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Tém tit: Bai bdo trinh bay cdc két qua nghién civu thwe nghiém cat kim logi
bang ndng lwong né cia cdc loai lwong né dinh huéng cé cdu tric dang mdng
(thdng va tron xoay) véi cdc phuong dn gd dat khdc nhau nham kiém chimng lai cdc
két qua tinh todn trén co sé mé hinh nghién ciru Iy thuyét vé cdt né bang lwong né
dang mdng c6 va khéng cé vuot dai hedi cdt...

Tir khéa: Ky thuét co khi dong luc; Ung dung nang lugng nd; C4t tim kim loai.
I. DPAT VAN PE

Cit kim loai bang luong nd dang méang di dugc tmg dung dé cit cac két cau thép dang
tAm phang, dang dng va dang try tron. Nghién ctru vé& qua trinh hinh thanh ludi cit tap trung,
twong tac pha huy vat dich, tir 46 xay dung mé hinh bai toan cit tim vat liéu bang luong nd
dang méang thang da duoc cac tac gia trong vao ngoai nudc cong bd [5], [6].

Cong nghé cit éng tru bang lugng nd dang mang tron xoay dit trong long éng (nd min
kin), di duoc (mg dung rat hiéu qua ¢ Lién bang Nga va mot sé nudc trén thé gidi. Tuy
nhién 1y thuyét tinh toan cho dang mang nd tron xoay chua thiy duoc cong bd & ca trong
va ngoai nudc. Do vy, nhom tac gida Nguyén Quang Huy, Nguyén Trang Minh, Tran Vin
Doanh di xay dung mé hinh tinh toan cit vat liéu dang 6ng bang lugng nd dang méang tron
xoay. Céc két qua nguyén ctru Iy thuyét budc ddu dd dugce cong bd trong cac cong trinh
[1], [2], [3] ma & d6 chua co diéu kién dé dwoc kiém nghiém thuc té. Tir cac két qua
nghién ciru 1y thuyét c6 tinh chat dinh hudng, nhom tac gia da to chirc thuc nghiém cho
mdt s6 mau dién hinh va so sanh, danh gia muc d¢ chinh xac ctia mé hinh nghién ciru ly
thuyét nhu cac noi dung dudi day.

IL. LY THUYET TiNH TOAN CAT VAT LIEU BANG LUQNG NO
DANG MANG TRON XOAY
2.1. Ly thuyét tinh toan cit tAm vat liéu bing lwong nd dang mang thing

Do nguyén Iy nd dinh huéng, qua trinh n6 lwong nd mang thing tao ra ludi cit trén mit
phéng trung tim (mat phéng cit). Két qua ciia qué trinh tao ra vét cét co chidu dai bang chiéu
dai cia lugng nd. Do tinh chit hoi tu cta ludi cit, vat can cit cling can dat cach luong nd
mot khoang cach nhat dinh goi 1 tiéu cu cat (f) nhu trong hinh 1.

Hinh 1. M6 hinh cat 6ng tru bang hrong né dang mang thang.
1. V6, 2. Thube né; 3. Méang I6t; 4. Kip né; 5. Liéu dan né; 6.Vt dich.
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Trén co s& cac 1y thuyét vé qué trinh lan truyén nd, 1y thuyét thiy dong ciia dong san
pham nd, 1y thuyét vé sy pha hiy vat lidu ciia dong san phdm nd tip trung cua tac gia
Lavanchev [4]. Tac gia da xay dung cic biéu thirc tinh toan cét tim vat liéu bang lugng nd
dang mang thang nhu sau [1]:

Y

a. Biéu thtrc tinh van toc cta ludi cat tap trung: U, = U, cot =, (1)
Trong do:
. , D 3
U, - Van toc cua mang 16t binén ép, U, = g , (2)
K2-1\3+p
D - Toc do nd cua thudc nd nhoi trong luwong no, f = ]\40 ,
. . g M -M
m , - Khoi lugng thudc no tich cue, m, = n Il+——|
M, +M+m
, 3)
M - Khoi lugng mang 16t,
M, - Khéi lugng vo boc cua lugng nd,
m - Khéi luong thude nd trong luong nd;
.2 1
b. Biéu thuc tinh mét nura goc nhap khép: ¥ = a + arccos -
U
1+ Dt o
, tan” @ )
Trongdé: % Goc nghiéng song nd, ¢ = arcsin——.
H
- D; Dy; : Toc d6 nd cua thude nd chinh va liéu dan nd.
c. Biéu thirc tinh chiéu rong ludi cét:
U 1
l,=1, — 20 cotZ +tanacotL -
D, tangp 2 2 cosa
(%)
. X , 20 1, .
d. Biéu thirc tinh bé dy 1udi cit: 5, = —-%sin’ % ©6)
c0
Trong do:
ly- Chiéu dai duong sinh méang 16t,
o,- Bé day mang 16t.
b=l 2
e. Biéu thirc tinh chiéu sau cit 1on nhét: Py (7

Trong do:
Lco - Bé rong ludi cit sau khi hinh thanh;
p,, - Mat do cua vat liéu lam mang 16t;
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p, - Mat do cua vt dich.
7 : : AS5.U;
g. Biéu thtic tinh bé rong duong cit: § = —<—C P (8)
t 2 p

Trong do: A- HE ) phu thudc do bén vat liéu dich.
2.2. M hinh tinh toan cit dng tru bing lwong nd dang mang tron xoay

Trén thuc té, viéc cat cac 6ng tru tron xoay bf‘?mg nd d3 duoc tién hanh bi’mg modul tron
xoay (kiéu min dia) hodc tap hop cac modul thang lién két v6i nhau bang cac day din nd
(kiéu min vong). Viéc sir dung cac modul thang lién két voi nhau chay xung quanh bién
dang cong cua 6ng tru di duogc str dung trong thuc té nhung chi ap dung trong truong hop
cét tir ngoai vao. Trudng hop cét tir trong ra s& gap cac han ché khi tién hanh cat, cac diém
nbi ciia cac modul thang s& khong dugc cit dut hoan toan chu vi ng do hudng chuyén
dong cua ludi cit tap trung di thang tao ra khoang trong hinh dé quat trén chiéu day 6ng
hudng ra ngoai. Vi vy, dé cit dit mot cach tin cay ong tru tron xoay theo phuong an cit
tur trong ra, lya chon modul luong nd dang mang tron xoay, khép kin va ti€u cu déu nhau
trén toan bo dudng cat nhu trong hinh 2.

Vit cén ciit

Phéu 16t

T A = A
Liéu dan n6

Hinh 2. Mé hinh cdt ong tru bang lwong né dang mdng tron xoay.

Theo [2], [3] c4c biéu thirc tinh kha ning cit cua lwong nd dang mang tron xoay la:

2 . D
a. Biéu thirc tinh toc do nén ép mang lot: U, = 3 9)
NEP -1 \3+ /5
2 1
b. Biéu thic tinh mt mra goc nhap khép: ¥ = & + arccos -
U
\/ 1+ D (odian’ o L
, . T tand, — k..
Trong d6: - Goc nghiéng ciia song no: ¢ = — —arctan———
2 1+tan@ k...
. R, .
sind, — —%sind,
R, R,tan@, R, 1
kCC' = Rm Hm = arccos—— (9d = R— R_ = m
cosd, ——%cosb, m S i it

m rd
b

- Téc d6 cua lidu dan nd (quy ddi): Dygd= D.arcsin ¢
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c. Biéu thure tinh chiéu rong luoi cat:

lcozlo(LcotZHanacotZ— 1 J

D,(qd)tangp 2 2 cosa (11
L2 “A .2 25m10 s 2 7
d. Bi€u thuc tinh chiéu day ludi cat: 0, = sin 5 (12)
c0
b=l Pa
e. Biéu thirc tinh chidu sau cit 1on nhat: P (13)
_, . , AU
g. Biéu thitc tinh bé rong duong cht: §, = —ocC [ Pr (14)
P

Két qua tinh toan kha ning cit cho mang nd thang va mang nd tron xoay theo cac cong
thirc 1y thuyét (1), (2), ... (14) s& duoc so sanh voi két qua thuc nghiém va thuc hién trong
phan 4.

IIL. THYC NGHIEM CAT TAM VA ONG THEP
BANG LUQNG NO DANG MANG THANG VA MANG TRON XOAY

3.1. M6 hinh thuc nghiém

Dé danh gia duoc tinh ding dén ciia mo hinh 1y thuyét, can thiét tién hanh cac thyc
nghiém dé do dac kha ning cit ciia lugng nd mang thang va mang tron xoay trong cac
diéu kién thyc té, cling nhu xac dinh cc hé s6 an khép ciia tinh toan 1y thuyét so vai két
qua thye.

Hinh 4. M6 hinh do khd néng cdt cia lwong né méang tron xoay.
1- Bat; 2- Nép ddy; 3- Bao cat; 4- Ddy dién; 5-Kip no,; 6-Mdng né, 7- Vo thép; 8- Tam ké.
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3.2. Thong s6 miu thir nghiém

* Mang nd thang: sir dung thubc nd A-
IX-1, trong diéu kién méi truong khong

khi.

- Bé day thubc nd: 4,0; 5,6; 7,2 (mm);
- Mat d6 cua thude nd: 1,68 (g/em’)
- Téc d6 nd cua thude nd: D= 7100
(m/s);

- Chi s0 mii doan nhiét ciia san pham no:

k=3;

- B¢ day mang 16t: 1,5 (mm);

- B& rong thanh mang 16t: 30 (mm);

- Mat d6 vat lidu mang 16t: 8,9 (g/cm’);
- Goc mo mang 16t: 84°30';

- Bé day vo lugng nd: 1,5 (mm);

- Mat d6 vo luong nd: 8,9 (g/em’);

Cdc tham sé trung gian:

- Cyly cit: f =20 (mm);

- Vén tbc gidi han: Ve =2200 (m/s);
Cdc tham sé vit can cdt bao gom:

- Mat d6 vat lidu can cét (vat dich): =7,8
(kg/m’);

- Hé sb phu thude do bén vat liéu can
cit: A =1,4( m*/3)[6];

* Mang nd tron xoay: sir dung thude nd C4
trong diéu kién méi truong khong khi.
- B¢ day thudc nd: 6,42 (mm);
- Mat d6 cua thude nd: 1,65 (g/em®)
- Toc dd nd ctia thude nd: D= 6800
(m/s);
- Chi s6 mii doan nhiét cua san phém nd: k =3;
- B¢ day mang 16t: 1,5 (mm);
- Bé rong thanh mang 16t: 24 (mm);
- Mat d6 vat liéu mang 16t: 8,9 (g/cm’);
- Géc md mang 16t: 60%;
- B¢ day vo luong no: 6 (mm);
- Mat d6 vo luong nd: 1,95 (g/em’);
- Ban kinh cong ctia lugng nd r;= 80,5 (mm)
Cdc tham sé trung gian:
- Cu ly cit: f=0;10;20 (mm);
- Van tc gidi han cta ludi cit: V=2200
(m/s);
Cdc tham s6 vit can cdt bao gom:
- Mat d6 vat lidu can cét (vat dich): =7,8
(kg/m);
- Heé sb phu thude do bén vat lidu can cét: 4
=1,4( m’/J);

* Poi voi luong nd mang tron xoay c6 vudt dai ludi cit:
- Bé day thudc nd tai dinh mang 16t: 8,42 (mm);
- Bé day thudc nd tai miéng mang 16t: 6,42 (mm);

-Culycat: £ =10 (mm);

Céc tham s6 con lai giong nhu doi vai cac lugng n6 khong vudt dai ludi cat.

3.3. Két qua thir nghiém

Hinh 5. Két qua thir nghiém cdt bang mdng né thang.
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st —y AZES

Hinh 6. Két qua thir nghiém cdt bang mdng né tron xoay.
IV. KET QUA NGHIEN CUU VA THAO LUAN
4.1. Két qua thuc nghiém cho lwong né dang mang thing

Bing 1. Két qua thir nghiém kha ndng cdt ciia mang né thang.

Té < ~ Chiéu sa XX s
TT 2’“ Pac diem mau thir ‘ te sat Pac diem vét cat
mau : cat (mm) :
. ‘M thir khéi luong 80, Vft c?t chua Athung hgan }03.1}, dau
1 | Maul s L Ty 18 vet cat loe rong, cudi vet cat thu
- Kich n6 bang kip n6 dién so 8. .
hep lai.
~ .~ |-Mau thir khdi lugng 90g. ét th 5, khong hét toan bo
5 | Mau 2 au 01 luong 90g 20 Vet thung nhd, khong hét toan bd

- Kich nd bang kip nd dién s6 8. chiéu dai luong nd.

Vét thing nho, miéng vét cit loe
20 rong, khong hét toan b chiéu dai
luong nd.

- Mau thir khéi luong 100g.

3 | Mau 3 Ly 3 .
2| Kich nd bing kip nd dién s6 8.

4.2. Két qua thwc nghiém cho lwgng né dang mang tron xoay
Bing 2. Két qua thir nghiém kha nang cdt ciia hrong né

mang tron xoay khéng vuét dai ludi cdt.

Mau s6 1 Mau s6 2 Mau s6 3
Trang tl}éi Chiéu | Bérong | Chiéu | Bérong | Chiéu | Bérong
kich no sdu cat | duongcat | siucat | duongcat | siucat | duong cat
(mm) (mm) (mm) (mm) (mm) (mm)
Kich nd tai 1 diém 16 15 16 16 14 15
Kich nd tai 2 diém 16 16 13 16 16 16
Kich nd tai 4 diém 15 16 16 15 16 14

Bing 3. Két qua thir nghiém kha nang cdt ciia hrong né

mdng tron xoay co vuot dai ludi cat.

Chi tiéu Mau 1 MAu 2 MAu 3 MAu 4
Chiéu sau cit (mm) 19 19 17 19
Bé rong dudng cat (mm) 16 17 16 16

4.3. Tinh toan, dinh gia h¢ s6 khép ciia mé hinh Iy thuyét
4.3.1. Tinh kha ndng cdt ciia mau thir theo 1y thuyét
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St dung cac cong thirc 1y thuyét da xay dung trong muc 2 dé tinh toan cho cic mau thir
thue nghi€m, véi cac tham s6 dau vao tinh toan nhu trong muc 3.2, ta dugc Kkét qud nhu sau:

Bing 4. Két qud tinh todn khd ning cdt cia lwong né mdng thang.

Chi tiéu Miu 1 Méu 2 Miu 3
Chiéu sau cit (mm) 32 32 32
(khéng tinh dén hé s6 A)
Chiéu sau cit (mm) 22.86 22.86 22.86
(c6 tinh dén hé s6 A)

Bing 5. Két qua tinh todn khd ning cdt ciia lwong né mang tron xoay.

Y en Mang nd tron xoay khéng | Ming nd tron xoay c6
Chi ti€u £, vxe s S K xs s L
vuot dai luwdi cat vuot dai ludi cat
Chiéu sau cat (mm)
o PR 24.4 27.5
(khong tinh dén hé so A)
Bé rong duong cit (mm
ong duong cat (mm) 17.43 19.57
(co tinh dén hé so A)

4.3.2. Tinh hé s6 khop

So sanh danh gia tinh phu hop cua tinh toan 1y thuyét voi két qua thuc nghiém (hé
s6 khép). Lay gia tri két qua do kha ning cét cia mau thir nghiém thyc té chia cho két
qua tinh kha ning cit bang cong thirc 1y thuyét xay dung dugc.

- P6i voi lugng nd mang thang, hé sé khop 1a: 0.875.

- P6i voi lugng nd mang tron xoay khong vudt dai ludi cét, hé sé khop 1a: 0.918.

- Ddi véi lugng nd méang tron xoay c6 vudt dai ludi cit, hé s6 khop 1a: 0.971.

4.4. Két qua va binh ludn

Céc két qua thuc nghiém sai khac khong nhiéu so voi cac két qua tinh toan 1y thuyét ca
vé dinh tinh cling nhu dinh lugng thé hién & cac yéu td sau:

+ Vé kha ning cit cua luong nd dang méang thing khong vudt dai ludi cat trén thyc té
hoan toan tuong dong voi tinh toan ly thuyét, chi€u sau cat sai khac khong qua 13%.

+ Vé kha ning cat cua luong nd dang mang tron xoay khong vudt dai ludi cit, trén thuc
té hoan toan twong déng véi tinh toan 1y thuyét, chiéu sau cat sai khac khong qua 9%.

+ V& kha ning cit ctia luong nd dang méang tron xoay c6 vudt dai ludi cit, trén thuc té
hoan toan twong ddng véi tinh toan 1y thuyét, chiéu sau cit sai khac khong qua va 4%.

Su sai khac giita tinh toan 1y thuyét va thuc nghiém nhu trén 1a nhitng nguyén nhan co
ban sau: do cong thirc thyc nghiém tinh kha nang xuyén cua ludi cat tdp trung dya trén co
s6 dong xuyén tap trung cua dan 10m, chua ké dén cac suy bién trén duong thang va duong
cong clia mang no thang va mang no tron xoay; ngoai ra, cac sai léch do gia cong ché tao
dan dén su sai khac ctia cac tham so hinh hoc va dong hoc cua ludi cat.

Nhu vdy, m6 hinh nghién ctru 1y thuyét da xay dung 1a phu hop va ding dan, c6 thé sir
dung dé khao sat anh huong ciia cac tham sé dau vao thiét ké cua lugng nd dang mang tron
xoay dén kha nang cit cac tim vo tru.
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5. KET LUAN

Trén co s& mo hinh 1y thuyét cho bai toan cit nd bang lugng n6 dang méang thang va
mang tron xoay co ké dén hién tugng vudt dai ludi cat [1], Cac két qua thuc nghiém sai
khac khong nhiéu so voi cac két qua tinh toan 1y thuyét ca vé dinh tinh ciing nhu dinh
luong. Tir d6 chig minh cho tinh dang dan cia md hinh 1y thuyét da xay dung.

Vé kha ning cit cua lwong nd dang mang thang khong vudt dai ludi cit trén thuc té
hoan toan twong dong véi tinh toan 1y thuyét, chiéu sau cit sai khac khong qua 13%. Vé
kha ning cét ctia lugng nd dang mang tron xoay trén thyc té hoan toan tuong déng vai tinh
toan 1y thuyét, chiéu sau cit sai khac khong qua 9% dbi voi lwong nd khong vubt dai ludi
cit va 4% d6i v6i lwong nd co vudt dai ludi cit.

Viéc kich nd tai mot diém, hai diém d6i dién va bén diém cach nhau goc 90° ctia mang
nd tron xoay khong anh hudng nhidu dén vét cit. Viéc kich nd dong thoi cho kha ning cit
16n nhat. Khi thay dbi tiéu cu cit, anh huong dén chiéu sau cat do ludi cét tap trung khong
duoc hinh thanh hoan toan.

Tai vi tri kich nd, chiéu sau cit co gia tri 16n nhét, sau d6 giam dan dén gia tri trung
binh do qua trinh cat chua dat 6n dinh, géc nghién séng nd tang tir gia tri 0 dén gia tri ¢.

Nhu vdy, mé hinh nghién ctru 1y thuyét da xay dung 1a hoan toan phu hop, cé thé sir
dung dé khao sat anh huéng cta cac tham sé dau vao thiét ké cua luong nd dang méang
tron xoay dén kha ning cit vo tru. Can thiét dit vin dé nghién ctiru thém trudng hop cit tir
ngoai vao dé bd sung hoan thién ly thuyét cit nd cc tim vé tru bang luong nd.

Léi cdm on: Nhom tac gia cam on su tai tro' vé kinh phi thir nghiém cia nha may Z117/ Tong
cuc CNOP, sy gitip d& vé y twong khoa hoc ciia PGS-TS Nguyén Thai Diing, cdc diéu kién thir
nghiém cua Trung tam Ky thudt Vi khi/ HVKTQ.
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ABSTRACT

EXPERIMENTAL RESEARCH FOR METAL SHELLS CUTTING USING
EXPLOSIVE CHARGE OF REVOLVED CHANNEL

In the article, the results of experimental research for metal cutting using
explosive energy of explosive charges, which have channel shape (straight and
revolved) are presented. The experiments were carried out with different mounting
options to verify the calculated results based on the theoretical model for metal
cutting using explosive charge of channel shape with and without longitudinal
blade...

Keywords: Mechanical engineering dynamics, Application of explosive energy, Metal cuttting.
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