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TOM TAT

Hién nay, cong nghiép nhuwa dang la mot trong nhitng ngdnh céng nghiép cé toc do phat
trién manh mé hién nay. Cdc San pham cia nganh nhwa co mat hau hét trong cdc nganh va cac
linh viee khdc nhau ciia doi séng, phuc vu nhiéu nhu cau thiét yéu cia cudc séng hang ngay. Cong
nghiép ép phun dang c6 nhitng bude chuyén minh manh mé tai thi truong Viét Nam. Tuy nhién, cdc
may sir dung cho nganh cong nghiép nay lai cé kich thude rdt I6n, khé sir dung dé img dung vao
qud trinh giang day tai cdc truong dai hoc, trieong day nghé. Ngodi ra, viéc nghién ciru cdc thong
$6 may dnh hieong lén chat lwong san pham trong cdc mdy ép phun nhwa ¢& nhé nay ciing chwa
dwoc nghién citu ky. Chinh vi Iy do trén, nhém nghién civu quyét dinh lwa chon dé tai nay nham img
dung cac phwong phap thiét ké, ché tao méi dé ché tao dwoc mot mdy ép phun nhwa co nho ciing
nhie nghién civu sw dnh hwong ciia cac théng sé mdy 1én chat lwong qud trinh ép phun, tir 6 dé xudt
ra cdc y kién nham gép phan ndng cao chat lwong may.

Tir khéa: Cong nghé ép phun; Théng sé anh huéng; M6 phong.
ABSTRACT

Currently, the plastic industry is one of the fastest growing industries today. Plastic products
are present in almost all industries and fields of life, serving many essential needs of daily life.
The injection molding industry is making strong changes in the Vietnamese market. However, the
machines used for this industry are very large in size, difficult to use in the teaching process at
universities and vocational schools. In addition, the study of machine parameters affecting product
quality in these small plastic injection molding machines has not been well studied. Because
of the above reasons, the research team decided to choose this topic to apply new design and
manufacturing methods to manufacture a small plastic injection molding machine and study the
influence of machine parameters to improve the quality of the injection molding process, thereby
proposing ideas to contribute to improving the quality of the machine.

Keywords: Injection molding technology; Influence parameters, Simulation.
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1. GIOI THIEU

Cong nghiép nhua dang la mot trong
nhirg nganh cong nghiép c6 toc do phat trién
manh m&. Cac san phim cta nganh nhua cé
mat hau hét trong cdc nganh va cac linh vuc
khac nhau ctia doi séng, phuc vu nhiéu nhu cau
thiét yéu ctia cudc song hang ngay [1].

La mot trong nhirng miii nhon cua cong
nghiép nhya, ép phun khuén nhyua chiém mot
vai trd quan trong trong co cdu nganh. Kha
nang san xudt hang hoa véi sb luong 16n trong
thoi gian ngin 13 wu diém ndi bat ctia cong nghé
¢p phun.

Cong nghi¢p ép phun dang c6 nhiing
budc chuyén minh manh mé tai thi truong Viét
Nam. Trong phan khuc nhya st dung cho hd
gia dinh, luong tiéu thy binh quan ctia mdi
ngudi Viét Nam ting trung binh 14% mdi nim
trong giai doan 2011-2015 va du bao sé& tiép
tuc tang véi toc do 10% tir 2015-2020. Nam
2014, udce tinh trung binh mgt ngudi Viét Nam
tiéu thu khoang 55kg san pham nhya. Mat hang
ndi dia duge du bao s& chiém ti trong cao trong
phan khuc nay, khoang 22% tong san phim
toan nganh [2].

Tuy nhién, cac may su dung cho nganh
cong nghiép nay lai c6 kich thude rat 1on, kho
sir dung dé ing dung vao qua trinh giang day tai
cac truong dai hoc, truong day nghé. Ngoai ra,
viéc nghién ctru cac théng sb may anh huong
1én chat lugng san pham trong cdc may ép phun
nhya c& nho nay cling chua dugc nghién ctu
ky. Chinh vi 1y do trén, nhom nghién ciru quyét
dinh lya chon dé tai nay nhim tmg dung céac
phuong phap thiét ké, ché tao méi dé ché tao
duoc mdt may ép phun nhya c& nho cling nhu
nghién ctru sy anh hudng cta cac thong s6 may
1én chét luong qua trinh ép phun, tir d6 dé xuat

ra cac y kién nham gop phan nang cao chat
luong may.

2. PHUONG PHAP

2.1. Thiét ké ché tao may ép phun nhua c&
nho

Thong qua qua trinh tinh toan, thiét ké,
ta lya chon dugc so d6 bo tri chirc nang cua
may ép phun cd nho nhu sau:

Pebopry

LU

Hinh 1. So' do bé tri chire ndng co ban

Tu do, ta tién hanh tinh toan, thi€t ke,
lya chon céc chiic nang ciia may:

- Tinh toan phéu cp nhya [3]:

Pay 14 bon chira nguyén liéu dudi dang
bot nhya hay hat nhya da dugc say kho trude
d6. Trong nhiéu truong hop bon chira duge 1am
néng boi cac mach dién tré bén trong dé sy
kho hat nhya trude khi duge dua vao bén trong
xylanh. Dbi v6i nhya dan hoi, bon chira duoc
trang bi thém mot chdt chin dé kiém soat luong
nguyén liéu dugc nap vao.
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PHIEU CAP LIEU

c

Hinh 2. Kich thudéc phéu cdp nhua

Do may ép khuon c& nho nén ta lya
chon phéu c6 thé tich nhya phu hop khong qua
to so voi may, c6 kha ning cung cip luong
nhya day di kip thoi cho cac chu trinh ép phun.

Kich thudc phéu cap liéu co dugc nhu sau:

- a= 80 (mm);
- b =80 (mm);
-h1 =100 (mm);
-h2 =100 (mm);
- ¢ =30 (mm);
-d =20 (mm).

Tir day ta co thé tich phéu cap liéu:

V.=(axbxhl)+ {(((axb)+(cxd))2)x
h2}=990 cm?

Do phan cudng phéu tiép xtic véi ong
dan nhya c6 nhiét dd cao nén ta chon vat liéu 1a
tam thép mong dam bao chiu bén nhiét khong
hu héng trong qua trinh van hanh may.

- Tinh toén truc vit ép nhua [4]:

Truc vit ¢6 nhiém vy kéo nguyén li¢u
ttr phéu chira vao trong xylanh dé ndu chay.
Khi gia cong nhya nhiét déo nguoi ta thuong
sir dung truc vit c6 3 viing: vung cip liéu (Feed
section), vung nén (transition) va vung dinh
lwong (metering section). Kich thudc ciia chidu
dai dya trén doi héi cua hiéu suit, su nong chay
long cuia nhya nhao va diéu kién co sat gilta cac
hat nhua v&i bé mit truc vit.

1}

Birdee vit

Hinh 3. Cau tao truc vit ép nhya

Trong do:

- D_ la duong kinh cua truc vit (mm);

- hF 1a chiéu cao cénh vit vung cép liéu
(mm);

-h,, 14 chiéu cao canh vit viing dinh luong
(mm);

-¢ 1a géc nghién canh vit (0);

-3 d6 ho giita vit va 6ng din nhya (mm);
- s 1a chiéu rong canh vit (mm);

- Pitch ( ky hiéu 1a P ) 1a bude vit (mm);
- L1a chiéu dai vit (phan c6 canh vit) (mm).

Truc vit duoc thiét ké sao cho phu hop
véi kich thudc chung cua may, c6 do nén phu
hop dam bao kha nang ¢ép nhya vao khudn khi
may van hanh.

Do d6 truc vit duoc thiét ké c6 kich
thudc:

- L =320 (mm);

- D, =30 (mm);

-h, =5 (mm);

- h,, =2 (mm);

-0=0.1 (mm);
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_(I) = 100;
- P=22mm;
- S =5mm.

Khi do, ta dat duogc cac gia tri:

-Heséb L _322_ 406 (hesdL/D
D 30
& mirc thap) c6 wu diém: Giam thoi gian lam
chay nhya, chiém it khong gian, giam moment
cho dong co, giam gia thanh san xuit do c6
chiéu dai ngan.

-Hé sé nén CR 2.51ahé sb nén
trung binh phu hop gia cong nhiéu loai nhua
phd bién nhu PA, PP, PLA, ...

Do lam vi¢c & moi trudong c¢6 nhiét do
cao va thuong xuyén chiu sy ma sat, nén vat
liéu 1am truc vit can dam bao kha nang chiu
nhiét va do bén khi van hanh. Can ctr vao diéu
kién va kha ning gia cong, & quy mod dé tai
chon vat liéu thép C45 dé tién hanh gia cong
truc vit.

Hinh 4. Qud trinh ché tao truc vit cho mdy ép phun

- Tinh toan Ong dan nhya [5]

La phén vo bao boc bén ngoai truc vit
dan nhya, c6 tac dung dan dong nhua tir phéu
qua qua trinh nung chay di vao khudén. Phan
dng dan duoc thiét ké sao cho dam bao luu
lwong nhua va ap suat phun dat gié tri can thiét
dé dién day 1ong khuén khi van hanh may. Tur
truc vit dugc lya chon, ta chon vé truc c6 gia tri
phu hop nhu sau:

Hinh 5. Mt cdt ngang va qud trinh gia cong ong
dan nhya

- Puong kinh ngoai D_ = 40 (mm);

- Du(‘{ng kinh trong D, = 30,1 (mm);

- Chiéu dai L =350 (mm);

- Puong kinh 16 cap ligu D =20 (mm).

- Tinh toan cho cac chi tiét con lai:

Cac chi tiét con lai cua h¢ thong duogc
tinh toan va lua chon mua sao cho dam bao thuc
hién chirc nang nhu mong mudn ctia nhom thiét
ké.

May ép phun sau qua trinh tinh todn,
thiét ke, ché tao c6 hinh dang nhu Hinh 6.

) «l T

Hinh 6. May ép phun nhua cé nho
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2.2. M6 phéng qua trinh ép phun trén khuén
ép nhua

- Thong s6 vt liéu nhua lva chon:
Lua chon vat liéu ép phun giéng Vo1 vat
li¢u s& thuc nghi€m la nhya PP ctia nha san xuat

FERRO c6 céc thong sé nhu Bang 1:

Bdng 1. Théng s ky thudt ciia nhira PP ding
trong moé phong va thyc nghiém [6]

Material type Thermoplastic
Generic name PP
Supplier FERRO

Ferro PP VX-34035

MFI1(230,2.16)=37
g/10min

0.00 (%)

Trade name

MFI

Fiber percent

Melt temperature 190 - 230 (°C)

range
Mold temperature 20 - 50 (°C)
range
Ejection temperature 110 (°C)
Freeze temperature 120 (°C)

Ngoai ra, ching ta con ¢ mdt sb cac
thong so nhi¢t k¥ thuat ctua loai nhya nay nhu
hinh 7.

m.m.WWM...M.
LR

Hinh 7. Théng sé nhiét kj thudt ciia nhira PP ding
trong mo phong va thyc nghiém

- Thiét ké khuon ép phun ding cho phan
mém md phong:

Thiét 1ap két cau khudn co ban nhu hinh
8. Khuon c6 két cau gdm 2 ntra khudn, c6 cac
hé thong déy bi luge bo bot nham tdi wu tde do
cho qua trinh mé phdng.

Hinh 8. Két cau khuén co ban

Thiét 1ap hé thong lam ngudi khudn
g6m 4 dng 1am ngudi c6 khoang cach nhu hinh
9.

Hinh 9. Két cau khudn co ban

Chia luéi cho hé théng nhu hinh 10, ta
c6 gia tri cac thong sb cua ludi nhu bang 2.
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Hinh 10. Két qud phan tich bé day chi tiét

Bdng 2. Gid tri théng s6 luwdi mé phong

ftem | value
Cavity mesh node c 346,280
Cavity mesh elemen... 459,830
Cavity mesh volume 1.71 (cc)
Meshing level 3
Runner mesh node... 1,782
Runner mesh eleme... 2688

| Runner mesh volume  3.61 (cc)

- Thiét 1ap thong sb cho qua trinh ép
phun:

Ta thiét l4p cac thong sé cong nghé cho
qua trinh ép phun nhu Bang 3.

Bdng 3. Théng so cong nghé cho qud trinh ép

phun moé phong
Filling Time 0.20 (sec)
Melt Temperature 230.0 (°C)
Mold Temperature 50.0 (°C)
Maximum Injection 140.00 (MPa)

Pressure

Injection Volume 7.98284 (cc)
Flow rai.:e profile 90.00 %
Section-1
Section Number of
Injection Pressure 1
Profile
Packing Time 4.00 (sec)
Maximum Packing 140.00 (MPa)
Pressure
VP Switch by o
volume(%) filled LD
Mold Opening Time 5.00 (sec)
Ejection temperature 120.0 (°C)
Air Temperature 25.0 (°C)
Cooling Time 8.00 (sec)
Cycle Time 17.20 (sec)
3.KET QUA

3.1. Két qua mé phéng

- Két qua phan tich bé day chi tiét:

Statistics plot

i

Chi tiét c6 bé day bé, da sd6 nim &
khoang kich thudce 1,00 mm (khoang 81%). Do
d6, cac thong sd ép phun can phai tinh chinh
chinh x4c dé han ché su cong vénh cua chi tiét
sau qua trinh ép phun.
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- Thoi gian dién day:

Statistics plot

e Range=14.310-3 208624130 98437 507 S9e-202

inh 12. Két qua phan tich thoi gian dién day

Thoi gian dién day cua chi tiét khi mo
phong 1a 0,206s. Trong do, chi tiét da gan nhu
dién dﬁy tai thoi diém t=0,192s, chi con khoang
4% thé tich ctia chi tiét 1a chua duoc dién day.
Tuy nhién, qué trinh dién day thuong di kém
v6i qué trinh giit khudn nén chi tiét tiép tuc
duoc dién dﬁy trong giai doan nay, tur do, két
qua md phong thé hién rang chi tiét hoan toan
dién day voi cac thong s6 ép phun da thiét 1ap.

- R khi (Air trap):

Hinh 13. Két qua phan tich ré khi chi tiét

Hién tuong nay gy ra cac tai bot khi
nho mic ket bén trong thanh san pham hodc cac
16 nho li ti trén bé mat san pham. Tuy nhién, ta
khong thiy sy xudt hién cta cac bot khi trong
két qua, nghia 1a chi tiét khong bi khuyét tat
nay véi cac thong sb ép phun da thiét lap.

- Ung sudt cit 1on nhat (Max. shear
stress):

Ung suit cét 1a mot trong nhitng nguyén
nhan chinh tao thanh Gng sudt du trong san
pham sau khi 14y san phdm ra bén ngoai. Néu
g sudt cit qua 1on (>0.3MPa) c6 thé giy ra
pha huy san pham ép phun.

Statistics plot

UhoWA A XA GA BR WA A EA KA WA

Noter 8 f
e Rangeed 007185 110451 Avged SIOETST 5088 B30

Hinh 14. Két qud phan tich img sudt cdt lén nhdt

Ta thay, chi tiét co (mg sut cat 16n nhat
rat bé (khoang 70% chi tiét c6 Gmg sudt cat 16n
nhat <0,03MPa). Tir d6 c6 thé két luan rr:flng,
mg suat du trong chi tiét sau khi 1ay ra khoi
khudn rat bé.

- Khéi luong riéng (Density):

L Statistics plot

L N N T Y
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e

Hinh 15. Két qua phan tich khéi lwong riéng

Thé hién phan bd khdi lugng cua chi
tiét ép phun, néu phan bo nay khong dong déu
s& d& dan t6i cong, vénh chi tiét. Két qua mé
phong cua chi tiét cho thay khdi lugng riéng
phan bd rat déu (khoang 75% co6 d6 chit dong
nhat), tuy nhién con vai vi tri tai cac canh c6 do
chat khong ddng nhat, can phai chinh stra dé
nang cao chét lugng chi tiét.

Két qua md phong chi tiét ép phun bang

Moldex3D d cho ta thdy mot s6 khuyét tat c6 &
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thé gap phai trong qua trinh ép phun, cling nhu
cac huorng trién khai dé lam glam cac khuyet tat
nay. Chi tiét mo phong co chat lugng khé t6t, s6
khuyét tat gap phai kha it.

3.2. Két qua thuc nghiém trén may ép phun
nhua ¢ nho

Vi céac thong s6 da lya chon, ta tién
hanh thiét 14p cho may ép phun c& nho rdi ép
ra cac san pham thi nghiém. Céc san phdm thu
duogc déu co chit lugng kha tbt, it gap phai cac
khuyét tat.

SEARIARAR R L
ARRRAARRNANE
REEARAERRINE

Hinh 16. San phdam thu dwoc tir mdy ép phun ¢& nho
4. KET LUAN

Nghién ciru da ché tao thanh cong may
ép phun nhuya ¢& nho. May duoc thiét ké thanh
cc cum dé c6 thé dé dang thay thé, bao tri hodc
nang cp sau ndy. Qua trinh van hanh may dé
in ra cac mau thir nghiém cho két qua rat tét.
Ngoai ra, nghién ctru ciing tién hanh mé phong

qué trinh ép phun véi kich thude khuon nhu
thue té, két qua sai léch giira mé phong va thuc
té 1a rat thap. Viéc thiét 1ap nhitng théng sé may
(nhiét do, tde do quay truc vit,...) cho céc loai
nhya khéc nhau, nhitng bd khudén khac nhau s€
can thém nhiéu nghién ctu tiép theo. %
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