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TOM TAT

Van niit bang hop kim dong dwoc ding dé dong ngdt mach thity lec/khi nén trong nhiéu linh
viee, trong dé, cé kiéu van nit 4 cika ding trong hé thong cdn bang doc cia tau bién hoat dong
duwdi ngam. Van 4 cira c6 wu diém la két cau don gian gom than van, nit van va cdc chi tiét khdc.
Thén van thuong diic tao phdi, tiép sau, gia cong co khi va sau cting ra kin gitka niit va than van.
Do s6 lwong civa nhiéu lam hinh dang than van phike tap dan dén viéc thiét ké cong nghé diic than
van doi hoi khdt khe dé tranh cdc khuyét tat diic nhie hinh dang vat diic khéng day di, 16 co, ...
Trong bai bdo nay, gidi phdp lién hop tir tinh todn thiét ké diic dén mé phong phan tich truong
nhiét va cac khuyét tat diic, tir d, lwa chon phwong én va cac tham soé thiét ké dic hop 1y, sau
cung, thire nghiém dic dé kiém chimg. Két qua nghién civu la co s6 cho viéc trién khai va hodn
thién cong nghé duc than van.
Tir khoa: Van nut 4 cira; Hop kim df")ng Cu-Zn-Si; Dic than van; M6 phong duc.
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Hinh 1. Van it 4 cira trong hé thong cin Hinh 2. Ban vé phac thdn van trong hé thong
bang doc cia tau bién. cdn bang doc cua tau bién.

Trong hé thdng cn bang doc cua tau bién hoat dong dudi ngdm (goi tit 14 tau bién) co st dung
van nut kiéu 4 ctra dé thuc hién chtc ning dong/ngit méi chit (nude va khong khi) luu thong gitra
dudi tau va mui tu dé tao can bang cho tau khi can thiét [1]. Két cdu va kich thude chinh cia van
nhu hinh 1. Phan lam viéc chinh ctia van 13 than van va nat van (hinh 1). Trong d6, than van la chi
tiét phirc tap, c6 hinh dang va kich thudc bao nhu hinh 2, dugc lam tir phdi duc véi thanh phan hoa
hoc nhu bang 1. Dya trén két qua & bang 1, nhan thdy, vat liéu ché tao than van 1a hop kim dong
latong Cu-Zn-Si twong duong méac dong ciia Nga 1a JIL[16K4 [8]. Day 1a hop kim dong co tinh dic
tdt, co do bén va do ctrng kha cao, ¢6 kha nang chiu 4an mon nudc bién, dugc dung phé bién dé ché
tao cac loai van dong.
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Bing 1. Thanh phan héa hoc vit liéu than van va mdc twong dwong.

Vit lie Thanh phan héa hoc (% khéi lugng)
AU TRe [ si [Mn[Ni| P [Al [ Pb | zn Sb | sn | Cu
Thanvan (0,031 438 | - | - 0,0002] - [0,0002( 13,73 [<0,00050,0015/Con lai
Méc JIL[16K4 -
FOCT 17711.93/ 0-6[3-0-4.55 0.8< 0.2 < 0,1 £0,04 0,5 [12,0-19,01 <0,1 | <0.3 |Con lai

Dé ché tao than van hoan chinh, can trai qua cac budc cong nghé chinh sau: Pic phdi — xir
1y nhiét — Gia cong co khi (tién, phay, mai) — Ra kin gitra niit va than van. Trong do, cong doan
duc tao phdi la cong doan quan trong nham dam bao chat lugng phoi ban dau vé kich thudce va
hinh dang hinh hoc, thanh phan hoa hoc va nhét 1a khuyet tat vat dac nhu rd xi (tap chét lan) o
khi va rd co gay ra do thiét ké duc chua phu hop. Ddi vai chi tiét than van, do hinh dang phtic tap,
phai 1am 151 dé tao hinh céc 15 ctra van nén trong nghién ctru nay, dtc trong khuén cat dugc chon
cho viéc phan tich va thiét ké cong nghé duc.

Theo xu thé, viéc thiét ké cong nghé duc cac san pham co khi theo huong: Tinh toan cac tham
sO cong ngh¢ va khuon theo phuong phap truyén thong, tiép sau, sir dung ky thuat mé phong s6 dé
khao sat chiu sau bén trong qua trinh duc, phan tich truong nhiét, nhat 1a xac dinh ving hinh thanh
16 co,... Tir d6, lya chon phuong an thiét ké dtic hop 1y nhét. Liu J.G va cong su [4] d3 st dung
phan mém ESI Procast dé mé phong va phan tich duc gia d& 10 xo 14 bang thép cacbon ZG310-
570 (theo tiéu chuan GB/T 11352) trong khuén vé méng. Bing viéc thay doi vi tri, kich thudc va
hinh dang cua dau rét va dau ngot, da lya chon dugc phuong an thiét ké duc toi wu, déy 10 co trong
vat duc ra ngoai dau ngét. Zheng K va cong su [7] ciing sir dung phan mém ESI Procast dé mo
phong va téi uu cong nghé duc vo dong hd nude bang hop kim dong latong hé Cu-Zn-Pb trén may
dutc trong lyc voi khuon bé“mg kim loai, 161 bﬁng cat nhya. Luu trinh nghién ctru theo cac budc: Chi
tiét — Phoi dic — M6 phong duc khong ddu ngét — M phong dic c¢6 dau ngot — Toi vu dau
ngoét — Thyc nghiém kiém chimg. Nho luu trinh nghién ciru hop 1y, da loai bo duoc khuyét tat rd
co trong vat dac. Két qua md phong duoc minh ching bang thuc nghiém va dam bao tuong hop.

Xuat phat tir nhu ciu ché tao van niit 4 ctra cho tau bién va ké thira y tuéng cua cac nghién ciru
néu trén, bai bao nay trong tdm nghién ctru thiét ké cong nghé duc than van 4 cira trong tau bién
¢6 ban v& nhu hinh 2 theo hudng két hop tinh toan thiét ké duc truyén thong va mé phong diic trén
phan mém ESI Procast dé tim ra phuong an dtc phi hop, sau ciing, thuc nghiém dtc dé danh gia
va kiém chimg. Cac du bao ving hinh thanh rd co dya trén 1y thuyét duoc cung cdp theo phan
mém, dugc trinh bay trong tai liéu [3, 6].

2. PHUONG PHAP NGHIEN CU'U

2.1. So' @6 nghién ctru

& B

Budérc 1 — Thiét ké diic so by Buéc 2 — Mé phéng diic

Buéc 3 — Chon phuong
4n hop ly
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Buéc 4 — Thue nghiém dic

Hinh 3. So do nghién ciru diic than van.

Dé tim phuong 4n thiét ké duc than van hop 1y, qua trinh nghién ctru dugce tién hanh gém 4
budc nhu hinh 3, tir tinh toan thiét ké duc so bo, tlep sau, 13p cac phuong an bo tri dau ngot khac
nhau va tim phuong an két ciu vat dic hop 1y nhat (khong rd co), sau cling, tién hanh thyc nghiém
dé nghiém chimg két qua.
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2.2. Thiét ké dic so bd

- Phéi diic va mat phian khuén: Tir ban vé chi tiét, ban v& phoi duc than van dugc xay dung
6 xét dén luong du cho gia cong co khi va lugng du cong nghé (hinh 4). T ban v& phoi dic duge
thiét 1ap, nham xac dinh vi tri vat duc trong khudn, qua trinh tao mau va rat miu khoi khuén thuin
loi, cling nhu thuén tién cho viéc lép rép 101, dat hé théng dan kim loai long,... mat phan khudén
duoc chon la mat phéng phan doéi phoi dac nhu hinh 5. Véi bé mit phan khuén dugc chon, khuén
dutc sé 1a dang khuon 2 ntra.

883
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|

Mat phan khuén

Hinh 4. Ban vé phac phéi duc thdn van. Hinh 5. Vi tri mat phan khuon.

- H¢ thong rét: Trén co s6 tai lidu thiét ké duc [2], tir khdi lwong vat dic (~ 4,6 kg), hé thong
1ot duoc thiét ké va b tri co vi tri twong ddi so voi vat dic nhu hinh 6. Ong rot dang ong con, co
tiét dién nho nhat ~ 600 mm?, twong tmg véi duong kinh ®28 mm, kénh din ndm & vi tri khuén
dudi co tiét dién ~ 400 mm? dugc chia déu lam 3 kénh. Ngoai ra, con co cde loc xi dugce bd tri nam
dudi chan 6ng rot.

& thing rét DPiu ngot 2 Diu ngét 1

A -
Coc loc xi

Hinh 6. H¢ thong rot. Hinh 7. Hé théng ddu ngot.

- H¢ théng diu ngét: Dua trén nguyén tic vé thiét ké dau ngot, tir dic diém phoi duc than van,
chon kiéu dau ngot 1a dau ngét ho, thé tich dau ngét duoc tinh toan so bo ~ 200 mm?. Chiéu cao
tuong dbi (ty 16 chidu cao/dudng kinh) cua ddu ngét phu thudce vao chidu cao cua khuédn, tuc 1a
phu thudc vao khoang cach tor mat vat dac dén mat ngoai khudn. béi vai truong hop than van,
chiéu cao tuong ddi ciia dau ngot dugc chon dao dong tir 1,5 - 2. V& vi tri bd tri dau ngot, co thé
bd tri d4u tai vi tri 1 - hinh 7 do vi tri ndy tap trung nhiéu kim loai, thanh vat duc day dé tao nat
nhiét tap trung, ngoai ra, c6 thé xem xét bd sung tai vi tri 2 dé tang hiéu qua bu ngot cho phan tai
ctia than van, noi ciing c6 nguy co tap trung nhiét sau cing, dé bi rd co.

2.3. Ké hoach md phéng dic
- Ké hoach mé phéng diic: Dé phan tich qué trinh dtic, xem xét nguy co hinh thanh khuyét tat
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duc va dam bao tinh logic ctia nghién ctru, mot ké hoach mé phong diic than van duoc thiét ké theo

so d0 hinh 8, cu thé gdm cac phuong an sau:

+ Phuong an 1: Khong su dung ddu ngot.
Pé danh gia cac ving hinh thanh nat nhiét,
nguy co gy ra rd co, phuong 4n méd phong
duc voi hé thong rét nhu hinh 6, nhung khong
st dung dau ngét duoc tién hanh.

+ Phuong dn 2: Sir dung 1 ddu ngét. O
phung an nay, ddu ngoét duogc st dung voi mot
dau duge bd tri trén vat duc tai vung c6 thanh
day nhét (vi tri 1 — hinh 7) dé xem xét kha
ning bu ngbt cho toan vat dac. Néu phuong
an 2 dat yéu clu, phuong an s¢ dugc chon.

+ Phuwong an 3: St dung 2 ddu ngot (hinh
7). Truong hop, ¢ phuong an 2, nguy co hinh
thanh khuyét tat trong vét dc van xuét hién,
phuong 4n 3 véi hai dau ngét duoc bd tri nhu
& hinh 7 s& dugc trién khai.

8500

Nhap mo hinh hiph hoc
va chia ludi phan tor
1
Gan vat Iiéu‘vél thugc tinh
vt ligu, diéu kién bién
i
Mé phong qué trinh dic
(Giai bai toan)
1
Phén tich, dénh gid Sai
(truomg nhiét, khuyet tat)
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Hinh 8. So d6 mé ta ké hoach mé phong tim
kiem phwong an diic than van hop Iy.
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) Hinh 9. Phy thuoc yd0~nhiét do cua hop kim d‘éng diic than van:
a - Khoi luong riéng; b - Hé so dan nhiét; c - Ty Ié pha ran; d - B¢ nhot dong luc hoc.

- Thugc tinh nhiét - ly ciia hop kim dic: Dya vao thanh phan hop kim phan tich trinh bay ¢
bang 1 va 1y thuyét nhiét dong hoc chuyén pha dugc cung cép theo phan mém, mot s6 tinh chat
nhiét 1y cua hop kim dugc xaq dinh nhu sau: nhiét do dong da_}c 1~y thuyet 933 °C; nhllet dung riéng
trung binh 0,38 KJ/(kg.K); bién thi€n khoi lugng riéng, hé so dan nhiét, ty 1€ pha ran va d6 nhoét
dong luc hoc theo nhiét d6 trinh bay ¢ hinh 9.

- Diéu ki¢n bién md phong: Vit li¢u dic 1a hop kim dong c6 thanh phan nhu bang 1, nguyén
ly dtc kiéu duc trong luc véi hon hop lam khudn bang cat nudce thuy tinh, cé cac diéu kién bién
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tuong tmg nhu sau: gia toc trong trudng, g = 9,81 m/s%; nhiét d6 ban dau cua khuén: 30 °C; khudn
duoc lam ngudi trong khong khi; nhiét do kim loai long khi rot dugc chon cao hon nhiét 6 nong
chay cua hop kim khoang 200 °C, tirc la khoang 1150 °C. Hé s6 trao d6i nhiét gitra vat duc va
khuon duoc chon dya vao lap luén sau: Theo tai liéu [5], hé sO trao d6i nhiét (h) gitra vat duc bang
nhém va khuén cat 1a 200 W/(m?*K). Blet rang, hé s6 trao d6i nhiét phu thudc vao nhleu yéu tb,

trong do, phu thudc tuyen tinh vao hé sb dan nhiét cua vat liéu duc. Trong khi do, hé s6 dan nhiét
ctia nhom khoang 230 + 240 W/(m.K), con hé sb dan nhiét ctiia hop kim duc khoang 30 + 110
W/(m.K) ¢ nhiét ¢ 200 + 1100 °C (xem hinh 9b). Vi thé, gia tri hé sb trao doi nhiét ciia hop kim
duc va khuon cat c6 thé chon gié tri thap khoang dudi 100 W/(m2K). Vi 1y do d6, trong bai bao,
gia tri h = 50 W/(m?K) dugc chon cho cac tinh toAn m6 phong dtc.

3. KET QUA VA BAN LUAN

3.1. Két qua mé phéng diic

Dbi voi phuong 4n 1, do khong c6 dau ngét, ving nit nhiét trong vat duc xuat hién tai hai vi
tri nhu hinh 10a. Nhu vay, tai tam cac vung tap trung nhiét nay 1a noi xuat hién ro co (hinh 10b va
hinh 10c). Rd rang, viéc tao thanh cac 16 co tai cac khu vuc néu trén khong chi anh hudng xau tdi
chat lugng vat diac ma con anh hudng dén chat lugng bé mat sau gia cong co khi.

Total Shrinkage Porosity [%] Total Shrinkage Porosity [%]
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Hinh 10. Két qua mo phong diic theo phwong an 1:
a - Truwong phén bé nhiét; b - Ro co tai ving day nhat; ¢ - R4 co tai tdm vanh tai.
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Hinh 11. Két qua mé phong diic theo phuong dan 2:
a - Truong phan bé nhiét; b - R6 co tai ddu ngot; ¢ - R4 co tai tdm vanh tai.

Déi véi phuong 4n s6 2, do déu ngot dugc bd tri & phan day nhét trén vét duc, nén nat nhit tai
ving nay duge kéo ra ngoai- nim trén dau ngét (hinh 11a), nén vung 10 co tao thanh xuét hién tai
khu vyc ddu (hinh 11b). Tuy vy, tai ving tdm vanh tai van van xuat hién rd co (hinh 11c), nhung
nho hon dang ké so voi phuong 4n 1. Dleu nay ching to, v6i viée b tri 1 ddu ngot tai ving day
da cai thién dang ké nguy co hinh thanh rd co trong vét diic song chua triét dé.
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Hinh 12. Két ‘qud m6 phong diic theo phwong dan 3:
a - Truwong phén bo nhiét; b - R6 co tai ddu ngot; ¢ - R6 co khong xudt hién tam vanh tai.

Déi v6i phuong an 3, quan sat anh d6 phan bd nhiét va viing tao rd co (hinh 12) cho thay, viing
nut nhiét va khuyet tat ro co dugc day hoan toan ra khdi vat dtic va tap trung hoan toan vao vi tri
dau ngot. Nhu’ vay, voi viéc bo tri 2 dau ngot da khac phuc triét <‘ié nguy co hinh t‘hz‘mh 10 CO trong
vat dac, dong thoi cling tao hudng dong déc cho vat dac, gop phan cai thi€n d¢ dong deu vé thanh
phan va tinh chat vat duc do thién tich gay ra.

3.2. Thyc nghiém dic

Tur két qua mo phong dl’l‘c, phuong an thiét ké vat dtc sb 3 dugc chon dé thiét ké duc va thuc
nghiém. Mot s hinh dnh v€ bd mau, 16i, khuén duc chi ra & hinh 13. B mau va khudn lam 161
duoc in 3D bang nhya PLA, hom khuon dugc han tir thép tam, mau hé thong rot va ngoét duge lam
tur g0, hon hgp lam khuon 1a cat nudce thuy tinh-hoa ran ngudi bang khi CO,.

Hinh 13. Lam khuén duc: a - B mau; b - Léi; ¢ - Khuén dudi; d - Khuén trén.

Trén co s6 cac két qua dat duoc, da trién khai thim do ndu luyén mac dong lam van (JIL[16K4)
trong 16 cam Ung trung tan ¢& nho (dung tich 50 kg) va thuc hanh duc tai B6 mon ky thuat gang
thép/Khoa k¥ thuat vat liéw/Trudng vat liéu/Pai hoc BKHN. Nbi ndu duc ddng trung gian 14 ndi
graphit dung tich 12 kg. Nguyén liéu luyén méac hop kim dong 1a dong day sach (7,5 kg), kém
nguyén chét (1,6 kg) va kim loai silic (0,36 kg). D& han ché chay hao kim loai, chat tao xi che phu
duoc chon 1a than hoa va dé loai bo khi hoa tan trong kim loai long dung phuong phap xuc khi
Argon truc tiép. Két qua thanh phan hoa méac dong sau nau luyén chi ra & bang 2, mét s6 hinh anh
vé lam khuén, diic rét, phoi sau duc va sau gia cong co khi chi ra & hinh 13 va hinh 14.

Bing 2. Thanh phan héa hoc mdu diic than van.

Vit licy Thanh phan hoa hoc (% khéi lugng)

T Fe Si | Mn Ni P Al Pb| Zn Sb | Sn Cu
Maudde |, 049(3,04| - |0,0801]0,0156| 0,036 | - | 134 | - | - |Conlai
than van
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Hinh 14. Duc phéi thdn van nut 4 cua. Hinh 15. Than van sau gia cong co' khi.
o Mot sé két qua dat dwoc:

- Thanh phan hoéa hoc ctia mau duc than van nam trong gidi han cho phép ciia mac dong
JIL{16K4 theo 'OCT 17711-93;

- Kich thuéc va hinh dang vat duc dat yéu cau theo thiét ké;

- Vit duc dién day tot, khong thay xuat hién cac khuyét tat do thiéu kim loai, nht 1a tai cac vi
tri cao cua vat duc, cac goc khuon va cac go chuyén tiep dot ngot cua vat duc;

- Khu vic ngét (16 co) nhiéu nhat xuat hién tai dau ngét 16n, chidu cao ngét tir mat khudn dén
diém cao nhat ctia ddu sau ng6t khoang 25 mm, hinh dang ving ngoét ¢é dang hinh nén, chi€u sau
khoang 30 mm kha tuwong dong véi két qua mo phong.

- Sau gia cong co khi, khong thay xuét hién cac khuyét tat rd khi, 6 co tai ving day nhit va
vung vanh tai cda than van (vi tri khoanh mau xanh — hinh 15).

_Tuy nhién, mdt nhuge diém chinh cta vat dac 1a bé mat con xu xi, chua dep do do bén va do
nhin bé mat khudn chua cao. Vi két qua dat dugc co thé khang dinh rang, phuong phap nghién
clru thiét ké duc than van thyc hién trong bai bao 1a hop ly. Tuy vay, dé hoan thién cong nghé, can
tiép tuc nghién ctru, trudc hét 1a giai quyét ton tai ky thuat da néu.

4. KET LUAN

Bang viéc két hop giita thiét ké duc truyén théng véi ap dung k¥ thuat mo phong duc véi cac
phuong 4n bé tri dau ngoét khac nhau da tim ra duoc phuong an thiét ké dtc than van nuat 4 cira hop
1y v6i hé théng rot gdm 3 kénh, hé théng ddu ngdt gom 2 dau ngdt ho bd tri trén ving day vat duc
va sat vung vanh tai cia than van. Tur do, da hién thuc thiét ké dtic than van, thuc hanh lam khuon
va ndu luyén mac dong 1am than van JII{16K4 dé kiém chimg. Két qua thanh phan héa hoc mac
ddng nau luyén dat yéu ciu, chit lugng phéi duc than van dat theo thiét ké, tir d6, da khang dinh
dugc tinh hop ly cua phuong phap nghién ctru.
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ABSTRACT
Study on the casting of a 4-way plug valve body in a submarine from Cu-Zn-Si copper alloy

Copper alloy plug valves are used to close and switch hydraulic/pneumatic circuits in
many fields, including 4-port plug valves used in the vertical balancing system of
submarines. The 4-port plug valve has the advantage of a simple structure, including a body,
plug, and other details. The valve body is usually manufactured by casting, then
mechanically processed, and finally lapped between the plug and the body surface to seal.
Due to the large number of ports, the valve body shape is complex, leading to the casting
design of the valve body requiring strict requirements to avoid casting defects such as
incomplete casting shape, shrinkage, gas porosity, etc. In this paper, the solution combines
calculating the casting design to simulate and analyze the thermal field and casting defects,
from there, choosing a reasonable casting design option and parameters, and finally,
making the casting experiment for validation. The research results are the basis for
implementing and perfecting valve body casting technology.

Keywords: 4-port plug valve; Cu-Zn-Si copper alloy; Casting valve body; Casting simulation.
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