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DPANH GIA TAC PONG CUA AP LU'C NUGC LEN CO CAU NHAN AP
NGOI THUY TINH KHI PAN CHUYEN PONG TRONG NUOC

Trén Péc Viét', Chu Van Ting’, Ninh Dic Sinh?,
Duong Tri Diing’, Nguyén T4t Kién', Nguyén Hanh Hoan®

Tém tit: Bai bdo xdy dung mo hinh tinh todn danh gia tac dong cua dp luc nudc lén co
cdu nhén dp ciia ngoi no thuy tinh ldp cho dan lyu phong chéng nguwoi nhdi, danh gid kha
nang ngoi bi kich né trudc khi dat do sdu can thiét. Ket qua tinh toan duoc kiém chitng
bang thiee nghiém va dwoc sit dung dé thiét ké, ché tao ngoi né thiiy tinh.

Tir khéa: Pan chéng nguoi nhai; Ngoi nd; Ap suét thuy tinh.
1. PAT VAN PE

Ngoi nd thuy tinh (ngoi nd duge kich hoat bang ap suat thily tinh) lap cho dan lyu phong
chbng nguoi nhai ding dé sat thuong sinh lyc & do sdu nhét dinh (duogc cai dat trude khi ban).
Trong [1, 2], cdc tac gia da phan tich, khao sat cac tham s6 quy dao chuyen (dong cua dan trong
khong khi va trong nudc dén do sau can kich nd (10 m hogc 30 m). Vén dé dugc dat ra la can
nghién ctru, danh gia tac dong cua ap lue nudce 1én co céu nhan ap (day la co ciu dung dé dinh do
sau nd cho ngodi) dén kha ning ngdi bi kich nd trudc khi dat d6 sau can thiét.

Trong pham vi bai bao, cac tac gia xay dyng m6 hinh tinh toan chpyen dong cua co cAu nhan
ap trong qua trinh dan chuyén dong trong nudc, khi hanh trinh chuyén dong cta co cau nhan ap
nho hon gia tri thiét k& thi ngoi s€ khong bi kich nd, nguoc lai khi hanh trinh chuyén dong cua co
cau nhén ap 16n hon gia tri thiét ke thi ngoi s€ bi kich no trudc khi dat d6 sau can thiéet.

2. PAC PIEM CAU TAO VA NGUYEN LY HOAT PONG NGOI THUY TiNH

2.1. Pac diém cau tao
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o Hinh 1. Ngoi n6 thiiy tinh: ,
1- Nap diéu chinh, 2- Cum diéu chinh; 3- Than trén; 4- 10 x0; 5- Cum ong va lo xo;
6- Cum truc nhén dp,; 7- Cum kim hoa; fS’- Than duoi; 9- Bé; i
10- Cum bé truot mang ong no; 11- Cum bdo hiém bé truot; 12- Cum tram no.

Ng(‘)i nd thuy tinh c6 clu tao nhu hinh 1 [3], b€ 9 lép cum truc nhan ap 6, 10 xo 4 (ﬁng,véi do
sau nd 10 m), cum lgim hoa 7, cum bé truot 10, cum bép hiém bé trugt 11. Than trén 3 }ép cum
diéu chinh g, nap di¢u ,chinh 1. Bé 9, than trén 3, cum ong va lo xo 5 (ing v6i d6 sadu n6 30 m),
cum tram no 12 duogc lap vdi than dudi 8 thanh ngoi hoan chinh.

2.2. Nguyén ly hoat dong
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Trong bao quan van chuyén, cic co cdu cuia ngoi ¢0 Vi tri lap ghép nhu hinh 1, cum bé truot
mang dng nd dugc ngin cach véi cum tram nd, bé trugt duge gitr boi cum bao hlern bé truot 11,
kim héa ludn & trang thai nén, dugc gilt boi bi, bi dugc gitt bdi cum truc nhan ap 6. Trude kh1
ban, can chinh d6 sau n6 cho ngodi (10 m hodc 30 m) sau d6 thao nip diéu chinh 1.

Khi ban, dudi tac dung cua lyc quan tinh, cum truc nhén ap chuyén dong di xuéng ty vao cum
bé truot, luc ndy cum nhan ap van giir bi dé cd dinh kim hoa, dong thoi cum bao hiém 11 dugc
mé pha 1.

Khi bay, 10 xo day cum truc nhan ap vé vi tri ban dau (giit bi ¢6 dinh kim hoa), dong thoi cum
bao hiém bé truot 11 duoc m¢ pha 2, giai phong cum bé trugt mang dng nd, bé truot chuyén
dong dua dng nd vé vi tri doi nb.

Vi ché d6 nd & d6 sau 10 m, khi dan chuyén dong trong nude dén 10 m, nudce di qua rinh a
vao trong khoang trén ctia ngoi, ap luc nude tac dung 1én cum truc nhan ap sé thang lyc 10 x0 4,
truc nhén ap giai phong bi, giai phong kim hoa, kim hoa chuyén dong kich né dng nd, dng nd
kich nd tram nd, kich n6 dan.

Véi ché do po & do sau 30 m, lGc ndy truc nhan ap dugc gai vao cum ong va 10 xo 5, khi dan
chuyén dong dén d6 sau 30 m, ap luc"nuc'yc lg&n hon luc nén cfla hop luc 10 xo0 4 va 10 xo 5, truc
nhén ap giai phong bi, kim hoa kich nd ong no, kich n6 tram no, kich n6é dan.

Nhu véy, voi nguyén ly hoat dong cua ngoi thuy tinh, can tinh toan, dnh gia tac dong cua ap

luc nude dén co cau nhan 4 ap trong qua trinh dan chuyén dong trong nude, ap luc nude phu thude
vao hinh dang ranh a, vén tde chuyen dong cua dan trong nudc.

3. XAY DUNG MO HINH CHUYEN PONG CUA CUM NHAN AP

3.1. Van toc chuyén dong ciia dan dén d9 siu kich hoat
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Hinh 2. Vin toc chuyén déng ciia dan theo thoi gian ¢ géc ban 31°.
Cac thong s6 quy dao chuyén dong cua dan tir khi bdn dén khi dan chuyén dong dat do sau

kich nd trong nude da duge xac dinh trong [1, 2]. Su thay d6i van tdc ctia dan dwoc mo ta trong
hinh 2.

3.2. Mo phéng tinh toan ap lwe ctiia nwéce 1én cum nhén ap

Khi dan chuyén dong trong nudc, nude s& tran vao trong ngdi theo ranh a, tao ra ap luc nudc
1én cum nhén 4p, ap luc nay phy thudc vao hinh dang ranh a (duong kinh trong d va duong kinh
ngoai D nhu hinh 12 va toc do chuyén dong cla dan trong nudc. Khi ap lyc tac dung 1én cum
nhén ap 16n s€ c6 the lam cho truc nhén ap chuyén dong dén vi tri giai phong bi va phat hoa cho
ngoi (khi dan chua dat d6 sau can thiét).

Ap sudt nudce tac dung 1én cum nhén ap gom co ép sudt thuy dong va ap sudt thiy tinh. Ap
sut thuy dong duoc tinh toan, xac dinh trén phdn mém mé phong Ansys [4], két qua trudng ap
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sult va quy ludt lyc tac dong 1én tryc nhén ap theo van tde chuyén dong cia dan dugc mo ta nhu
hinh 3, 4.
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Hinh 3. Truong ap sudt tac dung lén ngoi. Hinh 4. Luc tac dung ién truc nhdn dp do
ap sudt thuy dong.

Ap suit thuy tinh duoc xac dinh théng qua do sau ctia dan. Luc 4p suét thiy tinh tac dung 1&n
truc nhén 4p duoc xac dinh theo cong thirc:

F=PS=H.,.g5s )

Trong d6: F, 14 lyc do &p suat thity tinh (P,) tac dung 1én truc nhan 4p; S 1a dién tich higu
dung nhan ap; H la do sau; pla khéi lugng riéng clia nudc; glagia tdc trong truong.
3.3. M6 hinh chuyén ddng ciia cum nhan ap

Khi dan chuyen dong trong nudc, ap luc nudce s€ tac dung 1én cum tryc nhén ap, lam cho truc
c6 xu huéng chuyén dong di xudng, mit khac, dudi tic dung ciia bi (dang giit cum kim héa) s&
déy 1am cho truc nhan 4p bj nghiéng khi chuyén dong va hinh thanh cac phan lyc tir bé tic dung
1én truc.

Gia thiét truc bi nghiéng trong mit phing toa d6 X0y nhu hinh v&, ap luc nude tic dung 1én
tAm nhan ap dugc quy thanh luc tp trung F . T két cau va hoat ddong cua cum nhén ap c6 thé
mo hinh hoa céc luc tac dung 1én cum nhén 4p nhu sau:

Hinh 5. Cdc luc tac dung lén truc nhdn dp.
Trong d6: K, 1aluclo xo; N, F ., N,,F ., N; F

ns3 lan luot 1a phan lyc va hé s6 ma sat
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do bi va bé ngoi tac dung Ién truc nhan ap; F, th 1a 4p luc nudc va luc quan tinh tac dung lén
truc nhan ap khi dan chuyén dong.

Tt m6 hinh dit luc trén, vdi hé truc toa d6 X0y nhu hinh v€, ta c6 phuong trinh can bfmg cla

truc nhan ap nhu sau:
> F.=0; > F =0, >M, =0 )
Bién doi phuong trinh déu tién nhan dugce:
N, +N, =N, 3)
Bién d6i phuong trinh thir ba nhan duoc:
DM, =N +F o r+F o, r—Nh, —F r=0 (4)
Tt phuong trinh (3) va (4) v6i gia thiét f, = f, = f,, bién d6i nhan duoc:
N, =N,.(h,—=h,)/h, ; N;=N,;h/h, (5)
Bién d6i phuong trinh tht hai cta hé (2), nhan duoc:

my =F- th - le - I:msl - Fmsz - l:ms3 (6)
Thay N,, N,, vio phuong trinh (6) va bién d6i nhan duoc:
my=F +F,—-mdV /dt-k.(A+y)—2.N,..h/h, @)

Trong d6: h, thay d6i theo Y va dugc biéu dién h, = hg — Y véi h? & vi tri 1ap ban dau; m 1
khdi lugng truc nhan ap; dV / dt 1a gia toc chuyén dong cua dan trong nude.
Nhu véy, phuong trinh chuyén dong cua truc nhan ap ¢ dang:
dv h,
my=F+F,—-m—-k.(A+Yy)-2.N,.——
y=FK+F pm (A+y) TRy (8)

Phuong trinh (8) m6 ta chuyén dong cta tryc nhan ap, thoi diém truc nhan ap bét dau chuyén
dong khi v€ phai ctia phuong trinh (8) duong. Khi quang dudng chuyén dong cua truc nhan ap
16n hon gia tri cho phép (a,,,, ), ngoi s€ bi phat hoa va nguoc lai.

4. KET QUA KHAO SAT VA THU'C NGHIEM

4.1. Két qua tinh toan, khao sat

Tién hanh tinh toan, khao sat cho 2 phuong 4n kich thude ranh a: phuong 4n 1 (PA1) rinh a
c6 D =®17 mm, d = ®16,8 mm; phuong an 2 (PA2) c6 D = ®17 mm, d = ®16,0 mm.

Vi goc bén 31°, vén téc tiép nude cua dan 1a 59,8 m/s [2], giai phuong trinh (8) bang phan
méeém Matlab nhan dugc két qua chuyén dong cua truc nhan ap nhu hinh 6 va hinh 7.

Bing 2. Thong s6 dau vao tinh chuyén déng cum nhdn dp.

Dai lugng Ky hiéu Gia tri Dai luwgng Ky hiéu | Gia tri
Khdi lwong truc nhan ap m (kg) 0,003 Ap lyc cua bi N; (N) 4
b6 ciing 1a xo0 10 k (N/m) 670 Khoang cach h; (mm) 5,45
D6 nén 16 xo 10 khi lip A (m) 0,007 Khoang cach h? (mm) 8,2
Hé sb ma sat f=1,=1, 0,2 | Khoang caichmé BH | &, (mm) 4
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Hinh 6. o thi quing dwong chuyén dong cia  Hinh 7. D6 thi quéng dwong chuyén déng ciia
truc nhan ap (PAI). truc nhan dp (PA2).

Tu két qua thu dugc nhan théy,, voi kich thu6e ranh a theo phuong an 1, ban dau khi dan
chuyén dong trong nudc véi van toc 16n, ap lyc nudc lam cho truc nhan ap chuyén dong duoc
doan duong 2,7 mm < a_,, , sau do, tdc d6 cua dan trong nudc giam nhanh dén tbc do roi tu do
trpn g puéc, khi ne‘ly ap luc cua nudc tac dgng lén truc nhan ap nho hon lyc 16 xo, truc nhan ap bi
day ve vi tri ban dau, ngoi khong bi kich nd khi chua da do sau.

Véi phuong an 2, dién tich ranh a 16n hon, ap luc thiy ddng 1€n truc nhan ap lon, lam cho
truc nhan ap chuyén dong véi doan duong du dé kich hoat co ciu (A, = 4 mm).

Khao sat mot s6 goc ban khac tuong ing véi cac tam ban 50 m, 100 m, 200 m, 300 m nhéan
duoc két qua tuong tu.

4.2. Két qua thue nghiém

Tién hanh thyc nghiém ngoi thuy tinh v6i 2 phuong 4n rinh a (phwong an 1 ¢6 D = @17 mm,
d = ®16,8 mm; phuong an 2 c6 D = @17 mm, d= ®16,0 mm) nhu hinh 8. Ngoi duoc che tht,
thir nghiém danh gia hoat dong khi ban xuong nudc tai ho Cam Son - Bac Giang. Thyc nghiém
bén khi ngoi dugc cai dat & do sau nd 10+2 m, két qua cy thé:

Vi phuong an 1, khi ban ngoi chuyén dong dén do sau 8 m, két qua 10/ 10 ngoi khong bi kich
hoat (nhu vay cum truc nhan &p chua lam vi¢c), khi ban dén d6 sau 12 m, két qua 10/10 ngoi bi
kich hoat (cum truc nhan ap lam viéc).

Véi phuong 4n 2, khi bin ngoi chuyén dong dén do sau 8 m, két qua 5/5 ngoi b kich hoat
(cum tryc nhén ap lam viéc).

Nhu vay, két qua thir nghiém tai truong ban phu hop v6i két qua tinh toan, khao sat, khi dé
ranh nude vao a cd dién tich du 16n s€ lam tang dang ké ap luc nude 1én truc nhan ap va lam cho
ngoi bi kich hoat khi chua da d6 sau lam viéc.

Phuong én 1 Phuong an 2
Hinh 8. Mau ngoi thity tinh thir nghiém.
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5. KET LUAN

Két qua tinh toan, khao sat cho thay, khi thiét ké ranh cho nuéc vao khoang than ngoi (rénh a)
phu hop, co céu nhan ap thiy tinh dung dé dinh do sau n6 cho ngoi thuy tinh lam viéc tin cdy, co
cau khong bi kich hoat khi dan chuyen dong trong nudc & g1a1 doan dau. Khi dién tich ranh a du
16n co cdu bi kich hoat khi dan chuyén dong trong nuéc ¢ giai doan dau.

Két qua tinh toan phu hop voi két qua thye nghiém, voi kich thudce ranh theo PA1 (D = @17
mm, d = ®16,8 mm), co cau khong bi kich hoat khi dan chuyén dong trong nudc & giai doan dau
dén d6 sau 8 m va dugc kich hoat do ap suat thay tinh khi dan du d6 sau kich n6 (10+2 m). Véi kich
thude ranh theo PA2 (D = @17 mm, d = ® 16,0 mm), ngoi bi kich hoat sém khi chua du d6 sau.

Két qua tinh toan va thuc nghiém duogc trinh bay trong bai bao duoc su dung dé thiét ké, ché
thir va thtr nghiém ngoi thiy tinh lap cho dan lyu phong chong ngudi nhai.

Mo rong phuong phép tinh toan va thuc nghiém trong bai bao c6 thé ap dung dé tinh toan,
thiét ké cac co ciu dinh ap thiy tinh, thiét ké lya chon ranh (15) tiét Iuu cho cac loai ngoi ap sut
thuy tinh tuong tu.
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ABSTRACT

IMPACT ASSESSMENT OF WATER PRESSURE UP TO
STRUCTURE HYDROSTATIC FUSE WHEN BULLET MOVE IN THE WATER

This paper builds a calculation model to impact assessment of water pressure up to
structure hydrostatic fuse, which is assembled for anti-frogment grenades, assess
detonated fuses before reaching depth. The results are proved experimentally and be used
to design hydrostatic fuse.

Keywords: Bullet exterminate Frogman; Fuse; Hydrostatic pressure.
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