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TOM TAT

Trong cdc hé thong hiit bui va soi thudc 1, canh quat hit Iy tam la b6 phdn quan trong, doi
hoi dé bén cao, bién dang khi ddng hoc chinh xdc va kha nang can bang tot. Tuy nhién, cdc san
pham ché tao trong mede hién nay thwong cé do bén thap va sai léch I6n do sir dung phirong phdp
ché tao thii cong nhw han, tan hodc diic nguyén khoi, dan dén ndang sudt thap va khé dam bao chat
leong dong déu. Trong khi do, cdc canh quat nhdp khau c6 chat lwong cao hon nhwng gid thanh
rdt cao, thoi gian ddt hang va van chuyén kéo dai, gdy ton kém chi phi luu kho va dau tw ban dau.
Nghién ciru nay dé xudt mot quy trinh gia cong ban tw dong méi dé ché tao canh quat hit ly tém c6
bién dang phii hop givip cdi thién ddang ké dé chinh xdc hinh hoc va dg bén so véi phwong phdp thii
cong truyén thong. Két qua nghién ciru cho thdy véi luc chén trong khodng 1620 — 14330 (N) cho ra
san phcfm dat dwoc do twong thich bién dang cao nhat véi hé sé R binh phuwong hiéu chinh la 96,7%
S0 VGi thiét ké tiéu chudn, diéu ndy chiing t6 do tin cdy cao ciia quy trinh dé xudt. Nho dé, phwong
phdp ban tw déng khéng chi givip tiét kiém ddng ké chi phi ché tao ma con dam bdo chat hrong va
dé on dinh twong dwong véi san pham nhdp khau. Pdy la mot hudng di day tiém néng trong viéc
néi dia héa san xudt quat ly tam phuc vu nhu cau trong nuoc.

Tir khéa: Cdanh quat hit Iy tam; Hé thong béan tw dong.
ABSTRACT

In industrial ventilation systems, centrifugal fan blades are critical components that require
high durability, precise aerodynamic profiles, and good dynamic balance. However, domestically
manufactured blades currently exhibit low durability and significant geometric deviations due to
manual fabrication methods such as welding, riveting, or casting, which result in low productivity
and inconsistent quality. In contrast, imported blades offer superior quality but come at a high
cost, with long lead times and added expenses related to storage and initial investment. This study
proposes a novel semi-automated manufacturing process for producing centrifugal fan blades
with complex profiles, significantly improving geometric accuracy and durability compared to
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traditional manual methods. The research results show that with an impact force ranging from
1620 to 14330 N, the fabricated products achieved the highest profile conformity, with an adjusted
R-squared value of 96,7% compared to the standard design. This indicates the high reliability of
the proposed semi-automated manufacturing process. As a result, the method not only significantly
reduces production costs but also ensures product quality and stability comparable to imported
components. This represents a highly promising approach toward the localization of centrifugal fan

production to meet domestic industrial demands.

Keywords: Centrifugal propeller, Semi-automated system.

1. TONG QUAN

Ddi voi cac hé théng hat bui va sgi trong
cong nghi€p, canh quat hut ly tdm 1a mot trong
nhirg bd phan quan trong, déng vai tro quyét
dinh dén hiéu suit 1am viéc va do 6n dinh cua
toan bd hé théng [1-2]. Bén canh do, dé dam
nhiém hiéu qua hoat dong, canh quat can dap
{mg nhing yéu cau khit khe vé d6 bén co hoc,
bién dang khi dong hoc chinh xac va kha nang
cén bang dong & toc d6 cao [3]. Tuy nhién, thyc
trang hién nay tai Viét Nam cho thay phan 1on
cac canh quat dang duoc ché tao bang phuong
phép thu cong nhu han tirng canh, tan thu cong
hoidc dic nguyén khdi. Nhitng phuong phéap
nay mic du don gian va it ton chi phi dau tu
ban dau nhung lai gdy ra nhiéu van dé nghiém
trong nhu sai s6 hinh hoc 16n, d6 dao cao, va
nang sudt san xut thap [4-5].

Trong bdi canh cac nganh cong nghiép
trong diém nhu thue phém, dién tir, duoc phém
va xir li méi truong ngay cang doi hoi thiét bi
thong gi6 c6 chat luong cao, viéc sir dung canh
quat nhap khau dang tré' nén phd bién hon [6].
Mot nghién ctru gan day da cho thy rang tai
cac qudc gia dang phat trién, trong do co Viét
Nam, ty 18 nhap khau céc thiét bi quat cong
nghiép c6 xu hudng gia tang ro rét trong thap
ky qua do su thiéu hut cong nghé ché tao chinh
xéc trong nude [7]. Pidu ndy phan anh thuc té
rang cac san pham ndi dija chua du kha ning
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canh tranh vé chat lugng, dac biét 1a trong céc
ung dung yéu cau do chinh xac va do tin cay
cao.

Sy phu thudc vao san pham nhap khau
khong chi lam gia tang chi phi va rui ro trong
chudi cung tng ma con han ché kha ning tu
chu cong nghé trong nudc, nhu chi phi luu kho
cao, thoi gian dat hang kéo dai dan dén khong
chu dong duoc ngudn cung [8]. Pic biét, trong
b6i canh chudi cung tmg toan cau dang bi gian
doan boi cac yéu té dia chinh tri va bién ddi khi
hau, viéc ndi dia hoa cac san phém co khi quan
trong nhu canh quat hut ly tim 1a mot yéu cau
cap bach [9]. M6t s6 nghién ciru gan day d chi
ra rang viéc ung dung cic cong nghé hién dai
nhu cét laser CNC, dap dinh hinh béng khuon
va to hop tu dong co thé gitp cai thién dang
ké do chinh xé4c hinh hoc va tinh dé)ng déu cua
san pham [10-12]. Piéu ndy mé ra co hoi 16n
cho viéc phat trién mot quy trinh ché tao ban
tu dong, vira gitp giam chi phi san xudt, vira
dam bao chét lugng tuong duong hoic tiém can
v6i san phadm nhap khiu. Nghién ctru ndy nham
dé xuat mot quy trinh ban ty dong cho ché tao
canh quat hut ly tdm c6 bién dang phuc tap, do
bén cao va kha ning can bang dong tot.

Quy trinh dé xuat bao gdm ba cong
doan chinh, bat dau tir viéc cat phoi bang cong
ngh¢ laser CNC nham dam bao dd chinh xéc

hinh hoc, tao hinh bién dang canh bang phuong %
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phap dap khuon va ¢ dinh lién két bang tan
nhom sir dung sung hoi trén d6 ga chuyén dung.
San pham sau gla cong duoc danh gia thong
qua viéc ddi chiéu bién dang vé6i ban vé thiét
ké tiéu chuén, do luong do dao tryc va xac dinh
chi s6 mét can bang dong. Muc tiéu ctia nghién
ctru la xac lap tinh kha thi va hiéu qua ky thuat
cua quy trinh ban ty dong nay trong viéc thay
thé cac san pham nhap khau, tir 46 thuc day qua
triph ndi dia hoa céc thiét bi cong nghiép trong
diém.

2. PHUONG PHAP NGHIEN CUU
2.1. Tong quan phwong 4n

Nhom tac gia dé xuat phuong an st dung
phuong phap gia cong ban tr dong bang cach st
dung phuong phap cit laser CNC két hop chan,
ubn c6 thé tao ra thanh pham hang loat, it ngan
duoc thoi gian san xuat, dat cac yéu cau vé chit
luong, chi phi san xuét sd luong 16n dugce gidam
xudng dang ké, cic may gia cong ciing 14 nhiing
may pho bién nhu Bang 1.

Bang 1. Cac may gia cong sur dung

Loai may Tén May

. AMADA
May Laser CNC LC2415aIlINT

May chan SATEC 2294SV

2.2. Quy trinh gia cong
*Chon vat liéu gia cong

Nguyén li€u gia cong cho canh quat
duoc lya chon 1a Thép C45.

Bang 2. Dac tinh Thép C45

Gioi bo bo . bo
A o bo .
han bén | gidn the’i ; dai va
Mac chay | kéo dai dap
thép kg/mm? % m/cm?
Khoéng nho hon
C45 36 61 16 40 5

“Chudn bi phéi cho cdnh quat

Canh quat ly tdm duogc tao ra bﬁng cach
ghép céc canh quat nho nam gitta 2 hinh tron
16n bang cac dinh tan. Sir dung moay-o & tim
quat dé truyén dong cho quat. M6 hinh duoc
thue hién nhu Hinh 1.

"\__,.-"'- _,.-,. .‘?"‘.11

i ) O

Hinh 1. M6 hinh canh quat ly tam.

Nhu vay, viéc cong tac chuan bi cho
phoi san pham bao gom: 2 phdi thép 16n cho
2 vong tron d& canh quat, cac tam thép kich
thudc trung binh dé gia cac canh quat chir U.

“Ciit phéi

Chon phéi 13 cac tam thép co do day
yéu cau nhu sau:

- b6 day cua canh chir U: 1,5 mm;
- b6 day cua dia canh quat: 2 mm.
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Sau khi chon phéi dat yéu cau, sir dung
may cat laser CNC d¢é cét phoi va tao 16 lip cho
phoi theo kich thudc da thiét ké dé tao ra thanh
pham c6 d6 chinh xac va tinh dong nhét giita
cac san pham.

DOWH #0* R2S

| DOwWN %0* RIS

$——p—— &

1 y
Hinh 2. Bién dang thiét ké ciia phéi canh quat

Hinh 3. Bién dang thiét ké ciia phéi dia quat

*Tao khuén chan

Hinh 4. Thiét ké ciia khuén tao hinh canh quat
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Can gia cong khuon chan dé tao ra hinh
dang cta canh quat: 1 khudn tao canh quat hinh
chit U, 1 khuén 1am cong 1 dau cua phoi canh
quat. Khudén chin dugc cit bang may laser
CNC.

Hinh 5. Thiét ké ciia khudn uon cong canh quat
*Gia cong canh quat thanh dang chit U

Céanh quat dugc chuén bi & budc 3 s8
duoc su dung dé tao dang hinh chit U. Canh
quat dugc dit vao khuon cb dinh, may chin s&
ép phoi xubng dé tao ra bién dang chir U cho
canh quat. Luc chin dé tao hinh cua qua trinh
s& tang dan tir 1620 — 14430 (N).

“Gia cong canh quat chit U dwoc uén
cong mot dau

Ga phoi chit U sau khi chan 1én phan ¢6
dinh cta khuén uén cong, may chan tao luc ép
1én phoi dé canh quat dé co6 bién dang cong &
dudi nhu hinh sau:

Hinh 6. Gia céng uén cong canh quat
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*Gdn cdnh quat véi tim dé quat

Céanh quat duoc gin voi 2 tim d& quat
hinh tron bang dinh tan, st dung sung hoi dé
dinh duogc ¢ dinh chic chin, cac canh quat
duoc bd tri hinh tron quanh tim quat.

Hinh 7. Canh quat hoan thién
3. KET QUA PO KIEM VA THAO LUAN

Sau khi hoan tat qua trinh ché tao theo
quy trinh ban ty dong ma nhém nghién ctru da
dé Xuét, téng cong 6 cum san phém da duoc gia
cong thanh cong, trong d6 mdi cum bao gdm 5
canh quat duoc lp rap va hoan thién dong bo.

Nhim danh gid mac d6 chinh xac va
tinh kha thi ctia quy trinh ché tao, nhém tac
gia da tién hanh d6i chiéu kich thudc hinh hoc
ctia san phdm so voi ban vé tiéu chudn bang
thiét bj do bién dang Mitutoyo Beyond A504,
tra vé dit liéu tap hop toa do cac diém cua bién
dang va dung phan mém Matlab dé kiém tra,
phan tich s6 liéu. Dix liéu thu duoc tir qua trinh
do dd duogc tong hop va phan tich dé xac dinh
sai s6 hinh hoc, d6 léch kich thudc va mirc do
dong déu giita cac san pham trong cting mot
16. Tir d6, nhém nghién ctru ¢6 co sé dé danh
gia dg chinh x4ac trong gia cong cling nhu tinh
6n dinh cta quy trinh ché tao da dé xuat. Két
qua ban dau cho thay céc sai sb kich thudc ndm

trong gi6i han cho phép theo tiéu chuan thiét
ke, chiing minh tinh 6n dinh va hi€u qua cua
quy trinh trong di€u ki€n san xuat thuc te.

Hinh 8. Kich thiec tiéu chudn canh quat hit ly tam
Ch thich cho cac bang danh gia:

MSE: Mean Squared Error;
PE: Percentage Error (%);
ME: Max Error (mm);

RS: R-Squared;

ARS: Adjusted R-Squared.

Bdng 3. Bang danh gid san pham 16 A

p?::lln Al | A2 | A3 | A4 | AS
MSE | 0,483 |0,787 | 1,462 | 0,623 10,179
PE 0,893 | 1,049 1,779 | 1241 10,733
ME | 1,956 2,495 |3,160 | 2,155 | 1,129
RS | 0,851 |0,772 0,658 | 0,796 10,919
ARS | 0,850 | 0,771 10,656 | 0,795 | 0,918

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 329, thang 6 nim 2025
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

Bdng 4. Bang déanh gid san phiam 16 B

Bdng 8. Bang déanh gid san phiam 16 F

pi%l:n B1 | B2 B3 | B4 | B5 pi:“l‘n F1 | F2 F3 F4 | F5
MSE | 0,252 0,275 |0,116 | 0,111 |0,137 MSE | 0,082 | 0,141 |0,082 |0,121 |0,140
PE | 0,623 0,875 0,615 |0,595 |0,734 PE 0,522 0,666 0,513 | 0,633 | 0,642
ME | 1,466 | 1,411 0,829 |0,826 | 0,922 ME | 1,135 | 1,080 0,916 | 1,076 | 1,486
RS 0,892 0,876 0,942 10,940 10,914 RS  |0933 0,906 0,938 | 0,905 | 0,860
ARS |0,891 0,876 0,942 0,940 | 0,913 ARS 0,933 10,906 0,938 |0,905 | 0,859

Bdng 5. Bdng déanh gid san pham 16 C

pii‘l‘n C1 C2 | C3 | C4 | C5
MSE | 0,204 0,333 0,203 0,517 | 0217
PE 0,711 0,818 | 0,485 | 0,948 | 0,722
ME 2246 2,809 2,463 3379 |2263
RS 0,677 0,718 0,683 10,745 | 0,709
ARS 0,676 | 0,701 | 0,681 | 0,728 |0,708

Bdng 6. Bang déanh gid san phdam 16 D

piil:n D1 | D2 | D3 | D4 | D5
MSE | 1,360 | 1,017 | 1,188 | 0,866 | 1,994
PE | 1,084 | 1,026 | 1,156 | 1,134 | 1,621
ME 3274 2,868 3,091 2,499 | 3,666
RS 10,701 | 0,752 0,730 | 0,769 | 0,640
ARS 0,699 | 0,751 | 0,729 | 0,768 | 0,638

Bdng 7. Bang déanh gid san pham 16 E

pii‘l‘n El | E2 | E3 | E4 | E5
MSE 0,053 0,292 | 0,361 | 0,820 | 1,071
PE 0431 0,686 0917 | 1,313 | 1,158
ME 0,548 | 1,580 1,772 | 2,509 |2.678
RS 10,967 0,890 0,832 | 0,779 |0,745
ARS 0,966 | 0,890 | 0,831 |0,778 | 0,744

4. KET LUAN

Két qua danh gia o chinh xac kich thude
san phém theo céc ti€u chi dinh lwgng nhu MSE
(Mean Squared Error), PE (Percentage Error),
ME (Max Error) va ARS (Adjusted R-Squared)
cho thiy do sai 1éch giira san pham thuc té va
kich thudc thiét ké 1a rat nho, dong thoi tinh
nhat quan trong gia cong dat mirc cao. Cu thé,
gia tri MSE ¢ murc thip ching to d6 phan tan
sai s6 khong dang ké, phan anh chit luong gia
cong on dinh. Chi s PE dao dong trong ngudng
cho phép, thé hién sy chinh xéc tuong dbi gitra
san pham thyc té va thong s6 thiét ké ban dau.
Dic biét, gia tri ME thip chirng minh rang sai s6
cuc dai cua ting cum san phém déu nim trong
pham vi kiém soat, dam bao do an toan khi lép
ghép va van hanh. Bén canh d6, hé s ARS cao
cho thay su tuong thich tt gitra dir lidu do duoc
va mo hinh thiét ké 1y thuyét, dong thoi khang
dinh d6 tin cdy cao ctia qua trinh ché tao.

Comparison of Beandard Curve and Ffted Cure - E1

Hinh 9. D6 thi danh gid do twong thich bién dang
sdan pham va bién dang chudn
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Tiép theo, dé danh gid kha nang can bang
dong cua cac cum canh quat, nhom nghién ctu
tién hanh kiém tra theo sang ché (VN)1-2014-
03890: Dynamic Balancing System for Rotating
[13] cua PTN Tau thay, Truong DH Béch khoa,
Pai hoc Qudc gia TP. H6 Chi Minh. Két qua cho
thdy quy trinh ban ty dong da giam trung binh
mirc mat can bang ban dau tir 7,87 g xudng 5,55
g (giam khoang 30 %), voi ba cum dat dudi 5 g,
cho thiy d6 dong déu va do tin cay cao.

Bdng 9. Bang so sanh mdt can bang dong giita
Phwong phap cii va Phuwong phap dwoc nhom tac
gid dé xudt

Sé ghi S(’{)Amf’it cﬁl,1 ghi S(’{)Amf’it cfu,l
thi tu bang dong trwdc | bang dong trudc
* | khi can canh cii | khi cAn canh méi
Bi dao khong can

1  bing du Qgc 3,54e@208°

2 6,43g@35° 7,95g@100°

3 6,17g@?221° 7,97g@92°

4 7,34g@319° 4,4g@]175°

5 8,17g@259° 5,18g@176°

6 11,22g@268° 4,25g@?218°

Tong thé, viéc st dung dong thoi cac chi
tiéu nay khong chi giap danh gia toan di¢n mirc
d6 chinh x4c va 6n dinh cta quy trinh, ma con
minh chimg cho tiém ning tmg dung thuc tién
cua phu’O’ng phép gia cong ban tu dong trong
san xudt canh quat cong nghiép 6 yéu cau cao
vé d9 chinh xac va tinh dong déu san pham. Chi
tiét canh quat nay da duoc dwa vao van hanh
thue té tai nha may ciia Cong ty Thudc 14 Sai
Gon. Nhu vay, nhom tac gia da dé xuit duge va
kiém chimg mét quy trinh gia cong méi gitp
dat duoc bién dang c6 chi s6 twong dong 96,7%
v6i chi tiét nhap khau. Bén canh dé, ché do gia
cong ap lyc tdi wu 1én chi tiét ciing da dugc
khao sat nham phuc vu cho nhiing cai tién tiép
theo trong tuong lai.
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