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TOM T A T 

Bdi bdo xdy dung mo hinh linh todn vd tien hdnh gidi bdi todn dong luc hpc mdy tu dong, 
tir do nghien cuu cdc dnh huang cua cdc tham so thiet bi trich khi den hogt dpng cua mdy tu dpng 
sung tieu lien AKM khi bdn duoi nuac. Trong cdc tham so ket cdu thi dien tich 16 trich khi co dnh 
huomg l&n nhdt, vi vdy, bdi bdo chi tap trung khdo sdt tham so ndy den hogt dpng cua mdy tu dong, 
md cu the la den hai thong so quan trpng nhdt Id van toe l&n nhdt cua be khoa vd van toe be khoa 
tgi th&i diem va chgm sau ciing v&i hop sung. Ket qud bdi todn Id ca sa khoa hpc de thiet ke vd che 
tgo sung lien thanh ban duai nu&c. 

Tir khoa: Duai nu&c; Ca cdu trich khi; Toe do be khoa; Dien tich 16 trich khi; Mdy tu dpng. 

ABSTRACT 

The paper builds model and solves the automatic machine dynamics problem, thereby 
studying the effects of the parameters of gas-operation on the operation of AKM automatic machine 
when shot under water. In structural parameters, the gas port area has the greatest effect, so the 
article only focus on studying the effect of this parameter to the operation of automatic machine, 
namely to the two most important parameters. They are the maximum velocity of bolt carrier and 
the velocity of bolt carrier at the time of collision with the gun case. The result of the problem is a 
scientific basis for designing and manufacturing underwater automatic guns 

Keywords: Under water, gas-operation, velocity of bolt carrier, gas port area, automatic 
machine. '^ 
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NGHIEN cuu-TRAO 001 

1. DAT VAN DE 

Sling ban duai nuoc la loai vu khi trang 
bi cho cac luc lucmg dac biet chuyen hoat dong 
duai mat nuac. Hien nay, tren the giai chi co 
mpt vai nuac nghien cuu va ap dung thanh cong 
loai vii khi nay vao thuc te. 0 trong nuac, hien 
nay mpt so de tai trong nuoc da nghien cuu, che 
tao thanh cong sung ban hai moi truang nhung 
chi CO kha nang ban phat mot. Viec tinh toan, 
thiet ke mpt khau siing ban hai moi truong co 
kha nang ban lien thanh co y nghia quan trpng 
va cap thiet. 

De CO ca sa ly thuyet, thuc nghiem 
tin cay trong thiet ke, che tao siing ban duai 
nuac thi viec nghien ciru bai toan xac dinh anh 
huong cua cac tham so thiet bi trich khi d^n 
hoat dpng cua may tu dpng siing tieu lien AKM 
khi ban duoi nuoc la bai toan dau tien can phai 
giai quyet. 

2. CO SOf LY THUYET 

- F^: Luc can bo phan be khoa nong do 
nuac gay ra; 

- M^: Khoi lupng khau ca sa (be khoa 
va piston); 

- m :̂ Khoi luprog khau thii i; 
- a : Goc nghieng cua khau thii i; 

0 mo hinh tren, ngoai lire tac dung do 
ap suit khi thuoc trong buong khi, luc can do 
may tu dpng, be khoa con chiu tac dung cua lire 
can cua nuac, lire can nay dupe tinh theo cong 
thirc [2]: 

F =-pv^C^A (1) 

Trong do: A la dien tich tiet dien can; 
la trpng lupng rieng cua chat long; v la van t6c 
chuyen dpng cua be khoa; CD la he so can phu 
thupc vao bien dang ciia be khoa. 

Cac gia thiet khi tinh toan: 

2.1. Mo hinh tinh toan va cac gia thiit 

Mo hinh tinh toan tong quat ciia vu khi 
tu dpng trich khi dupe thS hien a hinh 1. 

- Cac gia thiet thuat phong trong: Thu6c 
phong chay theo quy luat chay hinh hpc; Toan 
bp lieu thu6c chay trong diSu kien moi tmong 
CO ap suat nhu nhau va bSng ap suit thuat phong 
p; Quy luat t6c dp chay cua thuoc duac biiu 
dien theo cong thuc u ^ u^.p; Kh6i luang ciia 
dau dan tinh bang khoi lupng thuc cua diu dan va 
khoi luang nuac trong nong phia truac dan; 

• Khong tinh den ton thit nhiet trong 
nong; 

Hinh 1. Mo hinh gidi bdi todn trich khi mdy tu 
dong khi bdn dudi nude. 

Trong do: 

- P^ : Luc ap suat khi thudc trong buong 
khi tac dung len piston; 

- F,^; Luc can ciia bp phan diy v8; 

- Coi nuoc la chat long khong nen duac; 

- Coi nuac 6 trong buong khi da duac 
day het ra khi khi thu6c chay vao bu6ng khi; 

- Chi xet ham luc can nhat cua nuoc doi 
vai be khoa khi may tu dpng lam viec. 
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2.2. He phircmg trinh vi plian giai chuyin 
dong cua may tu- dong 

De giai chuyen dpng cua may tu dong, 
tien hanh giai dong thoi 6 phuong trinh thuat 
phong trong, 3 phuong trinh nhiet dpng bu6ng 
Idii va 2 phuong trinh chuySn dong cua be Idioa. 

- He phuong trinh thuat phong trong. 

Theo tai lieu [2] ta co dupe he phucmg 
trinh vi phan thuat phong cho dan b4n duai 
nuoc nhu sau: 

rst(i-».)sp(;.-,)l (2) 

C,' dl "' 

- He phuang trinh nhiet dpng buong khi. 

Khi ban duai nuac vai ket cau ciia siing 
tieu lien AKM, thi lupng nuac a trong buong 
khi la rat nho. Do do, co the gia thiet khi khi 
thuoc trich vao buong khi se day toan bp luang 
nuac nay qua khe ha giija pittong - buong khi 
va dien day the tich tu do ciia buong khi. Qua 
trinh khi gian na sinh cong cung tuong tu nhu 
khi ban trong khong khi, tu do he phuang trinh 
nhiet dpng buong khi [4]: 

(3) 

- He phuong trinh chuyen dpng ciia 
may tu dpng. 

Hoat dpng cua may tu dpng khi ban 
ducfi nuac hoan toan khong khac so vai khi ban 
trong khong khi. Tuy nhien, cac bp phan cua 
may tu dpng khi ban duoi nuac se chiu luc can 
cua nuac, luc can nay lon hon nhieu so voi luc 
can cua khong khi, luc can nay dugc xac dinh 
theo (1). Do vay, ta se khao sat hoat dpng cua 
may tu dpng ciia siing khi ban duai nuac nhu a 
tren can nhung c6 xet den anh huang ciia ham 
luc can den cac bp phan ciia may tu dpng khi 
lam viec. 

He phuang trinh chuyen dpng cua be 
khoa (khau ca sa) theo [4]: 

\^ = v 
dl (4) 

3. KHAO SAT ANH HlTONG CUA DU'DNG 
KINH L 6 T R I C H K H I DEN HOAT DONG 
CUA MAY TlT DONG 

Hoat dpng ciia may tu dpng phu thupc 
vao rat nhieu tham so ket cau ciia thiet bi trich 
khi: Vi tri 16 trich khi; dien tich 16 trich khi; 
the tich ban dau ciia buong khi; dien tich be 
mat piston; dien tich khe ha giiia piston va 
thanh buong khi. Trong do, tham s6 dien tich 
16 trich khi la quan trong nhat va co anh huang 
idfn nhat. Do d6, ban chat van de la khao sat 
anh hucmg ciia duang kinh lo trich khi d^n hai 
thong s6 can quan tam nhat la van toe cu6i hanh 
trinh liii (van t6c va cham sau ciing) va van t6c 
1cm nhat cua be kh6a. 

Cac thong so dau vao: 

- Th6ng so thuat ph6ng trong [2]; 
- Th6ng so bai toan nhiet dpng bu6ng khi: '^ 

ISSN 0866 - 7056 
TAP CHi CO KHi VIET NAM, S6 1+2 nam 2019 

www.co khivietnam. vn 

http://www.co


NGHIEN cuu-TRAO D 6 | 

l . D A T V A N D E 

Sling bin duoi nuac la loai vii khi trang 
bi cho cac luc lupng dac biet chuyen hoat dpng 
duoi mat nuac. Hien nay, tren th^ giai chi co 
mpt vai nuoc nghien cuu va ap dung thanh cong 
loai vu khi nay vao thuc te. 6 trong nuac, hien 
nay mpt so de tai trong nuac da nghien cuu, che 
tao thanh cong sung ban hai m6i truang nhung 
chi CO kha nang ban phat mpt. Viec tinh toan, 
thiet ke mpt khau siing ban hai m6i truang co 
kha nang ban lien thanh co y nghTa quan trpng 
va cap thiet. 

De CO ca so ly thuyet, thuc nghiem 
tin cay trong thiet ke, che tao siing ban duai 
nuac thi viec nghien cuu bai toan xac dinh anh 
huong ciia cac tham so thiet bi trich khi den 
hoat dong ciia may tu dpng siing tieu lien AKM 
khi ban duoi nuoc la bai toan dau tien can phai 
giai quyet. 

2. CO S 6 LY THUYET 

2.1. Mo hinh tinh toan va cac gia thiet 

Mo hinh tinh toan tong quat ciia vn khi 
tu dpng trich khi dupe thi hien a hinh 1. 

- F(.: Luc can bp phan be kh6a nong do 
nuac gay ra; 

- M^: Khoi luang khau co so (be khoa 
va piston); 

- m :̂ Khoi lupng khau thiir i; 
- a : Goc nghieng ciia khau thu i; 

Ci mo hinh tren, ngoai lire tac dung do 
ap suit khi thu6c trong buong khi, luc can do 
may tu dpng, be khoa con chiu tac dung cua lire 
can cua nuoc, luc can nay duac tinh theo cong 
thiic [2]: 

pvC^A (1) 

Trong do: A la dien tich tiet dien can; 
la trpng lucmg rieng cua chat long; v la van t6c 
chuyen d6ng cua be khoa; CD la he so can phu 
thupc vao bien dang ciia be kh6a. 

Cac gia thiet khi tinh toan: 

- Cac gia thiet thuat phong trong: Thuoc 
phong chay theo quy luat chay hmh hpc; Toan 
bp heu thuoc chay trong dieu kien moi truong 
CO ap suat nhu nhau va bing ap suit thuat phong 
p; Quy luat t6c dp chay cua thupc duoc bik 
dien theo cong thiic u ^ u^.p; Kh6i lucmg cua 
dau dan tinh bang khdi lupng thuc cua diu dan va 
kh6i lupng nuoc trong nong phia truac dan; 

- Khong tinh den t6n thit nhiet trong 

Hinh L Md hinh gidi bdi todn trich khi mdy tu 
dong khi bdn dudi nude. 

Trong d6: 

- P^: Luc ap suit khi thu6c trong budng 
khi tac dung len piston; 

- Fj^: Luc can ciia bp phan diy v8; 

- Coi nuac la chit long khong nen duoc; 

- Coi nuoc d trong budng khi da duac 
day hat ra khi khi thudc chay vao budng khi; 

- Chi xet ham lire can nhdt ciia nude doi 
vdi be khda khi may tu ddng lam viec. 
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2.2. He phirong trinh vi phan giai chuyin 
flong cua may ty dong 

De giai chuyen ddng cua may tu ddng, 
tien hanh giai ddng thdi 6 phuang trinh thuat 
phdng trong, 3 phuang trinh nhiet dpng budng 
khi va 2 phuang trinh chuyin dpng cua be khda. 

- He phuang trinh thuat phdng trong. 

Theo tai lieu [2] ta cd dupe he phuong 
trinh vi phan thuat phdng cho dan ban dudi 
nude nhu sau: 

(2) 

dl 

'dt' 

dv 

/, 
(x+ ̂ <, 

[Sp-F,] 

dW _ 

dt " 

dp 1 

dl W 

W }dl 

"1-''-
eqj(i-/rj5p 

2 

^ j ™ _ 

2 ^ 

~kj>Sl-

BkfiS/ BkfiplCv' 

c: 

- He phuang trinh nhiet ddng budng khi. 

Khi ban dudi nude vdi ket cau cua sung 
tieu lien AKM, thi luong nude d trong budng 
khi la rat nhd. Do dd, cd the gia thiet khi khi 
thuoc trich vao budng khi se day toan bd lupmg 
nude nay qua khe hd giiia pittong - budng khi 
va dien day the tich tu do cua buong khi. Qua 
trinh khi gian nd sinh c6ng ciing tuang tu nhu 
khi ban trong khdng khi, tic do he phuang trinh 
nhiet dpng budng khi [4]: 

(3) 

-\kG, ft, K, p„W„ 

- He phuang trinh chuyen dpng cua 
may tu ddng. 

Hoat dpng ciia may tu ddng khi ban 
dudi nude hoan toan khdng khac so vdi khi ban 
trong khong khi. Tuy nhien, cac bd phan cua 
may tu ddng khi ban dudi nude se chiu lire can 
cua nude, lire can nay ldn hem nhieu so vdi lire 
can cua khdng khi, luc can nay duoc xac dinh 
theo (1). Do vay, ta se khao sat hoat ddng cua 
may tu ddng cua siing khi ban dudi nude nhu d 
tren can nhung co xet den anh hudng cua ham 
lyc can den cac bd phan cua may tu ddng khi 
lam viec. 

He phuong trinh chuyen dpng cila be 
khda (khau co sd) theo [4]: 

dl ~ 

(4) 
-{P^-C^X-F^) 

k Pt, 'k,i Pt, • 

3. KHAO SAT ANH HUOfNG CUA DUONG 
KINH LO TRICH KHI D £ N HOAT DONG 
CUA MAY Tir DONG 

Hoat ddng ciia may tu ddng phu thudc 
vao rat nhieu tham so ket ciu cua thilt bi trich 
khi: Vi tri 16 hich khi; dien tich 16 trich khi; 
the tich ban dau cua budng khi; dien tich bl 
mat piston; dien tich khe hd giira piston va 
thanh budng khi. Trong dd, tham sd dien tich 
Id trich khi la quan trong nhit va cd anh hudng 
ldn nhit. Do do, ban chit vin dl la khao sat 
anh hudng cua dudng kinh 16 trich khi din hai 
th6ng sd can quan tam nhit la van tic culi hanh 
trinh liii (van tdc va cham sau ciing) va van tdc 
ldn nhat cua be khoa. 

Cac thdng sd diu vao: 

- Thdng sd thuat phdng trong [2]; 
- Thdng sd bai toan nhiet ddng budng khi: '^ 
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Ten thong so 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Khoi luptig khau co sa , 

Khii luong khoa nong va kim hoa 

Khii luong 16 xo day ve i 

Khoi luong vien dan 

Momen quan tinh cua khoa ndng 

Dp cung 16 xo day ve 

Dp nen ban dau cua 16 xo day ve 

G6c bien dang cam khoa nong 1 

Hieu suat truyen dong giiia KN va be khoa 

Ki hieu Gia tri 

0.43 

0.1 

O.I 

0.00538 

631e-8 

3 

3 

45 

0.69 

Don vi 

kg 

kg 

kg 

kg 

KG.dm= 

KG/dm 

KG 

do 

- Cac th6ng so khac: Trpng luang rieng ddng tin cay d ca hai mdi trudng. 

ciia nudc:p=lA^G/t/m'; he sd can: CD = 1,05; 
dien tich tiet dien can cua be khoa: A= 0,0393 dm .̂ 

Giai he phuong trinh vi phan (2), (3), 
(4) vdi cac thdng sd ban dau nhu tren va thay 
ddi dien tich 16 trich khi thu duoc ket qua hinh 
2 va hinh 3 the hien su phu thupc ciia t6c dp be 
khoa theo dien tich Id trich khi. 

Tir dd thi hinh 2 thay ring: 

Khi tang dudng kinh Id trich khi thi van 
tdc cudi cua be khda tang, dan din may ty ddng 
hoat ddng tin cay hon. Tuy nhien, khi do niu 
ban tren khdng khi, van tdc va cham ldn, xa 
thii khd giii chae siing khi bin, lam giam dp 
chinh xac ban. Ngupc lai ndu dudng kinh lo 
trich khi qua nhd thi cd thi may tu ddng khdng 
hoat ddng (d = 3.9 mm) hoac hoat ddng khdng 
tin cay. 

Vdi cung dudng kinh Id trich khi d = 
4.5mm thi van tdc be khda cudi hanh trinh lui 
khi lin lupt bin ttong 2 mdi trudng nude va 
khdng khi la: V^^- 1.95 m/s va V^̂  - 2.86 m/s. 
Tdc dp nay dam bao cho may tu ddng boat 

3.90 4.00 4.10 4.20 4.30 4.40 d.SO 4.60 4.70 

Dt/imz Mnh IS trich khf (mm) 

Hinh 2. Anh hudng cua dien tich Id trich khi din 
van toe cudi cua be khda 

3 90 4.00 4.10 4.20 4.30 4.40 4.S0 4,60 4 

thiimt kinh la trich hhl (mm) 

Hinh 3. Anh hudng ciia dien tich 16 trich khi d 
van tdc l&n nhdt cua be khoa. 
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Tir do thi hinh 3 thay rang khi tang dien 
tich Id trich khi thi van tdc ldn nhat cua be khda 
tang dan. Su khac nhau d ca hai trudng hpp la 
khdng nhieu, dieu nay dupe giai thich do van 
tdc be khda dat gia tri ldn nhit gin vdi thdi 
diem ket thuc hanh trinh lui tu do, khi do be 
khda mdi lui dupe mdt khoang x^^^ 9 mm. 

Ket hcfp vdi nhan xet d hinh 2 ta thay, 
may tu ddng siing AKM cd the hoat dpng tdt 
trong ca hai mdi trudng nude va khdng khi khi 
dien tich Id trich khi nhd nhat khi dat 4.5 mm. 

4. NHAN XET 

Tir cac ket qua tinh toan cho thay, dien 
tich Id trich khi anh hudng rat ldn den hoat 
ddng cua may tu. Quy luat su phu thudc tdc dp 
be khoa vao dudng kinh Id trich khi tuong tu 
nhau khi ban d ca hai mdi trudng. 

Viec xay dung md hinh va giai quyet 
bai toan cd y nghia het sue quan trpng. Ket qua 
bai toan cho thay, tinh diing dan cua md hinh va 
phuong phap tinh toan, bao dam dp tin cay cho 
viec thilt kl , che tao sung tieu lien khi ban dudi 
nude. Bai bao la co sd khoa hpc tin cay cho 
viec tinh toan cac thdng so khac trong qua trinh 
thilt k l Sling lien thanh ban hai mdi trudng. • 

Ngay nhan bai: 06/01/2019 
Ngay phan bien: 15/02/2019 
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