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TOM TAT

Trong cdc nganh céng nghiép nhw loc héa dau, nang hrong va dong tau, chat lwong moi
han dwong ong quyét dinh dé an todn va tuéi tho hé thong. Nghién ciru ndy tdp trung thiét ké va
phan tich ky thudt mdy cdt — vat mép ong di dong tw dong nham khdc phuc han ché cia phwong
phap truyén thong. May cé két cau “clamshell” tach doi, cho phép gd truc tiép lén ong ma khong
can théo do. Quy trinh thiét ké bao gém phan tich lyc, cong suat cat dé chon dong co va thiét ké hé
truyén dong. Cac chi tiét chiu tai, ddc biét la truc, dwoc kiém nghiém bén theo thuyét von Mises. Két
qud cho thdy mdy dap ing tiéu chuan ASME B16.25, dam bdo d chinh xdc va tinh co dong cao.

Tir khéa: Mdy cdt ong; May vat mép; Kiém nghiém bén; Phdn tich liwc cat; Thiét ké va ché
tao theo mo-dun.

ABSTRACT

In critical industries such as petrochemical, energy, and shipbuilding, the quality of pipeline
welds directly determines system safety and service life. This study focuses on the design and
technical analysis of an automatic portable pipe cutting and beveling machine to overcome the
limitations of conventional methods. The machine features a split “clamshell” structure, allowing
direct mounting on pipes without disassembly. The design process includes force and cutting
power analysis to select the motor and design the transmission system. Load-bearing components,
particularly the drive shaft, are verified for strength using the von Mises criterion. The results show
that the design meets the ASME B16.25 standard, ensuring high precision, reliability, and mobility.

Keywords: Pipe cutting machine; Pipe beveling, Strength verification; Cutting force

analysis; Modular design and fabrication.
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1. TONG QUAN
1.1. B6i canh va dong luc

Trong cac nganh cong nghiép ché tao
co khi, két cau thép, ndi hoi, loc hoa dau va
nhiét dién, hé thong duong éng dong vai trod 1a
huyét mach van chuyén luu chat, ning luong
va nguyén liéu. Su toan ven cua cac hé thong
ndy phu thuoc tryc tiép vao chat 1u:0’ng cua cac
mdi han nbi dng. Cong doan chuan bi mép dng
trudc khi han, dac bi¢t 1a qué trinh vat mép,
13 mot trong nhitng budc quan trong nhat, anh
hudng quyét dinh dén chat lugng thiu sau, do
bén co hoc va tudi tho ciia mbi han [1].

1.2. Hién trang van dé

Céac phuwong phap chuan bi mép ong
truyén thong nhu mai tay bang may mai goc
hodc cit nhiét bang oxy-gas ton tai nhiéu han
ché. Phuong phép tha cong c¢6 do chinh xéac
thdp, phu thudc tay nghé va kho dam béo tinh
ddng déu. Cit nhiét tuy nhanh nhung tao viing
anh huong nhiét (HAZ), 1am thay doi ciu trac
vat liéu, giam do bén va ting nguy co nit giy
[2]. Ngoai ra, tia Itra, nhiét cao va khoi bui doc
hai gy rui ro an toan lao dong. Dé khéc phuc,
cong nghé “cit ngudi” (cold cutting) dugc phat
trién, st dung dung cu cit co khi nhim loai
bo vat liéu ma khong gy bién d6i nhiét, giir
nguyén tinh chat vat liéu goc [3].

1.3. Giai phap dé xuit va muc tiéu

Dé dép tmg nhu cau vé giai phap gia
cong mép ong hidu qua, chinh x4c va an toan,
nghién chu nay tap trung phat trién may cat va
vat mép ong di dong ty dong. My dugc thlet
ké thyc hién dong thoi hai nguyén cong cit va
vat trong mot lan g4 dat, nang cao nang suat
va do chinh xac. Myc tiéu chinh gdom: (1) thiét
ké may nhé gon, di dong, dé van hanh tai cong

truong va co thé ga trén 6ng dang van hanh (in-
situ) [4]; (2) dam bao chét lugng mép vat dat
chuan qudc té [5]; (3) xdy dung quy trinh phan
tich, tinh todn ky thuat nhim xac thuc do bén
va hiéu suét 1am viéc 6n dinh.

2. PHAN TiCH NGUYEN LY VA TiNH
TOAN THIET KE

2.1. M ta két cAu va lra chon vit liéu

May duoc thiét ké theo kién trac mo-
dun (Hinh 1), gdm bdén cum chinh: hé thong
kep, co ciu quay, dai ga dao va hé thong diéu
khién. Két cau “clamshell” gom hai phan: vanh
tinh dugc ¢ dinh vao éng va vanh quay lip
dong tam bén trong, mang cac cum ga dao dé
thuc hién cit va vat mép. Viéc lya chon vat ligu
dong vai tro then chét, anh huong dén trong
luong, do cung va do bén cua toan hé théng.
Vanh tinh va vanh quay duoc ché tao tir hop
kim nhom 7075-T6 nhim giam khéi luong,
tang tinh di dong nhung van dam bao do bén
chéy cao (%505 MPa). Trong khi d0, cac chi tiét
truyén dong nhur truc va banh rang sir dung thep
hop kim 4140, duoc nhiét luyén dé dat d6 bén
kéo 850-1000 MPa, dam bao kha nang chiu tai
va chdng mai mon cao. Su két hop nay thé hién
triét Iy thiét ké can bang gitra trong luong nhe,
d6 bén va do tin ciy trong van hanh.

[ May Cat va Vat mép ong di dong tu dong J

!

Hé théng diéu khién Hé théng co khi

Cum vinh gib 40 dii g4
dao it mép

Déng co dién Cum vinh gid 40 déi gb
dao cit dit

Thiét bj khac

Odi gé dao cit din i gé dao vit mép

Hinh 1. So do cdu tao may cdt va vit mép

2.2. Phan tich lyc va cong suét gia cong

bé chon dong co va thiét ké hé tmyén <
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dong, budc déu tién 1a xac dinh luc cét va cong
sudt yéu cau. Viéc tinh todn niy dua trén cong
thirc kinh nghiém cua Kienzle, mdt mé hinh
thuc nghiém dugc cong nhédn rong rai trong
linh vyc gia cong kim loai cho cac qua trinh
tién, phay [6].

*Tinh toan lyc cit (F) va cong sudt cat P):
1) Chiéu day phoi chua bién dang:
h = fsin(k) = 0.2sin(75°) = 0,193mm
2) Luyc cit riéng:

k =k .h™=2700.(0.193)"* = 3998MPa

3) Luc cit chinh:

F =k.a.f~1599N

4) Cong suat cit yéu cau:

,

F = & 0L267TEW
£ 60 103

5) Cong suat dong co yéu cau:

i
Pie = — = 0.334 kW
N

Dua trén két qua, mot dong co dién 0.4
kW dugc Iya chon dé dam bao du trir cong suat.

3. THIET KE HE THONG TRUYEN PONG

Hé thong truyén dong str dung bo truyén
truc vit — banh vit dé dat ty s truyén 16n trong
khong gian nhd gon (Hinh 2). Qua trinh giam
téc duge chia thanh ba giai doan nham t6i wu
hiéu suat Va bb tri khong gian. Giaidoan 1 (Z,/
Z,) cung cip giam toc ban dau & téc do cao.
Giai doan 2, hdp giam tdc truc vit — banh vit
(HGT) dam nhiém phﬁn giam tdc chinh véi uu
diém dat ty so truyén cao va truc vao/ra vudng
goc Giai doan 3 (Z,/Z,) truyén mo-men xodn
cubi dén vanh quay mang dao. Tinh todn dya
trén nguyén 1y truyén dong banh rang [7] cho
két qua toc do dau ra 1a 14,98 vong/phut, phu
hop yéu cau thiét ké, chirng minh tinh chinh
xéc cua so d6 dong hoc (Bang 1).

Déng Co
[ | Z3=17
“|Vanh ring trén
j Dao vit mép
Cum vanh trén
. : Z,=129
Ong thép
'\ ¢o dinh
(v 7
I T:l.:l Dao ciit it
Cum vanh duéi  Vanh rang durdi

Hinh 2. So do nguyén Iy ciia mdy

Bdng 1. Tong hop tinh todn hé thong truyén déng ciia mdy

Giai doan Cum chi tiét S6 ring (Z) Tiso truyén | Téc dd dau ra (vong/phut)
- bong co - - 9500
1 Z/Z, 7/39 5.571 1705.2
2 Hop giam toc - 15 113.68
3 7/Z, 17/129 7.588 14.98
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4. MO HINH HOA, CHE TAO VA KET
QUA SO BO

4.1. Quy trinh san xuat ky thuat so tich hop

Qua trinh chuyén d6i tr mo hinh thiét
ké sb sang san phém vat Iy dugc thuc hién
thong qua quy trinh san xuat k¥ thuat s6 tich
hop, tao nén “luong k¥ thuat s6” (dlgltal thread)
dam bao tinh nhat quan giira thlet ké va ché tao.
O giai doan CAD, toan bd cau truc dugc mo
hinh héa bang SolidWorks dé truc quan hoa,
kiém tra dong hoc, phat hién va cham va ti uu
hoa két cau. Sau o, dir liéu dugc chuyén sang
SolidCAM dé lap trinh chién lugc gia cong
va tao duong chay dao (toolpath). SolidCAM
xudt ma G-code thong qua bd hau xu 1y (Post
Processor) dé diéu khién may CNC. Cudi ciing,
cac chi tiét dugc gia cong trén may phay CNC
5 truc DMG MORI DMUS50 va may Tién-Phay
CNC 4 truc CLX350, cho phép xur Iy bé mat
phirc tap v6i s6 lan ga dat tdi thiéu. Quy trinh
nay khong chi ting ning sudt ma con dam bao
d6 chinh xéc hinh hoc va d¢ trung thuc cao gitta
san pham thyc té va mo hinh thiét ké ban dau.

4.2. Nguyén miu va sy twong dong Thiét ké
— Ché tao

Qua trinh ché tao di san xuét ra céac
cum chi tiét vat 1y va ldp rap thanh mot nguyén
mau hoan thién. Hinh 3 trinh bay su so sanh
truc quan gitra mo6 hinh CAD va san phém thuc
té. Piém dang cht y nhit 13 su ' trong dong gan
nhu tuyét dbi gitra nguyén mau sb va nguyen
mau vat ly. Cac dudng cong phirc tap, cac bé
mit lip ghép va téng thé hinh dang cua cac chi
tiét duoc ché tao trong thuc té phan anh mot
cach trung thuc va chinh xac cac mé hinh dugc
thiét ké trén may tinh. Su nhat quan nay 1a bang
ching httu hinh, xac thuyc cho sy thanh cong
clia quy trinh san xuat theo “ludng k§ thuat s6”.
N6 cho thiy rang chudi cong nghé CAD/CAM/

CNC d3 duogc trién khai mot cach hidu qua,
chuyén hoa thanh cong thiét ké tir khong gian
40 sang san pham vat ly vdi do trung thuc cao.

(a) ®) ,
Hinh 4. (a) M6 hinh 3D va (b) Hinh anh may cat
va vat mép ong

5. KET LUAN

Nghién ctru da xay dung va hoan thién
quy trinh thiét ké k¥ thuat toan dién, bao g6m
xac dinh nhu cdu cong nghiép, phat trién y
tudong, phan tich va kiém nghiém do bén bang
cac phuong phap co hoc chinh xac. Két qua
cho théy vat liéu va kich thuée chi tiét duge
lga chon dap ung tbt yéu cau chiu tai v&i hé
s6 an toan hop 1y. Nguyén mau ché tao chimg
minh tinh kha thi cta thiét ké thong qua céc
thir nghiém gia cong dat chat luong cao. Trong
giai doan tiép theo, nghién ctru tip trung vao
ba hudng: (1) do dac luc cit va cong suit thuc
té dé hi¢u chinh mo hinh, t6i wu thong s6 cong
nghé; (2) thay co cau banh coc bang vit me lién
tuc dé nang cao d6 chinh xéac; va (3) tich hop
cam bién giam sat thoi gian thyc nham phat
trién hé thong diéu khién thong minh theo dinh
hudng Cong nghé 4.0.
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