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Bai bao trinh bay mo hinh hoa co hé “vii khi - xa thu” va xay dung h¢
phuong trinh vi phan m6 ta chuyén dong khong gian cua co hé khi
ban. Ap dung cho sung tiéu lién AK va tién hanh khao sat anh huong
ctia két ciu bang sing dén dao dong cua sung khi ban. Pay 1a co so
cho phép khao sat anh huong cua cac yéu t6 dén 6n dinh cia stng tu
dong cam tay khi ban.
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This paper presents the modeling of the "weapon - shooter" system
and the method for establishing a differential equations system to
describe the oscillationof the "weapon - shooter" system while firing.
This is applied to AK rifles and to investigates the effects of stock’s
structure to the oscillation of the rifle while firing. This is the basis
for investigating the effect of the stabilizing factors of gunswhen
shooting.
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1. PAT VAN PE

Nghién ciru dao dong cua co hé “vii khi - xa thu” khi ban ¢ ¥ nghia rat quan trong dé tur
do phan tich duge cac anh hudng cua cac yéu t6 dén 6n dinh cua sung khi ban. Pi c6 nhiéu
nghién ctru vé Van dé nay, tuy nhién nhitng m6 hinh nghién ctru truée day chua ké dén anh
huong cua vi tri cam sung dén 6n dinh coa sung khi ban. Vi viy can xdy dung m6 hinh nghién
ctru sat thuc té co ké dén anh hudng cua vi tri cam siing ctia xa thi. Dé xay dung dugec md hinh
niy can c6 nhitng nghién ctru vé hé co sinh co thé nguoi. Trén co sé mo hinh bang phurong phap
Lagrange xay dung hé phuong trinh vi phan mo ta dao dong cua co hé¢ va khao sat anh huong
ctia két cau bang sting dén 6n dinh ciia sing ty dong cam tay khi ban.



HOI NGH| KHOA HOC VA CONG NGHE TOAN QUOC VE CO KHi LAN THU V - VCME 2018

2. MO HINH CANH TAY XA THU

0 phan nay _nghién ctru cau trac va hoat dong ciia hé xwong, co chi trén (canh tay) theo
quan diém giai phdu va co sinh hoc, thiét 1ap va phan tich cac mé hinh co hoc tuwong duong.

2.1. M6 hinh co sinh hgc cia cac khép, xwong canh tay

Cénh tay bao gdm cac phan ciu thanh: Canh tay trén, canh tay dudi va ban tay. Cac bd
phan duoc lién két v6i than nguoi thong qua khop vai, canh tay trén lién ket véi canh tay dudi
bang khop khuyu tay, canh tay dudi lién két v6i ban tay thong qua khdp cb tay. Cac bd phan c6
thé chuyén dong thong qua diéu khién ctia hé thong than kinh, cac nhom co, gan. Canh tay co
kha nang chuyen dong theo cac hudng khac nhau dé thyc hién nhitng nhiém vu nhit dinh nhu
viéc cam nam, giit sung va thyc hién ban sung.

- Cotay Khuyu tay Vai

htay trén =

Vizm=

Hinh 1. Canh tay

Theo md hinh Osteokinematics, mdi canh tay c6 7 bac tu do nhu trén hinh 2 (vai 3, khuyu
tay 1, cb tay 3).

Hinh 2. Cac bac tu do cta canh tay

2.2. M6 hinh co sinh hgc cia co va gan

Co 1a bd phan sinh lyc, tao ra cac chuyén dong, nhung chi sinh lyc khi co, con khi gian tro
thanh thy dong. Trong cac co cAu van dong, cac xuong va khép 1a cac phﬁn tir bi dong. Chung
chi chuyén dong duoc khi co tic dung ciia ngoai luc, trong d6 o luc co [7]. Co ¢6 vai tro nhu
dong co trong may moc.

Hién nay, trong cac nghién ctru vé linh vuc co sinh hoc hién dai khi xét dén chuyén dong
ctia cac b phan trén co thé ngudi. Cac nha khoa hoc da chuyén nhitng anh hudng cta dic tinh
co, gan va khép xuong vé dang md men dit tai cac khop. Chung ta c6 thé ké dén mé hinh cua
Muxaun Bacunbesnu I'psizes [10], Ronald L. Huston [8], vi du khi xét trong mot mét phing co
cac tryuc quay cua g1, ¢4, g6 song song vdi nhau nhu sau:
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Hinh 3. Lyc ctia co bip dugc thay thé bing mé men tai cac khép

Méi chuyén dong quay duogc thuc hién bdi cac nhém co chuyén biét, tuy nhién dé don gian
chiing ta gia thiét cac chuyén dong quay quanh cac khép dugc thuc hién doc 1ap bdi mdt nhdm
co. Lic nay Iyc do co bip duogc thay thé bing ciac mé men M M, M [9,10] cac gia tri nay
duoc tinh nhu sau:

M,=M] +kq, +cq,; i=14,6 (M

trong d6: M 1a md men ciia co bip lic ban dau (mé men gitr)
k. 12 do ctig cua co bap; ¢, 1a hé sO giam chan cta co bap
g;-g. 1an lugt 1a chuyén vi géc quay va van tdc goc quay ciia khop.
Céc gia tri M 1.0 , ki , ¢, dugc x4c dinh tir thye nghiém va tham khéo cac tai liéu [4,5,6].

3. MO HINH CO HE “VU KHI - XA THU” KHI BAN
3.1. Nguyén ly hoat dong cta co hé

Sung ty dong cAm tay lam viéc theo nguyén 1y trich khi thudc qua thanh nong diy vao bé
mit piston 1am chuyén dong cac by phan cua sing. Do tac dung cua ap suit khi thudc day dau
dan chuyén dong vé truéc dong thoi lam cho sing chuyén dong vé sau quanh diém ty vai giy ra
cac dao dong cho sung.

3.2. M6 hinh tinh toan

Mo hinh co hé gdm 9 vit:

- Vat 1: Vai xa thi dugc mo phong thanh khdi lwong tap trung m;.

- Vét 2: Than stng c¢6 khdi lwong my.

- Vét 3: Khau co so c6 khi lugng m;.

- Vit 4: Canh tay trén ctia tay phai (ApBp) c6 khoi luong my.

- Vit 5: Canh tay dui cta tay phai (BpCp) c6 khdi lugng ms.

- Vat 7: Canh tay trén cua tay trai (ArBr) c6 khéi luong my.

- Vét 8: Canh tay dudi cta tay trai (BrCr) c6 khdi lugng mg.

- Vat 6 (ban tay phai CpDp) va vat 9 (ban tay trai CrDr) c6 khdi lwong 13 me, m.
- Cac khau 1am viéc ctia may tu dong co khoi lugng m.
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Hinh 4. M6 hinh co h¢ “stng - xa thi”

Mb hinh co hé nghién ctru duoc xét trong khong gian c6 tinh dén sy tuong quan giita cac
vat dong thoi trong ciing mot co hé.

Pé khao sat dong luc hoc co hé ta gén cho hé va mdi vat thuéc hé mot hé truc toa do pé
cac dé viéc mo ta cau hinh cta co hé don gian va thuan tién trong tinh toan [1,3].

—
\d FZI

Hinh 5. H¢ truc toa d¢ dia phuong gén trén cac vat 1, 2, 3,1

- Hé toa do cd dinh (hé toa do dét) O,

- H¢ toa do dong (hé toa do dia phuong) O, gén voi vat 1
- H¢ toa do dong O, gén chat voi vat 2

- H¢ toa do dong O, gén chat voi vat 3

(0]

Hinh 6. H¢ truc toa d¢ dia phuong gfm trén cac vat 4, 5, 6 cla tay phai

- H¢ toa do dong O, , O, theo thu tu gén chat véivat 4,7
- H¢ toa do dong O, O, theo thir tu gén chat véi vat 5, 8
- Hé toa d6 O, , O, theo thir ty gin chat véi vat 6, 9 (ban tay)
- H¢ toa do dong O, co géc trung trong tam ban dau cua vat i.
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‘Déi v6i co hé dang nghién ctru c¢6 13 bac ty do, su dung 22 toa do suy rong dé miéu ta
chuyén dong cua co h¢. D€ thuan tién trong cac tinh toan thi cac toa do suy rong doc 1ap duoc
danh sb tir ¢, dén g, , cac toa do suy rong phu thudc danh sé tir g,, dén g,, va q,.

Bang 1. Céc toa do suy rong

Ki hiéu Mo ti chuyén dong Ki hiéu Mo ti chuyén dong
q, Tinh tién doc truc X, cua vat 1 q,, Quay quanh truc Z, cta vat 7
q, Quay quanh truc X, cua vat 2 g3 Quay quanh truc Z, cta vat 8
q; Quay quanh truc ¥} cta vat 2 14 Quay quanh truc X cua vat 6
q., Quay quanh truc Z, cia vat 2 qs Quay quanh truc Y5 cta vat 6
qs Tinh tién theo truc X , cla vat 3 96 Quay quanh truc Z, cua vat 6
9 Quay quanh truc X, cua vat4 q,; Tinh tién theo truc X ,cua vat 6
q, Quay quanh truc ¥} cta vat 4 95 Quay quanh truc X, cua vat 9
qs Quay quanh truc Z, cuia vat 4 9 Quay quanh truc ¥, cta vat9
q, Quay quanh truc Z, cua vat 5 95 Quay quanh truc Z; cua vat9
90 Quay quanh truc X, cua vat 7 4, Tinh tién theo truc X , clavat9
q;, Quay quanh truc ¥} cta vat 7 q, Tinh tién theo truc X ; cua vati

3.3. Dong ning
Pong ning ctia co hé bang tong dong ning ciia cac vat trong hé, xét vat thir k co:
= (R [ R+ 0 [4], [1)[4]], &) @

trong do: R’k la vécto vi tri khdi tam vat k trong hé truc cd dinh O, .
[M ]fR 1a ma tran khdi luong chuyén dong tinh tién cia vat k.
@, la vécto van toc gdc cua vat k biéu dién trén hé truc 0, .
[4],, 14 ma tran quay tuyét dbi ctia vat k.

[/], 1a tenxo quén tinh cua vat & ddi voi hé truc 0, .

3.4. Cong kha di, luc suy rong
Xét cong kha di, lyc suy rong cia luc Fi:
- _ 13 aR’
SWF, = -F6R, trongdd SR, =) —koq,
=1 94
Truong hop cong kha di, luc suy rong cua mé men My:
13 A5
=T o7 . oF 00, .
SWM, = M[ 56, trongdd 86, = za%éq i

=194

Tir 9 phuong trinh lién két, ta tinh dugc cac bién phan phu thudc biéu dién qua cac bién
phan doc 1ap va cho phép tinh dugc lyc suy rong cia he.
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Thay céc gia tri tim duwgc vao phuong trinh Lagrange ta c6 hé phuong trinh vi phan mo ta

dao dong cua h¢:
oT | oT
- — Cpo 0 3
{Q dt(an Gq} q; = 3)

r ,. X . ~ A~ A 1A \ ~
trong do6: g = [qg q’ ] véi g, g, lan lugt 1a cac toa do suy rong doc 1ap va phu thudc.
T, O lan luot 13 tong dong ning, luc suy rong cua co hé.
C, =-C,,C, dugc xac dinh theo h¢ phwong trinh lién két du cua co hé.

'H¢ 6 phuong trinh thudt phong trong va 3 phuong trinh nhiét dong budng khi [2] cua sung
khi ban:

ﬂ_ PSS, dv_ L dz_ . p

_5153 om’  dt e dt & 1’

d d 1-ad

afo—cfz}(a)(l-i-Zﬂ,Z) —5G,-(1-8)G,; =520, (1+222) L +&sv;

1 I, dt 5 I, @
dp 1 X, 1—ad

= G K (14 222) - KpSV &, |- K, [ 4G, +(1-&)Gy |- Ko

k

do dw, ooy, dp, 1
7::;((;,,_(;,%), Tt”_;(){.s,,), Tt”—;b(k.R.T.Gb—k.R.Tb—k.pb.wb)fi.

4. KET QUA TINH TOAN

Ap dung cho xa thu co chidu cao 165 cm, can ning 66 kg [8] ban sing tiéu lién AK voi hai
bang sting c6 két cdu khac nhau: khong dan hdi va bang sung dan hdi nhu trén hinh:

Hinh 8. Vi tri 1ap cac dau do

Tién hanh bin va do cac thong sd thuc nghiém dé so sanh voi két qua tinh toan 1y thuyét
duogc thyc hién tai ham ban thir nghi€ém véi cac dicu kién thir nghiém nhu sau: nhi¢t do 30°C, 4o
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am 70%. Thuc nghiém sir dung cac cam bién (sensor) gin trén nong sung, trén cac vi tri cla tay
xa thu gém ) tay, khuyu tay, vai dé xac dinh cac thong s6 dich chuyén. DPé so sanh cac dich
chuyén chinh xéc, thuc nghi¢m st dung 02 camera tdc d6 cao Fastcam SA1.1, model 675K - C1
voi kha ning ghi téi da 675 000 hinh/gidy (fr.s™), dit theo phuong ngang va phwong ding nhu
trén hinh 9. Két qua thuc nghiém duoc st Iy bang phan mém DASY Lab.

Hinh 9. Hinh anh thuc nghiém

Giai dong thoi hé phuong trinh dao dong cua co h¢ voi 6 phuong trinh thut phéng va 3
phuong trinh nhiét dong buong khi [2]. V6i cac thong sd dau vao dugc xac dinh bang thyuc
nghiém do va tinh toan trén phan mém Solidworks ciing nhu sir dung cac két qua thyc nghiém,
tién hanh giai va so sanh két qua tinh toan sau khi chay chwong trinh bing phin mém Matlab véi
bang sting khong dan hdi va bang siing dan hdi dwoc thé hién trén hinh 10, hinh 11.

0
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Hinh 10. D4 thi goc nay diu nong trong mit phing

£ | Hinh 11. D6 thi goc quay dau nong trong mit phing
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So sanh gitra két qua tinh toan ly t7huyét va két qua do thuc nghiém véi xa tha ndm bén
sung AK co6 bang khong dan hoi dugc thé hién trén hinh 12, hinh 13.
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Nhdn xét:

Két qua tinh toan cho thiy gia tri cua goc nay theo phwong dimg va phuong ngang clia
nong sing trong hai truong hop 1a khac nhau. Déi voi bang sing dan hoi thi gia tri clia cac goc
nay, goc quay nho hon khi ban voi bang sung khong dan hoi. Vi vay, thiét ké bang sung dan hoi
gitp cho sing 6n dinh. Tuy nhién, cac gia tri ciia do climg ciia bang dan hdi can dwoc khao sat
trong dai rong hon (trong bai bao st dyng do cung k = 0,3 N/mm).

Két qua thyc nghiém cho thay két qua tinh toan 1y thuyét la tuong d6i phit hop. Do d6, mo
hinh nay c6 thé dugc dung de khao sat anh hudng cua cac thong sb khac nhau anh huong dén do
6n dinh cta sung tu dong cam tay khi ban.

5. KET LUAN

Bai bdo da trinh bay co s¢ xdy dung md hinh co sinh canh tay xa thu. Ba xay dung duoc
md hinh nghién ciru dao dong ctia co hé “vii khi - xa thu” ¢6 ké dén anh hudng cta vai va hai tay
xa thii khi ban. Bai bao 4p dung khao sat dao dong cuia sting véi 2 loai bang sting khac nhau trén
sting tiéu lién AK. Két qua thuc nghiém cho thiy mé hinh nay c6 thé dung dé khao sat do on
dinh cua hé véi cac didu kién dau vao khac nhau 1am co s cho viée danh gia mirc d§ anh hudng
ctia mot sb thong sb t6i do chinh x4c bin cua sung.
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