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TOM TAT

Trong qué trinh ché tao cac loai thép hinh, trong dé c6 thép hinh cén néng dung trong khai thac ham
16 SVP (CBII), phéi thép duoc nung néng va duwoc dua qua 16 hinh dé tao hinh dang so b cta chi tiét.
Chi tiét sau qua trinh can va dwoc lam ngui sé ton tai (ing suét duw va bién dang trong chi tiét hodc xuat
hién trong giai doan lam mat dan dén lam cong vénh chi tiét. May nén thang thép hinh duoc st dung dé
nén thang chi tiét dat duroc kich thudce, hinh dang va chét luong mong muon. Trong nghién ctru nay nhom
tac gia gidi thiéu cho nguoi doc nguyén ly lam viéc va néu ra mét sé co sé ly thuyét dé tinh toan thiét ké
maéy, sau dé di vao tinh toén thiét ké 01 may nén thang thép hinh va (rng dung phédn mém NX phén tich
két céu cua chi tiét, cum chi tiét. Két qua nghién ctru nay co6 thé tham khao trong tinh toan thiét ké méay

nén thang thép hinh.

T khéa: méy nén thdng thép hinh; thép hinh SVP(CBIT), phéan tich két cau.

1. DAT VAN BE

Dé ché tao ra cac san pham thép hinh c& 1&n
bang phwong phap can, nguoi ta tién hanh can &
trang thai néng, nhiét d6 thép t» 1050°C dén
1180°C. Qua trinh can thép dwoc tién hanh qua
nhiéu Ian can, mdi lan can kich thwéc 16 hinh dwoc
thay ddi dé dat dwoc kich thwdc theo mong muén.
Vi vat can thuwong chiu nhiét do khong dong déu
(trong khi nung, khi can, khi 1am ngudi) va nhiéu
nguyén nhan khac lam cho san pham can bi cong
vénh. Hién twong cong vénh nay thay rd nhat & cac
san pham thep can hinh, can tam, can ong Chinh
vi v@y, muon san pham can dam yéu cau ky thuat
can phai tién hanh nén thang.
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@ Hoi Khoa hoc va Coéng nghé Md Viét Nam

Tai Coéng ty C6 phan Ché tao may-Vinacomin
(VMC), cé mot day chuyén san xuét thép SVP dung
ché tao vi chéng trong 16 (thép vi 16 SVP) clia mé
than ham 16, trong d6 c6 may nan thang thép hinh
sau khi can nhap tr nwéc ngoai. DPé c6 co s& thlet
ké may may nan thang thép hinh trong nwéc, can
nghién ctru tinh toan may nay.

2. DI LIEU VA PHUONG PHAP NGHIEN CU'U

2.1. Nguyén ly lam viéc cia may nan thang
thép hinh

CAu tao va so d6 dan déng clia may nan thang
thép hinh thé hién trén cac Hinh 1, 2.
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Hinh 1. C4u tao may nan thang thép hinh

1-Than may dwéi; 2-Than may trén; 3-Thanh kep 1; 4-Gu giéng M39x320; 5-Cum tdm nap; 6-Thanh kep
2; 7-Thanh kep 3; 8-Thanh kep 4; 9-Thanh kep 5; 10-Thanh kep 6; 11-N(ra bao che truwéc 1; 12-Nira bao
che trwdc 2; 13-Bich ddng co bom dau; 14-Hé théng bom dau; 15-Nira bao che truc nan dwdi; 16-Banh
nan trén; 17-Cum truc nan trén; 18-N(ra bao che sau 1; 19-Cum truc nan dwéi; 20-Ndra bao che sau 2;
21-Cum tang chinh truc can; 22-Dai 6¢c ham banh nan; 23-Vong dém banh nén; 24-Banh nan duéi; 25-
Cum truc trung gian 1; 26-Cum truc trung gian 2; 27-Cum truc dau vao; 28-Thuéc do diu; 29-Bich quan
sat; 30-Kinh quan sat; 31-Chét dinh vi; 32-Bu Idng M36x100; 33-Bu 16ng chim M10x55; 34-Bu 16ng
M12x45; 35-Bu I6ng chim M16x35; 36-Bu 16ng chim M12x35; 37-Phét chén dau 16 xo 340x300x20
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Hinh 2. So’ d6 dan déng ctia may
1-Dong co dan dong, 2-Hop gidm téc, 3-Hop chia mémen, 4-Banh nan dui, 5-Banh nan trén

Nguyén ly lam viéc ctia may nan thang: Khi
déng co dan déng (1) quay théng qua khép ndi
truyén vao hdp giam toc (2). Truc ra cGa hop gidm
tbc s& dan dong dén truc diu vao may nén thang
thép hinh. Truc dan déng dau vao va truc trung
gian dwoc dan déng bdi cdp banh rang tru rang
thang. Pau ra cua truc trung gian duoc lap banh
nén (banh nan dudi). O hang truc trung gian gém
5 truc va banh rang giébng nhau. Cum truc phia trén
(5 truc) dwoc két néi voi 5 ddng co véi cong suat
nhd hon dé dan déng cho 5 banh nén phia trén.
Nh& sw quay cla cac cap banh nan phia trén va
phia dwéi giup cho thép hinh (SVP, U, I, L) vira di
chuyén vé phia trwéc va vira thuc hién viéc nan
chinh tranh cong vénh theo cac phuong.
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2.2. Co s& ly thuyét va tinh toan thiét ké may
nan thang

2.2.1. Théng sé dau vao

Trong nghién cu nay, nhom tac gia di tinh
toan thiét k& may nén vai cac théng sb yéu cau nhw
sau: nang suat may 120.000 tAn san pham/nam;
déi twong nén la thép vi 16 SVP (SVP17, SVP22,
SVP27, SVP33)-c6 théng sb ky thuat nhw trong
Hinh 3 va Bang 1, Bang 2, Bang 3. Chon cac thong
sb thép vi 16 SVP33-loai I&n nhat dé tinh toan céac
théng s6 may nén thang thép hinh. V&i may nay c6
thé dung nan thang tat ca cac loai thép hinh can
néng dung trong khai thac ham 16 SVP khac dang
dung trong nganh than Viét Nam.

SO 3 - 2025 i



{; CO KHi, BIEN - BIEN TU - T BPONG HOA CONG NGHIEP MO

R | bl |
= Y| |
N\
. =
2
b
= X _ J _ X
b
d 4
~ L:10 ‘ d, R
= — YO
& <
R Y yr
I bs I
b

Hinh 3. Théng s6 kich thwéc mét cat ngang cua thép vi |6 SVP

Bang 1. Kich thwéc mét cat san pham va tiét dién mét cat ngang thép vi 1o SVP

Séhigu | h h+ hz hs b b1 bz bs ba bs d di d»
san pham

Kich thwéc (mm)

SVP 17 94 | 45,5 23 28 | 1315 60 51734 846|915 85| 57| 197

SvP 22 | 110 44 | 255 | 30,5 | 1455 60 | 51,5 71835 995 111 62| 225

SVP 27 | 123 47 29 34| 149,5| 59,5 | 50,6 | 69,5 | 83,5 | 99,5 131 71| 245

SVP 33 | 137 50 32 38 166 66 56 761915 | 110 | 145 | 79| 275

Bang 2. Cac thong s6 khac cua thép vi 16 SVP

Dién )
tich Khoi
) Ri | R2 | Rs | Rq Yo mat cat | lwong Dai lwong tra ctru cho truc
So6 hiéu ngang | (kg/m)
san (cm?)
pham X-X Y-Y
Kich thwéc (mm) " e e ) X
(cm%) | (cm®) | (cmd) ly (cm?) | Wy (cm®)
SVP 17 6| 7| 5| 6456 21,73 17,1 | 2434 | 50,3 69 | 3823 57,9
SVP 22 6| 8| 5| 6527 27,91 219 | 4286 | 74,8 99 | 566,3 77,8
SVP 27 6|10 5| 6585 34,37 27,0 | 646,1 | 100,2 137 | 7315 97,8
SVP 33 6|11| 6| 7648 42,53 | 33,39 | 999,5| 138,5 190 1228 148

Co tinh vat liéu cta thép SVP-Ct5nc (theo Tiéu chudn roCT 535-2005)
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Bang 3. Co tinh vat liéu mac thép Ct5nc

Gi¢i han chay
(N/mm?)

Gi&i han bén kéo
( N/mm?) (%)

Do gian dai twong doi

=285

490 + 630

220

2.2.2. Cdc phwong én bé tri cdc con Iin cia médy
[5,6] ) -

Trén thye té thudng co 2 kieu bo tri con lan cla
may khi lam viéc dé la: BO tri cac con lan cé tam
trén 2 dwong song song so do nhw Hinh 4 (thwong

dung dé nan thép c6 bé day > 4 mm) va bé tri cac
con lan cé tam trén 2 dwdng dwgc dat nghiéng mot
géc a so dd nhw Hinh 5 (thwéng dung dé nén thép
c6 bé day < 4 mm)

Thep tam
vao la—=

o

Hinh 4. May nan thang thép cé cac con lin c6 tam trén dwdng song song
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Hinh 5. May nén thang thép c6 cac con lan c6 tam trén dwong dit nghiéng goc a

May néan thdng thép hinh trong nghién ctvu cla
nhém tac gia duoc thiét ké dé nan thép hinh SVP,
U, I, L,... va chiéu day chi tiét nan I&n hon 4 mm.
Do d6, cac con lan bd tri trong may nan nay duoc
Iwa chon theo phuong an dat cac con lan cé tam
trén dwdng song song.

2.2.3. Cédc thong sé6 cua con ldn mdy ndn thdng
thép hinh [5, 6]

DPudng kinh con I1&n D, chiéu dai con 1&n L va
bwéc con lan t (khoang cach tdm cua hai con lan):
Day la cac thong sb sé quyét dinh t&i kha ndng lam
viéc clia may va két ciu clia may. Puwdng kinh con
I&n D va bwéc con I&n t khéng dwoc qua Ién, néu
qua lén thi chéat lwong nén thép khong dam bao,
néu lay qua nhd thi lwc can nan trén cac con lan sé
rat 1én, kho diéu chinh Iwc nan trén cac banh nan.
Hién tai vAn chwa c6 mét ly thuyét hoan chinh nao
dé xac dinh kich thwéc tdi wu clia cac théng sb nay,
viéc xac dinh két cau clia may va con lan tvong doi
phtre tap, cht yéu van dwa vao kinh nghiém san
xuét clia cac nha may va cac nha thiét ké va phu
thudc vao hinh dang chi tiét (loai thép hinh SVP, U,
I, L, ...), chiéu day chi tiét va chiéu réng chi tiét nén.
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Hinh 6. So d6 tinh toan cac théng sé con lan
may nan thang thép hinh

Ban kinh cGa con lin nan thdng R duoc xac
dinh nhw sau [6]:

E.H
R =0,025.— ,mm D
Ot

SO 3 -2025 4
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Trong dé E- M6 dun dan hoi cua thép, E =
205.10% MPa; o+ Gigi han bén cla thép lam con
l&n ot =610 MPa; H- Chiéu day cla chi tiét nan, dbi
v&i thép can nan cla dé tai thi Hmax= 32 mm; Hmin
=23 mm;

205.103.32
Rmax = 0,025. ———1—— = 268,85 mm; Rpyin
205.103.23
= OIOZS-T = 193,24 mm
Pudng kinh con lan D = 2R = 2.(193,24 +

268,85) = 386,48 + 537,7 mm; theo kinh nghiém ta
thiét ké may cé dwong kinh con 18n [a D = 340 =+
600 mm

Budcconlant=1,1.D=1,1.(340 + 600) = 374
+ 660 mm; theo kinh nghiém ta thiét ké may cé t =
613 + 658 mm

2.2.4. S6 Iwong con ldn n

Sé con I&n ctia may thuong la n = (3+9) ddi voi
may nan thdng cac loai thép vi chéng SVP, thép
ray va thép hinh ¢& 16n [6]. P6 nan cé chinh xac
hay khong phu thudc nhiéu vao sb con I&n, cang
nhiéu con lan thi chat lwong nén cang tét, nhung
quéa nhiéu con l&n s& khéng hop ly va khong kinh
té. Trong nghién ctu nay may dwoc chon voi
n=5

2.2.5. Téc dé nan v (m/s) [6]

Téc d6 nan phu thudc vao ndng suit may va
chiéu day chi tiét nan H: khi H = 0,5 + 4,0 mm thiv
=05+6m/s;H=40+30mmthiv=0,1+0,5
m/s; khi ndn nguéi thi v = 0,3 + 2 m/s. Trong day
chuyén nan thép hinh, sau khi phéi dwoc nan dinh
hinh sé dwoc dwa vao khu vwc lam ngudi. o day,
phéi dwoc 1am ngudi xuéng dwéi 100°C trwdce khi
duoc dua vao trong may nan thang thép hinh. Do
do, tbc dd nan clia may trong nghién ctru nay duoc
chon1+2m/s.

2.2.6. Chat Iwong nan [6]

Chét lwgng nan phu thudc vao bé méat lam viéc
cta con lan (banh) ndn va kha ndng chdng mai
mon clia chung. Mat khac né con phu thuéc vao
(ng suat tiép xuc gitra bé mat kim loai va con I&n.
ng suét tiép xdc duoc tinh theo cong thire thuc
nghiém sau:

’P.E
Oty = 0,418 b_R < 2'O-Ch’ MPa (2)

Trong do:

E — M6 dun dan hdi cia vat liéu lam con I&n, E
=205.103 MPa (da co & trén);

Och - Gidi han chay cla vat liéu lam con lan,
Och = 400 N/mm?2

KON SO 3-2025

b - Chiéu réng bé& mat nén cla chi tiét, b = 320
mm:;

R - Ban kinh ctia con I&n nén, R = 300 mm;

P - Lwc nan I&n nhat, N
b.hg_, ., 320322

T 658

= 607552,6 N
Thay vao (2) ta dugc

607552,6.205. 103
0y = 0,418 = 476,11 MPa

P = 2.0;.

320.300
< 26, = 800 MPa

2.2.7. Céng suat dan déng mdy nan thang N
(kw) [6]

C6ng suat dan ddong may nan thang thép hinh
la cdng suét sinh ra lam kim loai bién dang déo khi
nan 1a phang, ddng thoi phai thdng dwoc cac luc
ma sat tai cac chd 6 khép ndi cé cac chi tiét quay
va mémen khong tai, cong suat duoc tinh theo
cbng thire sau:

O-chz
2.E

Trong dé: och la gidi han chay cla vat liéu con
I&n, och = 400 MPa; E 1a md dun dan hdi vat liéu, E
= 205.10% MPa; H 1a chiéu day cta chi tiét nan, H
=32 mm; b & chiéu réng bé mat nén cua chi tiét, b
=320 mm; k la ty sb gitra md men chéng ubn déo
va chéng ubn dan hoi, chon k = 2,0; P la lwc nan
I&n nhéat, P = 607552,6 N; f 1a hé sb ma sat tai 6
truc con lan, f=0,03 + 0,1, 14y f= 0,04; v la van téc
nan, v =1 m/s; d la dwdng kinh ¢b truc con l&n, d
=200 mm; w |a van téc géc con l&n, w = vir=5
rad/s; f |a hé s6 ma sat lan f = 0,075 + 0,080, lay
f=0,078

Thay vao céng thirc (3) ta tim dwoc cdng suét
can thiét dan déng may nan la:

40072
2.205.103

0,2
+ 607552,6.0,04.7 .5

+ 607552,6.0,078.5 = 249096,6 W
= 249,0966 kW
Trén co s& d6 chon déng co cho may la Baldor
Electric Company cé céng suét 250 kW; ky hiéu
12609ET3Y315L-W22

2.2.8. Ung dung phan mém NX thiét ké 3D va
phan tich két cau [1]

Trong ndi dung nay, nhém tac gia da tinh toan
thiét ké cac chi tiét may, cum chi tiét va (ng dung
phan mém NX dé thiét k& va mé phéng may, mot
s6 két qua dién hinh thé hién trén cac Hinh 7 +
Hinh 16.

N =

d
e Hbv+P.f o w+Pflo, kW (3)

.2.0,032.0,32.1

Website: https://tapchi.hoimovietham.vn
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Critére de Von Mises (aux noeuds) Translation aux noeuds (symbole)

N_m2 mm

1.2e+007 0.065

I 1.08e+007 - I 0.0585
957e+006 0.052
8.37¢+006 0.0455
7.18e+006 0.039
5.98e+006 e 0.0325
4.78e+006 e I 0.026
359e+006 0.0195
2.39e+006 9013
1.2e+006 I 3'0065
644

Uniguement sur la peau

Uniquement sur |a peau

Hinh 7. Két qua phan tich (rng suat Hinh 8. Két qua phan tich chuyén vi

truc dan déng truc dan déng

Critére de Von Mises (aux noeuds). Translation aux noeuds (symbole).

N_m2 mm
1.59e+007 0129
l 1.43e+007 I 0.416
1.27e+007 0.103
1.11e+007 0.0904
9.55e+006 0.0775
7.96e+006 0.0646
6.37e+006 0.0516
4.78e+006 | o037
3.18e+006 | 00258
1.59e+006 h 0.0129
127 0

. Uniquement sur la peau
Uniquement sur la peau

Hinh 9. Két qua phan tich rng suét Hinh 10. Két qua phan tich chuyén vj
cua banh rang cua banh rang

Critére de Von Mises (sux noeuds) Translation aux noeuds (symbole),

Uniquement sur a peau

Uniquement sur la peau

Hinh 11. Két qua phan tich trng suat Hinh 12. Két qua phan tich chuyén vi
than may dwé&i than may dwéi

Hinh 13. Than may dwé&i dwoc han thém cac gan tang cirng

Critére de Von Mises (sux noeuds)
N.m2 Translation aux noeuds (symbole)
29464006 3 mm

' 2,64¢+006 I g':::;
2.35¢+006 EAY ;
2.066+006 4 0015
00131
1.76+006 00112
14704006 0.00936
1.17e+006 I 0.00748
88104005 000561
5.87e+005 0.00374
2.94e+4005 I 0.00187
000447 0

Iniquement sur
Uniquement sur 1a peau Uniquement sur 1a peau

Hinh 14. Két qua phan tich trng suat Hinh 15. Két qua phan tich chuyén vj
than may trén than may trén

Website: https://tapchi.hoimovietham.vn S0 3 -2025 E.
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Hinh 16. Than may trén dwoc han thém cac gan tang cirng

3. KET QUA VA THAO LUAN

Két qua phan tich gia tri 'ng suat va chuyén vj
cla truc dan déng dwoc thé hién trén Hinh 7 va
Hinh 8. T két qua ta thy ng suét I&n nhéat tap
trung tai vi tri an khép cuta hai banh rang, gia tri lén
nhat 1,2e+007 N/m?%(12 N/mm?) gi4 tri nay nhé hon
gia tri (’ng suat tinh toan cho phép cta vat liéu ché
tao truc 785 N/mm? Ngoai ra, chuyén vi I&n nhat 1a
0,065 mm (chuyén vi nay rat nhé nén cé thé bd
qua). Do vay két ciu truc dan ddng clia may nan
thdng thép hinh dam bao diéu kién bén khi lam
viéc.

Két qua phan tich (ng suét va chuyén vi cla
cap banh rang dwoc thé hién trén Hinh 9 va Hinh
10. Twr két qua ta thdy rng suét I&n nhat tap trung
tai vi tri an kh&p cua hai banh rang cé gia tri la
1,59e+007 N/m? (15,9 N/mm?) gia tri nay nho hon
gia tri (’ng suat cho phép cla vat liéu ché tao banh
rang 785 N/mm2. Ngoai ra, chuyén vi I&n nhat xay
ra tai vi tri cap banh rang an khép la 0,129 mm (d6
chuyén vi nay twong dbi nhé). Do vay bd truyén
banh rang tru dam bao diéu kién bén khi lam viéc.

Két qua phan tich (rng suét va chuyén vi cla
than may duéi dwoc thé hién trén Hinh 11 va Hinh
12. Qua két qua ta thay (rng suat I&n nhét tap trung
tai gan & bi d& co gia tri 1,05e+008 N/m2 (105
N/mm?) gia tri nay nhd hon gia tri ng suét tinh

toan cho phép cua vat liéu than may 1a 250 N/mm?.
Ngoai ra, chuyén vi I&6n nhat xay ra tai vi tri vé hop
véi truc ra cla bo truyén la 0,823 mm (d6 chuyén
vi nay rat nhd nén cé thé bd qua). Do vay, két ciu
than may dwéi dam bao diéu kién bén khi lam viéc.
Ngoai ra, dé tang cudng tinh clrng virng cla than
may dwdi dwoc han thém cac gan tang cieng (Hinh
13).

Két qua phan tich (ng suét va chuyén vi cla
than may trén duwoc thé hién trén Hinh 14 va Hinh
15. Théng qua két qua ta thay (ng suét I&n nhat
tap trung tai gan 6 bi d& c6 gia tri 2,94e+006 N/m?2
(2,94 N/mm2) gia tri nay nhé hon gia tri 'ng suét
cho phép cuia vat liéu ché tao than may trén 250
N/mm?2. Ngoai ra, chuyén vi Ién nhat xay ra tai vi tri
vd hdp v&i truc ra clia bo truyén 14 0,0187 mm (dd
chuyén vi nay rat nhd nén cé thé bd qua). Do vay,
két cu than may trén dam bao diéu kién bén khi
lam viéc. Ngoai ra, dé tang cwdng tinh ciring virng
cua than may dwéi dwgc han thém cac gan tang
cng (Hinh 16).

Trén co s& néu ra nguyén ly lam viéc clia may
nan thang thép hinh va mot sé van dé ly thuyét dé
tinh toan thiét k& may nan thang thép hinh, va dua
trén yéu cau thyc té, nhdm nghién ctru da tinh toan
dwoc 01 may nan thang thép hinh cé cac théng sb
co ban trong Bang 4.

Bang 4. Cac thong sé chinh ctia may nan thang thép hinh

TT Tén goi Gia tri DPon vi
1 | Nang suét cia may 120.000 tAn san pham/nam
2 | Pitwong nan Thép vi o6 SVP(CBII)
3 | Téc dd nan 1+2 m/s
4 | Sb lwong con 1&n nén 5 -
5 | Pwong kinh con l&n nén 340 + 600 mm
6 Budéc con lan 613 + 658 mm
7 | Cong suéat dong co 250 kW

m SO 3-2025
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4. KET LUAN
>Trong qué trinh san xuét cac thép can hinh,
trong d6 c6 thép vi chdng 16 SVP thi sau qué trinh
can sé& xuat hién hién twong cong vénh, nhap nhé,
16i 16m trén bé mat thép,...vi vay can phai st dung
may nan thang thép hinh dé hoan thién san pham:;
> Bai bao da trinh bay két qua tinh toan mot

thang thép hinh dung nén thép hinh can néng dung
trong khai thac ham 16 SVP (CBII). May c6 thé
dung nan toan bod cac loai thép vi chéng 16 SVP
dang st dung trong mé than hadm 16 tai Viét Nam;

> Két qua nghién clru nay sé la tai liéu tham
khao cho cac nha thiét ké trong qua trinh tinh toan
thiét k& may nén thang thép hinh O

sb thong s, kiém tra bén mét sb chi tiét may nan
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ABSTRACT

In the process of manufacturing various types of steel profiles, including hot-rolled steel profiles used
in SVP (CBI) mining, the steel billet is heated and passed through the shaped hole to create the
preliminary shape of the part. After the rolling and cooling process, the part will have residual stress and
deformation in the part or appear in the cooling stage, leading to warping of the part. The steel
straightening machine is used to straighten the part to achieve the desired size, shape and quality. In this
study, the authors introduce to the reader the working principle and present some theoretical bases for
calculating the design of the machine, then go into calculating the design of 01 steel straightening machine
and apply NX software to analyze the structure of the part, part cluster. The results of this study can be
used as a reference in calculating the design of a steel straightening machine.

Keywords: hot-rolled steel sections straightening machine, SVP(CBII) shaped steel, structural
analysis.
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