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TOM TAT
Bai bdo trinh bay két qua nghién ciru vé ddc tinh xuyén thép cia lwong né lom sir dung phéu
16t dong duwoc ché tao bang 4 quy trinh khdc nhau: ddp ngudi, ddp nguoi két hop Voi miét, thiéu
két bét dong bang xung dién plasma, thiéu két xung dién plasma két hop véi miét. Két qua cho
thay, kich thuoc hat cau tric ciua vat ligu pheu lot dong sau khi ché tao cé anh hwong lon dén
chiéu siu xuyén thép ciia phéu. Cong doan miét phéu 16t dong tao ra cdc siéu hat va ting mdt dg
léch trong cdu tric, tir do lam tang chiéu sdu xuyén. Theo do, chiéu sdu xuyén thép ciia cdc phéu
16t dong sau khi miét phéi dap hodc phéi thiéu két xung dién plasma la 1om nhat, déu dat gid tri
trén 80 mm. Chiéu sdu xuyén thép ciia phéu ché tao chi bdng phuong phdp thiéu két bot dong
bdng xung dién plasma ciing dat gia tri la 70,5 mm. Phéu 16t dong ché tao bang phuong phdp
ddp ngudi c6 chiéu sau xuyén thép la thdp nhat va dat gid tri 50 mm va khong on dinh. Nghién
citu cing con cho thay sw hinh thanh cdc siéu hat voi chiéu réng tir 300 - 500 nm, chiéu dai tir 1-

3 um sau qud trinh bién dang bang phwong phdp miét.

Tir khoa: Luong nd 16m; Thiét bi nd 16m; Ph&u 16t; Chiéu sau xuyén.
1.MO PAU

Luong nd 16m 14 thiét bi nd, tap trung ning luong ciia khdi thude nd hinh 16m, 1am bién dang
ph&u kim loai dit trén khéi thudc nd, tao thanh dong kim loai & trang thai ran, di chuyén véi van
tdc cuc cao (dén trén 10 km/gidy), xuyén thung cac loai giap thép, bé tong, da [1, 2], ... Luong nd
I6m dwoc sir dung trong nhiéu linh vuc céng nghiép nhu trong nganh khai thac dau khi, giao
thdng van tai, khai khoang hay trong linh vic qudc phong. Trong quan su, luong nd 16m dugc Gng
dung 1am dan chdng ting, chong xe thiét giap, pha huy boong ke, tau chién hay tau ngam [3, 4],...
Kha ning xuyén cia lugng no 16m phu thugc vao nhiéu théng sé nhur kiéu thude nd, hinh dang
phéu va vt liéu l1am phéu hay cong nghé ché tao. Vat liéu lam phéu co vai tro rat quan trong dé
tao ra dong vat liéu toc do cao xuyén pha muc tiéu. C6 hai yéu cau chinh déi véi vat liéu phéu 16t
1a ty trong cao va bién dang déo t6t dé duy tri dong kim loai khong bi ngét quang [1, 5, 6].

Nhiéu kim loai khac nhau dugc sir dung lam phéu 16t trong lwong nd 16m nhu Cu, Al, Ta, Zr
va hop kim cua chang [6-9]. Dé tang ty trong cta vat liéu lam phéu, vat liéu composit W-Cu
ciing duoc nghién ctu phat trién [7-11]. Tuy nhién, xuyén suét lich sir phat trién cua vat liéu lam
phéu kim loai cho lugng nd 18m, cho dén nay Cu van 1a kim loai duoc sir dung phd bién nhit do
khéi lugng riéng tuong d6i cao (8,96 g/cm3) va kha ning bién dang déo rat tot cua kim loai nay
[8]. Ngoai yéu td vé ty trong, cac nghién ctru ciia Sun va Leus ciing chi ra rang, chiéu sdu dam
xuyén con phu thudc vao kich thudc hat tinh thé cua vat liéu lam phéu [12, 13]. Nhiéu nghién
ctru khéc ciing cho thay, hiéu qua dam xuyén ciia phdu kim loai ¢6 kich thudc hat tinh thé siéu
min tét hon so v&i phéu c6 kich thudc hat tinh thé dang thé [14, 15].

C6 rét nhidu phuong phap ché tao phéu 16t nhu: dap, miét, luyén kim bot hay ma dién [1, 16-19].
Trong d6, ndi 1én 2 phwong phap tuong ddi méi va co kha ning ting dung cao 1a phuong phap
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luyén kim bot va phuong phap miét co khi. Cac nghién ciru di truéc cho thay, cac phéu kim loai
hay composit ché tao biang phuong phap luyén kim bot c¢6 hiéu qua dam xuyén kha tét [20-22].
D6i v6i phuong phap luyén kim bot, ki thuat thidu két xung dién plasma (SPS) cho thiy hiéu
qua cao trong viéc nang cao do xit chat cua vat liéu, ddng thoi duy tri duoc kich thudc hat min
hoac siéu min do thoi gian thiéu két ngén va vat liéu duoc ép mot chiéu trong khi thiéu ket [23, 24].
Dbi voi phuong phap miét, kim loai trong qua trinh miét dugc bién dang manh, hat cdu trac tinh
thé dugc 1am nho min, diéu nay sé co thé nang cao duoc kha ning xuyen ctia phéu.

Dé hiéu rd hon vé anh huong cua phuong phap ché tao dén cau tric, tinh chat va hiéu qua
hoat dong cua phéu 16t, trong nghién cau nay, cac phéu dong s& dugc dugc ché tao bang 4 quy
trinh khac nhau: dap ngudi, dap ngudi két ‘hop voi miét, thiéu két bot dong bang xung dién
plasma SPS, thiéu két SPS két hop véi miét. Céu truc, tinh chat co cua vat lidu va kha niang
xuyén thép cta 4 loai phéu 16t ddng noi trén s& duoc khao sét.

2. PHUONG PHAP NGHIEN CUU
2.1. Vit liéu va cac phwong phap ché tao phéu 16t dong
2.1.1. Vit liéu cho nghién ciru va kich thuéc phéu 16t dong

Trong nghién ctru ndy, hai loai vat liéu la déng tAm va déng bot dugc st dung dé ché tao phéu
16t ddng bang 2 phuong phap khac nhau. Trong d6 dong tdm 1a loai ddng do méac C10100, véi do
sach 99,97%, day 1,5 mm. Bot d@)ng dang di€n phan, c6 do sach 99,5%, kich thudc hat bot trong
khoang 44 - 74 um. Phéu 16t déng dé Iip vao lwong nd 16m phuc vu nghién ctru 13 mot hinh non
can, c6 kich thudc co ban nhu sau: day dudi 33 mm, chidu cao 25 mm, goc dinh 59,5° va day 1
mm. Tat ca phdu 16t sau khi ché tao déu phai trai qua céng doan gia cong co khi dé dat kich
thudc sau cung va dd nham bé mat trude khi thir nghiém.

2.1.2. Ché tao phéu 16t dong bang phwong phdp dép ngudi

Phéu 16t ddng ché tao theo phuong phap dap ngudi duoc déap theo 5 budc, trong do, sau khi
dap sau lan 1, phoi dap dugc 0 mém tai nhiét 46 760 °C trong 30 phit, moi truong u 1a chén
khong. Tiép theo, phéi duge dap tiép cac bude 2, 3, 4, 5 dé hinh thanh phdu 16t dong véi chiéu
day thanh phéu 14 1,5 mm. i voi phéu 16t dong ché tao theo phuwong phap dap ngudi ma khong
phai qua cong doan miét d& 1am nhé min hat cau trac, phéu 16t dong sau do6 s& dugc gia cong co
khi dé dat kich thudc sau cling.

2.1.3. Ché tao phéu 16t dong bang phwong phdp thiéu két xung dién plasma tir bot dong

Pau tién bot dong dugc can xac dinh khéi lugng timg mé, dua vao tang nghién trén bang hop
kim cung, thém chat két dinh 1 1% parafin + 10% aceton, sau d6, bot duoc tron déu trong cdi
nghién vai bi hgp kim cing, ty 18 bi:bot 1a 2:1, thoi gian nghién tron 14 60 phut. Sau khi nghién
tron, bot duoc 14y ra, d& kho ty nhién ngoai khong khi. Tiép theo, bot da tron déu véi chat két
dinh dugc ép trong khudn thép, tao hinh so bd phéu 16t ddng véi cac kich thude dugc tinh toan
v6i luong du nhat dinh. Phoi phéu 16t ddng sau khi ép tao hinh, duoc dua vao 10 éng thiéu két so
bo dé tao do cimg can thiét trudc khi dua sang cong doan ép thiéu két bang xung dién plasma.
MBoi truong thiéu két so bo 1a khi hydro, nhiét d6 thiéu két so bo 1a 900 °C, thoi gian thiéu két so
bo 1a 60 phut. Phéu 16t d(‘Sng sau khi thiéu két so bd duoc 1am sach ba via, dwa vao khudn graphit
dé ép thiéu két trén thiét bi xung dién plasma. Thiét bi thiéu két xung dién plasma duoc sir dung
trong nghién ciru nay 1a thiét bi SPS Labox 350 system (hidng Sinterland, Nhat Ban), dit tai Vién
Khoa hoc vat liéu. Nhiét do thiéu két SPS 1a 900 °C, thoi gian giit nhiét 1a 15 phut, téc do nang
nhiét 1a 50 °C/phut, d chan khong 1a 6 Pa, ap luc ép 1a 32,36 MPa. Hinh 1 dudi day 1a nguyén ly
thiéu két phéu 16t dong trén thiét bi SPS va hinh anh thiét bi nghién ciru.

Phéu 16t ddng duoc ché tao theo phuong phap thiéu két bang dong xung plasma c6 kich thudc
phia trong co ban nhu yéu cau, chidu day thanh phéu c6 thé dao dong trong khoang tir 1,6 dén
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1,7 mm. Dbi v6i phéu 16t ddng khong phai qua cong doan miét dé 1am nho min hat cu tric,
pheu lot dong sé duoc gia cong co khi dé dat kich thudc sau cung tuong tu nhu doi véi pheu 16t
dong dap ngudi.

Ap luc Chay trén
(Graphit)

Chan khong

Phéu dong

Nguén xung DC

Ao khuon
(Graphit)

a) _______________ ! Chay dudi
Ap Iuc (Graphit)

b)

Hinh 1. So @6 nguyén Iy thiéu két phéu 16t dong trén thiét bi SPS (a) va hinh anh thiét bi (b).
2.1.4. Phuong phdp miét phéu 16t dong sau ddp ngudi va sau thiéu két SPS

Pé 1am nho min hat cAu tric cta vat liéu, phéu 1ot déng sau dap ngudi hodc sau khi thiéu két
béng SPS duoc miét trén thiét bi miét dédc chung tai Nha may Z117 — Téng cuc Cong nghiep
Quoc phong. M01 phéu 16t dong dugc miét qua 2 giai doan. Giai doan 1, miét 1am 3 lan, mdi lan
chiéu sau miét 0,1 mm, budc tién con lin miét 0,2 mm/vong quay, toc dd quay cua truc 250
vong/phat. Sau khi miét giai doan 1, pheu 16t dong dugc u khir ing suét & nhiét d¢ 150 °C trong
thot gian 60 pht. Tiép den phéu lot dong dugc miét giai doan 2 véi 2 1an miét, chidu sdu miét
mdi 1an 12 0,1 mm, budce tién con lan miét van 12 0,2 mm/vong quay. So d6 nguyén ly miét phéu
lot dong va hinh anh miét trén thuc té duoc trinh bay trén hinh 2.

Hinh 2. So' d6 nguyén Iy miét phéu lot déng (), hinh anh miét mau trén thiec té (b)
va kich thuoc co ban cua phéu lot dong sau khi gia cong (c).
Phéu sau khi miét duoc gia cong co khi dé dat duogc kich thude va do nham bé mit sau cung
theo yéu cau trudce khi thir no.
2.2. Phuong phip nghién ciru tinh chit vat liéu
Chu t}'ﬁc vat liéu dugc nghién ctu trén cac thiét bj hién vi quang hoc (Axiove(t 40 MAT,
buc), hién vi dién ti quét SEM (Hitachi S4800, Nhat Ban) va hién vi dién tir truyén qua HR-
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TEM (JEOL JEM 2100, Nhat Ban) tai Vién Khoa hoc vat liéu. Mau cho nghién ctru duoc 1y tir
vi tri gifta ctia phéu 16t dong va dugc mai, tim thyc theo _quy trinh cho nghién ctru trén SEM.
Mau cho nghién ctru trén TEM ciing duoc lay tu gilia pheu 16t dong, duge mai mong, dn mon
dién hoa trong dung dich chudn cta hang cung cip. Khdi lugng riéng cta vat liéu duge do bang
phuong phéap cén thuy tinh (AND GN202, Nhat Ban). Bg cing cua vét liéu dugc do trén may do
d6 cimg té vi (IndentaMet 1106, Buehler USA) tai Vién Khoa hoc vat liéu véi tai trong 0,3 kgf,
thoi gian gitr luc 10 gidy.
2.3. Phuong phip danh gia kha niing xuyén ciia phéu 16t
Dé danh gia kha ning xuyén cua phéu 16t, hé théng thir nghiém nd 16m duoc thiét 1ap nhu
hinh 3a. Luong nd 16m gom than lam bang thép, phia trong ¢ gan phéu 16t dong va 38 + 1 gam
thudc nd A-1X-1. Phia day than thép co gan hé kip nd dé kich hoat khéi thudc nd. Bia thép dugc
lam bang thép 40Cr c¢6 ham luong C = 0,38 - 0,44%, Cr = 0,8 - 1,1%, c6 dudng kinh 80 mm va
chiéu dai 120 mm. Mit day ciia phéu 16t dong dat cach mit bia thép mot khoang cach 1a 22 mm.
Khoang cach nay duoc 13y theo kich thudc chop gié cia dan 40 mm xuyén 16m hién dang dugc
st dung dé tién so sanh. Bia thép va lugng n6 16m dugc dinh vi ¢d dinh v6i nhau bﬁng vit phia
sau bia thép, dam bao cho viéc lwong nd 16m va bia thép khong thé dich chuyén trong qué trinh
chuin bi nd. Khi duoc kich nd, khdi thude nd sé tao song xung kich, lam bién dang phéu lot d(“)ﬂg
tao thanh dong kim loai & thé ran, di chuyén xuyén vao bia thép véi van tdc siéu cao (hinh 3b),
tao mot 16 xuyén trong bia thép. Sau mdi mot lan nd, bia thép dugc léy ra, do chiéu sau xuyén
bang que tham, mot so bia thép sau khi nd duoc cit xé doi theo chiéu doc, chinh giira 16 xuyén
dé quan sat va chup anh. Mdi mét loai phéu 16t dong duge thir nd hai lan, chidu sau xuyén thép
ctia m&i mot loai phéu 16t ddng 1a gid tri trung binh cia hai 16 xuyén.
22
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Hinh 3. So do hé thong thir nghiém né 1om a) va nguyén Iy hinh thanh dong kim logi b).
3. KET QUA VA THAO LUAN

3.1. Céu tric va tinh chit dic trung cia vat liéu phéu 16t dong ché tao bing phwong phap
dap ngudi va phwong phap thidu két xung dién plasma

bPé quan sat kich thudc hat tinh thé cua vat liéu phéu dong duoc che tao bang phuong phap dap
ngudi tir ddng tam va phuong phap thiéu két xung dién plasma, cac mau duoc cit ra tir cac phéu,
sau d6 mai, danh bong va tam thyc bang dung dich FeCls (5 g) + HCI (10 mL) + H,0 (100 mL).
Trén hinh 4 13 anh hién vi quang hoc (OM) c4u truc cua vat liéu phdu dong dap ngudi (hinh 4a)
va phéu 16t dong thiéu két SPS (hinh 4b). Tir hinh thy rang, cau trac cua 2 loai vat liéu déu bao
gom cac hat da tinh thé, kich thudc tir vai chuc dén hang trim um va khdng cé nhiéu khac biét.
Tuy nhién, khi quan sat trén kinh hién vi dién tir quét (SEM) ¢ d6 phong dai cao hon vao cac hat
da tinh thé dong cho thay su khac bi€t rd rang gitra hai cau trac. Dol v6i mau dong déap ngudi,
mdi hat 16n bao gdbm mét s hat nho nhung kich thude kha I6n. Didu nay 1a do mau dong dap
ngudi duoc ché tao tir phdi dong sau qué trinh dac-can, nén kich thudc hat sau qua trinh két tinh,
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két tinh lai thuong rat Ién, twong ty nhu quan sat dugc trong cac nghién ciu trude day [13, 18].
Nguoc lai, dbi v6i mau dong SPS, mdi hat da tinh thé chira nhiéu hat véi kich thuéc nho min
dudi 1 pm. Céc siéu hat (subgrains) kich thudc nhé min trong mau dong thiéu két SPS la do két
qua di truyen tur bot dong nguyén liéu dugc ché tao bang phuong phép dién phan. Hinh 4c cho
thiy, mdi hat bot dong nguyén liéu dang nhanh ciy gom nhiéu hat con phat trién theo nhiéu
huéng khac nhau. Khi str dung cac hat bot ddng nay lam nguyén lidu dé ché tao phéu 16t dong
bang phuong phap thiéu két SPS, qua trinh thiéu két duoc tién hanh véi thoi gian rat ngan (dudi
15 phut), nén cac hat dong chua dii thoi gian tai két tinh thanh cac hat 16n hon, cac bién gidi cua
cac hat con ndy van ton tai & vat liéu khdi sau khi thiéu két.

Hinh 4. a) va b) anh hién vi quang hoc, anh SEM cau tric cdac phéu dong sau khi ddp va sau khi
SPS, c) anh SEM bgt d@ong nguyén ligu dé ché tao phéu bang phirong phap SPS.

Do cang Vicker va khéi lugng riéng ciia phéu dong sau khi dap va sau khi thiéu két SPS duoc
trinh bay tai bang 1. Khdi lugng riéng ciia mau dong dap (p) dat dwoc trung binh la 8,95 + 0,02
glem? tic 1a twong duong vai ty trong 1y thuyét (pr), do mau duoc can va sau d6 duoc dap. Do
v6i miu dong sau khi SPS, khéi lugng riéng dat 8,92 + 0,03 g/cm? thip hon so v6i mau dong dap
do dugc ché tao bang phuong phap luyén kim bot, tuy nhién, gia tri nay cling dat trén 99,6% so
véi Iy thuyét, diéu nay cho thay ky thuat thiéu két SPS véi cac thong so lra chon trong nghién
chru nay da tao ra d¢ xit chat gan nhu hoan toan. Mac du dugc bién dang manh bang gia cong dap
ngudi, nhung dj cliing té vi cua phéu dong sau khi dap do tai mat ngoai la 115+ 1,5 HVq3, chi
cao hon 7,6% so véi mau phéu dong sau khi SPS la 105+ 1,5 HVos. Dicu ndy c6 thé dugc giai
thich Ia do kich thudc hat tinh thé nhé min trong cac hat da tinh thé 16n cia mau phéu dong ché
tao bang phuong phap SPS so véi phéu dong ché tao bang phuong phap dap, nhu da quan sat
duogc trén anh SEM tai hinh 4.

Bdng 1. B¢ cing va khoi heong riéng ciia mau phéu sau khi ddp va sau khi SPS.
Mau Do cung (HVos) p (glem®)  plpr (%)
Mau dap 113+ 15 8,95+ 0,02 ~99,9
Mau SPS 105+ 1,5 8,89 £ 0,03 ~99,2
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3.2. Su thay ddi cAu tric ciia vat liéu nén ddng sau khi miét
CAu tric ciia cac mAu sau khi miét duoc quan sat va chup trén kinh hién vi quang hoc (sau khi
tam thuc) va hién vi dién tu truyen qua nhu thay trén hinh 5.

Hinh 5. Cdu tric phéu I6t d‘ong du'ac gia ché tao bang phuong phap miét sau ddp ngugi
chup bang kinh hién vi quang hoc (a) va TEM (c); cau triic cua phéu 16t dong
ché tao bang phwong phap miét sau SPS trén hién vi quang hoc (b) va TEM (d).

Tur hinh 5a va 5b thiy rang, cau triic caa cac mau sau khi miét trén anh quang hoc khéng co
su thay d6i rd rang, cau trac vat liéu van gém cac hat tinh thé 16n voi kich thuéc vai chuc dén
hang trim pm nhu quan sat di véi cac miu chua duoc gia cong miét. Tuy nhién, khi quan sat
trén kinh hién vi dién tir truyén qua ¢ do phan giai cao, hinh 5¢ va 5d, c6 thé thiy ciu tric cua ca
hai loai phéu sau khi miét 1a kha twong dong. Qua trinh gia céng miét da tao ra sy bién dang
manh cta cac hat va hinh thanh Ién cac siéu hat (subgrains) vai chiéu rong tir 300 dén 500 nm va
chiéu dai tir 1 dén 3 um sau khi dwoc miét, ddng thoi ciing quan sat thay su su tap trung rat 1on
cua cac léch mang tai vang bién hat.

Két qua do khdi luong riéng va do cing Vicker cac mau phéu sau khi miét dugc thé hién
trong bang 2. Co thé thdy, sau khi duoc ra cong miét mau phéu dong ché tao bang phuong phap
SPS da dugc tang do xit chat lén dén ~ 99,6% (8,92 + 0,03 g/cm3) tic la dat gan vai do xit chat
theo Iy thuyét. Mau phéu dong ché tao bang phuong phap miét sau dap ngudi, c6 khdi lwong
riéng hau nhu khong thay doi, co gia tri 8, 95 + 0,02 g/cm3 tic trén 99,9%. Gia tri d§ cang cua ca
hai mau phéu sau khi miét deu tang va gan bang nhau, Ian luot la 119 £1,5 HVos va 120+ 1,5
HVo3 tuong tng Vol cac mau miét sau dap nguoi va miét sau SPS. Piéu nay ciing phu hop véi
két qua quan sat ciu tric té vi trén anh TEM véi su hinh thanh cua cac siéu hat voi kich thuéc
siéu min di kem vai sy tap trung Ion cua 1éch mang tai bién hat la nguy&n nhén lam cho d¢ ciing
ctia phéu dong tang 1én sau khi dwoc gia cong miét.

Bdng 2. D cing va khoi lirong riéng ciia mau phéu sau khi dd@p + miét va sau khi SPS + miét.

’ Mau B¢ cang (HVo3) p (glem®)  plpi (%)
Miét sau dap ngudi 119+1,5 8,95+ 0,02 ~99,9
Miét sau SPS 120+15 8,92 £ 0,03 ~99,6
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3.3. Két qua thir né 16m
Nhu phan 2 di trinh bay, m&i mot loai phéu 16t dong dugc thir nd 2 lan dé iy chiéu sau
xuyén trung binh. SO li€u chiéu sau xuyén dugc trinh bay tai bang 3.
Bing 3. S0 liéu chiéu sdu xuyén do dwoc cia cdc loai phéu khi thi.

TT Loai mau Cniéu sau xuyén Cniéu sau xuyén  Chiéu siu xuyén
lan thtr 1 (mm) lan thir 2 (mm)  trung binh (mm)

Phéu ché tao bang phuong

1 phép dap nguéi 45 55 50
o Pheu ché tao bing phuong 80 81 80,5
phéap miét sau dap ngudi
Phéu ché tao bang phuong
3 Dhép thiéu két SPS n 0 705
4 Phé&u ché tao bang phuong 82 80 81

phap miét sau thiéu két SPS

Tt bang thiy rang, chiéu sdu xuyén ctia pheu ché tao bang phuong phap dép ngudi la thap nhat
va khong 6n dinh, chénh 1&ch trén 20%. Tiép dén 1a chiéu sau xuyén cua phéu ché tao bang phuong
phap thiéu két SPS, cao nhét 1a chiéu sau xuyén ctia phu ché tao bang phuwong phap dap hoic thiéu
két SPS sau d6 két hop voi cong doan miét dé lam nho min hat cu trac. Trong d6, cong doan miét
lam tang chiéu sau xuyén cia thém 61% so v6i phéu dap ngudi. Diéu nay co thé duoc 1y giai 1a do
kich thuéc hat cdu tric cua dong sau khi dap ngudi 1on. Tuong tw, so v6i phéu SPS, cong doan
miét 1am ting chidu su xuyén thém 14,9% so v&i phéu SPS ban dau, do chiéu siu xuyén ctia phéu
SPS di cao hon chiéu siu xuyén ctia phéu dap ngudi 1a 41%. Két qua ciing cho thay, chiéu sau
xuyén cua ca hai loai phéu ché tao bang phuong phap dap ngudi hay bang phuong phap SPS sau d6
duogc gia cong 1am nhé min hat déu c6 gi tri twong duong nhau va dat gia tri trén 80 mm. Hinh 6
dudi day 1a hinh anh mit cit 16 xuyén trén bia thép sir sung 4 loai phéu 16t.

Hinh 6. Hinh anh mdt cat 16 xuyén trén bia sir dung cdc logi phéu 16t khéc nhau.

Chiéu sau xuyén cua phéu 16t dong ché tao béng phuong phap thiéu két SPS 16n hon nhiéu so
v6i chidu siu xuyén cia pheu 1ot dong ché tao bang phuong phap dap la do phéu 16t ddng ché tao
bang phuong phép thiéu két SPS c6 cau trac duoc di truyén tir bot dong nguyén liéu, voi céc siéu
hat nh6 min khodng 1 um bén trong cac hat tinh thé 16n. Vi vy, cau triic ciia dong thiéu két bang
SPS gom nhiéu bién hat hon so v6i cdu tric cta dong dap. Cac nghién ctru [12-14, 25] déu chi ra
rang, chiéu siu xuyén ting lén khi kich thudc hat cau trac cua phéu kim loai giam, hay néi cach
khac 13 khi ty 18 bién gi6i hat trong ciu tric tang én.
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Hién tuong sau khi miét, chidu sau Xuyén cua phéu 16t ddng ting 1én dang ké c6 thé duoc ly
giai dya trén két qua phan tich su thay ddi cu trac cua vat liéu. Trong do, Liu va cong su [26] da
di dén két luan, su bién dang cia pheu 16t dong trong lugng nd 16m tuong tu nhu hién tuong bién
dang siéu déo trong kim loai, chu yeu dya vao sy trugt cua 1éch dudi tbc do bién dang siéu cao
(dén 10*.s™). Vi thé, cang tao ra nhiéu léch trong cdu tric kim loai truée khi bién dang, hoic tao
ra nhidu bién gidi hat, thi cang tao diéu kién cho 1éch co thé truot va thiic day qua trinh bién dang
phéu kim loai duoc lién tuc, lam cho phéu kim loai dugc bién dang thanh dong kim loai dai hon,
khong bi dut gay.

Tir két qua chup anh TEM dbi v6i mau sau khi bién dang bang phuong phap miét trén hinh 5¢
va 5d co thé thay, sau khi miét, trong 10ng cac hat cau trac da hinh thanh céc siéu hat vi mat do
1éch cao. Cac siéu hat nay c6 kich thuée chidu rong tir 300-500 nm, dai tir 1-3 pm. Viée rat nhiéu
siéu hat dugc hinh thanh trong cac hat 1on, mdi mot siéu hat nay lai c6 dinh hudng tinh thé khac
nhau, 1am cho mét ty 1& nhat dinh siéu hat co phuong truot cua 1&ch trung phuong tac dong cua
luce, didu nay 1am cho hat 16n ndo ciing dugc bién dang. Nguoc lai, ciu tric ciia phéu khong duoc
miét khong c6 cac siéu hat, cac hat 16n lai co dinh huéng tinh thé khac nhau, chi mét ty 1¢ nhét
dinh c4c hat 16n c6 phuong truot tring voi phuong tac dong cua luc. Vi vay, khi bién dang c6 hat
16n dugc bién dang dé dang, c6 hat kho bién dang, do do s& dé hinh thanh cac Vét nut, 1am cho
dong kim loai d& bi ngat quang. Trong khi do, d6i voi phéu 16t sau khi duoc miét, tit ca cac hat
16n déu duoc bién dang, diéu nay s& han ché sy hinh thanh cic vét nut, 1am cho dong kim loai
dugc dai hon, 1am tang chiéu sau xuyén ciia phéu.

4. KET LUAN

Tur két qua nghién ctru, mot s6 két luan sau day dugc rut ra:

- Phuong phép_ ché tao phéu lot déng ¢6 anh hudng 16n dén chiéu sau xuyén cua lugng nd
16m. Trong do, phéu 16t ddng ché tao bang phuong phap dép két hop voi miét, pheu 16t ddng ché
tao bang phuong phap thiéu két xung dién plasma két hop v6i miét cho két qua chiéu siu Xuyén
la 16n nhat Phéu 16t dong ché tao chi bang phuong phap dap c6 chidu sau Xuyén thip nhét va
khong 6 op dinh. Cong doan mlet~pheu 16t dong sau khi dép ngudi da lam tang chiéu siu xuyén cua
luong no6 16m 1én 61% so véi mau dap khong miét.

- Phéu l6t dong ché tao bang phuong phap thiéu két xung dién plasma xuyén sau hon 41% so
voi pheu 16t dong ché tao bang phwong phap dap ngudi. Cong doan miét phéu lot dong sau khi
thiéu két xung dién plasma lam tang thém duoc gan 15% so véi phéu khong miét. Pidu nay mé
ra kha ning ché tao phéu 16t cho lugng nd 16m bang phuong phép thiéu két xung dién plasma.

- Cong doan miét tao ra cac siéu hat trong cAu trac vat liéu voi kich thude chiéu rong tr 300-
500 nm, chiéu dai tir 1 - 3 pm.

TAI LIEU THAM KHAO
[1]. Naeem, K., A. Hussain, and S. Abbas, "A Review of Shaped Charge Variables for its Optimum
Performance”. Engineering, Technology & Applied Science Research. 9(6): p. 4917-4924, (2019).

[2]. Borkowski, J., et al., "Application of sintered liners for explosively formed projectile charges".
International Journal of Impact Engineering. 118: p. 91-97, (2018).

[3]. Ahmed, M. and A.Q. Malik, "A Review of Works on Shaped Charges". Engineering, Technology &
Applied Science Research. 7(5): p. 2098-2103, (2017).

[4]. zaki, S., et al., "Effect of liner material and explosive type on penetration effectiveness of shaped
charge". Proceedings of the Institution of Mechanical Engineers, Part L: Journal of Materials: Design
and Applications. 233(7): p. 1375-1383, (2018).

[5]. Held, M., "Liners for Shaped Charges". Journal of Battlefield Technology, 4(3), pp.1-6, (2001).

[6]. Yi, J., et al., "Simulation Study on Expansive Jet Formation Characteristics of Polymer Liner".
Materials. 12: p. 744, (2019).

Tap chi Nghién ciru KH&CN qudn su, 85 (2023), 142-151 149


file:///L:/My%20Drive/JMST%20new%20(since%20Aug%202022)/BAI%20DA%20SUA/Số%2085_02-2023/17.Tạp+chi+KHCNQS_DDPhuong_revised.doc%23_ENREF_26

Co kj thugt & Co khi dpng lyec

[7]. Saran, S., O. Ayisit, and M.S. Yavuz, "Experimental Investigations on Aluminum Shaped Charge
Liners". Procedia Engineering. 58: p. 479-486, (2013).

[8]. Li, W.B., et al., "Effect of the liner material on the shape of dual mode penetrators"”. Combustion,
Explosion, and Shock Waves. 51(3): p. 387-394, (2015).

[9]. Walters, W., W. Gooch, and M. Burkins, "The Penetration Resistance of a Titanium Alloy against
Jets from Tantalum Shaped Charge Liners". (2000).

[10].Elshenawy, T. and Q. Li, "Breakup Time of Zirconium Shaped Charge Jet". Propellants. 38, (2013).

[11].Zhang, X., C. Wu, and F. Huang, Penetration of shaped charge jets with tungsten—copper and copper
liners at the same explosive-to-liner mass ratio into water. Shock Waves. 20(3): p. 263-267, (2010).

[12].Sun, S., et al., "Comparison of Shaped Charge Jet Performance Generated by Machined and
Additively Manufactured CuSn10 Liners". Materials (Basel). 14(23), (2021).

[13].Leus, V., Y. Khopdongr, and R. Ceder, "Examination of shaped charge performance with ECAP
produced liners™. Vol. 2272. 120013, (2020).

[14].Petit, J., V. Jeanclaude, and C. Fressengeas, "Effects of liner grain size on shaped - Charge jet
performance: A combined experimental/numerical/analytical approach”. 134, (2006).
http://dx.doi.org/10.1051/jp4:2006134058

[15].Li, X., et al., Study on grain refinement of copper-based liner by vacuum gradient heat treatment
process using response surface methodology. Journal of Materials Research and Technology. 15: p.
2345-2354, (2021).

[16].Elshenawy, T., S. Soliman, and A. Hawwas, "Influence of electric current intensity on the
performance of electroformed copper liner for shaped charge application”. Defence Technology.
13(6): p. 439-442, (2017).

[17].Jackowski, A. and E. Wtodarczyk, "The influence of repressing liners made from sintered copper on
jet formation™. Journal of Materials Processing Technology. 171(1): p. 21-26, (2006).

[18].Hoseini, S.M.J., et al., "Investigation of microstructure and mechanical properties of copper shell
produced by shear spinning in different rotation directions". Materials Research Express. 8(6): p.
066521, (2021).

[19].Zhang, M., et al., "Structure of copper shaped charge liner evolution law based on die forging
process"”. Journal of Physics: Conference Series. 1507: p. 032036, (2020).

[20].Zygmunt, B. and Z. Wilk, "Formation of Jets by Shaped Charges with Metal Powder Liners".
Propellants, Explosives, Pyrotechnics. 33, (2008).

[21].Walters, W.P., et al. "A Study of Jets From Unsintered-Powder Metal Lined Nonprecision Small-
Caliber Shaped Charges". (2001).

[22].Zhanlei, W., et al., "Dynamic Consolidation of W-Cu Nano-Alloy and Its Performance as Liner
Materials". Rare Metal Materials and Engineering. 43(5): p. 1051-1055, (2014).

[23].Zhang, Z.-H., et al., "Ultrafine-grained copper prepared by spark plasma sintering process".
Materials Science and Engineering: A. 476(1): p. 201-205, (2008).

[24].Zhou, K., et al., "W-Cu composites reinforced by copper coated graphene prepared using infiltration
sintering and spark plasma sintering: A comparative study". International Journal of Refractory
Metals and Hard Materials. 82: p. 91-99, (2019).

[25].Welsh B.S., "High Speed Deformation and Break-Up of Shaped Charge Jets". The University of
Nottingham, p. 221, (1993).

[26].Liu, J., et al., "Dynamic Response and Microstructure Evolution of Oxygen-Free High-Conductivity
Copper Liner in Explosively Formed Projectile”. Latin American Journal of Solids and Structures.
14: p. 2089-2106, (2017).

150 N. M. Tuién, ..., N. V. Toan, “Nghién ciru dnh hwong ciia mot sé’phu“o’ngpha'p ... luogng né lom.”


http://dx.doi.org/10.1051/jp4:2006134058

Nghién ciru khoa hoc cong nghé

ABSTRACT

Influence of fabrication method of copper shaped charge liners
on the penetration depth into steel targets

This paper presents the penetration behavior of copper shaped charge liners produced
by four different techniques, including deep drawing, deep drawing followed by metal
spinning, SPS sintering and SPS sintering followed by metal spinning technique. The
results show that the grain size of copper liners has a strong effect on the penetration depth
into steel targets. The metal spinning step led to the appearance of the subgrains and the
increase of dislocation density and hence, improved the penetration depth of the copper
shaped charge liner. Accordingly, the penetration depth of the shaped charge liners
produced by deep drawing followed by metal spinning and SPS sintering followed by metal
spinning into steel targets reached the highest values, which are about 80 mm. Meanwhile,
the penetration depth of the shaped charge using SPS sintered liner is 70.5 mm. The copper
liner made by deep drawing produced an unstable depth and was about 50 mm. This work
also shows the formation of the subgrains with a width in the range of 300 to 500 nm and a
length from 1 to 3 zm in the liners microstructure after metal spinning.

Keywords: Shaped charge; Copper liner; Penetration depth.
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