cdy vi cac
gia tri toi thidu va t6i da cua tng suét tuong
duong rat nho so voi gidi han chay ciia thép hop
kim AISI M4. Pong thoi, tudi tho ctia mandrel
cling duoc nang 1én dang ké, gitip giam chi phi
san xudt, giam gia thanh nang cao kha ning
canh tranh cua san pham. %
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NGHIEN CU'U DANH GIA HIEU SUAT TRUYEN DONG CUA O TO
DPIEN KHI S DUNG HOP SO MOT CAP VA SO TRUYEN CVT

STUDY ON THE PERFORMANCE EVALUATION OF ELECTRIC VEHICLE
DRIVETRAINS USING A SINGLE-SPEED GEARBOX AND CVT TRANSMISSION

Lé Thanh Quang*, Truwong Quang Linh, Ly Vinh Dat, L& Thanh Phiic, Nguyén Kim Bao Hiéu
Khoa Co khi Pong luc, Truong Pai hoc Su pham K§ thuat Thanh phd Ho Chi Minh, Thanh phd
Thi Dirc — Thanh phé H6 Chi Minh

*Email: quanglt@hcmute.edu.vn

TOM TAT

Déng co dong bé nam cham vinh cieu (PMSM) dwoc xem 1 lira chon toi wu trong phdt trién
0 to dién (EV) nho hiéu sudt cao va kha nang van hanh on dinh. Mot trong nhitng han ché 16m nhat
ciia 6 16 dién hién nay la quéng dwong di chuyén han ché sau méi lan sac. Pé cé thé nang cao hiéu
sudt van hanh dong co thi mét gidi phép kha thi la sir dung hdp s6 dwege t6i wu héa phit hop cho 6 t6
dién. Hop s6 vé cap (CVT) la mét lea chon phit hop & thoi diém hién tai nho kha ndng duy tri hiéu
sudt van hanh cao trong nhiéu diéu kién téc dé va méi truong khac nhau, dac biét gdn voi vung lam
viéc t0i wu cia dong co. Bai viét tdp trung mé phong va phdn tich hiéu sudt truyén dong cia é t6
dién sir dung hdp s6 mot cap va hép sé CVT thong qua chu trinh 1di tiéu chudn FTP-75. Nghién ciru
sir dung MATLAB/Simulink dé mé phong va so sanh hiéu sudt hé truyén dong qua cdc yéu té nhw
trang thdi pin, ndng lwong, van toc, quang dirong, mé-men xodn va ton that trong cdc diéu kién vin
hanh khac nhau.

T khéa: Hé thong truyén dong; Xe dién; Hop so vé cap CVI: FTP-75; MATLAB/Simulink.

ABSTRACT

The Permanent Magnet Synchronous Motor (PMSM) is considered an optimal choice for
the development of electric vehicles (EVs) due to its high efficiency and stable operation. One of
the major limitations of EVs today is their restricted driving range after each charge. To improve
motor performance, a feasible solution is to employ a gearbox optimized specifically for EVs. The
continuously variable transmission (CVT) is a suitable option as it maintains high operational
efficiency under various speed and environmental conditions, especially near the motor's optimal
working range. This study focuses on simulating and analyzing the drivetrain performance of EVs
equipped with single-speed transmission (SST) and CVT using the standard FTP-75 driving cycle.
MATLAB/Simulink is employed to model and compare drivetrain performance in terms of battery
state, energy efficiency, velocity, driving range, torque, and energy losses under different operating
conditions.

Keywords: Transmission system; Electric vehicle; CVT transmission;, FTP-75; MATLAB/
Simulink.
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1. PAT VAN PE

Mic dut hé truyén dong tryuc tiép voi hop
s6 mot cap (SST) [1] trén xe dién c6 cdu tao
don gidn va hi¢u qua trong mot s6 dai toc do,
nhung van gip han ché trong viéc t6i vu hoa
mo-men xoan va hiéu suét thuc té, dac biét kho
cin bang giita kha ning ting tdc manh & tdc
do thép va tiét kiém nang lugng ¢ tde do cao,
gy anh huong dén hiéu suét va trai nghiém 14i.
Hop s6 vo cap (CVT) [2] duoc xem la giai phap
t6i uu nho kha nang thay doi ty s6 truyén lién
tuc, giup dong co dién hoat dong trong dai hi¢u
suat cao nhét. Diéu nay cai thién kha ning ting
tdc, tiét kiém nang luong, kéo dai quang duong
di chuyén va mang lai cam giac van hanh muot
ma, linh hoat trong nhidu diéu kién, tir giao
thong d6 thi dén cac cung duong tbe do cao.
Viée tng dung CVT khéng chi khic phuc cac
han ché cua hé truyén dong thong thudng ma
con mé ra tiém nang phat trién cac mau xe dién
t61 wu hon, dap tng nhu cAu ngay cang cao cia
ngudi dung, dong thoi thiic day su phd bién hoa
xe dién tai Viét Nam va trén thé gidi.

Nghién ctru dd dé& xuit phuong phap
mo phong va danh gia hiéu suat cia hop sb
mot cap va hop s6 CVT trén xe dién bang chu
trinh FTP-75 thong qua nén tang MATLAB
Simulink. Trong qué trinh nghién ctlru, tac gia
da thyc hién mo phong dong thoi hai hé din
dong chay theo chu trinh FTP-75 trong cung
mot khoang thoi gian, nham so sanh va phan
tich su khac biét vé cac yéu té quan trong nhu
quang dudng di chuyén, van tdc, trang thai sac
- x4 (SOC) va céc thong s hiéu suat khac.

2. PHUONG PHAP NGHIEN CUU
2.1. Khai quat vé chu trinh FTP-75

Chu trinh FTP-75 (Federal Test

Procedure 75) [3] 1a mot tiéu chuén kiém tra
khi thai va tiéu thy nhién li¢u danh cho xe 6
t6, dugc thiét ké dé mo phéng céc diéu kién
14i thyc té trong d6 thi. Chu trinh bao gém ba
giai doan chinh: khoi dong ngudi (Cold Start),
van hanh 6n dinh (Stabilized Phase), va khai
dong nong (Hot Start), v6i tong thoi gian 1.877
gidy, quing duong 17,77 km, toc do trung binh
34,1 km/h va toc d6 toi da 91,2 km/h. Trong
MATLAB/Simulink, chu trinh nay dugc mo
rong 1én 2.474 gidy dé tich hop thém cac giai
doan bd sung, nhu thoi gian 1am ndng dong co
hodc thoi gian nghi giira cac pha, nham phuc
vu cac muc ti€éu nghién ctru hoac yéu ciu mo
phong cu thé. Pay 1a céng cu quan trong dé
danh gia hiéu suat khi thai va muc tiéu thu
nhién liéu cua xe dudi diéu kién gia lap trong
phong thi nghi¢m.

2.2. Phuwong phap diéu khién FOC

Nguyén 1y co ban ciia diéu khién FOC
(Fleld Oriented Control) [4] 14 tach biét va dleu
khién doc 1ap tir thong (flux) va mé-men xodn
(torque) trong h¢ toa d§ quay (d-q). Dong dién
ba pha duogc chuyén doi sang h¢ toa do hai pha
(0, B) bang phép bién d6i Clarke [4], sau d6
sang hé toa do (d-q) bang phép bién dbi Park [4]
dua trén goc rotor. Trong hé (d- q) thanh phan
id diéu khlen tir thong va iq diéu khién mo-
men xoan. Sau khi xir 1y, tin hiéu dugc chuyén
nguoc vé hé toa do ba pha dé diéu khién dong
co thong qua bién tan, gitp dat hidu suat cao va
diéu khién chinh xac twong tu dong co DC.

2.3. Mo phéng phwong phap diéu khién FOC
trén MATLAB/Simulink

Dua trén cac bai bao tham khao,
phuong phap di¢u khién FOC dugc mé phong
trén Simulink.
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Hinh 1. M6 phdng phwong phép diéu khién FOC

So dd mé phong phuong phap didu
khién FOC (Fleld Oriented Control) [5] trén
Simulink bao gém cac khdi diéu khién dong i IR
va 1 , str dung céc bo PID dé giam sai 1éch gura
gla tr1 tham chiéu va gia trj thuc té. Tin hiéu
diéu khién V 4, va Vq duoc chuyen doi tir hé
toa do quay (d-q) sang h¢ toa do tinh (a-f), sau
do sang he ba pha (abc) dé diéu khién dong co
qua bién tan. Dong dién thuc té i cua dong
co dugc do va chuyen nguoc tu he ba pha vé
hé toa do d-q dé so sanh voi gia tri tham chiéu,
dam bao diéu khién chinh x4c tir thong va mé-
men xo4n.

2.4. M6 hinh héa dong co PMS tich hop
hop s6 CVT trén xe dién bing MATLAB
Simulink [6]

Viphe=® | - Ll

Hinh 2. M6 hinh héa dong co PMS va hop s6 CVT
chay trong chu trinh FTP-75

Mo hinh mé phong trong Simulink thé
hién hé thong truyén dong xe dién tich hop
dong co dong bo nam cham vinh ciru (PMSM)
va hop s6 vo cip (CVT) hoat dong theo chu
trinh FTP-75. Ngudn tin hiéu tir chu trinh FTP-

75 cung cég van t(f)c tham chiéu (V.0 dgqc XU
1y qua bg diéu khién (Driver and FOC) d¢ tao ra
1énh rpé-men x04n (T,.) cl}o d(}ng co PMSM.
B4 bién tan (Inverter) chuyén doéi tin hi¢u dién
ap diéu khién V.. thanh tin hi¢u ba pha cap cho
dong co.

bong co PMSM, voéi dau ra 1a mo-
men Xxodn T, va tdc do rotor o, két ndi vai
hop s6 CVT, noi ty sd truyén duoc diéu chinh
lién tuc dya trén tin hiéu tu 1énh ga (ACC).
Hop s6 CVT truyén tai mo-men dén hé thong
xe (Vehicle Model), noi cac luc can va gia toc
duoc tinh toan, déng thoi phan hdi van tde thuc
té (VelFdbk) vé khéi diéu khién. Ngoai ra, hé
thdng pin cung cap nang luong cho dong co va
giam sat trang thai sac (SOC), dong dién, va
dién ap.

3. KET QUA VA PANH GIA

3.1. Tinh trang nang lwgng pin (SOC)

b)
Hinh 3. Trang thdi sac - xa (SOC) ding hp sé
CVT (a), hép co STT (b)
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Trong 500s dau tién, SOC cua hop $6
mot cip giam 3,6% (tir 50% xudng 46,4%)
trong khi d6 hop sé6 CVT chi giam 1,9% (tur
50% xudng 48,1%). Tir 500s — 1372s, hop
s SST tiép tuc giam hon 3% cao hon mirc
giam 1,7% cua hop sé6 CVT, khang dinh mic
tiéu hao nang luong it hon cta hop s CVT.
Trong giai doan 1372s — 1877s, ca hai loai hop
s6 khong tiéu hao ning lugng, cho thdy xe &
trang thai nghi. Tir 1877s — 2474s, hop sb vo
cap co muc ti€u hao nang lugng khoang 2% (ttr
46,4% xudng 44,4%) va hop so mot cép tiéu
thu khoang 4,4% (tir 43,4% xudng 39%). Xét
thay hop s6 SST tiéu ton nang luong gap doi so
v6i hop sb CVT khi chay hét chu trinh (11% so
véi 5,6%).

3.2. Van tbc

Duéi cung diéu kién ddu vao va van
hanh trén chu trinh 14i FTP-75, cic dd thi van
toc trong hai truong hop cho thiy sy twong
dong dang ké. Ca van toc thyc té va van toc 1y
thuyét déu dao dong trong mot pham vi nhat
dinh (0-100 km/h), véi cac pha tang téc va
giam tdc rd rang, phu hop voi dic diém cta chu
trinh FTP-75.

Hinh 5. Vin toc khi chay hét chu trinh FTP-75

Tuy nhién, van toc thyuc té thudng co do
tré nho so v6i van tde ly thuyét tai mot sb thoi
diém tang toc va giam tdc. Sy khéc biét nay doi
khi tré nén 1o rét, dac biét trong cac giai doan
thay ddi van toc dot ngdt. Trong khi van tde

ly thuyét thé hién su 6n dinh va muot ma, van
tdc thuc t& xudt hién nhidu va dao dong nhe,
¢6 thé do cac yéu td thyc té nhu ma sat, thay
doi tai trong, hodc dac tinh dong lyc hoc cua
hé truyén dong. Ca hai truong hop déu dat tde
do t6i da khoang 100 km/h, nhung van toc thuc
té thuong cham hon mot chit so véi van toe 1y
thuyét tai cac diém dinh.

3.3. Mo-men xo0an

Hop sb CVT khong chi ti wu hoa hiéu
suat dong co ma con cai thién dang ké kha nang
thich nghi v6i cac diéu kién van hanh khic
nghiét, vuot troi so voi hé dan dong dién truyén
théng von chi phu hop véi cac diéu kién tai 6n
dinh.

b)
Hinh 6. Mé-men xodn hép sé6 CVT (a)
va hép s6 SST (b)

D6 thi mo-men xodn cho thdy hop sb
CVT vuot trdi vé kha nang phan hoi va t6i wu
hoa luc kéo so véi hé dan dong dién truyén
théng trong chu trinh FTP-75. M6-men xodn
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cua hé théng CVT dao dong nhanh va manh
mé, dat gia tri tdi da xp xi 230 Nm trong céc
pha ting toc, cho thay kha ning diéu chinh ty
sO truyén lién tuc gitp dong co hoat dong hiéu
qua hon, dic biét trong cac diéu kién thay doi
tai lién tuc. Nguoc lai, hé dan dong dién truyén
thdng thé hién sy kém linh hoat hon, véi cac
dao dong mo-men xo0dn nho va phan tmg cham
hon, dac biét & cac giai doan tang tdc hodc
giam téc dot ngdt. DO thi ciing chi ra rang hé
théng nay thiéu kha ning duy tri luc kéo hiéu
qua khi d6i mat voi cac yéu cau van hanh thay
d6i nhanh chong.

3.4. Tai mo-men xo4an

Wl u“._,

ble h-jJ = :

\

b)
Hinh 7. Tdi mé-men xodn hdp sé6 CVT (a),
hép s6 SST

Hop s6 CVT vuot troi véi bién do dao
dong tai mo-men xodn cao (t6i da 250 Nm) va
tan sudt dao dong nhanh, thé hién kha ning
dap tng linh hoat va hiéu qua véi cac thay do6i
luc kéo, dac biét trong cac pha tang tdc nhanh.
Nguoc lai, hop s6 mot cép 6n dinh hon véi bién

d6 dao dong thip (khoang gan 200 Nm), nhung
phan tng cham véi tai dot ngdt, han ché hiéu
sut trong diéu kién van hanh phuc tap. Piu
nay khing dinh CVT 1a giai phap tdi wu cho cac
g dung yéu cau hiéu suét cao va linh hoat.

4. KET LUAN

Trong cung chu trinh FTP-75, hop sb
CVT tiéu hao niang luong it hon dang ké, véi
mirc tiéu hao gidam mot ntra so véi hop s6 mot
cap (5,6% so voi 11%), nhd kha nang duy tri
dong co trong dai hiéu suit cao. Kha ning
tang toc ciia CVT ciing vuot trdi hon nho ty
sé truyén thay doi lién tuc, giap duy tri lyc kéo
6n dinh ngay ca trong dleu klen van hanh khéc
nghiét, trong khi hop s6 mot cip gap kho khan
trong viéc duy tri luc kéo t6i vu. D6 muot ma
khi van hanh ctia CVT ciing dugc danh gid
cao hon, voi kha niang diéu chinh lién tyc gil’lp
glam nhiéu va dao dong trong qua trinh chuyen
tlep gitra cac pha tang toe va glam tc. Két qua
nghién ciru khang dinh hop s6 CVT céi thién
hiéu suét dong co, mé rong pham vi hoat dong
nho tiét kiém nang lugng va dap tng tét hon
nhu cau van hanh linh hoat, vuot troi so véi hop
s6 mot cap vén chi phi hop véi diéu kién tai 6n
dinh. <
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APPLICATION OF FINITE ELEMENT METHOD TO ANALYZE
DEFORMATION AND STRESS OF THE FRICTION CLUTCH
STRUCTURE

UNG DUNG PHAN TiCH PHAN TU HUU HAN BE PHAN TiCH BIEN DANG VA
UNG SUAT CUA LY HOP MA SAT

Ngoc Thai Huynh, Hoang Vinh Nguyen, Nguyen Tan Ken*
Ho Chi Minh City University of Industry and Trade, Ho Chi Minh City, Vietnam
Corresponding Author email: kennt@huit.edu.vn

ABSTRACT

The car gearbox is driven by the friction clutch. The flywheel acts on the friction clutch
plate. Therefore, in order for the friction clutch to work stably, the material used to manufacture the
friction clutch must be selected appropriately. The friction clutch model is designed using Solidworks
software. The deformation (De) and stress (St) of the friction clutch dics are determined by the finite
element analysis method in ANSYS. The simulation results indicated that when increases pressor
from 0.15 MPa to 0.25 MPa, the De and St increases from 0.06 mm to 0.1 mm and 38.82 MPa
and 66.365 MPa, respectively. The deformation has significantly changed while the stress remains
almost unchanged when change materials copper, cast iron and stainless steel SS 304, respectively.

Keywords: The friction clutch, Deformation of friction clutch, Stress of friction clutch;
Finite element analysis.

TOM TAT

Hép s6 6 16 dwoe din dong béi bo ly hop ma sat. Banh da tace déng lén dia ly hop ma st.
Do dé, dé b ly hop ma sat hoat dong on dinh, vt liéu dung dé ché tao bé ly hop ma sat phai dwoc
lira chon phir hop. M6 hinh ly hop ma sét dwoc thiét ké bang phan mém Solidworks. Bién dang (De)
va tng sudt (St) ciia dia ly hop ma sat dwoc xdc dinh bang phwong phdp phan tich phan tir hitu han
trong ANSYS. Két qua mé phong chi ra rang khi tang ap sudt tir 0,15 MPa dén 0,25 MPa, De va St
ting tir 0,06 mm dén 0,1 mm va 38,82 MPa va 66,365 MPa. Bién dang dd thay déi dang ké trong khi
Vg sudt hau nhuw khong doi khi thay déi vat liéu lan lwot la dong, gang va thép khéong gi SS 304.

Tir khéa: Ly hop ma sdt; Bién dang cia ly hop ma sat; Ung sudt ciia ly hop ma sat; Phén
tich phan tir hitu han.
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1. INTRODUCTION

High durability is required when
working of the friction clutch disc, because the
disc is always subjected to centrifugal force,
compressive load with high pressure. The
friction clutch disc is always worn and damaged
because the friction clutch disc always works in
a high pressure and temperature environment.
To meet those requirements, the manufacturing
of friction clutch discs requires the selection of
suitable materials This problem is a challenge
for researchers. Kevlar 49 material was
confirmed to perform better than gray cast iron
by finite element analysis [ 1]. The static analysis
in ANSYS was utilized to determined the De
and St of the single-disc clutch model [2]. A
theoretical calculation method and 2D drawings
[3] were applied to designed a single clutch
disc. The friction clutch discs are analyzed and
compared with different materials as Cast iron,
alloy steel, and copper by Solidworks software.
In addition, ceramic materials are also used
to manufacture the friction clutch dics. The
influence of the dimension of the clutch on
the stress and deformation were determined
by finite element in ANSYS [4]. The En —
Gjs-400 -15steel was selected to supplant the
gray cast iron [5]. The steel materials (En —
Gjs-400 -15steel) was used to make friction
clutch discs which are more durable than gray
cast iron material. Because the finite element
analysis results obtained lower stresses. The
suggessed 3D model of the friction clutch discs
is created to reduce weight 205 g to 225.1 g [6]
and 204.8 g to 312.9 g obtained lower stress
when the model was analyzed by the finite
element analysis in ANSYS. The different
radiator groove shapes were designed for
the friction clutch dics to analyzed heat. The
Hino MB clutch disc models [7] was designed
by Solidworks to Analyzed the stress and

deformation by finite element analysis. The
results of the finite element analysis indicated
that the stress of the proposed model with a
groove length of 35 mm obtained 12.1 MPa.

In this investigation, the De and the St
of the studying model were analyzed by finite
element model in ANSYS with the materials
as structural steel, copper, cast iron and inox
SS304 and input pressure is equal to 0.15 MPa,
0.2 MPa and 0.25 MPa. The remainder of this
work consists of methodology for designing the
clutch model as presented in section 2. Section
3 is the model of finite elements in ANSYS,
section 4 is the results and discussions, and the
final section is referenced.

2. THE FRICTION CLUTCH

The 3D model is built based on the
friction clutch of the FORD passenger car and
the article with the following parameters:

Torque (T) = 330 N.m at 4100 rpm;
Number of contact surfaces (n) = 2; The outside
diameter and the inside diameter of the clutch
D, =260 mm and D, = 150 mm, respectively.
The pressor [8] impact on the clutch disc is
equal to 0.15 MPa to 0.25 MPa.

Table 1. Material parameters

. . . Yuong’s TeflSile

Materials Coefficient | Density | Poisson’s modulus Yield

of Friction | [kg/m?] Ratio [GPa] Strength

[MPa]

Co[gl]"er 028 | 8300 | 035 | 135 | 510
Cast
Iron

4.5% C, 0.21 7200 | 0.29 180 190
ASTM
A-48
Inox SS

304 0.3 7900 0.3 200 520
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T
]

Figure 1. The disassemble model of the friction
clutch

The friction clutch disc model was
designed in Solidworks as presented as shown
in assembly drawing Figure 1 and unassembly
drawing Figure 2.

000

Figure 2. The disassemble model of the friction
clutch
3. FINITE ELEMENT ANALYSIS IN ANSYS

The analysis static model in ANSYS
was carried out as following: the first the
material was selected for all part of the friction
clutch by using structural steel, inox SS304,
cast iron and copper. The parameters of the
material were presented in Table 1. The friction
clutch model was meshed by automation with
87415 tri angle elements and 206878 nodes as
decpicted in Figure 3a. The revolute joint was
set up with rotion velocity is equal to 0 rpm and
pressor is equal to 0.15 MPa, 0.25 MPa and 0.25
MPa as presented in Figure 3b, respectively.

b)
Figure 3. a) Divide mesh for the model, b) Set up
condition for the model

4. RESULTS AND DISCUSSIONS

4.1. The analysis results with changed pressor

a) Deformation
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b) Stress
Figure 4. The FEA results with the input pressure
is equal to 0.15 MPa

As presented in Figure 4, the
deformation and stress obtaine 0.0656 mm and
39.82 MPa when input pressor is equal to 0.15
MPa. As presented in Figure 5, the deformation
and stress obtaine 0.0874 mm and 53.093
MPa when input pressor is equal to 0.2 MPa.
As presented in Figure 6, the deformation and
stress obtaine 0.10937 mm and 66.365 MPa
when input pressor is equal to 0.25 MPa. These
results indicated that when pressor incresed
from 0.15 MPa to 0.25 MPa the deformation
and stress increased from 0.0656 mm to
0.10937 mm and 39.82 MPa to 66.365 MPa,
respectively. These the obtained results are less
than the obtained results in reference [2, 3, 7,
10].

a) Deformation

[ .-y
ieiidi

b) Stress
Figure 5. The FEA results with the input pressure
is equal to 0.2 MPa

b) Stress
Figure 6. The FEA results with the input pressure
is equal to 0.25 MPa
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4.2. The analysis results with different materials

b) Stress
Figure 7. The FEA results with the material of the

clutch is copper

As presented in Figure 7, the
deformation and stress obtaine 0.16043 mm
and 66.444 MPa when input pressure is equal
to 0.25 MPa. As presented in Figure 8, the
deformation and stress obtaine 0.13032 mm
and 66.351 MPa when input pressure is equal
to 0.25 MPa. As presented in Figure 6, the
deformation and stress obtaine 0.10416 mm
and 66.365 MPa when input pressure is equal
to 0.25 MPa. These results indicated that when
changed the different materials as Copper, cast
iron and inox SS304 the deformation decreases
from 0.16043 mm to 0.10937 mm while the
stress 1s almost constant. These the obtained
results are less than the obtained results in
reference [2, 3, 7, 10].

b) Stress
Fiugre 8. The FEA results with the material of the
clutch is Cast iron

b) Stress
Figure 9. The FEA results with the material of the
clutch is SS 304
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5. CONCLUSIONS

In this investigation, the friction clutch
was designed by Solidworks. The deformation
and stress of the studying model obtained by the
finite element analysis in ANSYS. These results
indicated that when pressor incresed from 0.15
MPa to 0.25 MPa the deformation and stress
increased from 0.0656 mm to 0.10937 mm and
39.82 MPa to 66.365 MPa, respectively. When
changed the different materials as Copper, cast
iron and inox SS304 the deformation decreases
from 0.16043 mm to 0.10937 mm while the
stress is almost constant. In this research, the
structure of the friction clutch model has not
been optimized yet and the experimental model
has not been carried out yet. The theoretical
finite element model has not been carried out
yet. These issues will be carried out in the
future. %
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PNG DUNG PHAN MEM AVL - BOOST TRONG MO PHONG DONG
CO DIESEL TRUYEN THONG SU’ DUNG DIESEL SINH HOC

APPLICATION OF AVL — BOOST SOFTWARE IN SIMULATION OF TRADITIONAL
DIESEL ENGINE USING BIO-DIESEL

Nguyén Vin Du
Khoa K¥ thuat O t6 va Nang lugng, Truong Pai hoc Phenikaa

Email: du.nguyenvanl@phenikaa-uni.edu.vn
TOM TAT

Bai bdo trinh bay két qua nghién ciru mé phong bang phan mém AVL - BOOST ddnh gid
tinh nang kinh té, kj thudt va phat thdi cia dong co D4BB khi sit dung nhién liéu diesel sinh hoc
(biodiesel). Qud trinh nghién ciru dwoe tién hanh ddc tinh toc do ngoai (100% tai) véi dong co
thudn nhién liéu diesel va dong co lam viéc voi ti 1é pha trén 5% biodiesel (BS). Két qua cho thdy
déng co sir dung nhién liéu B5 cho cong sudt giam 0,91%,; tiéu thu nhién liéu tang 0,92%, phat thai
CO, Soot giam lan lugt la 7,57% va 17,43%, NO_lai tang 9,65%. Nghién citu nay gép phan lam tai

liéu tham khdo cho nhitng nghién civu tiép theo vé sir dung biodiesel trén dong co dot trong.
Tw khéa: Nhién licu kép Biodiesel; Phat thai; AVL - Boost.
ABSTRACT

The article presents the results of a simulation study using AVL — BOOST software to evaluate
the economic, technical and emission characteristics of the D4BB engine when fueling biodiesel.
The research process was conducted to characterize the external speed (100% load) with a pure
diesel engine and an engine operating with a 5% biodiesel blend (B5). The results showed that the
engine using B5 fuel reduced its capacity by 0.91%; fuel consumption increased by 0.92%, CO and
Soot emissions decreased by 7.57% and 17.43%, respectively, while NO_increased by 9.65%. This
study contributes as a reference for further studies on the use of biodiesel in internal combustion

engines.

Keywords: Dual-fuel Biodiesel; Emissions, AVL - Boost.
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1. GIOI THIEU CHUNG

Nguon gbe sinh hoc nhu céc loai nhién
liéu duge chiét suit tir dau hodc tinh bot cua
cac loai cay (co, dura, huéng duong, jatropha,
tao, mia, sén, ngo...), md dong vat hay khi
biogas san xudt tir phé thai (rac thai, chat thai
tr dong vat,...). Trong cac dang nhién li€u thay
thé 0, biodiesel dung dé thay thé cho diesel,
con bioethanol, biomethanol dung dé thay thé
cho nhién li¢u xang. Thong thuong, nhién liéu
thay thé noi chung c6 thé sir dung trén dong co
& dang nguyén chat (100% nhién liéu thay thé),
hodc & dang phdi hop, tic 1a mot phan nhién
liéu thay thé két hop véi nhién liéu truyén
thdng. Vi du nhu hdn hop nhién liéu B5 (5%
bio-diesel, 95% diesel truyén thdng), hdn hop
nhién liéu E5 (5% ethanol, 95% xang),...

Str dung nhién li¢u diesel sinh hoc
(Biodiesel hay biodiesel fuel) trén dong co
diesel duoc nhidu nha khoa hoc quan tam
nghién ctru [1]. Biodiesel 1a loai nhién li¢u it
gy 6 nhiém, da dugc nghién ctru va sir dung
nhiéu trén dong co dbt trong & cac nude trén
thé gi6i ciing nhu & Viét Nam.

Str dung nhién liéu thay thé, ngoai viéc
giai quyét van dé can kiét nhién liéu héa thach,
tan dung triét dé cac ngudn ning luong sin co
trong thién nhién, n6 con tao cong an viéc lam
cho nguoi dan, giai quyét phan nao van dé 6
nhiém moi truong. Ngoai ra, néu co su quy
hoach tét vé st dung dét thi viéc st dung nhién
liéu thay thé, dac biét 1a nhién liéu sinh hoc
con tao dong luc cho sy phat trién, giam triét
dé phat thai gay hiéu Gmg nha kinh nhd vong
khép kin CO, (cdy hdp thu khi CO, tr dong co
- trong cay dé san xuat nhién li¢u sinh hoc cho
dong co) [2].

Bai bao nay s& trinh bay két qua nghién

ctru su dung nhién li¢u sinh hoc bio-diesel BS
trén dong co diesel dugc thuc hién béng mo
phong théng qua phan mém chuyén dung AVL
— BOOST trén dong co D4BB sir dung phd
bién tai Viét Nam nham khéo sat kha ning st
dung biodiesel trén dong co nay.

2. PHUONG PHAP NGHIEN CUU

AVL — Boost 1a mét cong cu mo phong
céc qua trinh cong tac va qué trinh trao ddi khi
cua dong co. AVL — Boost cho phép xay dung
mo6 hinh day du cta toan bd dong co bang cach
lwa chon céc phan tir ¢6 trong hop cong cu va
nbi chiing lai bang cac phan tir. Xac dinh céc
thong sb trong qua trinh nhiét dong hoc, dong
chay trong qua trinh trao d6i khi qua trinh phun
nhién li€u, qué trinh chdy. M6 phong cac qua
trinh cong tac cua dong co véi do chinh xéac
cao, tao thuan loi trong muc tiéu thiét ké dong
co hodc phan tich cac qua trinh nhi¢t dong hoc.

Vi vay, nghién ctru lya chon phﬁn mém
AVL - BOOST mo6 phong dong co diesel D4BB
c6 hé théng nhién liéu bom cao 4p phan phdi,
diéu khién co khi. Qu4 trinh nghién ctru duoc
tién hanh dic tinh téc do ngoai (100% tai) voi
dong co thuan nhién liéu diesel va dong co lam
viéc voi ti 1€ pha tron 5% biodiesel (B5).

Tac gia di so sanh két qua cong sut,
tiéu thu nhién li€u, phat thai cua dong co st
dung nhién liéu BS va dong co thuan diesel dé
phan tich, khuyén nghi cho nhitng nghién ctru
tiép theo vé nhién liéu biodiesel.

3. KET QUA NGHIEN CUU
3.1. Cac thong s6 ky thuat ciia déng co D4BB

bong co D4BB 1a loai dong co diesel
pho bién tai Viét Nam trén cac xe tai hang trung
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va may bom nudc, chira chdy. Pong co D4BB
duoc san xuat tai Han Quéc. Thong s6 ky thuat
ctua dong co nay dugc trinh bay trong bang 1.

Bdng 1. Théng s6 co ban ciia dong co D4BB

TT Théng sb Gia tri Don vi
1 | Dung tich xylanh | 2,607 dm’
) Puong kinh 91.1 mm
xylanh
3 Haqh trinh 100 mm
piston
4 Ty s6 nén 22
5 S6 xylanh 4
6 | Thutulamviéc | 1-3-4-2
Cong suat 16n
8 it 59/4000 | kW/rpm
Momen xoén 16n
9 nhit 170/2200 | N.m/rpm
10 | Téc do téi da 4000 v/ph
1 Heé thdng nhién | Bom phéan
ligu phoi VE

3.2. Xay dung m6 hinh mé phéng
3.2.1. M6 hinh djng co [4]

Dua vao két cdu cua dong co D4BB
thuc té, nhiing phﬁn tod da duoc dinh nghia
trong AVL — Boost va cac thong sd k§ thudt ctia
dong co, tién hanh lua chon cac phén tir cho mo
hinh va dugc trinh bay nhu trén hinh 1.

Hinh 1. M6 hinh mé phong dong co D4BB
3.2.2. Danh gia d¢ tin cdy ctia mo hinh

Trudc khi dugce sir dung dé tinh toan céc
truong hop khac thi mé hinh tinh can duoc hiéu
chinh dé dam bao d9 tin cay. Do tin cdy cua mo
hinh dugc danh gia thong qua viéc so sanh mot
sO két qua nhu cong suat, suat tiéu hao nhién
li¢u gitra m6 phong voi duong dac tinh ngoai
thuc té cua dong co thuc theo catalog. Pac tinh
ngoai thuc té duoc do trén bang thtr tai Pai hoc
Bach khoa Ha Noi dé hiéu chinh dam bao d¢ tin
cdy cua mo hinh mo6 phong [3].

60

1000 1500 2000 2500 3000 3500 4000
Téc d6 dong co (vong/phiit)

—&— Déngcothue --® - Mbphong

Hinh 2. Biéu d6 so sanh cong sudt gitta dong co
thuc va mé phong
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Hinh 3. Biéu do so sanh sudt tiéu hao nhién liéu
gitta dong co thuc va mo phong

Két qua cho thay, khi so sanh cong sut
gitra mo phong va dong co thuc véi 100% tai
tai 7 ché do téc d6 khac nhau tir 1000 — 4000 v/
ph, két qua cho thay sai 1éch 16n nhat tai toc do
1000 vong/phut 1a 2,18%, sai léch nho nhét tai
tdc d6 2000 vong/phut 12 01,12%. Sai 1éch vé
suét tiéu hao nhién liéu trung binh trén toan bo
dai toc do 1a 1,41% (Hinh 2).

Két qua so sanh sut tiéu hao nhién liéu
gitta m6 phong va dong co thuc véi 100% tai
cling tai 7 ché do téc do khac nhau. Két qua
cho théy sai léch 16n nhét tai tbe do 1000 vong/
phut 13 2,13%, sai 1éch nho nht tai toc d6 2000
vong/phiit 14 1,1%. Sai léch vé suit tiéu hao
nhién li€u trung binh 1a 1,45% (Hinh 3).

3.3. Két qua tinh toan mé phéng

3.3.1. Anh hwéng ciia nhién ligu téi dwong
ddc tinh cong sudt va sudt tiéu hao nhién liéu

Gia tri cong sut dong co & ché do 100%
tai v6i nhién liéu diesel va BS tai cac toc do
khac nhau theo duong dic tinh ngoai duoc thé
hién trén hinh 4. Két qua moé phong cho thiy
cong suit cua dong co khi sir dung nhién liéu
B5 thip hon so véi dong co sir dung nhién li¢u
diesel. Sy giam cong suit 1a twong d6i nho,

trong d6 giam 16n nhat tai tdc do 4000 vong/
phut twong ung véi 1,44%. Tinh trén toan dai
toc do, cong suat ciia dong co giam trung binh
12 0,91%. Sy giam cong sudt nay dugc giai
thich vi nhién li€u B5 ¢6 nhiét tri nho hon so
voi diesel.

Hinh 5 thé hién gia tri suit tiéu hao
nhién li¢u ctia dong co khi mo6 phong véi nhién
lidu diesel va B5. Két qua cho thay khi str dung
nhién liéu B5, cong suit giam so v6i dong co
khi str dung nhién liéu diesel. Su giam cong suét
1a trong d6i nho, trong d6 giam 16n nhét tai toc
d6 4000 vong/phut tuwong tng vai 1,46%.
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dung nhién liéu diesel va B5
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3.3.2. Anh hwéng ciia nhién ligu téi phat thdi
cua dong co

Hinh 6 thé hién lugng phat thai CO ctia
dong co khi st dung nhién li¢u diesel va BS5.
Két qua cho thdy khi dong co sir dung nhién
liéu B5 cho phat thai CO thap hon so véi khi st
dung diesel. Mtrc giam 16n nhat khi dong co sir
dung nhién li¢u B5 so voi nhién li€u diesel la
14,12 % tai tbc d6 4000 vong/phut. Mtc giam
trung binh trén toan bo dai téc d6 1a 7,57 %.

Hinh 7 thé hién lugng phat thai NO_cua
dong co khi st dung nhién li¢u diesel va BS5.
Két qua cho thdy khi dong co sir dung nhién
li€u B5 cho phat thai NO_ cao hon so véi khi su
dung diesel. Mtrc ting 16n nhat khi dong co sir
dung nhién li¢u B5 so voi nhién li€u diesel la
19,77 % tai tbc d6 1000 vong/phut. Mirc ting
trung binh trén toan bo dai téc d6 14 9,65 %.

Luong phat thai Soot trong xylanh cua
dong co su dung nhién li¢u diesel va B5 duoc
thé hién trén Hinh 8. Tur két qua, ta nhan théy
dong co sir dung nhién li¢u B5 c6 phat thai Soot
giam so voi nhién li€u diesel. Ham luong mudi
than (Soot) giam khi st dung nhién li¢u BS5
trung binh trén toan dai tdc do theo duong dac
tinh ngoai véi mic giam tuwong ung la 17,43 %.
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Hinh 8. Phat thai Soot
4. KET LUAN

Két qua nghién ctu trén di lya chon
duoc cac md hinh hinh thanh hon hop va chay
trong dong co LPG/Diesel phu hop.

Két qua nghién ciru ¢6 thé dinh hudng
cho vi¢c nghién ctru thuc nghiém stir dung nhién
liéu LPG trén cac dong co diesel khac nhau dé
dua ra cac diéu kién cy thé khi chuyén doi dong
co diesel cu thé sang sir dung ludng nhién liéu
LPG/diesel.

ba xay dung dugc md hinh mo6 phong
ctia dong co D4BB bang phan mém khi st dung
nhién liéu diesel va B5. Két qua tinh toan cong
sudt, suat tiéu hao nhién liéu giita mo phong va
dong co thuc c6 sai léch nho, do d6 mo hinh
mo phong dam bao do tin cay dé thuc hién céac
nghién ctru khac.
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Két qua md phong cho thdy cong suit
dong co ¢6 xu hudng giam trong khi suét tiéu
hao nhién li¢u lai tdng khi sir dung nhién li¢u
B5. Tinh trung binh trén toan dai téc do, cong
suat giam 0,91%, suit tiéu hao nhién liu ting
0,92%.

Céc phat thai CO, Soot gidm trong khi
NO_ lai tang khi st dung nhién li¢u B5. Tinh
trung binh trén toan dai tbe do, do giam cua
CO, Soot lan lugt 1a 7,57%, 17,43%, NO ting
9,65%.%
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NGHIEN ClrU MO PHONG ANH HUONG CUA HON HOP XANG
PHA CON TGOl CONG SUAT CUADONG CcO O TO

A CASE STUDY ON IMPACT OF ETHANOL-MIXED GASOLINE ON POWER OF
AUTOMOBILE ENGINES

ThS. Bui Ha Phan
B9 mon Cong nghé K thuat 6 to, Vién K¥ thuat va Cong nghé, Truong Pai hoc Vinh
Email: phanbh@vinhuni.edu.vn

TOM TAT

Vi toc dg tang trung binh khodng 16% sé lwong xe 6 t6 nhw hién nay chinh la nguyén nhan
gdy can kiét nguon nhién liéu tir dciu mo, 6 nhiém méi truong. Theo bdo cdo mdi trwd’ng quoc gia
hoat dong giao thong dong gop gan 85% lwong khi CO, 95% lwong VOCs trén toan quoc va chiém
khoang 70% nguon gdy 6 nhiém khéng khi ¢ céc khu dé thi 16m. Vi mire sw dung ddau mé nhur hién
nay, sé heong dau mé ndy chi con di dimg trong khodng 50-60 ndm nita néu khéng phat hién thém
nhitng nguon dau mé méi. Bai bdo nay sir dung phan mém AVL Boost dé tinh todn va mé phong
xdng RON 92 két hop véi con & cdc ty 1é khdc nhau. Két qua cho thay, ty 1é Ethanol ting dan lan
liot la ES5, E10, E20, E85 lam cho hén hop nhién liéu — khéng khi cang nhat, ¢ong sudt dong co
giam 1,75%, 4,06%, 9,13%, 38,71% va sudt tiéu hao nhién liéu tang 1,79%, 4,24%, 10,1%, 63,5%,
1y 1é Ethanol nho hon 20% thi dién bién vé khi thai theo chiéu huéng cé loi. CO va HC gidm xuong,
NOx tang lén.

Tir khéa: Dong co; Cong sudt; Con; Mé phong.
ABSTRACT

The current average growth rate of about 16% in the number of cars in use is the main
cause to environmental pollution as well as rising fuel consumption. According to the national
environmental report, traffic activities produce nearly 85% of CO emissions, 95% of VOCs
nationwide and account for around 70% of air pollution sources in large urban areas. Based on the
current level of oil use, this amount of mineral oil will only be enough for another 50-60 years if no
new oil fields are discovered. This article uses AVL Boost software to calculate and simulate RON
92 gasoline combined with alcohol at different ratios. The results show that gradually increasing
Ethanol ratio to ES, E10, E20, ES5 makes the fuel-air mixture lighter, engine power decreases by
1.75%, 4.06%, 9.13%. %, 38.71% and fuel consumption increased by 1.79%, 4.24%, 10.1%, 63.5%,
Ethanol ratio is less than 20% then the evolution of emissions will be in a favorable direction. CO
and HC decrease, NOx increases.

Keywords: Engine; Power, Ethanol; Simulation.
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1. PAT VAN PE

Ngay nay, nhu cau st dung nhién liéu
va san pham dau mo phat trién manh mé dan
dén phat sinh nhiéu van dé can duoc giai quyét
nhu: Nhién liéu ngay cang can kiét, nan 6 nhiém
moi truong do khi thai déng co, cac 1o ddt cong
ngh1ep, su nong 1én toan cau [3], cac co so san
xuét va ton chira san pham dau, su ton hao cong
suat, tudi tho dong co. Mat khac, nhu chiing ta
da biét, an ninh qudc gia, an ninh kinh té luon
gin lién véi an ninh nang lugng. Vi thé, an ninh
ning luong luon dugc dat 1én hang du trong
chién luoc phat trién ciia mdi qudc gia. Vi
mirc st dung dau mo nhu hién nay, s6 lugng
dau mo nay chi con du dung trong khoang 40-
45 ndm, khi thién nhién khoang 60 nam, than
da khoang 111 nam nita néu khong phat hién
thém nhirmg ngudn dau mé méi. Chinh vi thé,
dé giam thiéu 6 nhiém moi truong, dam bao
an ninh ning lugng lau dai va phat trién bén
vitng, nhiéu qudc gia trong vong vai thap ky
qua da tap trung nghién ctru sir dung nhién li¢u
sinh hoc nham thay thé mot phan dau khoang,
tién téi xay dung nganh nhién liéu sach & qudc
gia minh. Vi thé can c6 nhimng nghién ciru ty 18
xang pha con dén cong suit ciia dong co 6 1o, tir
d6 khuyén khich nguoi dung sir dung san pham
nhién liéu sinh hoc dé giam thiéu 6 nhidém moi
truong va tang cong suat ctia dong co.

2. NHIEN LIEU SINH HOC DUNG TRONG
PONG CO XANG

2.1. Gi6i thi¢u vé nhién li¢u con Ethanol

Ethanol con duoc goi 1a rugu etylic,
ruou ngil cdc hay con, 1a mot hop chat hitu co
nam trong diy dong dang cia rugu etylic, dé
chay, khong mau, 1a mot trong cac thanh phan
ciia d0 udng chira con. Trong doi song, nd
thuong duoc goi tat 1a ruou. Cong thirc hoa hoc

C,H,OH, viét tit la C,H O [9].

Nguyén liéu san xuat Ethanol thich hop
nhét 1a dudng (mia, tinh dau co), ri duong va cay
laa mién ngot, tinh bot (khoai tdy, cac loai hat
lua, lha mi, ngo, dai mach). Nang suat Ethanol
trung binh dao dong tir 2.100 dén 5.600 lit/ha dét
trong trot tiry thudc vao timg loai cdy trong. Doi
voi cac loai hat, nang suat Ethanol thu duogc vao
khoang 2.800 lit/ha, tic 1a khoang 3 tan nhién
liéu hat s& thu dugce 1 tin Ethanol [8].

2.2. Chi tiéu chit lwong ciia xing pha con va
viée sir dung hén hop nhién li¢u xiing pha
con & dong co dot trong

Dé dung 1am nhién lidu pha vao xing,
Ethanol can dat dugc cac chi tiéu nhat dinh.
Céac chi tiéu Ethanol bién tinh duoc xac dinh
theo phuong phap ASTM 1613, ASTM D5510,
ASTM E1064 [8], hoac mot loat cac TCVN.

3.COSOLY THUYET
3.1. Qua trinh chay

Mo hinh chdy Fractal dung cho dong
co danh ltra cudng buc, dugc dé cap trong AVL
Boost [2], du doan toc do giéi phong nhiét trong
dong co khi nap dong nhat. Do do, ta phai xét
dén anh huong cua cac thong s6 quan trong sau:

- Hinh dang budng chay;

- Vi tri va thoi gian danh lua;

- Thanh phan cta khi nap (khi sét, khi
xa luan hoi, bdc hoi khi va nhién liéu);

- Chuyén dong nap va mirc d xody 1dc.

Anh hudng cta qua trinh chay dén cong
suét, cu thé nhu: kiéu bu@)ng chay, tde do chay,
su lan truyén mang lira [1], duoc x4c dinh qua
cac giai doan chay nhu sau:
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Hinh 1. Mang lira lan truyén t6i thanh xylanh, bat
dau cua hién twong chdy sat vach

Tdc dd chay cua khoi lugng nhién liéu:

dma AT

= PuAr.S = pu (] Ar SL.(D)
Qua trinh chay xoday 1dc:

dimy

A
o= PuArS, = pu {3} AL S0

St Ar

(1-3)
SL Ay,

Tdc do chay sat vach c6 thé dugc miéu
ta don gian bang sy suy gidm theo ham mi.

m—mpg

dt }wau—cammtmn T

{dmm (1-4)

Téc do chay tong thé co thé rat ra nhu
mot gia tri trung binh cua hai toc do chay.
(dn) ,(dm)

=(1-w) J
overail \ dt pacnis

(1-5)

' J
* dt wall-combuston

Su chuyén tiép giita 3 mo hinh chay
dan dan bat dau khi trai qua khoang thoi gian
chuyén tiép t, xac dinh tia lra dau tién toi
thanh xylanh:

~ (m —m.E;I_]Ir
= (JGHATSL_]D. (1-6)

3.2. Qua trinh truyén nhiét
Qua trinh 4p suit cao:

Dinh luat nhiét dong hoc 1 cho hé thong
kin nhu sau (gia dinh mé hinh 1 chiéu don gian
hoa), thé hién méi quan hé gilra su bién thién
ctia ndi nang (hay enthalpy) véi sy bién thién
cua nhi¢t va cong [1].

d(m,u) dv  dg,  dQ, , dmy |
da. =—pcy1.a+ da. B da. e da. (-7

D061 v6i qua trinh trao doi khi:

Qua trinh nay phai dua vao luu lugng
khdi lwong khi, ra trong phuong trinh dinh luat
nhié¢t dong hoc [1].

d (mcyl u) _ dV dQW d min dmaul 1 —8
e Nl Ml

4.QUY TRINH VA KET QUA MO PHONG

4.1. Quy trinh mé phéng dong co sir dung
hdn hop xiing pha con

4.1.1. Quy trinh mé phong
Dua trén dong co thyc té, tir nhiing phﬁn

tir ¢6 san trong AVL Boost, cac thong s6 ki thuat
duoc xay dung cho dong co Toyota — SA:
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E2L=g

LR
EH

L ]

Hinh 2. M6 hinh mo phong
1. Loc khi; 2. Phan tir can dong; 3. Bo ché hoa khi: 4. Binh én ap;
5. Phan tir néi; 6. Xilanh; 7. Binh tiéu ém
4.1.2. Chay mé hinh

Gilr nguyén lugng nhién li€u va goc danh Iora sém cua dong co. Chay md phdng moé hinh
dua ra két qua so sanh vé cong suat dong co khi thay déi ty 1¢ Ethanol trong nhién liéu [4].

Bdng 1. Giit nguyén lwong nhién liéu va géc danh hira sém, thay doi ty 1é ethanol

STT Téc dd (v/p) | Nhién ligu (g/s) G;’(:ﬂ?*;“Thlg"a Loai nhién li¢u
1 1500 1,34 14 EO, ES, E10, E20, E85
2 2000 1,76 17 EO, ES, E10, E20, E85
3 2500 2,26 21 EO, ES, E10, E20, E85
4 3000 2,6 25 EO, ES, E10, E20, E85
5 3500 3,12 26 EO, ES, E10, E20, E85
6 4000 3,58 29 EO, ES, E10, E20, E85
7 4500 3,9 33 EO, ES, E10, E20, E85
8 4800 4,05 34 EO, ES, E10, E20, E85
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4.2. Két qua mé phong
4.2.1. Dac tinh cua qua trinh chdy

Hinh 3 so sanh dién bién cua ap suit
va nhiét do trong xylanh dong co khi sir dung
5 loai nhién liéu & 7500 v/p tir 40° trude diém
chét trén (BCT) dén 50° sau DCT.

e 2

Frvrn il v

i iKG

-

hp susd ipesmpwy lemly {50109k
-

Pl e g g o i

Lo aquay g Rharr =1L

Hinh 3. Dién bién dp sudt, nhiét @ trong xylanh
cua dong co tai 4800 v/p, 100% tai

Tir d6 thi, thoi gian chay tré giam, ting
ty 1¢ Ethanol trong khi thoi gian chay nhanh lai
c¢6 chiéu huéng ting 1én. Béi vi trong Ethanol
c6 1 nguyén tir oxy nén thudn tién hon cho qua
trinh chdy cham & nhiét d cao va dich chuyén
mang ltra, toc do chay ctia hdn hop Ethanol —
khong khi cao hon cua hdn hop xing — khong
khi, dan dén qua trinh chay tré dién ra nhanh
hon. Do A tang 1én khi gilt nguyén lugng nhién
lidu, thi ta c6 voi nhitng gia tri A > 0,9 thi tdc
do lan tran mang ltra giam di khi tang A. Vi vay,
thoi gian chay nhanh kéo dai hon, nén khi dong
co str dung nhién liéu xang pha con, ta s& thdy
xe chay ém hon do tdc d6 ting ap suit nho nén
kha ning chdng kich nd ciing duoc cai thién.

Trong hinh 3, ta ciling thiy rang, gia tri
ctua nhiét do trong xylanh theo goc quay truc
khuyu dat cuc dai sau thoi diém két thuc qua

trinh chay nhanh (ap suat dat cuc dai) vi do con
c6 hién tugng chay rdt trong qua trinh gian no,
mic du khong dii kha ning sinh cong thap do
piston da qua diém chét trén nhung lai gia nhiét
cho céac vung da chay khac nén sau do nhi¢t do
moi dat cuc dai.

i et i 0 T

/ Y,
= e

fiw opmay frmr L 780 K

Hinh 4. Téc d toa nhiét ciia dong co sk dung cdc
logi nhién liéu o 4800 v/p, 100% tai

Luong nhién li¢u cép cho 1 chu trinh
khong ddi, nhiét trj thap va téc d6 chay cua hdn
hop xing — Ethanol thdp hon so v&i xang, vi thé
tdc d6 toa nhiét cua dong co sir dung hdn hop
nhién liéu xdng pha cdn la nhé hon so voi dong
co su dung xang. Va khi cang tang ty 1¢ Ethanol
trong nhién liéu thi tbc do toa nhiét cang giam.

4.2.2. Dic tinh cong suit dpng co

Khi gilt nguyén nhién li¢u, do nhiét tri
ctia Ethanol thip hon xdng nén cong suat dong
co s& giam. Vi mot tée do khong doi, luong
nhién lidu cung cap khong doi thi lugng khong
khi di vao xylanh ciing khong thay d6i. Trong
khi d6, lugng khong khi 1y thuyét dé dbt chay
hoan toan 1 kg nhién liéu cua Ethanol it hon
xing [2], vi viy hon hop nhién liéu cang nhat
di khi tang ty 1& Ethanol trong nhién liéu. Diéu
nay ciing khién cho cong suat ciia dong co giam
di. Ngoai ra, do thoi gian chay tré giam khi ting
ty 18 Ethanol trong nhién liéu, dan dén c6 hién
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tugng vura chdy vura nén, nén s€ ton nhicu cong hon, vi vay cling lam giam di cong suat cua dong
co. Bang 2 thé hién gia tri cong suat cua dong co khi gilt nguyén luong nhién li¢u khi chay céc loai

nhién li¢u ¢ dai toc do tinh toan.

Bdng 2. Cong sudt déng co khi chay cdc logi nhién liéu khéc nhau (kW)

Nhién liéu
E0 ES E10 E20 ES85
Toc dp
1500 19,67 19,31 18,91 18,06 12,79
2000 26,38 25,85 25,25 23,99 16,56
2500 34,36 33,70 32,94 31,32 21,74
3000 39,00 38,34 37,43 35,37 24,36
3500 46,65 45,73 44,61 42,15 27,92
4000 52,52 51,78 50,50 47,65 31,27
4500 56,59 55,88 54,48 51,42 33,67
4800 58,20 57,10 55,73 52,31 33,72
' . sira két cau dong co [5], cong sudt chi giam di
i ¢6 9,13% khi toan tai. CO va HC giam xudng,
g . NOx tang 1én [7].
,.E mFx
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Hinh 5. Thay doi cong sudt dong co ¢ 100% tdi
khi str dung xang pha con so voi xang RON92 (E0)

Hinh 5 di cho thdy dugc do giam cong
suat twong ddi cuia dong co khi chay nhién liéu
xang pha con véi cac ty 18 khac nhau ¢ dai toc
do tinh toan so v&i khi chay xang EO. Khi sir
dung nhién li¢u ES5, E10, E20, E85 thi cong
suat giam 1an luot 1 1,75%, 4,06%, 9,13% va
38,71%. Khi sir dung nhién liéu xing pha con
& ty 18 10-20% thi khong can thiét phai chinh

5. KET LUAN

Cung mot lugng nhién liéu cung cap thi
khi ta str dung hdn hop xidng pha con co ty 1é
Ethanol ting dan lan luot 12 E5, E10, E20, E85
lam cho hdn hop nhién liéu — khong khi cang
nhat, cong sudt dong co giam 1,75%, 4,06%,
9,13%, 38,71% va suét tiéu hao nhién liéu tang
1,79%, 4,24%, 10,1%, 63,5%. Vi vay, khi str
dung cac loai nhién li¢u c6 ty 1¢ Ethanol nho
hon 20% thé tich thi khong can thiét phai chinh
stra dong co ma van dam bao duogc kha ning
van hanh cia dong co [6], dong thoi dong co
1am viéc ém hon do tdc do ting 4p sudt giam.
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Két qua nghién ctru 14 tién dé cho cho
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