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TOM TAT

Trén co so mo hinh thudt phong trong sung, phao thong thuong, bai bao b6 sung anh huong
ciia chat thuan héa dén quy ludt toc do chay ciia thuéc phéng dé cé dwoe mé hinh thudt phéng
trong sir dung thudc phong thuan héa. Pa tién hanh giai mé hinh nay trén mdy tinh véi két cdu
dan K56 su dung thuoc phong thuan hoa va ban thanh pham chua thuan hoa, cd sw so sanh vdi
ket qud thyc nghiém. Qua do cho thay, mé hinh thudt phong trong dé xuat co thé ung dung duoc
khi tinh toan thudt phong sung phdao thong thuong co st dung thuoc phong thuan hoa. Cac két qua
tinh toan ti moé hinh co thé giup dinh huong diéu chinh che dé cong nghé thuan hoa thuoc phong
nham dat dwoc tinh nang thudt phong.
Tir khéa: Thudc phéng thudn hoa; M6 hinh thuat phong trong; Anh huéng cua thudn héa.

1. PAT VAN PE

Muc dich str dung thudc phong thudn hoa 1am didu hoa ducmg cong 4p sudt, ting hé sb sir dung
thé tich long nong sing, phdo, tir d6 cho phép ning cao so téc dau dan va dong ning miéng nong
trong diéu kién ap suét khi thudc 16n nhét xac dinh [1, 4, 5].

Sy ¢6 mit cua cac chit thuin hoa trong thanh phan thudc phong khién tdc do chay cua né suy
giam. Nhu vy, 16p thudc phong ngoai c6 toe do chay thip hon cac 16p thude phong phia trong [6].

Hiéu qua str dung thude phéng thuan héa thé hién & sy so sanh v6i sir dung thuoc phong khong
thuan hoa: trong diéu kién 4 ap suét khi thudc 16n nhat nhu nhau, luong ting so toc dau dan co thé
dén (7-9)%, khéi luong thudc phong ting thém dén (20-30)%; hodc giam ap suit khi thudc 16n
nhat (12-15)% khi so tdc ddu dan nhu nhau.

Hién tai, viéc tinh toan cac thong s thuat phong cho dan dung thudc phong thuan hoa nho cac
mo hinh nhiét dong hoc rat phirc tap [6], khong twong thich véi cac mo hinh thuat phong trong
dang sir dung. Mot m hinh thuat phong trong ciia sing, phao sir dung thudc phong thuin héa la
rat can thiét trong tinh toan, thiét ké hé théng vii khi, dan ciing nhu gitp dinh huéng diéu chinh
ché do cong nghé ché tao thudc phong thuin hoa dé dat dugc yéu cau thuat phong.

2. PE XUAT MO HINH TOAN THUAT PHONG TRONG SUNG, PHAO THONG
THUONG SU DUNG THUOC PHONG THUAN HOA

2.1. Biéu thirc hé s6 toc dd chay ciia thude phéng thuin hoa

Bé’m chét qu‘a'l trinh thuan hoa }:21 su khpéch tan chat thuép hc')a‘ tlr bé mat vao siu bén trong hat
thuoc phong, dong thoi xay ra moi lién két hoa hoc gitia chat thuan hoa vai hé nitroxelulo tao hop
chat bén viing. Khi cho tiép xtc dung dich chat thuan hoéa véi thudc phong s€ phat sinh dong
khuéch tan va hinh thanh ving tan lan cua céc cu tir hay con goi la vang khuéch tan. Toc do cua
dong nay khuéch tan mdt chiéu nay duoc xac dinh bang gradient thé hoa cua chat thuan hoa va hé
s0 dong hoc.

Két qua tinh toan mo phong khuéch tan chat thuin hoa thé hién trén hinh 1 [6].
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Hinh 1. Biéu do mé phong bién thién nong dé twong doi w va chiéu sau tham chdt thuan héa X
(méi buée tinh 200 s, trong qud trinh 300 phiit).

Hinh 1 thé hién biéu d0 tinh toan ndng d6 chét thuan hoa theo phap tuyen bé mit hat thudc phong
cach quang 200 s trong khoang thoi gian 300 phat d6i voi mot loai thude phong trong diéu kién xac
dinh. Tir 46, mot cach gan ding cho rang dd thi ndng d6 chét thuan hoa theo chiéu sau tham thau la
mot hinh thang vudng va d giam tdc do chay ty 1& v6i nong do chat thuan hoa (hinh 2).

w g
1
So
o z, I, 1 z O Z; Iz 1 z
a) b)

Hinh 2. Puong gid thiét nong dg chat thuan héa (a) va hé $6 gidm toc dg chay (b)
theo chiéu sdu tiwong doi z.

Gia thiét ring, ndng do chit thuan hoa ty 18 voi hé sb toc do chay cua thube phong. Khi do,
biéu thirc hé so toc dd chay cua thuodc phong theo bé day chay nhu sau:

U =g @
Trong do:
o - Hé s6 tde d6 chay thube phong chua thuan hoa;
u, - H¢ s6 toc do chay thube phong thuin hoa;

¢ - Hé s6 suy giam t6c do chay do chat thuan hoa, c6 biéu thirc:

So khiz<z
c= g0+1_—g°(z—21) khiz, <z<z, (2)
ZZ_Zl
1 khiz>z,

A A I LA < £ e
Z - Chiéu sau tuong doi tinh tir bé mat hat thuée, z =—;
el

Tap chi Nghién citu KH&CN quin su, S6 Dic san Ky niém 50 nam Vién TPTN, 10-2024 205



Hoa hoc & Moi truong

e - Chicu sau tinh tir b& mit hat thudc;
e1 - Nira be day chay cua thudc phong;
e . ‘ \
z,=-2, 7, =2 la c4c ddc trung tham sdu chat thuan hoa;
el e1
€, " Bé day 16p bé mit thude phong tam chit thudn héa ham luong khong doi;
e,,- Bé day 16p bé mit thude phong tam chat thun héa.

Cacgiatri e,, e, co thé dugc xac dinh br:ing tinh toan hodc thuc nghiém do trén mat cit hat
thudc phéng. Gia tri ¢, dugc x4c dinh bang thyc nghiém tir thi nghi¢m bom do 4p hodc xa thuat
(v6i sing thi nghi¢m tiéu chuan). Ludn ¢6: ¢, <1, thudc phong khong thudn hoa: ¢, =1.

2.2. M6 hinh toan thuat phéng trong siing, phao thong thwong sir dung thudc phéng thuin hoa

K¢é thira mo hinh thuat phong trong sting phéo théng thuong hién c6 [1, 4, 5], b sung gia thiét
vé su thay d6i hé sb téc do chay thudc phong tai ving thuin hoa trén hat thudc phong theo biéu
thire (1).

Hé thong gia thiét

1. Trong thoi ky so bo, thudc phong chdy trong diéu kién déng tich, dan chi bit dau chuyén
dong khi ap suét khi thudc 16n hon ap suét téng dan po. )

2. Thude phong chay va dan chuyén dong déu thuc hién dudi ap suit trung binh trong toan
khong gian trong long nong, sau day dan.

3. Tét ca cac cong lam sung, phdo, thudc phong chuyen dong, cong luc ma sat, cong lam dan
chuyen dong quay, t6n that nhiét,.. - tinh vao cong lam dau dan chuyén dong tinh tién thong qua hé
sO tang nang cho dau dan hay 1a hé sd tinh cong tht yéu.

4. Thube phong chdy tuén theo quy luat hinh hoc. )

5. Bo qua ton that nhiét, hodc hi¢u chinh ton that nhiét vao luc thuée phong. o

6. Cac dac trung hinh dang va thuat phong cua thudc phong, cac déc trung cua khi thude déu
gilr khong doi. Riéng h¢ so toc do chdy thudc phong thuan hoa theo bé day chay tuong doi theo
biéu thire (1).

H¢ phuong trinh thudt phong trong

H¢ phuong trinh biéu dién cac qua trinh xay ra khi ban trén sung phao thong thuong bang thude

phong thuan hoéa cua thoi ky thir nhat, thi hai nhu sau:

dz 1

datc,
22+ Az + pz?), khiz=[0,1]

. l//s+lz(2—1)[1+lz(z—1)], khiz=(1,z]
dv_ Sp
dt om 3)
a_
dt
fmm m0|—+_fa)l//_u(ﬂmv2
p= 2

W, —(1—1//)%—(01//0{—60 a, . +Sl

moi ~“moi
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Trong do:
t - Thoi gian, s;
Vv - Van tdc cia dan trong nong sung, phao, m/s;
| - Quing dudng chuyén dong cua dan trong ndng stiing, phio, m;
p - Ap suét khi thudc trong budng dét (ap suét thuat phong), Pa;
W, - Thé tich budng dét ban dau, m?;
S - Dién tich tiét dién long nong, m;
m, o - Khéi lugng dan va khdi luong thude phong, kg;
J - Mat d6 thude phong, kg/m?;

I, = & Xung lwong p suét ciia khi thude trong thoi gian thude phong chura thuin hoa chay;

ul.O

f, f - Luc thubc phong va luc thude mdi, J/kg;

1 moi

a, ;- Luong cong tich cta khi thudc phong va khi thude méi, m3/kg;
o A , % w s oA K
@ - Hé s0 tinh cong tht yéu, ¢ =a+b—, a, b 1a cac hé so.
m

Diéu kién dau tich phan hé phuong trinh (3):

t=t,=0,v=0,1=0, p=p,, w=y, =

z=12,,v0i z, langhiém cua phuong trinh: v, = y7; (1+ Az, + ,uzé) , duge xac dinh bang giai
gan dang. Trong truong hop u =0, gia tri Zo ¢6 thé x4c dinh theo biéu thirc:

2
h+44, -1
o 20T B4y, 1 4)

’ 24 24
Hién nay, hé (3) chi c6 thé giai bang phuong phap tich phan sd.

3. XAC PINH CAC THONG SO ¢, VA z, CUA THUOC PHONG THUAN HOA
TU KET QUA BAN THUC NGHIEM

Ban thanh phdm thudc phong thuin héa thuong co cac kich thudc nhu thube phong thanh pham
(d3 thuan hoa) Nap ban thanh phdm vao dan thtr nghiém, tién hanh ban trén cic nong chuan va do
cac thong sd ap suét khi thude va so téc dau dan. Ding mé hinh thiét 1ap & trén lap, tién hanh tinh
toan xac dinh hé so a (cua bi€u thirc h¢ so tinh cong thir yeéu ¢) va thong so I tir cac thdng so thyuc
nghiém trén.

Nap thudc phong thuan héa vao dan thir nghiém, tién hanh ban trén cac nong chuan (nhu da
thuc hién véi ban thanh pham) va do cac thong so ap suat khi thudc va so toc dau dan. Tiép tuc st
dung mo hinh thiét 14p, tinh toan khdp két qua ban do ap suat dé tim ra cac gid tri g, (voi z,=1),
sau d6, tinh toan khép két qua bén do so tbe dau dan dé tim duoc giatri z,.

Minh hoa tinh toan cho két ciu dan 7,62 x 39 mm nap thudc phéng 2/1TH trong qua trinh ché
thir loat “O” [2]. Cac thong so ctia hé sung dan nhu trong bang 1.
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Bing 1. Céc thong so sing va dan 7,62 x 39 mm [1, 2, 7].

Théng s6 Gia tri
Cd sing d, m 7,62.10°%
Dién tich tiét dién long nong S, m? 0,48.10*
Thé tich budng dét W, m* 1,86.10°
Quéng duong chuyén dong 16n nhat ciia dan trong nong l,,m| 0,495
Khéi lugng dau dan m, kg 7,92.10°
Ap suat téng dan p,, MPa 39,4

Ban thanh pham nap vao dan dé ban c6 cac thong sb trong bang 2:
Bing 2. Cdc thong so thudt phéng ciia ban thanh pham 2/1TH [2].

Théng s6 Gia tri
Nhiét lugng chay, kCal/kg 988,2
Khoi lugng thudc phong o, kg 0,48.10*
Luc thudc phong f , MJ/kg 1,000
Cong tich o, m3/kg 1,0.10°
Mat d6 thudc phong 5, kg/m? 1640
Céc dic trung hinh dang cta thudc phong qul, ’57
Ap suat khi thudc trung binh nhém bén (do bang Crusher) pmts, KG/cm? | 2461
Vin toc dan voste, M/S 667

Tién hanh tinh toan v6i md hinh thiét 1ap (voi ¢,=1), xac dinh dugc gia tri I = 123,65 kPa.s
va a= 1,207 cung db thi trén hinh 3.

Luu y, trong céc tinh toan ¢ déy, do 16n ap sudt duoc quy ra gia tri s& thu dugc khi do bang
phuong phap tru dong (thiet bi Crusher) [3]:

Ppi. =1,181x p,, —12,82 khi p,, = (100 +330) MPa
{ppie =1,248x p.,, —32,45 khi p.,, =(330+400) MPa ©)

Trong do: pcr- Ap suit c6 thé d6 duoc bang dau do tru dong (Crusher); prie - Ap suét co thé
d6 dugc bang dau do ap dién (Piezo) cung don vi MPa.

Ban thanh phdm diu 16 “O” nap vao dan dé ban c6 cac théng sb trong bang 3.

Bing 3. Cdc thong so thudt phéng ciia thuéc phong thuan héa mau CT02-17 [2].

Théng sb Gia tri
Nhiét lugng chay, kCal/kg 913,2
Khdi lwgng thude phong o, kg 1,66.10°
Luec thube phong f , MJ/kg 1,000
Cong tich «, m¥kg 1,24.10°
Mat d6 thude phong 5, kg/m? 1620
Céc dic trung hinh dang ciia thudc phong X:MI. ’57
Ap suét khi thude trung binh nhém bén (do b::ing Crusher) pmrs, KG/cm? 2506
Van téc dan vaste, M/s 718,6

Giai bai toan thuat phong ngoai, xac dinh dugc vo = 742,5 m/s, tir d6: vg= 728,0 m/s. Tién hanh tinh
toan véi mo hinh thict 14p, nhan dugc cac gia tri: ¢, = 0,653 va z; = 0,294 cung do thi trén hinh 4.
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Trén dudng cong ap suét ctia hinh 4, ¢6 thé quan sat thdy cac diém udn sau vi tri ap suét 16n
nhat do su thay d6i gia tri toc dd chay theo cac biéu thuc (1), (2).
Tinh toéan ciing chi ra thoi diém ap suat khi thudc dat gid tri l6n nhét, bé day thude phong chay

tuong do1 14 zn = 0,216. Gia tri nady nho hon dang ké so véi z1 = 0,294, c6 nghia 1a d6 tham sau
chat thun hoa ctia mau thude kha 16n.

Giam d6 thim sau xudng, van toc 101 nong cua dan sé tang lén trong khi ap suat khi thudc 16n
nhat khong thay doi. Tuy nhién, néu d6 tham sau giam qua mot murc nao do, ap sut khi thudc 16n
nhat lai tang 1én. Nhu vay, sé ton tai 6 tham sau t6i wu cho téc d6 roi nong 16n nhat ma ap suét
khi thubc van khong bi day 1€n. Trong tinh toan trén, do thim sau z; = 0,243 1a gla tri toi wu (hinh
5), & d6 ap suét khi thudc 16n nhat khong thay ddi (2506 kG/cmZ) nhung van toc roi nong Vg dat
748,7 m/s, tang 20,7 m/s (2, 8%) Trén hinh 5, c6 thé thiy ton tai hai cuc dai cta ap sudt khi thudc,
O truong hop t6i wu gia trj cua chung bang nhau

. kG/em? v, m/s
3500 700
T
-
L
101011 WS B R s SR —-—— 4 600
2500 | T SRR S M-
010 ) S S 0 N A SN S M S 4 400
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Hinh 3. Duong cong thudt phong dan nap ban thanh phdam.
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Hinh 4. Puong cong thudt phéng dan nap thuéc phéng thuan héa mau CT-02-17.

P, kG/em? v, m/s
4000 : T T 800
3500 ‘ : ‘ ‘ ! 700
3000 600
2500 500
2000 400
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Hinh 5. Puong cong thudt phéng dan nap thuéc phéng thuan héa gidam tham sdu.
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’Dé dat so toc nhu cia mau CT-02-17, chi can nap 1,624 gam (giam 2.,2%), trong khi dinh ap
suat chi 1a 2339 kG/cm? (giam 9,3%).

Nhan thiy, mau CT-02-17 can nhdi nhiéu thude so vai thude phong BY i va Z2/1 (1,59 gam),
nguyén nhan 1a miu CT-02-17 chiy cham hon. Trong cong doan thuan hoa, can tim cich ting So
(giam nong do chit thuan héa ¢ ving thuan hoa) va dat z; phu hop. Két qua tinh toan bang mo
hinh thiét 1ap véi cac gia tri g, khac nhau cho cac két qua nhu trén bang 4.

Bing 4. Cic phirong én thudt phong ciia thuéc phéng thuan hoa.

So 0,66 | 0,67 | 0,68 | 0,69 | 0,70

Z 0,245 | 0,248 | 0,251 | 0,254 | 0,257
o,g0am | 1,650 | 1,635 | 1,621 | 1,607 | 1,593
Pm, KG/cm? | 2509 | 2507 | 2508 | 2508 | 2507
Vd,, M/S 747,2 | 744,3 | 742,0 | 739,5 | 736,9

Trén bang 4: cac phuong an déu co kha nang dat van tdc can thiét (va = 728,0 m/s) cho du do
tham sau c6 thé 16n hon gia tri chi ra trong bang. Phuong an ¢,= 0,70 c6 khoi lugng thude nap
vao dan twong duong véi cac mau thude phong BY b va Z2/1.

4. DANH GIA MO HINH DE XUAT

Tién hanh céc tinh toan v6i mo hinh cho thudc phong 2/1TH 16 “O” [2]. Céc thong s clia ban
thanh pham déu 16 va 16 “O” tuong dong, nén lay cdc thong sO thuat phong cia ban thanh pham
dau 16 d¢ tinh cho thuoc phong 16 “O”.

Bing 5. Céc thong s6 thudt phéng ciia thuoc phong 2/1TH 16 “O” trong dan K56T [2].

Théng sb Gia tri
Nhiét lugng chay, kCal/kg 913,7
Khoi luong thudc phong o, kg 1,63.10°
Luc thudc phong f , Ml/kg 1,000
Cong tich a, m3/kg 1,24.10°®
Mat do thude phong 5, kg/m? 1604
Céc dic trung hinh dang cta thudc phong qul_ ’57
Ap su’élt khi thudc trung binh nhém bin (do bang Crusher) pms, kG/cm? | 2556
Vin toc dan vasts, M/S 719,5

Qéc tinh toan t,rén mo6 hinh d& xuit vé6i cac sd lidu trong bang 5 xac dinh dwoc cac thong sb
thuan hoa cua thuoc phong: ¢,= 0,677 va z; = 0,299.

Tiép theo, tinh toan v&i dan K56XG, tir két cAu dan xé4c dinh duoc: m= 7,88 gam; W, = 1,92
Cm3, két qua ghi trong bang 6. Trong cac tinh toan ¢ déy, a = 1,25 (mét phan hé sé tinh cong thir
yeu) la thong so khop.

Bing 6. Thong so thudt phéng dan K56XG nap thuoc phéng 2/1TH 16 “O”.

»=1,68 gam w=1,70 gam
Thong s6 Tinh Thuc Sai léch, | Tinh toan Thuc Sai léch,
toan nghiém [2] % nghié¢m [2] %
Pm.18, KG/CM? 2754 2.727 0,99 2.868 2.883 -0,52
Vg, M/s 7449 - - 755,7 - -
Vo, m/s 759,8 - - 770,8 - -
Vost8, M/S 733,5 731,8 0,23 7443 740,5 0,51
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Sb liéu trong bang 6 cho thiy, két qua tinh toan sai 1éch voi s6 liéu thuc nghiém trong khoang
1%. Diéu nay khang dinh, m6 hinh thut phong trong dé xuat tin cay.

5. KET LUAN

1. M6 hinh thuat phong trong sing, phao thong thuong thiét 1ap cho thudc phong thuan hoa
phan anh dugc cac quy luat thuét phong va ly giai dugc hiéu qua st dung thuoéc phong thuan hoa.
Vi sai léch gitra tinh toan so voi thue nghiém dudi 1% cho thay mo hinh dé xuat kha dung.

2. Pic trung cho thudc phong thuan héa vé ciu tao 1a ndng d chat thuan hoa trong thude phong
va chicu sau tham, twong Gmg vé mat thuat phong 1a hai thong s6 ¢, va z1. Gia tri cuia cac thong
sd nay co thé xac dinh dugc tir cac két qua ban thuc nghiém. Ching ciing 1a cac dich hudng t6i
cua céc diéu chinh thanh phan thudc phong va quy trinh thuén hoéa.

3. Nong do chat thuan hoa & 16p ngoai hat thude cang 16n, cang nh01 duoc nhleu thudc phong,
cang ting van tdc cta dan tai dau nong (bang 4); véi mdi gid tri So t6n tai gia tri toi uu cta chiéu

sau thAm z; cho vén toc cta dan tai dau nong lon nhét, chiéu sau thAim cang 16n hon gia tri nay thi
van toc cua dan tai dau nong giam di.
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ABSTRACT
Interior ballistic model of guns using deterred propellant

Based on the interior ballistic model of conventional guns and artillery, the paper
supplements the influence of deterred characteristics on the law of the burning rate of
propellant to obtain an interior ballistic model of conventional guns using deterred
propellant. The model has been solved on the computer with the K56 cartridges using
deterred propellant and semi-finished products of deterred propellant. The calculation has
been compared with experimental results. Thereby, it shows that the proposed model can be
applied when calculating the interior ballistic of conventional artillery guns using deterred
propellant. The calculation results from the model can be useful in adjusting the technology
process to meet the requirements of deterred propellant.

Keywords: Deterred propellant; Interior ballistic model; Influence of deterred characteristics.
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