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TOM TAT
Pém khi cao dp cho dong hé va cam bién dimg cho thiét bi do heong trén tau chién dau Hai
quan dwge xir Iy nhiét sau khi gia cong ché tao tir phéi dong M1 dang thanh tron. Anh huéng ciia
nhiét @ va thoi gian xir 1y nhiét dén co tinh, t6 chirc té vi, d bén phd hiy va dé kin khit cua san
phim dd dwoc khdo sat. Két qua cho thdy, sau khi i tai nhiét dg 600 °C trong 60 phiit, toc do
nang nhi¢t 5 °C/phit, ngugi cing lo, qud trinh ket tinh lai xdy ra hoan toan, cdc hat tinh thé

dong 6 cdu triic song tinh; vdt ligu o trang thai mém véi do ciing 42,38 HB. Pém khi cao dp cé
dé bén phd hity va dg kin khit tot.

Tir khoa: Dém khi cao ap; Xir 1y nhiét; Déng sach k¥ thuat; U; Co tinh.
1. MO PAU

Gioang, dém la chi tiét duoc thiét ké dé tao ra con dau tinh (static seal) gifra hai bé mat mat
bich. Mot giodng, dém sé& lap dy nhimng khoang h li ti bat thuong trén bé mit ctia mit bich, sau
d6 no tao ra mot con déu 1am kin dé ngin chét 16ng hodc chat khi ro ri ra bén ngoai [1].

Trén tau chién dau Hai quan, ngoai cac loai vii khi khi tai dam bao sin sang chién dau, con
dugc lap dat rat nhidu hé thong thiét bi do luong dé do dac cac thong s6 k¥ thuat trén tau. Pong
bd vé6i cac thiét bi do ludng nay 1a cac loai gioang, dm c6 nhi€ém vu lam kin khi nén, kin nudc,
kin nhién liéu, cach ly méi truong can do véi thiét bi do [1].

Pbi vdi cdc loai giodng, dém st dung cho cac thiét bi chiu 4p sut cao nhu cam bién khi cao
ap, yéu cau dat ra ddi voi vat liéu ché tao phai c6 d6 déo cao - c6 kha nang bién dang bu cho d
nham gitra hai bé mit Iip ghép; c6 do bén cao - lam kin khong cho mdi chat lot ra ngoai mdi ndi.
Mot trong nhirng vat liéu dap ung duoc ca hai yéu cu vé do déo cao va do bén cao trong ché tao
dém khi cao ap la déng sach k¥ thuat [1]. Qua do dac, khao sat, dém khi cao ap cho déng hd va
cam bién dung cho thiét bi do luong trén tau chién dau Hai quin dugc ché tao tir ddng sach ky
thuat mac M1 theo GOST 859-2001 cta Nga [1].

Bai béo trinh bay két qua nghién ctru xtr Iy nhiét dém khi cao ap cho dong hé va cam bién dung
cho thiét bi do luong trén tau chién diu Hai quan duogc ché tao tir phoi dong M1 dang thanh tron.

2. NQI DUNG CAN GIAI QUYET
2.1. Poi twgng nghién ctru
San pham dém khi cao 4p cho dong hd va cam bién dung cho thiét bi do luong trén tau chién
d4u Hai quan dugc ché tao tir phoi dang thanh tron dic “Hpyrox JAKPHT 20 HI M1 I'OCT
1535-2016” cta Nga. Phoi c¢6 duong kinh 20 mm, duge ché tao bang phuong phap bién dang
ngudi, phoi o trang thai ciing, vat liéu mac M1 theo GOST 859-2001 [3, 4].

2.2. Phwong phap nghién ciru

Do cung Brinell cia d€m khi cao ap dugc do trén thiét bi Miﬂtutoyo AVK-CO tai Trung tam
danh gia hu hong vt liéu/Vién Han 1am KHCNVN theo tiéu chuan TCVN 256:2006 [5].

Gi6i han bén, gidi han chay cua cac phoi vat liéu dugce do trén thiét bi kéo nén van nang: Kiéu
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Super L120; Héang: Tinius Olsen tai Trung tdm danh gia hu hong vat liéu/Vién Han lam
KHCNVN theo tiéu chuan TCVN 197-1:2014 [2].
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Hinh 1. Phéi “Ilpymox JJKPHT 20 HJ{ M1 I'OCT 1535-2016" ciia Nga (a); San pham dém khi
cao ap sau khi che tgo (b); Bdan vé san pham (c).

Té chue té vi ctia dém khi cao ap duoc khao st trén thiét bi kinh hién vi quang hoc tai Trung
tdm déanh gia hu hong vat liéuw/Vién Han 1am KHCNVN. Mau dugc danh bong co hoc va tam
thuc theo ASTM E407-07 [6].

bo bép pha hiy va do kin khit ciia dém khi cao ap dugc do dac tai Trung tdm do luong/Cuc
Tiéu chuén - Do luong - Chat lugng/ B6 Quoc phong. Thi€t bi bao gom ban tao ap TBTA-600 va
cam bién ap suat 700P08’(d5 dugc lién két chuan) [7]. Phuong phap kiém tra d6 bén pha huy:
Nen dém dong dudi ap suat 400 bar trén ban tao ap trong thoi gian 5 phut; kiém tra tinh trang cta
dém dong bang mét thuong. Yéu cau dém dong khong bi pha hiy (nut, v4,...) dudi tic dung cia
ap luc. Phuong phép kiém tra d6 kin khit: Nén dém dong dudi ap sudt 250 bar trén ban tao va
kiém tra do tut 4p cta hé thong sau thoi gian 5 phut. Yéu cau do tut ap ctia hé thong khong 16n
hon 5% (tuwong Gng 12,5 bar).

2.3. Thuc nghiém

Gia cong ché tao phoi san pham dém khi cao ap tir phoi dong M1 dang thanh tron: Phoi thanh
tron kich thudc @20 mm x 200 mm duoc tién ngoai dat 16,5 mm, khoan 10 ®6, sau d6 dugc cat
day Molipden thanh céac chi ti€t day 1,5 mm. Phéi sau do dugc dat 1én do ga chuyén dung dé
phay ché tao 3 ranh sau 0,3 mm.

. Ph6i’ dém khi cao ap sau khi duoc gia cong ché tao duoc tién hz‘i’nh xt 1y nhiét dé dat co tinh
can thiét. Nhiét do va thoi gian xu 1y nhi¢t dugc khao sat. Thiét bi: Lo nung nhiét d§ cao
Nabertherm (nhiét d¢ toi da 1800 °C) tai Vién Hoa hoc-Vat li¢u/Vién KH-CN quan sy.
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Khao sat anh huong cua nhiét 46 xu ly nhiét: San pham dém khi cao ap sau khi gia cong co
khi duoc tién h:émh U tai cac nhjét d6 khac nhau tir 300 °C dén 750 °C trong méi truong khong
khi, thoi gian c6 dinh 90 phat, toc d6 nang nhiét 5 °C/phut, ngudi cung 10.

Khao sat anh hudng cua thoi gian xu ly nhiét: San pham dém khi cao ap sau khi gia cong co
khi dugc tién hanh u tai cung nhiét d6 600 °C trong méi trudng khong khi, thoi gian 1 thay doi tu
30 phut dén 150 phut, toc d6 nang nhiét 5 °C/phit, ngudi cung 1o.

3. KET QUA VA THAO LUAN
3.1. Nghién ciru lwa chon nhiét do xir Iy nhiét

Pé lya chon nhiét do xu 1y nhiét, san phém dém khi cao ap sau khi giq cong co khi duoc tién
hanh 1 theo cac budc néu tai muyc 2.3 voi nhiét do khac nhau tir 300 °C dén 750 °C véi thoi gian
90 phdat.

Két qua xac dinh d6 ctmg Brinell ciia cac mau dugc trinh bay trén hinh 2. Két qua cho théyz
sau khi 0 ¢ nhiét d6 300 °C trong 90 phut, d§ climg cta san pham c6 giam nhung khong dang ké
(tir 88,40 HB xudng 82,06 HB). Vi nhiét d6 1 cao hon (trr 450 °C), d6 cimg cua san pham bit

dau giam manh. Tuy nhién, dé dat dugc trang thai mém theo yéu cau cua san phim dém khi cao
ap (d6 cing < 45 HB) [8], nhiét d6 u phai tir 600 °C.
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Hinh 2. Anh hwong ciia nhiét dg i dén dé cimg ciia san pham dém khi cao dp.
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Hinh 3. Anh hudng ciia nhiét dg i dén gidi han bén (a) va gi6i han chay (b)
cua mau phoi dong M1 dang thanh tron.

Anh hudng cua nhiét do u dén céac chi s6 d6 bén cua san phém dém khi cao ap dugc xac dinh
gian ti€p thong qua cac phoi thu kéo dugce xir Iy nhiét & cung cheé do. Két qua phép thir kéo cua
cac phoi sau khi dugc xtt Iy & cac nhi¢t dd khac nhau duoc thé hién trén hinh 3.

Két qua cho thdy, khi ting nhiét d6 0, giéi han bén va gidi han chay cia cac mau thir kéo cd
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xu hudng giam. Sau khi 0 & nhiét d6 300 °C trong 90 phit, giéi han bén va giéi han chay cua
mau c6 giam nhung khong dang ké (gioi han bén giam tir 296 MPa xubng 280 MPa, gi6i han
chay giam tir 291MPa xudng 176 MPa). Vi nhiét do 1 cao hon, cic chi s6 bén ctia mau bat dau
giam manh. Két qua nay phi hop véi két qua khao sat do clng trude do.
Tién hanh khao sat to chic té vi clia cdc mau véi nhiét d6 G khac nhau trén thiét bi kinh hién
vi quang hoc. Két qua duoc thé hién trén hinh 4.
< <
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Hinh 4. T6 chitc té vi ciia cdc san pham dém khi cao dp véi nhiét dé v khdc nhau.

Két qua cho thay, dong M1 ¢6 t6 chirc 1a 1 pha. Véi nhiét d6 0 300 °C, qua trinh két tinh lai
xay ra kKhong hoan toan, t6 chire té vi ciia mau duoc u & 300 °C van quan sat thay cac vang co
cau triic bi bién darlg, khong khac biét so voi mau san pham ban dau. Véi nhiét d¢ 0 450 °C, qu’é
trinh ket tinh lai dién ra manh, cac hat tinh thé c6 cau tric song tinh. Vdiﬂnhiét do u 600 °C, ket
tinh lai xdy ra hoan toan. Vi nhi€t do u 750 °C, quan sat thay su phat trién hat do qua trinh tich
tu dién ra manh, céc hat tinh thé dong co kich thudce rat 16n (trén 100 pm). Két qua nay phu hop
v&i két qua khao sat co tinh trude do.

Qua khdo sat anh huong cta nhiét do 0 dén tinh chat va t6 chic cua san phdm dém khi cao ap
duoc che tao tir phdi dong M1 dang thanh tron, lya chon dugc nhiét do u phu hop 1a 600 °C de
tién hanh cac khao sat ti€p theo.

3.2. Nghién ctru lya chon thoi gian xir ly nhiét

) Dé lua chon thoi gian xir 1y nhiét, san pham dém khi cao 4p sau khi gia cong co khi dugc
tién hanh 0 theo cac budc néu tai muc 2.3 véi thoi gian U thay doi tir 30 phut dén 150 phuat ¢
nhiét d6 600 °C.

Két qua xac dinh d¢ ctng Brinell ctia cic miu dugc trinh bay trén hinh 5. Két qua cho thay,
khi ti€n hanh 1 tai cing nhiét d6 600 °C, thoi gian G tang dan dén d clirng cua mau giam. Véi thoi
gian u trong khoang 30+60 phut, 46 cimg cua mau giam manh (dat gia tri 42,38 HB voi thoi gian
u 60 phut). Ti€p tuc tang thoi gian u 1€n 90 phit, 4o cimg ctia mau tiép tuc giam chim xudng
39,32 HB. Vi khoang thoi gian G 90+150 phut, d6 clirng cua mau gan nhu khong thay doi.

Anl} huéng ciia thoi gian G dén cac chi sé d bén cua san phén} dém khi cao ap dugc xac dinh
gian tiép thong qua cac phdi thir kéo duge xur Iy nhiét ¢ cung ché do. Keét qua phép thur kéo cua
cac phoi sau khi dugc xt Iy nhiét vdi thoi gian khac nhau dugc thé hién trén hinh 6.
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Hinh 5. Anh hwéng ciia thoi gian i dén dén do cirng ciia san pham dém khi cao dp.
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Hinh 6. Anh hucng ciia thoi gian 1i dén gidi han bén (a) va gidi han chay (b)
cua mau phoi dong M1 dang thanh tron.

Két qua cho thay, khi ting thoi gian U, gidi han bén va gi6i han chay ciia cac mau thir kéo co
xu hudng giam, phu hop voi két qua khao sat do cung trude do.
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Hinh 7. T6 chitc té vi ciia cdc san pham dém khi cao dp véi thoi gian i khdc nhau.
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Két qua khao sat t6 chirc & vi ctia cdc mAu v6i thoi gian G khéc nhau trén thiét bi kinh hién vi
quang hoc dugc thé hién trén hinh 7. K&t qua cho thay, voi thoi gian 0 60 phit, quan sat thay cac
hat tinh thé dong rat dong déu, véi kich thudc trong khoang 20 ~ 50 pm. V¢i thoi gian u 1én 90
phut, quan sat thiy sy phat trién hat tinh thé déng do qua trinh tich tu, giai thich ly do dg cung
cua vat li€u giam. Kl}l tlgp tuc tang thoi gian 0, kich thude cua cac hat tinh thé ddng co ting
nhung khong dang ké. K&t qua nay phu hop véi két qua khao sat co tinh cua vat liéu trude do.
Thg‘yi gian 1 60 phﬁt ¢ nhi¢t d6 600 °C dugc lua chon dé xtr Iy nhiét sdn pham dém khi cao ap
che tao tir phoi dong M1 dang thanh tron.

3.3. Thir nghi¢m d9 bén pha hity va d9 kin khit ciia dém khi cao 4p sau khi xir Iy nhiét

_ San pham dém khi cao ap sau khi dugc gia cong ché tao tir phoi gi@)ng M1 dang thanh tron
bang phuong phap gia cong cat got va xu Iy nhiét dugc khao sat do bén pha huy va do kin khit
theo phuong phap thuc hién trinh bay trong muc 2.2. S6 lan thuc hién: 03 cho moi phép do.

Két qua khao sat dugc trinh bay trong bang 1. Két qua cho théy, san pham dém khi cao ap
duoc cheé tao tu phc}i dang thanh tron c6 d6 bén pha huy va do kin khit tot. bém khong bi nit vo
khi nén dudi ap suat 400 bar trén ban tao 4p trong 5 phut. Khi nén dudi ap suat 250 bar trén ban
tao ap trong 5 phut do tut ap <5 %.

Bing 1. Két qua khdo sat @ bén phd hity va dg kin khit ciia dém khi cao dp.

TT | Noidung | o0 a0 2 o0 ‘ Két qui khio sat ‘
khao sat : Lan 1 Lan 2 Lan3
1 Do bén Dbém khong bi DPém khong bi Dbém khong bi Dbém khong bi
pha huy pha huy (nut, nat vo nat vo nat vo

v0...)

2 Do kin Do tut 4p: <5% | DO tut ap: 0,20% | DO tut ap: 0,16% | DO tut ap: 0,08%
Khit (twong tmg 12,5 (twong ng 0,5 (twong tng 0,4 (twong ng 0,2
bar) bar) bar) bar)

4. KET LUAN

Pi khao sat dugc anh huong cua qua trinh xir Iy nhiét dén tinh chat cua san phim dém khi
cao ap. Két qua cho thay, sau qua trinh xir Iy nhiét quan sat thdy su phat trién hat tinh thé dong
do qua trinh tich ty, giai thich 1y do dd cung cua vat li€u giam. Khi tang nhiét do va thoi gian 0
dd cung, giéi han bén, gidi han chay cua vat liéu giam, kich thudc cac hat tinh thé dong ting.
Qua khao sat da lwa chon dugc ché do & phu hop dé xur 1y nhiét dém khi cao ap: nhiét d6 u
600 °C, thoi gian u 60 phut, toc do néng nhi¢t 5 °C/phut, ngudi cung 10. Khi d6 qua trinh két tinh
lai xdy ra hoan toan, vat li¢u cua san pham ¢ trang thai mém voi do cing 42,38 HB, céac hat tinh
thé dong co ciu truc song tinh vai kich thudc khoang 20+50 pm.

ba tht nghiém do bén phé hiy va d¢ kin khit ctia dém khi cao ap sau xtr 1y nhiét: dém khi cao
ap c6 do bén pha hay va do kin khit tét. Dém khong bi nut v& khi nén dudi ap suat 400 bar trén
ban tao ap trong 5 phut. Khi nén dudi ap suat 250 bar trén ban tao ap trong 5 phut do tut ap < 5%.
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ABSTRACT

Study on the heat treatment of the high-pressure gaskets fabricated
from round-shape M1 copper ingot

High-pressure gaskets were fabricated from round bar M1 copper ingot and heat-
treated before utilizing for gauges and sensors of measuring devices on Navy warships.
The effects of temperature and heat treatment time on the mechanical properties,
microstructure, fracture toughness, and tightness of the products were investigated.
The results showed that, after annealing at 600 °C for 60 minutes with a heating rate of
5 °C/min, cooled down with the furnace, the recrystallization process of copper occurred
completely with parallel crystals structure, and copper material was in the soft state with a
hardness of 42.38 HB. The high-pressure gasket has good fracture toughness and tightness.

Keywords: High-pressure gaskets; Heat treatment; Pure copper; Annealing; Mechanical properties.
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