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DANH GIA SAI SO KHI XAC DINH AP SUAT LON NHAT
XUAT HIEN TRONG NONG SUNG BO BINH KHI SU DUNG
PHUONG PHAP TINH TOAN LY THUYET VA THUC NGHIEM

EVALUATE EROR WHEN DETERMINE THE MAXIMUN PRESSURE APPEARS IN THE GUN BARREL
OF INFANTRYWHEN USING THEORETICAL METHOD AND EXPERIMENT METHOD

TOMTAT

Ap sudt trong 1ong nong sting 1a mdt thang s quan trong va khong thé
thiéu trong qua trinh thiét ké ché tao. Thdng qua &p sudt long nong tai cac vi tri
khac nhau, ching ta ¢ thé xac dinh dwgc mot s6 thong s quan trong cla sting,
dan vi du nhu: so tdc dan, cht lvgng clia thudc phong... Tuy nhién dya vao
thong s6 p suét I6n nhét ta c6 thé bude dau lya chon diroc vét liéu ché tao nong,
bé day nong va mot sd chi tiéu khc trong qua trinh thiét ké, ché tao. Bai bo nay
dwa ra phuong phép xac dinh gia tri ap suét I6n nhét va ap suat theo chiéu dai
nong bang ca hai phrong phap (Tinh toan Iy thuyét va thyc nghiém do dac),
danh gia sai s6 gitra cac phurong phap. Ngoai ra trong ni dung bai bao, nhom téc
gid so bd dua ra mt vai tiéu chi lwa chon hé thong do trong thir nghiém do &p
sudt nong sting nham gidip cac nha nghién ctu cd thé nhanh chéng dua ra giai
phap va lya chon hé thong do khi nghién ctu, thiét ke, ché tao cac loai siing va
nong sting mi.

Tirkhéa: Phuong phap Iy thuyét, phuong phap thuc nghiém; 4p suat; nong sting.
ABSTRACT

The pressure inside the barrel is an important parameter and Indispensable
in the design and manufacturing process. By the pressure in barrel at different
positions, we can identify some important parameters of gun, bullet for
example: bullet speed, quality of launcher... However, with the maximum
pressure parameter, we can select the barrel material, thickness and some other
criteria in the design and manufacturing process. This paper gives the method of
determining the maximum pressure value and the barrel length by both
methods (theoretical calculations and measurement experiments), evaluating
errors between methods. In addition, in the internal article, authors preliminarily
presents a few criteria for choosing the measuring system in the gun barrel
pressure test. to help researchers quickly come up with solutions and select
measuring systems when researching, designing and manufacturing new types
of guns and barrels.

Keywords: Theoretical method; experiment methods; pressure; gun barrel.
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Tran Qudc Trinh®", Vi Thi Hué?

1.DAT VAN BE

Nong sung phao la chi tiét quan trong nhat cla sing
phéo, cac qua trinh xay ra trong nong rat khic nghiét,
day la noi dién ra quéa trinh gidn nd khi thudc, ting téc
cho dau dan, tao van téc quay dé on dinh cua dan...
Trong céac bai toan thiét ké vii khi hién nay, thong sé ap
suat thuong duoc st dung la cac duong bao ap suat, day
la phuong phap théng dung duwgc s dung trong thiét
k&, ché tao ¢ giai doan tru¢c. Vi du: khi tinh bé day thanh
nong sting phao thuong st dung théng sd &p sudt cao
nhéat, sau khi tinh toan va ché tao sé& hiéu chinh bang
thuc nghiém. Cac dwong bao ap suét dwoc xay dwng dua
trén cac bai toan ly thuyét tinh toan 4p suat cla khi
thu6c theo chiéu dai cta nong. Phrong phép tinh ap
sudt bang Iy thuyét xudt hién nhiéu sai s6 do ta da st
dung nhiéu gia thiét khac nhau. Cuing véi sy phat trién
clla khoa hoc k§ thuat, kha nang tinh toan nhanh st
dung cac hé may tinh manh cung véi cac phan mém tinh
toan chuyén dung, cho phép chung ta giam b6t cac sai
s6 khi tinh toan ly thuyét nhueng khong thé loai trir hét
sai s0O.

Hién nay dé xac dinh duoc thdng sb chinh xac clia ap
sudt trong thoi gian dién ra cla phat ban nguoi ta st
dung cac hé thdng do thuc nghiém do thong sb 4p suét.
Co rat nhiéu cac hé thdng do va phuong phap do ap suét
khac nhau, khong c6 mét hé théng do va phuong phap
do ¢6 dinh str dung chung cho tét ca céc loai sing phao
khac nhau. Viéc lva chon chinh x4c hé théng do va
phuwong phap do dé st dung sé phu thubc vao tirng
nhiém vu cu thé. Vi vay xay dvng phuong phap xac dinh
gia tri 4p sudt I&n nhat bang ly thuyét va phvong phéap do
dac thuc té ap suét trong nong sting, dva ra phuwong phap
Iva chon hé théng do, danh gia sai s6 gitta hai phwong
phap va pham vi ting dung cla cac phuong phap déng
mot vai tro cap thiét.

Trén thuc té nguoi ta thuong str dung ba phuong phéap
chil yéu dé xéc dinh ap suét khi thudc khi ban:
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- Phrong phép ly thuyét: Dwva vao hé phuong trinh
thuét phong trong.

- Phuong phéap thuc nghiém: Thi* nghiém do dac thuc
té két qua gia tri ap sudt.

- Phrong phap két hgp: Xay dwng mé hinh, hé phuong
trinh tinh toan ly thuyét, dung thic nghiém do dac (tai mét
s0 vi tri quan trong dién hinh) danh gia mé hinh ly thuyét
dé xay dung.

Trong ndi dung bai bao nhém tac gia chu yéu tim hiéu
vé hai phuong phap: Phuong phap ly thuyét va phwong
phéap thr nghiém thuc té, nhdm téc gia cling bd qua tac
déng clia nhiét d6 lam thay d6i cac théng s6 hinh hoc clia
sling, dan. Két qua cla bai bao sé gilp cac nha thiét ké don
gian héa qua trinh thiét ké ché tao cling nhv lya chon cac
hé théng do hop ly trong thir nghiém lam giam chi phi
trong thiét k&, thir nghiém.

2. PHUONG PHAP XAC DINH AP SUAT LON NHAT
TRONG NONG SUNG BANG LY THUYET
2.1. Vai tro clia 4p suat trong nong sling

Ap sudt trong ldng nong clia siing phéao 1a mét théng
s6 vO cung quan trong. Xac dinh gié tri cla ap sudt xuat
hién trong long nong stng phéo ndi chung hay trong
long nong stng bd binh noi riéng 1a mot nhiém vu bét
budc. Thong qua nhiém vu xac dinh thdng s6 ap suat
chiing ta cé thé danh gia chat lwvgng clia thu6e phéng,
dan sau san xudt, niém cat bao quan hay st dung théng
sO ap suat dé thiét ké nong sting phao, hé thong sing
phéo. Tém lai viéc x&c dinh gia tri 4p sudt nham phuc vu
mot s6 nhiém vu chinh sau:

- Danh gia chat lvong cua thudc phéng sau ché tao
hoéc sau qua trinh niém cat bao quan dai han.

- Banh gia chat lvgng clia dan sau ché tao hodc sau quéa
trinh niém cat bao quan dai han.

- Lam thong s6 co s& cho thiét ké nong slng, nong
phéo cling nhu dé thiét ké cac hé théng sting phao maéi.

Trong ndi dung cla bai bdo nhém tac gia chi di sau vao
nghién clru cac phuvong phap xac dinh ap suét trong nong
cac loai sting bd binh khi ban.

2.2. Phuvong phép xac dinh ap sudt trong nong sung
bang ly thuyét

Nhw da trinh bay & trén viéc xac dinh théng s6 ap
sudt p cta stng bd binh (dac biét quan trong la p.) khi
ban nham dap ¢ng mot s nhiém vu. Phuong phap xac
dinh p bang Iy thuyét dugc st dung nhiéu khi ching ta
thiét ké ché tao nong sing va hé théng sung méi.
Nhitng nhiém vu con lai nguoi ta khéng s dung phuong
phap ly thuyét.

No6i dung co ban clia phwong phap xac dinh ap suat
bang ly thuyét |a tinh ap suat khi ban théng qua hé phuong
trinh thuat phong trong.

* Hé phuong trinh vi phan co ban xac dinh &p suat khi
thudc trong nong [1, 2, 3]
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* C4c gia thiét duoc st dung trong tinh toan

- Thudc phong chay theo quy luat hinh hoc. Téc dd chay
la tuyén tinh v&i ap suat.

- Nhiét do chay cua khi thuéc coi nhw khong ddi trong
qua trinh thudc phéng chay.

- Chi s6 doan nhiét k bang hang s6 va bang gia tri trung
binh trong khoang thay d6i ctia nhiét dé khi thudc.

- Cac cong thir yéu duwogc tinh qua hé s6 tdng nang cla
dau dan.

- Céc chi sb C,, C, déu la gié tri trung binh khong d6i
theo thoi gian.

(B& qua tac dong cula viéc trich khi khi tinh cho dan k56
sé gan véi thuc nghiém hon).

*Két qua tinh toan

Do thi AP SUAT va VAN TOC theo chieu dai AK

3000

AP SUAT(Kg/em2) , VAN TOC(m/s)
@
8
———

5
CHIEU DAl(dm)

Hinh 1a. D6 thi ap sudt va van t6c clia dau dan K56 theo chiéu dai nong
(D = 2891,5KG/cm?; V= 745,05m/s; ,= 369mm)
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Pmax=1486KG/cm2

Vd=417,9m/s
P(t)

Pd=624KG/cm2

/

286m/<

0 t(107%s)

Hinh 1b. D0 thi &p suét va van tdc clia dau dan K51 theo thoi gian

(D = 1486KG/cm? V4= 417,9 m/s;),= 87mm)

Can ct vao két qua nhan duwgc trong hinh 1a, 1b, nguoi
thiét ké cd thé so bd xac dinh dwoc van tée clia dan (khi cho
trwéc chiéu dai nong) hoac chiéu dai nong (khi cho truéc
van t6c dan) hoac ca hai thong s6 trén (khi thiét ké méi tr
dau) cling nhu so bo c6 thé tinh toan bé day thanh nong,
vat liéu ché tao nong va két cau ca hé théng v khi.

Tl cac gia thiét va két qua nhan duogc ching ta nhan
thay két qué clia phuong phap ly thuyét chi mang tinh gan
dang. Ap suét theo chiéu dai nong la &p suét trung binh
thuat phoéng. Céac théng s6 dugc dwa vao tinh toan cla hé
phuwong trinh ly thuyét déu la cac thdng sb ly tudng va
khong thay doi.

Trén thuc té thir nghiém ching ta thdy rang thuéc
phéng trong 6ng lieu chay theo quy luat vat ly, thudc
phong thuwong khdng chay hét khi ban, cac kich thudc cla
moi vién dan déu c6 dung sai, khéi lvgng thude phong
cling nhuv khéi lwvgng dau dan cla tirng vién dan khong
gidng nhau... Nén két qua nhan dwoc chi mang tinh dinh
huéng trong thiét ké (diéu nay gidi thich tai sao trong thiét
ké trwéc day str dung khai niém duong bao ap suét). Tuy
nhién viéc xac dinh thdng s6 &p suét bang ly thuyét van gitr
vai tro quan trong, thdng qua két qua ly thuyét cac nha
thiét ké cd thé so bo dinh hudng ving gia tri 4p suat (P
dé dinh hudng cac cdng viéc thiét ké tiép theo.

3. XAC BINH AP SUAT LON NHAT TRONG NONG SUNG
BANG PHUONG PHAP THUC NGHIEM, BDANH GIA SAI SO
GIJA CAC PHUONG PHAP

Nhu da trinh bay & trén, phuvong phap ly thuyét chi
mang tinh gan ddng va dvgc (*ng dung trong qua trinh
thiét ké. D€ xac dinh dling gia tri ap suét theo chiéu dai
nong cting nhw dé kiém tra dan, thudc phdéng sau ché tao
hodc sau niém cdt bado quan nguoi ta st dung phuong
phap thyc nghiém.

3.1. Cac phuong phap xac dinh ap suéat clia khi thuéc trong
nong stng bang thuc nghiém[4, 5]

Hién nay dé do ap suét trong nong sting phao nguoi ta
thuong st dung hai phuvong phap do chinh: Phuong phap
do st dung cac loai cdm bién Piezo va tru déng (Crusher).
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- Hé théng do sir dung cac loai cdm bién Piezo c6 thé
do duoc toan bd dudng cong ap suét khi bén va throng
duoc st dung trong qua trinh do dac ldy thdng s6 phuc
vu nhiém vu nghién ctru thiét k&, ché tao va thuong
duoc st dung dé xac dinh &p suat trong nong céc loai
siing phdo c& nhoé (cdm bién do dwoc bo tri doc theo
chiéu dai ndng sung phao). Bdi véi cac loai phdo c& 16n
(>85mm) khi ti€n hanh do cam bién dwoc bé tri nhu khi
str dung phuwong phéap tru dong.

- Hé thong do str dung tru dong (xac dinh ap suat Ién
nhéat xuat hién khi bén) dwoc st dung trong qué trinh do
dac lay so liéu danh gia chat lwvgng cta thudc phéng, dan
va thuong duoc st dung dé xac dinh ap suét trong nong
cac loai sting phao c& Ién (cAm bién do dat & day ong liéu).

Ngoai ra hién nay tai mét so co s nghién clru tai Viét
Nam d& nghién ctru, ché tao mot s6 hé thdng do ap sudt st
dung nguyén ly ap tr¢ (str dung cac tem bién dang dung dé
do &p suat trong budng dét ddng co tén Iira nhién liéu rén).

3.1.1. K&t cu clia mot hé thdng do ap suét trong nong
sting bang Piezo (hinh2)

2 Wy "
di—e o B o
= o
; My :\~:;.‘ 0

Cam bién piezo B bin va nong siing mau chuan Thiét b hién thi DA thi dp sudt

Hinh 2. H& thdng do &p sut béng Piezo

3.1.2. Phrwong phéap xéac dinh cac vi tri 1ap cam bién

* Nong sung thi nghiém

Nong sung duwgc sir dung trong thi nghiém do ap suat
phai la cac nong sting chuyén dung (nong mau, nong thir
nghiém), tai cac vi tri can do cé khoan san cac 16 dé lap cam
bién. Tuyét d6i khong duoc st dung cac nong sung that gia
cdng khoan 16 lam nong sung thi nghiém. Nong sing thi
nghiém duoc ché tao c6 bé day nong \/;51 chiéu dai I&n hon
SO VGi cac nong sung that dé cé thé lap va c6 dinh viing
chéc céc cam bién do va dam bao diéu kién do ctia moi
phéat ban giéng nhau.

520

core iy ey

Hinh 3. Nong chuyén dting va khéa nong do &p suét trong dng dan K56
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* X&c dinh vi trf 1&p cam bién

Nhu chlng ta da biét, 4p suét trong nong sung sé thay
déi theo chiéu dai clla nong, dia vao gid tri &p sudt trong
nong cac nha thiét ké sé Iwa chon vat liéu ché tao nong va
cac théng s6 kich thudc hinh hoc clia nong (bé day, chiéu
dai)... M&i cam bién chi do dwoc ap suat tai mot vi tri cla
nong sang. Vi vay dé xac dinh dwoc ap suat khi thudc theo
chiéu dai ciia nong chdng ta b6 tri cdm bién tai cang nhiéu vi
tri trén thanh nong cang tot tuy nhién ching ta khong thé
khoan qué nhiéu 16 trén nong sting thuc nghiém (giam do
bén clia nong suing thi nghiém, tang chi phi thi nghiém va
cling khéng du cac cam bién thi nghiém). Trén thuc t€ dé xac
dinh dwoc ap suat cla khi thudc theo chiéu dai ctia nong
chiing ta chi can xac dinh duoc 4p suat tai mot so vi tri tiéu
biéu: Ap suét trong 6ng liéu, p suét tai vi tri I6n nhat, p suat
tai 16 trich khi (néu cd), ap suét dau nong. T cac gia tri &p
sudt trén, hiéu chinh bai toan ly thuyét chiing ta sé xac dinh
dwoc toan bo gia tri 4p suat theo chiéu dai nong.

3.1.3. CAc hé théng do &p suat dang duoc st dung
trong cac phong thi nghiém

Hién nay trong cac phong thi nghiém cla cac truong
dai hoc va cac trung tdm nghién ciu, thir nghiém cac hé
thong do ap suét trong nong suing (gia, bé, hé thdng diém
héa, hé thdng do...) khong c6 nhiéu va cha yéu la cac hé
thong nhap ngoai cla cac hang c6 uy tin khac nhau nhw
AVL, Kisler... Théng thuong tai mdi co s¢ nghién ctu, thir
nghiém chi cé moét hé théng. Su khac nhau clia chiing cha
yéu chuing 1a & chd s6 lvong cac nong stng thir nghiém, hé
théng do di kém: st dung céc loai cdm bién clia cac hang
khac nhau (AVL, PCB, Kisler..) hay cac hé théng hién thi
khac nhau dugc nhap (DEWE, KMT...) hay tw ché tao.

3.2. Thuc nghiém do dac xac dinh &p suat lén nhat moét
s0 loai sting bd binh dién hinh

Hinh 4. Hé thang do ap sudt nong sing K56 sit dung bé ban B299 va may
hién thi B212
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Thi nghiém do &p sudt bang mot sé hé théng do khac
nhau va trén cting mot hé thdng khi thay d6i cac théng sé.

DE co thé danh gia két qua do va hé théng thir nghiém,
chuiing ta ti€n hanh do ap suét tai vi tri 4p dat gia tri Ion
nhat va str dung hai hé théng do khac nhau:

- Hé thdng do ap suat chuyén dung ctia AVL: Cam bién,
may hién thj B212 (t6¢c d6 ldy mau 1.000.000 di€ém/s).

- Hé thong do sir dung cam bién va thiét bi hién thi
théng dung hién dang cé trong cac ph(‘)ng~ thi nghiém (hé
th§ng thu thap dir liéu NI c6 tdc do lay mau t6i da 50.000
mau/s, cam bién AVL) tién hanh do theo hai ché dd khac
nhau: t6¢c do6 ldy mau 5.000 mau/s va 50.000 mau/s.

Tat ca cac lan thi nghiém duwoc tién hanh trong cling
mot diéu kién: D6 4m 65%, nhiét dd moi trvdng 25°C, dan
str dung cung 16, liéu va dwoc bao 6n tai diéu kién tuvong tu
nhu diéu kién bén, cac hé théng do déu con trong thoi han
kiém dinh.

Thuc hanh thi nghiém bén do &p suét thuc té trén mot
s6 nong sting mau.

* Két qua thuc nghiém

K&t qua ap sudt max nhan dwgc khi tién hanh thuc
nghiém do s dung cdm bién va may hién thi B212 nhw
bang 1.

Bang 1. Két qua thyc nghiém do ap suat
Lanl |Lan2
(bar) | (bar)

Lan4
(bar)

Lan3
(bar)

Lan5 [Kétqua
(bar) [TB (bar)
3123 | 3098 | 3132 | 3135 | 3127 | 3119
1628 | 1620 | 1617 | 1633 | 1637 | 1625

K&t qua ap sudt max nhan dwgc khi tién hanh thuc
nghiém do s dung cam bién va thiét bi hién thi théng
dung hién dang c6 trong phong thi nghiém. Két qua thi
nghiém trén nong stiing AK-Ban K56 va K54-dan K51 duoc
thé hién trén bang 2, 3.

Bang 2. Thi nghiém trén ndng sting AK-Dan K56

Nong sting thi nghiém

Nong thi nghiém dan K56
Nong thi nghiém dan K51

T6cdodymau | Lan1 | Lan2 | LAn3 [Lan4 | ... |Lan20| Kétqua
(bar) | (bar) | (bar) | (bar) (bar) | TB (bar)

Toc do lay mAu| 2998 | 3045 | 3119 | 3090 2963 | 3047

50000 mau/s

Toc do ldy mAu| 2530 | 2930 | 2806 | 2161 2735 | 2632

5000 mau/s

Bang 3. Thi nghiém trén ndng sting K54-dan K51

Tocdodymau |Lan1 |[Lan2 | LAn3 | Lan4 | ... |LAn20| Kétqua
(bar) | (bar) | (bar) | (bar) (bar) | TB (bar)

Toc do 1y mau| 1592 | 1458 | 1626 | 1557 1614 | 1595

50000 mau/s

Toc do 1y mau| 1066 | 1564 | 1436 | 1501 1243 | 1378

5000 mau/s
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Hinh 5. D0 thi két qué do ap suat dan K56 va K51
3.3. Banh gia céac sai s6 gilta két qua ly thuyét va thyc
nghiém

3.3.1. banh gia sai s6 gilta cac két qua thyc nghiém
khi st dung hé théng do khac nhau

Céac két qua thi nghiém cla gia tri &p sudt max khi st
dung hé théng do chuyén dung AVL twvong doi hodi tu. Sai
léch gifra cac két qua nhan dugc chi yéu do dan thi nghiém
(trong lvgng vién dan, lvgng thudc phéng... khac nhau).

Céc két qua thi nghiém khi st dung cdm bién va thiét bi
hién thi théng dung hién dang c6 trong cac phong thi
nghiém (c6 t6c do ldy mau thdp 5000 mau/s) tvong doi
phan tan va khi téc d6 lay mau cao (50000 mau/s) thi muc
dd pham tan giam, tuy nhién gia tri p suét trung binh van
thdp hon nhiéu so v6i khi siv dung hé thong do chuyén
dung nhap ngoai c6 téc do ldy mau cao. Biéu nay xay ra do
khi tan s 1dy mau khong di cao két qua gia tri p,. hé
théng do nhan dwgc khdng phai la gia tri [én nhat trén thuc
té diénra.

3.3.2. banh gia sai s6 gitra két qua ly thuyét va két qua
thuc nghiém

Thanh Iap bang gia tri so sanh ap suét gilta hai phuong
phap xac dinh nhu bang 4.

Bang 4. So sanh &p suat gitra hai phuong phap

Ap suat P50 000 mAu-bar P5 000 méu-bar Plt»KGlcm2 Plt»bar Sai so
Pan k56 3047 2632 2891 2948,82 3,22%
Pankb1 1595 1378 1486 1515,72 4,96%

(qui d6i 1KG/cm?®= 1,02bar)
Sau khi qui di gia tri 4p suat ra cting don vi do la don vi
bar, ta cé: sai s6 két qua cla phuong tinh ly thuyét véi

Website: https://tapchikhcn.haui.edu.vn

phuong phap do thyc nghiém la 3,22% véi dan k56; voi dan
k51 1a 4,96%. Gia tri sai s6 khong lén nhung cling dang dé
ngudi thiét ké quan tam trong céc treong hop cu thé.

4. DANH GIA, KET LUAN

Phuong phéap ly thuyét xac dinh ap suét theo thoi gian
va ap suat max (theo chiéu dai nong) duoc si dung trong
thiét ké so b va chi mang tinh dinh huéng trong thiét ké.

Phuong phap xac dinh ap suét theo thoi gian va ap suat
max bang thuc nghiém duoc tng dung rong cho tat ca cac
nhiém vu déat ra khi can xac dinh 4p suat max va ap suéat
theo chiéu dai nong, khi kiém tra cac thong so thuéc
phéng, dan.

Dai véi cac loai sting bo binh ¢ nhé:

- Phuvong phép do &p suat trong nong sung duoc st
dung la phrong phap do tryc tiép (cadm bién dugc gan truc
ti€p vao thanh nong) tai céc vi tri can quan tam.

- Khi can thong so chinh xac dé thiét ké néu co diéu kién
can lya chon cac hé thdng do chuyén dung c6 doé chinh xac
va tan s6 |dy mau cao. Néu sai s6 ap sudt mong muén <5%
thi nén chon phuong phap thuc nghiém do.

- Khi st dung céac hé thong do st dung cdm bién va thiét
bi hién thi théng dung hién dang c6 trong cac phong thi
nghiém can chd y dén nhiéu thong s6 quan trong clia hé
thong do, déc biét dé do cac thdng so dong luc hoc trong
vii khi can cha y dén tdc do 18y mau (nhiéu card thu thap va
Xt ly so liéu trong cac hé théng do hién nay cé tdc doé lay
mau < 50000 mau/s) va khi s dung cac hé théng nay
ching ta chi nén do mot thdng sé (khdng str dung do
nhiéu théng s6 cung mat lic vi Iic dé téc dd 1dy mau cho
tlrng thdng so sé bi giam).
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