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TOM TAT

Bai bdo nay trinh bay 1y thuyét va phwong phdp thiét ké dwong cam lam viéc cho hé sing
mdy SM7,62-6N hoat déng theo nguyén 1y Gatling. Nghién ciru phén tich chi tiét cdc thanh phan
cau thanh dwong cam lam viéc, bao gom cdc doan ting téc, giam toc va cdc vi tri hoat déng ciia
co cdu déng khéa nong trong chu ky ban. Pdc biét, bai bdo so sanh wu nhwoc diém giita hinh dang
parabolic va diong cong khéng va cham, dong thoi dea ra cdc cong thirc t6i wu héa nham giam
thiéu ing sudt co hoc va dam bdo hoat déng on dinh ciia hé thong. Két qud nghién ciru cho thdy
dwong cam lam viéc khong va cham voi dang hinh sin bién doi mang lai hiéu qua van hanh 16i wu,
gidm va cham so véi hinh dang parabolic truyén thong.

Tir khéa: Gatling; Co cdu cam; Siing mdy minigun M134.
ABSTRACT

This paper presents the theory and methodology for designing the cam track for the
SM7.62-6N machine gun system operating on the Gatling principle. The study analyzes in detail
the components constituting the cam track, including acceleration and deceleration segments and
the operational positions of the barrel locking mechanism during the firing cycle. Specifically, the
paper compares the advantages and disadvantages between parabolic shapes and non-collision
curves, while providing optimization formulas aimed at minimizing mechanical stress and ensuring
stable system operation. Research results indicate that the non-collision cam track with modified
sinusoidal form delivers optimal operational efficiency, reducing impact compared to traditional
parabolic shapes.
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1. PAT VAN PE

Stng may SM7,62-6N duoc thiét ké
theo nguyén 1y Gatling dé dat toc do bin cuc
cao. Nguyén ly hoat dong dua trén viéc st dung
nhiéu nong sung quay quanh truc chung, mdi
nong thuc hién cac pha khac nhau cua chu ky
bén. Yéu t6 quyét dinh hiéu suit va do tin cay
ctia hé thong nay chinh 1a thiét ké dudong cam
lam viéc (duong cong chiic nang) — mot ranh
dan hudng diéu khién chuyén dong cua cac co
ciu dong, mé khoa nong.

Cl..lm r“'lh W dng Cu- Edu Cam

Hinh 1. Sung may SM7,62-6N

FRiinh cam bén
nocmg vo hop
khod nidsnig

Hinh 2. Buong cam lam viéc

Duong cam lam vi¢c dong vai trd nhu
mot bo diéu khién co hoc, dam bao dong bo hoa
hoat dong cua tit ca cac b phan cua sing. Tuy
nhién, viéc thiét ké duong cong nay doi hoi su
hiéu biét sau sic vé dong hoc, dong luc hoc va
ly thuyét tdi uu hoa.

Muc ti€u cua bai bdo nay la xay dyng
khung 1y thuyét cho viéc thiét ké duong cam
lam viéc, tir d6 dua ra phuong phap t6i wu hoa
nham nang cao hi¢u suit va tudi tho cua hé
théng vii khi Gatling.

2. CO SO LY THUYET VA PHUONG
PHAP NGHIEN CUU

2.1. Céu triic va nguyén 1y hoat dong

Hé thong sing may SM7,62-6N bao
gém cum 6 nong sing quay quanh tryc trung
tam. M&i nong sing duoc trang bi mot co ciu
dong, mo khoa nong riéng biét, c6 con lan tiép
xuc voi duong cam lam viée dugc gia cong trén
vo hop khoa nong. Khi cum nong quay, con lan
di chuyén doc theo dudng cam, tao ra chuyén
dong tinh tién cta co cdu khoa nong theo chu
ky dinh sin.

2.2. Dinh nghia duwdmg cam lam viéc

X g

5 .
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X J_ X1 g o) ¥4 A

Hinh 3. So do dwong cam lam viéc Iy thuyét

a2 =qp

T
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Hinh 4. Gia toc co cau khéa nong khi dwong cam
lam viéc co hinh dang parabolic
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Puong cam lam viéc duoc bicu dién
trong h¢ toa do (x,y) voi:

- Toa d¢ x: Khoang cach cung tron tur
diém géc, co gia tri tdi da X . = 2mr,

- Toa d y: B9 dich chuyén clia co cAu
khoa nong theo phuong tryuc nong sing;

- Ban kinh r: Khodng cach tir truc quay
dén tam tiép xuc con lan-duong cong.

2.3. Phan tich cac doan chirc ning

Puong cam lam viéc dugc chia thanh 6
doan chinh:

X,: Poan ban - co cau khoa nong duoc
khoa co dinh ¢ vi tri phia trudc;

X,: Doan tang toc co cau khoa nong khi
chuyén dong lui;

x,: Doan giam toc trong chpyen dong 1ui;

X,: Doan day vo dan va cap dan méi,

x,: Doan ting toc co cau khoéa nong
chuyén dong tién;

’ X,: Doan giam toc trong chuyén dong

tien.

Moi doan c6 vai tro riéng biét va doi hoi
tinh toan chinh xac d¢ dam bao dong bo hoa

chinh xac.

3. PHAN TiCH TOAN HQC VA MO HINH
HOA

3.1. Chuyén ddi hé toa do
bé phan tich dong hoc cua hé théng,
can chuyén doi tir mo ta khong gian y = f(x)

sang mo ta thoi gian y = f(t).

Thoi gian tuong Ung véi mdt vong
quay: X =rot. (1)

Quan hé tong quat: x =rot (2)
Téc d6 goc: o = 2mn, 3)
Trong do:

-t Thoi giar} Chl:l ky chirc nang;

-n, =k /i,: Tan s6 quay; 4)

- kG: Téc do ban (phat/phut);
-1,: SO lugng nong sting.

Twr cac quan hé trén, ta co:

x . =2mr(k /i)t ®)]

Va thoi gian chu ky lam viéc:
t. =@, /2nrk,). x (6)

Tir cic cong thirc trén c6 thé chon hinh
dang parabolic cho cac doan ting toc va giam
tbc. Hinh 4 cho thiy su thay doi gia toc cua
khoa nong trong doan ting tc va doan gidam
tdc khi cam lam viéc c6 hinh dang parabolic. O
dau doan ting tdc, gia tdc ting ngay lap tirc 1én
gia tri khong do6i va khi chuyén tir doan ting toc
sang doan giam tdc, gia tri cua gia toc thay doi
ngay lap tirc vé gia tri am. O cudi doan giam
tc, gia toc lai ngay 1ap tirc giam vé khong. T
qua trinh ndy c6 thé thiy ring v6i hinh dang
parabolic ciia duong cam thi xdy ra va cham tac
dong 16n con lan cua co cau khoa nong. Piéu
nay khong ph hop vi sing hoat dong véi toc do
16n s€ gay va cham lién tuc anh hudng nghiém
trong dén do 6n dinh cling nhu tudi tho cua may
tuy dong. Vi vay can phai tim cho duong cam
lam vi¢c mot hinh dang dam bao hoat dong cua
khoa nong 1a khong va cham khi lam viéc.

3.2. So sanh hinh dang parabolic va khong
va cham

3.2.1. Hinh dang parabolic
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Hinh dang parabolic tuy don gian vé
mat toan hoc nhung tao ra gia toc khong d6i
trong cac doan tang tdc va giam tdc. Didu nay
din dén hién tugng va cham dot ngdt tai cac
diém chuyén tiép, tir d6 gdy ra cac yéu t bt
loi nhu sau:

- Tang ung suat co hoc;
- Gidm tudi thg con lan va duong cong;

- Tao rung dong va tiéng oOn.

3.2.2. Duong cong khong va cham

K
b=l
j}‘? i
=i -'Irr
v |/
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Xt | x2 | X

Hinh 5. Puong cam lam viéc va ham truyén dang
khong va cham

LGB giim pdc_| GO Mlingde |

Hinh 6. Gia toc co cau khoa nong khi duong cam
lam viéc dang khong va cham voi cdac doan tang
toc va giam toc

Pé khic phuc nhuoc diém trén, duong
cong khong va cham dugc thiét ké voi hinh
dang sin bién doi:

- Poan tang tbe:

Vo= x-"Lsin| —x || (7)
X, +X, T X,

- Poan giam tdc:
X, . [ =
s o Bl 2o o
X, +X, m X,

Céac mdi quan hé cho ham truyén ctia co
cau i = f(x) thu dugc bang cach lay dao ham
cua céc phuong trinh (7) va (8) theo x.

- Ham truyén tuong tmg:

. m

1H=Y& 1-cos| —X )
X, + X, X,

= Ym ﬂ

i, =—"=_ 1+cns[—(x—xl]} (10)
X, +X, X,

Hinh dang duong cam lam viéc y = f(x)
(cho doan ting tbc va giam tdc) va dang cua
ham truyén i = f(x) cho duong cam lam viéc
nay duoc thé hién trén hinh 5. Ham truyén dong
1 dugc cho boi ty 1€ tde do theo huodng truc y va
tdc d6 theo hudng truc x, dudng cong i = f(x)
cho thiy cac giai doan tang toc va giam toc lién
tuc khong va cham cta co cau khoa nong khi
quay cum nong.

3.3. Phén tich gia tc

Thay x tr cong thuc (2) va cong thuc
(7) va (8), ta dugc ham y = f(t) nhu sau:

V.= Y max root— 2lgin| = ret (11)
X, +X, T X,
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\
X, . | W .
A Yomx |yt 4+ 225in —(rmt—xﬂ. (12)
e T 5 y
Khi d6, gia tdc trén hai doan giam tdc la:
d? fo’n . (n )
a, =" Yme Yl @ Tl T oot [(13)
dt” X, +X, X X, )
_dYy,, __Y,m,,;r:(::r2 Tl (ret—x )\‘(14)
® 4t X, +X, X, X4 l'j

Str dung cac phuong trinh (13), (14), ta
duoc dién bién gia toc ctia co cdu khoa nong khi
chuyén dong nhu thé hién trén hinh 6. Gia tdc
thay di lién tuc tir khong dén gia tri duong toi
da va tir d6 lai lién tuc giam dén gia tri am t6i
da rdi quay vé khong. Do do, tai trong tac dong
trong ranh cam lén con lan la khong va cham.
Biét réng ham sin c6 thé dat gia tri cao nhat £1,
thi cac gia tri gia toc tdi da khi chuyén dong lui
ctia co cau khéa nong bai cac mbi quan hé sau:

y,_ r'o n
azm:m—_ (15)

X1+X2 Xl

T:mz T
a}?=3rm—_ (16)

K1+KE K:

Trong thoi ky chuyén dong tién cia co
cau khoa nong, 101 gidi cho hinh dang duong
cam la tuong tu.

3.4. Két luan

Tu phan tich ¢ trén va cac cong thuc
(15) va (16) cho thiy rang khi tim kiém hinh
dang t6i vu cua duong cam 1am viée khong thé
thay ddi tée do gdc cia cum nong o (phu thude
vao téc do ban yéu cau), ciing nhu ban kinh r
(xuét phat tir d6 bén ciia cum nong). Do do,
trong qua trinh t6i vu hoa nay can phai phu hop
voi cac cong thire (15) va (16) chony,  cang

ngan cang tot va cac doan tang toc va giam toc
cua duong cam lam viéc cang dai cang tot.

4. KET LUAN

Bai bao di xdy dung khung 1y thuyét
tong quat cho thiét ké duong cam lam viéc cua
hé thong sting may SM7,62-6N. Cac déng gop
chinh bao gém:

- M6 hinh toan hoc hoan chinh mo ta
moi quan hé gitra hinh hoc duong cong va dong
hoc hé théng;

- Phuong phap Iwra chon t6i wu hoa dwa
trén tiéu chi giam thiéu gia toc t6i da va va
cham co hoc;

- Phan tich so sanh giftra hinh dang
parabolic va duong cong khong va cham.

Két qua nghién ctru khong chi c¢6 gia
tri Iy thuyét ma con dugc chimg minh qua viée
ché tao sung SM7,62-6N tai nha may ciia Tong
cuc Cong nghiép qudc phong. Viée ap dung
duong cong chuc nang khong va cham da cai
thién dang ké hiéu suét va do tin cay cua hé
thdng vil khi. <
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