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UNG DUNG PHUONG PHAP SO VAO TOI VU HE THONG ROT
CHO bUC MAU HOA KHi VO HOP SO MAY CAY

APPLICATION OF FINITE ELEMENT METHODS TO OPTIMIZE THE POURING
SYSTEM FOR LOST FOAM CASTING THE TRACTOR GEARBOX

Duong Lé Hung, Bui Chan Thanh
Truong Pai hoc Nguyén Tat Thanh

TOM TAT

V6 hdp sé may cay la mot chi tiét 1om, ¢é hinh dang phire tap dé xudt hién cdc khuyét tit
nhu khéng dién day, ré co, ré khi va cdc khuyét tit khdc trong qud trinh diic mau héa khi. Dé giam
thiéu thoi gian va chi phi san xudt, tang hiéu sudt qud trinh dic ciing nhw giam é nhiém méi truong
bang cdch giam s6 lan diic thir nghiém nham tim ra hé thong rét t6i wu cho chi tiét vo hdp s6 mdy
cay bang phwong phdp diic mau héa khi thi phwong phdp sé can dwoc dp dung. Bai bdo ndy dp
dung phwong phdp sé dé di dodn dwoc quda trinh dién ddy va cdc khuyét tdt dic nhie ré co, ré khi
va cdac khuyét tat khac tw cac vi tri hé th(fng rot khac nhau, tir do chon dwoc hé théng rot t6i wu cho
qud trinh diic chi tiét vé hép sé mdy cdy. Bai bdo tdp trung vao ba cach ddt hé thong rot: rét thang
ding tir trén xuong (hinh 2a), rot thang dimg tir ddy trong (hinh 2b) va rét nam ngang tir déy trong
(hinh 2¢). Tir két qua mé phong, tdc gid dp dung vdo san xudt thiee té va nhan thdy rang hé thong
rot dwoc chon tie mé phong bang phan mém Procast thiee sw chinh xdc trong viéc dwa ra.

Tir khéa: Vo hép s6; Piic mau héa khi; Phan tich s6; Khuyét tdt diic; Procast.
ABSTRACT

The tractor gearbox housing is a large part with a complex shape that is prone to defects
such as incomplete filling, shrinkage, air porosity and other defects during the Lost Foam Casting
(Hence LFC) process. To minimize production time and costs, increase casting process efficiency as
well as reduce environmental pollution by reducing the number of test castings to find the optimal
pouring system for tractor gearbox using the LFC method, the finite element method (FEM) needs
to be applied. This article applies FEM to predict the filling process and casting defects such as
shrinkage, air porosity and other defects from different filling system positions, thereby selecting
the optimal filling system. Optimal for casting details of tractor gearbox shells. The article focuses
on three ways of placing the pouring system: vertical pouring from the top (picture 2a), vertical
pouring from the inside (picture 2b) and horizontal pouring from the inside (picture 2c). From the
simulation results, the author applied it to actual test production and found that the pouring system
selected from simulation using Procast software is really accurate.

Keywords: Gearbox; Lost foam casting;, Numerical simulation; Casting defects, Procast.
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1. GIOI THIEU

Trong céc loai may cong cu ndng
nghi¢p, may cay la mot trong nhiing nong cu
chinh dam nhiém phan 16n cac cong doan trong
nong nghlep Lamot trong nhu’ng bd phan chinh
cta hop so, vo hop sO may cay can pha1 chiu tac
dong cua nhiéu diéu kién lam viéc khac nghiét,
dong thoi vo hop sd ciing 13 noi chta cac hé
thdng quan trong ctia hop s6, phai chiu nhiéu hé
théng luc tac dong khéac nhau. Theo dac diém
céu trac vo hop sé may cay co két ciu phuc tap,
do day thanh mong, kich thudc 16n nén thuong
duc bang khuén cat truyén thong. Tuy nhién,
phuong phap dac truyén théng rat kho dap tng
cac yéu cau do chinh xac vat dic cao, nén chi
tiét sau khi dtic can phai gia cong lai din dén
tang chi phi san xuit cho chi tiét. So voi qua
trinh duc trong luc truyén thong, k¥ thuat duc
mau hoa khi ¢6 nhiéu wu diém nhu d¢ chinh
X4c cao, ning suat cao, tiét kiém ning luong,
bao vé méi truong va khong can tao mau dic

[1].

Mot trong nhiing vin dé quan tim ciia
san xuat duc 1a kiém soat dugc chat luong vat
duc. Trong qua trinh duc, do kim loai két tinh
tir trang thai 1ong nén dé sinh ra cac khuyét tat
dtc nhu: khong dién dﬁy, 16m co, 16 co, rd khi,
thién tich... Qua trinh dién day va khuyét tat
c¢6 lién quan rat 1on dén cach bd tri hé thong
rét. Trude ddy, qua trinh chon hé théng rot da
phan dwa vao phuong phap dac thtr va kinh
nghiém cua nguoi tho thi ngay nay véi sy phat
trién manh cua ky thuat mé phong phan tir hitu
han gitp cho ching ta quan sat tryc quan hon
vé sy thay doi hinh thai hoc ctia qua trinh dién
day kim loai 1ong, dua ra nhiing phén tich sau
hon truong dong chay va truong nhiét do lién
quan dén qué trinh dién day kim loai long trong
khuon.

Nham dép Gng cac nhu cau vé vo hop
s6 may cay thay thé, dong thoi giam bdt ganh
nang chi phi stra chita cho nhiing nguoi lam
nong nghlep tai Viét Nam cac tac gia tim cach
san xuat ra vo hop 5O may cay ngay trong
nude voi chi phi hop 1y. Su dung phuong phap
nguoc dé c6 duoc thong sb cua vo hop sé may
cdy, dong thoi ap dung phuong phap mé phong
tinh toan sd bang chuong trinh Procast dé giam
thiéu t6i da cac phi ton khi ap dung cac mau thir
dé giam chi phi san xuét. Tai ddy, cac tac gia
ap dung chuong trinh Procast vao mé phong sb
vao thtr nghiém duc mau héa khi cho vé hop $6
may cay v6i cac hé thong rét khac nhau nham
tim ra phuong thirc rot tdi wu va cai tién chat
luong cho vat duc [2-3].

2. PHUONG PHAP THIF:T KE VA UNG
DUNG CUA PHAN MEM PROCAST

So do thiét ké:
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San xusl

Hinh 1. So do6 khoi qua trinh mé phong diic bang
phdn mém Procast

M6 hinh héa 3D hé thong rét:
Theo dic diém ciu tric cua chi tiét va dé

dam bdo yéu cau ve chat lugng bé méit ctia vo
hop giam tdéc may cay, ciing nhu dé thuan ti¢n

cho qua trinh Iam sach va loai bo h¢ théng rot, &
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cac tac gia dua ra ba phuong an rot nhu hinh 2:
rét thang dung tir trén xudng (hinh a), rot thang
dtng dan tir day trong (hinh b) va rot nam ngang
dan tir day trong (c).

- ko

(a) (k) deh

Hinh 2. Biéu d6 so' do ba hé thong rét: (a) Rot
thang dung tir trén xuong, (b) Rot thang dung dan
trr day trong, (c) Rot nam ngang dan tur day trong.

3. PHAN TiCH MO PHONG

a. Phan tich hé thong rét thang dirng tir day
trong

Hinh 3. Truong nhiét do trong suot qud trinh rot
cia hé théng rot thang dimg tir day trong:

(a) t = 0.3920s, dién day = 13.4%, (b) t = 0.6446s,
dién day = 20.5%, (c) t = 1.4824s, dién ddy =
50.4%; (d) t = 2.0831s, dién day = 70.6%; (e) t =
2.9359s, dien day = 98%.

Trong subt qua trinh dién day cua kim
loai 16ng vao khudn duc mau hoa khi, mau bot
x6p bi phan hity ting 16p boi lwong 16n nhiét
truyén tir kim loai 1ong khi kim loai 1ong tiép
xuc véi no, kim loai long dan thay thé no. Giira
mit trude kim loai 10ng va miu bot xop hinh
thanh mot 16p khi (san pham phéan hily tir mau
bot x6p), qua trinh ton tai ctia khi ndy ciing anh
hudng dén qua trinh dién day cia kim loai 1ong.
Luong khi nay thoat khoi khuén phu thude vao
16p phui va d6 thdm ctia khudn cat.

Hinh 3a cho thiy kim loai 16ng dién day
toan bd hé théng rot, toc do dién dﬁy o giai doan
nay cham badi vi kim loai 1dng ¢ nhiét 6 cao
nén luong khi tir sinh ra tir cdc san phdm chay
rat nhiéu, huéng khi thoat khoi khuon ¢ giai
doan nay nguoc hudng dién diy cua kim loai
1ong, dan dén su ting ap suit khe khi & bé mat
trude kim loai long nén lam giam toc do dién
day cua kim loai 1ong. Ttr hinh 3a va 3¢ chung ta
thiy rang kim loai 16ng dién day & giai doan nay
dién ra ¢ téc d6 nhanh do huéng thoat cua san
pham khi tir qua trinh phan hity cung voi hudng
dién day khu6n. Tir hinh 3d va 3e cho thiy &
giai doan ndy qua trinh dién diy dién ra chim
boi vi mat trude kim loai 1ong cach xa ngudn
nhiét, nhiét d6 kim loai long tiép tuc giam, mau
bot xép co ban da bi nhiét phan hoan toan dan
dén tao ra nhiéu san pham khi lam ting 4p suét
nguoc. Vi vdy, qué trinh dién day kim loai 16ng
vao khuon khi rot thang dimg tir day trong thay
d6i tir cham dén nhanh va sau d6 cham.

Béi vi kim loai 16ng di vao hoc khuon
tir bon rdnh dan bén trong khac nhau, thoi gian
va nhiét d6 khac nhau dan dén sy khong 6n dinh
trong qua trinh dién day, dong xody, su ban toe
va cac san pham khi phan hay kho thoat khoi
khuon do d6 c6 xu hudng bi mac ket trong dong
xody kim loai long.

Hinh 4. Ty 1é pha rdn trong sudt qud trinh dién
day ciia hé thong rét thang dimg tir day trong: (a)
Ty 1¢ pha ran khi két tinh 10.7%, (b) Ty 1é pha ran

khi két tinh 20.5%, (c) Ty 1é pha ran khi két tinh
52.5%, (d) Ty 1é pha rdn khi két tinh 72.1%, (e) Ty

1é pha ran khi két tinh 100%.
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Hinh 4 cho thdy ty phan pha rin trong
sudt qua trinh dién day boi hé thong rot thing
dung tir day trong. O giai doan dau, nhiét 46 ¢
mot $6 vi tri canh cach xa hé théng rot ¢6 nhiét
d6 thap hon nhiét 46 duong long da bat dau
két tinh dau tién. Cac vi tri cang xa hé thong
rot, nhiét d6 kim loai 1éng giam xuéng, do chay
loang kém, kim loai 1éng nong chay phia trudc
khéng d& dang dugc bd sung boi kim loai nong
chay tiép theo trong sudt qua trinh déng rin
dan dén khuyét tat bé ngoai nhu hinh 4d va 4e.
Mot 1y giai khac 1y giai cho khuyét tat ngoai
nay (hinh 4e) 1a do toan bd qua trinh dién day
khuon mau hoa khi dugc tién hanh dudi ap suat
am nén kim loai léng s& uu tién lan doc theo
thanh khuon thay vi kim loai nang 1én tung
muc theo phuong ngang. Piéu nay dan dén
thanh khuon duoc dién day khi qué trinh dién
day hoan thanh, nhung bén trong van con rong
hodc tham chi mot vai khu vuc dugc rot khong
du.

{m} bl

Hinh 5. (a) Su phdn bo ré co; (b) Truong nhiét do
hic dién ddy

Hinh 5a cho thiy rang su phan b 15 co
va 16 khi bén trong vat dtic sudt qua trinh két
tinh, hau hét ching phan bd & cac vi tri cao nhat
cua vat duc va cac vi tri o géc cua gan chiu luc.
Hinh 5b cho thiy su phan bd nhiét do bén trong
vat dtc khi vat dic duoc dién déy hoan toan, c6
su phan b tuong d6i déu nén s& han ché xuat
hién khuyét tat nit bén trong vat dic.

b. Phan tich hé thong rét thang ding tir trén
Xuong

Hinh 6. Truwong nhiét dg trong sudt qud trinh rot
ciia hé thong rot thang dimg tir trén xuong: (a)

t = 0.3046s, dien day = 10.8%, (b) t = 0.8714s,
dién ddy = 20.3%; (c) t = 1.4451s, dién day =
50.7%; (d) t = 2.0147s; dién day = 70.6%; (e) t =
2.8185s, dien day = 98%

Hinh 6 cho thy su thay d6i trudong
nhiét do trong sudt qua trinh dién day vat duc
rét thang dimg tir trén xudng. Pay 1a qua trinh
1ot tir trén xudng va kim loai di vao hoc khudn
theo bdn cira nén co loi thé vé su dién dﬁy do
trong lyc cta kim loai 16ng nén qua trinh dién
day dién ra nhanh so voi cac truong hop khac.
Giai doan dau nhu thdy & hinh 6a va 6b qua
trinh dién dy dién ra hoi cham do gan ngudn
nhiét nén san pham khi phan hiiy nhiéu, giai
doan nay hudng thoat khi chu yéu nguoc véi
hudng dién day cua kim loai long. Hinh 6¢ va
6d cho thiy kha ning dién day khuon ting 1én
dang ké do luong khi sinh ra do trong lyc kim
loai 16ng va khi thoat qua thanh khuon nhiéu
hon. Cang siu kim loai long cang xa ngudn
nhiét d§ chay loang kim loai long gidam va mot
phan kim loai 16ng bi mat nhiét do phan {mg
nhiét phan nén qua trinh dién dy c6 phan cham
lai mot chit nhu thdy & hinh (6d-6e).
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Hinh 7. Ty I¢ pha rdn trong suét qud trinh dién
day ciia hé thong rot thang dimg tir trén xuong: (a)
Ty 1¢ pha ran khi két tinh 1.6%; (b) Ty I¢ pha ran
khi két tinh 21.3%; (c) Ty 1é pha rdn khi két tinh
50.2%; (d) Ty Ié pha rdn khi két tinh 70.7%; (e) Ty
1é pha rdn khi két tinh 100% (bé mat trong); (f) Ty
1é pha ran khi két tinh 100% (bé mat ngodi).

Hinh 7a, 7b cho thay rang, vi tri day vt
duc xa chan ong rot sé két tinh dau tién tai vi
tri nay, kim loai 16ng xa hé thdng rot va truyén
nhiét nhanh qua khuon. Tt hinh 7¢ va 7d, ching
ta thiy qua trinh két tinh 6n dinh theo hudng tir
day di lén trén dién ra twong d6i nhanh khoang
60s, ty 1& pha ran két tinh ting lén hon 20%.
Két thiic qué trinh két tinh, hau nhu khong co
khuyét tat bé mat ngoai va bé mat trong & vat
duc nhu thay ¢ hinh 7e va 7f.

Hinh 8. (a) Si phin bé r(?~ co, (b) Truong nhiét do
luc dién day

Hinh 8a cho thay su phan bd 1 co va rd
khi bén trong vat dic trong qua trinh két tinh,
hau hét chiing phan b6 ¢ doc thanh khuén chd
giao nhau gitra cac dong gitra hai dong chay tur
cac ranh dan kim loai do dong xody hoidc su

tap trung khi phan huy, khong dugc bd sung
kim loai long va & vi tri thanh day cua vat duc.
Nhung sb lwong 16 co thip hon rat nhiéu so véi
hai truong hop rot khac. Hinh 8b cho thay su
phan b truong nhiét d6 khi dién day hoan toan
twong d6i déu giira cac tri vi trén vat dic nén
cling han ché xuit hién ung nhiét khi két tinh.

c. Phén tich hé thong rét nim ngang tir day
trong

Hinh 9. Truwong nhiét dg trong sudt qud trinh rot
cia hé thong rét nam ngang tir déy trong: (a) t =
0.3649s, dién day = 12.5%; (b) t = 0.6910s, dién
day = 21.6%, (c) t = 1.4808s, dién day = 50.5%;
(d) t = 2.0818s, dien day = 70.9%, (e) t = 2.9197s,
dién ddy = 98%

Hinh 9 biéu thi sy thay doi trudng nhiét
d6 trong qua trinh dién day kim loai long trong
khuén qua hé théng rot nim ngang tir day
trong. Qua trinh dién day nay dién ra khé giéng
v6i qua trinh dién diy boi hé thong rot thiang
ding tir day trong, nhung trong truong hop nay
duoc coi nhu 1a dién ddy boi hai dng rot nén
kha ning giit nhiét & cac ving tot dan dén do
chay loang kim loai 16ng t6t nén qué trinh dién
day t6t hon so véi truong hop rot thang dimg
tir day trong. Tir hinh 9e cho thdy rang hau nhu
vat duc duoc dién ddy gan nhu hoan toan, sd
luong cac ving khong duoc bu co rat it coi nhu
khong déng ké.
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Hinh 10. Ty [¢ pha rdn trong sudt qud trinh dién
ddy cia hé thong rét nam ngang tir déy trong: (a)
Ty I¢ pha ran khi két tinh 5.2%; (b) Ty I¢ pha ran
khi két tinh 51.6%; (c) Ty Ié pha rdn khi két tinh
70.8%; (d) Ty 1é pha ran khi két tinh 90.9%; (e) Ty
1é pha rdn khi két tinh 100%

Hinh 10a cho thay céc vi tri xa chin éng
rot va thanh méng cé nhiét do thép hon nhiét
d6 duong 1ong nén két tinh dau tién. Hinh 10b,
10c, 10d cho théy vi tri mép va gan chiu luc,
thanh day dong dic sau cing néu khong bu kim
loai 16ng vi tri nay dé hinh thanh r co. Két thiic
qué trinh két tinh, van con mot vai vi tri khuyét
tat bén ngoai & cac vi tri tai M nhu thay ¢ hinh
10e do khong duoc bd sung kim loai lac dién
day.

Hinh 11. (a) Sw phén bé 16 co, (b) Truong nhiét do
hic dién ddy

Hinh 11a cho thay sy phan b 16 co va
16 khi bén trong vat duc, da s6 cac vi tri hinh
thanh 16 co tap trung ¢ thanh day, cac vi tri
chuyén tiép thanh day va thanh mong, va cac

vi tri mép gan chiu lyc ¢ dinh cua vat duc, $6
luong rd co va rd khi twong ddi 16n. Hinh 11b
biéu thi truong nhié¢t do bén trong vat duc sau
khi dién dy hoan toan phan bd kha déu, khong
¢o su chénh lIéch nhiét do nhiéu gilra cac vung
nén kha ning sinh tng suit nhiét khi két tinh
khong cao.

4. KET LUAN

Tur cac két qua nhan duge tir md phong
trén phan mém Procast, chung ta thdy rang hé
théng rot thang dung tir trén xudng (b) va hé
thong rét nim ngang tir day trong (c) c6 cht
lugng bé mit vat dac tét nhit hau nhu khong
hinh thanh cac khuyét tit bé mit ciing nhu
khong dién day hoan toan nhu 1a hé thong rot
thang démg tir day trong (b). Su phan bd rd
co va 1o khi ciia hé thong rot thing dimg tir
trén xudng it hon nhiéu so voi cac hé thong rot
con lai. Do d6, hé thong rot thang ding tir trén
xuéng (b) dugc coi nhu 1a mot lya chon ti wu
dé dac thuc nghiém kiém tra chi tiét vo hop

p
Ao
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