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Tém tit: Trong nganh cong nghiép san xuat vat lidu, viéc nghién ciru phuong phép gia
cong vat liéu toi uu ludn 1a mot wu tién hang dau. Bang phan mém thiét ké 3D (SolidWorks
2019) va mo phong tinh toan (ANSYS Workbench 19.2), mét mé hinh qua trinh tang 46
clmg cta chi tiét hinh tru bang cac cong cu dang phang da duoc xay dung dé tinh toan va
danh gia trang thai ing suat — bién dang (NDS) cua phdi trong ving bién dang va tng suét
du trong chi tiét sau gia cong. Duya trén phan tich két qua mo phong phan tir hiru han, da
xéc dinh duoc gia tri hop Iy cia goc phan hinh ném ciia tam phang 1a 45°. V&i goc ndy, ing
sudt tam thoi 10n nhat trong qué trinh ting cing nhé hon giéi han bén cua vt lidu, nhd do
dam bao qua trinh ting cting khong gdy hu hong bé mit phoi, dong thoi ing suat du duogc
phan bd déu trén bé mit.

Tir khoa: Gia cong tang bén; 16p bé mdt; trang thdi ting sudt — bién dang; tam hinh chi
nhdt; tam hinh ném.

Abstract: In the material manufacturing industry, the study of optimal material processing
methods is always a top priority. Using 3D design software (SolidWorks 2019) and
computational simulation tools (ANSYS Workbench 19.2), a model of the surface
hardening process for a cylindrical workpiece using flat tools was developed to calculate
and evaluate the stress—strain state (SSS) of the workpiece in the deformation zone, as well
as the residual stresses in the finished part. Based on the analysis of finite element
simulation results, a reasonable value of the wedge angle of the flat tool was determined to
be 45°. At this angle, the maximum transient stress during the hardening process is lower
than the material’s yield strength, thereby ensuring that the hardening does not cause
surface damage to the workpiece, while also achieving a uniform distribution of residual
stresses on the surface.

Keywords: urface hardening; surface layer, stress—strain state, rectangular plate; wedge-
shaped plate; surface plastic deformation.

1. Mé dau

Tu lau, cac quoc gia hang dau the

cao nén cac loai san pham k¥ thuat vat
li¢u ctia ho dap ung dugc ti€u chuan rat

giéi di coi trong viéc phat trién nganh
cong nghiép nang, tir 46 dat nén mong
cho viéc phat trién cac nganh san xuat
khac, dién hinh la Lién X6. Nho c6
nganh ché tao may, gia cong va luyén
kim tién tién va hién dai, c6 chiéu sau

cao, dac biét la vl khi va phuong tién
van tai. Tuy nhién, khi tim hiéu siu vao
cac chi tiét nho, tir dang tho cAu thanh
nén cac san pham cong nghiép nay lai
luén c6 nhitng van d& thu vi dé cho
chung ta nghién ctru. Va dién hinh cho
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nhimg chi tiét d6 1a nhimg khdi vat liéu
kim loai hinh tru, duoc dua vao may dé
gia cong, thay ddi cac tinh chat vat 1y
trudc khi dua vao st dung phuc vu muc
dich ché tao may moc.

Cac chi tiét dang khdi hinh tru
thudng mun, c6 do ctng thip lam tir
thép carbon dugc s dung rong rai trong
nganh ché tao may lam phéi cho cac chi
tiét nhu truc, truc quay, thanh piston, can
va cac chi tiét khac [1] [2] [3]. Chung
dong vai trd quan trong trong viéc quyét
dinh tudi tho cua cac thiét bi va co cau
khéc nhau.

Tuy nhién, cic chi tiét c6 do cung
thap thuong kho ché tao, thir nhat 1a boi
vi chiing khong chiu dugc tai trong co
hoc, diéu nay thuong khién chung bi
nat, gdy trude khi hoan thién thanh céc
chi tiét hoan chinh ma chung ta can. Thir
hai 1a do bén nhiét cua chung rat kém,
doi héi mot qua trinh gia cong phai xtr
1y nghiém ngit vé nhiét d6 va ma sat
nhiét [4] [5]. V& quan trong hon hét d6
1a sau khi gia cong, chung dé bi bién
dang hinh hoc trong thoi gian s dung
ban dau, ngay ca dudi tac dong cua cac
g suit du nho — vén 1a diéu kho tranh
khoi trong qua trinh xu 1y co va nhiét.
Do d6, ¢ giai doan cudi ciing, cac chi tiét
nay thuong dugc toi giam tng suit (4
hozc ram), nan thang va gia cong tinh bd
sung [1] [6].

2. Co s6 1y thuyét

Nhiéu nha khoa hoc dau nganh &
Lién X6 (nay la Lién bang Nga) va cac
qudc gia khac trén thé gidi da nghién
ctru cac phuong phap gia cong va nin
thang cac chi tiét bang thép carbon c6 do
ctng thip. Co6 thé ké dén mot sé cong
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trinh nghién ctru tiéu biéu nhu: phuong
phap gia coéng nin thing truc bang cac
thiét bj ubn ly tdm sir dung bi cau [7];
cac nha nghién ctu Trung Qudc phat
trién phuong phap nin thing bang can
truc bang con lin, giup ting giéi han
mai cua phoi thong qua qua trinh 1an
dong thoi 1én bé mat 161 va 1dm cua truc
[8]; phuong phap nin cac chi tiét dai
bang cach udn di dong doc theo chiéu
truc [9].

Céc phuong phap duoc dua ra ¢ trén
déu mang tinh wu viét, tién tién vé mat
khoa hoc, tuy nhién réng mac du cac
phuong phap nin hién c6 nhu trén da
duogc g dung trong thyc té, nhung céc
phuong phap nay da s6 mang tinh 1y
thuyét qua cao, chi mang lai hiéu qua
tam thoi hodc gy hu hai bé mit, diéu
nay khong thé chap nhan dugc khi phuc
hoi d6 thang ciia cac chi tiét may c6 kich
thudc nhé [10] [11]. Ngoai ra, su khong
dong déu va khong on dinh coa trang
thai ng suat sau khi nin ciing 1a mot
han ché khién qua trinh nay kho dugc ap
dung trong san xuét cac chi tiét doi hoi
dd chinh xéac cao, dic biét 1a cac ung
suat du nho dudi cac sai sb trong gia
cong bang may moc hién nay.

Nhén thdy duoc cac diém yéu nay,
hién nay cdc phuong phdp modi dang
duogc phat trién dé nan thang va gia cong
tang bén cac chi tiét tru c6 d6 cung thap,
chang han nhu truc va truc quay. Nhom
tac gid cua ching t6i da nghién clru mat
md hinh phuong phap rat khoa hoc, do
1a phuong phap nin va gia cong ting
bén két hop. Phuong phap nay duoc
nghién ctru chu yéu danh phuc vu cho
viéc gia cong, xir 1y cac chi tiét 1am tir
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kim loai va hop kim déo, bién d6i cac
tinh chit chua dat cta vat liéu ché tao
chi tiét may dé dap Gmg kha niang lam
viéc, d6 bén co hoc cling nhu do tin cay
va tudi tho cta céac chi tiét nay. Phuong
phap duogc phat trién dua trén nguyén ly
lan ép chi tiét bang cac tim nhin. [12]

3. M6 hinh nghién ctru

3

Sau khi nin théng cuc bo mot doan
ctia phoi bang cach tac dung luc huéng
tam, theo phuong vudng goc véi tim
trén, can tién hanh lan ép toan bo chiéu
dai phoéi. Su quay cua phoi dugc thuc
hién thong qua chuyén dong cia tim
trén voi vén toc v (v = const). Trang thai
mg sut trong chi tiét trong qua trinh
nay phu thudc vao hinh dang hinh hoc
clia cc tAm va do ép tuong doi.

Hinh 1. Nguyén Iy cia phuong phap gia cong ting bén

1 — TAm trén; 2 — TAm dudi; 3 — Phoi.

Muc dich ctia phuong phap nay nam
& viéc dya trén két qua phan tich trang
thai ing suit — bién dang trong ving
bién dang va tng suat du trong céac chi
tiét da duoc gia cong ting bén, lira chon
va xac dinh gia tri t6i wu ctia goc phan
hinh ném trén cac tim phang, nham dam
bao chét luong 16p ting bén dat yéu cau.

bé dat duge muc tiéu dé ra, nghién
ciru d3 sir dung phuong phap phan tir
hiru han (FEM), cho phép xéc dinh s6 tri
trang thai (mg suat — bién dang tai ving
bién dang cua chi tiét ciing nhu cudng
d6 16n nhat cua tng suét tirc thoi va g
suat du. Pay 1a mot phuong phap thuan
tién dé mo ta hanh vi phic tap cia vat
liéu, thong qua viéc mo6 phong chinh xéac
cac hién tuong vat 1y bang cac phuong
trinh vi phan [7].

Nghién ctru dugc thuc hién trong
phan mém ANSYS Mechanical véi viée
su dung mo-dun Transient Structural.
Céc phoi st dung trong mo phdng la cac
mau hinh try ¢ chiéu dai 1=200 mm, v&i
duong kinh cua ching lan luot ¢ cac
gia tri 1a D=10 va 20 mm. Vat li¢u ctua
phdi duoc lua chon 1a thép két ciu
carbon structural steel St.3, c6 dac tinh
dan — déo, v6i cac thong s co 1y nhu
sau: md dun dan hoi E = 1,8:10° MPa;
hé s Poisson u=0,3; biéu dd bién dang
vat liéu la hai doan tuyén tinh; gidi han
chay o= 255 MPa; giéi han bén o, =
480 MPa; moé dun ting bén Er =
1,45-10° MPa. [13]
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Vit liéu duogc sir dung cho cac tAm
hinh ném 1a thép két cAu c6 d6 bén va do
cting cao. Trong mo phong, dung cu lam
viéc duge gia dinh 1a vat thé tuyét ddi
ctng. Hé sb ma sat 1an giita hai bé mat
thép trong vung tiép xtc gitta phdi va
cac tim duoc 14y 13 £=0,05.

Céc thong sd hinh hoc chinh cua
phan dau vao trén tim hinh ném (hinh 1)
bao gém: goc nang a, chidu dai / va
chiéu rong b.

Dé danh gid anh huéng cua kich
thudc hinh hoc cua phan dau vao trén
tam phang dén trang thai (mg suit — bién
dang cua phoi, nghién ctru da lya chon
cac khoang gia tri sau: o = 0+8° va
9=0+360°. D& dam bao kha ning nin
thang cuc bo ciia phoi dong thoi duy tri
hinh dang tron ciia mit cét ngang, chiéu
rong cia phan dau vao bbb duoc ldy
bang 40 mm. [14]

Khi xay dung ludi phan tir hitu han,
cac thong sb tir thu vién cua phan mém
Ansys 19.1 duogc sir dung. Xét dén
tuong tac co hoc gitra phoi thép va vat
thé cing tuyét ddi, cac phﬁn tr hiru han
dang t&r dién da dugc lya chon. Ludi
phan tir dwoc xay dyng voi kich thude
khong ddi 13 0,5 mm va st dung mot loai
phan tir duy nhit cho toan bo thé tich
ctia ph6i. M6 hinh phan tir hitu han cua
qué trinh dugc thé hién ¢ hinh 2.

Céc thong sb chinh ctia qua trinh bao
gdm do ép tuong ddi cua phdi O va van
tdc chuyén dong cia tAm trén v. Dé xac
dinh anh hudng cua gdc ném £ cia céac
tam phang dén trang thai (mg suat — bién
dang cua phdi, trong nghién ctru nay cac
thong s6 O = 1%, v =10 mm/s dugc giir
khong d6i, con goc B duoc thay doi.

0,000 15,000
|

¥
30,000 (mim)
! %

7,500 22,500

Hinh 2. M6 hinh phn tir hitu han ctia qué trinh ting bén phéi hinh tru bang cac tim
hinh ném

4. Két qua nghién ciru

Trong qua trinh gia cong ting bén
bang cac tam hinh ném, goc ném f (xem
hinh 1) dong vai trd quan trong trong
viéc hinh thanh trang thai Gng sudt —
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bién dang cta phoi hinh try. Khi goc /3
tang, dién tich tiép xtic ban dau giita
phéi va cac tim ném ciing ting, boi vi
trong truong hop nay cac bé mit bén cia
tam tiép xtc véi phoi dudi goc nhon
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hon, dan dén tang dién tich tiép xtc doc
theo chiéu dai cua phoi.

Trén doan ddu vao cia cac tim cd
goc nang a, cudng d6 tmg suat lam viée
o; tang 1€n khi phoi quay trén doan nay,
va goc a cang 16n thi Gng suit cang cao
v6i ciing mot goc quay ¢. Cu thé, khi a
= §°, ing suét 1am viéc dat dén gi61 han
bén cua vat lidu ngay tai goc quay ¢ =
1800. Nguoc lai, voi a = 2°, sau mot
vong quay hoan chinh ctia phéi, ung
suat 1am viéc van nho hon gidi han bén
cua vat liéu.

Ot
MTIa

500 T
400

300 < o s

100

— P

Két qua nghién ciu cudng do tGng
suat 16n nhat trong phdi hoan toan phu
hop véi két qua tinh toan 1y thuyét, cho
thdy rang: cang ting cic goc a va ¢ thi
d6 nén phoi cang 16n, dan dén két qua la
(g suat trong qua trinh lan ép ciing ting
twong ung.

Hinh 3 trinh bay cudng d6 16n nhat
clia ing sudt ttre thoi va ing sudt du trén
bé mit doc theo chiéu dai phoi, twong
ung vai cac gia tri khac nhau cua goc S
cia phan ném va véi cac dudng kinh
phoi khac nhau.

30° 45° 602 e B.F°

o gt

Hinh 3. Cudng d¢ 16n nhat ciia ng suét tirc thoi va ing sudt du trén bé mit phoi tai
cac gia tri khac nhau ctia goc f: a) D=10 mm; b) D=20 mm.

Tir hinh 3 cho thay rang, khi gia cong
tang bén phdi bang cac tim hinh ném,
cuong d6 16n nhat cia ing suét tic thoi
va tng suat du trén bé mit phoi cao hon
so v6i khi gia cong bang cac tim hinh
chir nhat (tng vo1 f = 90°). Hon nira,
cang ting goc £ cua phan ném trén tam,
cuong d6 ung suét du cang 16n, va gia
tri cuc dai dat duoc tai f = 60°.

Diéu nay dugc 1y giai 1a do khi ting
goc f, dién tich tiép xtc giira tAm ném
va phoi ting, ddn dén su gia ting Gng

Mot trong nhitng ddc tinh quan trong
nhat cta qué trinh gia cong ting bén 1a
d6 dong déu trong phan bd ung suit du

sut cuc bo trén bé mat phoi. Didu nay
c6 thé nang cao hiéu qua qua trinh gia
cong ting bén, nhung ddng thoi cling
tang nguy co xuét hién cac hu hong trén
bé mit chi tiét.

Két qua md phong trong hinh 3 cho
théy réng tai = 60°, gia tri cuc dai cia
{g suét tirc thoi vurgt qua gidi han bén
ctia vat liéu (ddi voi vat lidu nghién ciru
13 6, = 480 MPa), diéu nay cho thiy kha
nang xuat hién khiém khuyét trén bé mit
phoi.
trén bé mit phoi. Hinh 4 trinh bay phan
bd cudng d6 tng suit du theo chiéu dai
cua phoi tuong ung voi cac kich thude
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duong kinh khac nhau va cac gia tri
khéc nhau cta gbéc £ ciia phan ném trén
cac tam phang

g
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Hinh 4. Phan b6 cudng do tng suét du theo chiéu dai phéi tai cac gia tri khac nhau
cua goc f: a) D=10 mm; b) D=20 mm.

Tam cua hé toa d¢ dung dé tinh toan
trang thai ing suét — bién dang dugc dat
tai mat cit ngang trung tdm cua phoi,
con truc Oy dugc chon doc theo chiéu
dai phoéi. Vi hé théng 1a d6i xtg, nén
chi can xét phan bd Gmg suat tir tim dén
mot dAu cia phoi (twong g theo truc
Oy tlr 0 dén 60 mm).

Két qua mo phong cho thay Gmg suat
16n nhat xuat hién & phan dau cta phoi.
Tir hinh 4 c6 thé thiy ring, véi cac
duong kinh khac nhau cua phoi, sy phan
bd tng suit du dong déu nhit theo chiéu
dai phoi xay ra khi géc f = 45°. Trong
cac truong hop con lai, phan b tmg suat
du khong déu 15 rét, diéu nay co thé dan
dén tap trung Umg suét.

Hinh 5 thé hién cac truong phan bd
ctia cuong do tng suat du va cac thanh
phan cua tensor Ung suét trong trudng
hop f =45°, D =10 mm. Tt hinh 5 cho
théy, cac gia tri cuc dai ciia ing suat du

184

xuét hién trén bé mit phoi va gidam dan
vé phia trung tdm (hinh 5a). Ung suét
tiép tuyén, timg suit doc truc va (mg suét
huéng kinh déu co tinh chét thay doi
dau. O phan trung tim cta mdt cat hinh
thanh ving tng suat kéo, trong khi trén
bé mat 1a tng suat nén. Ung suét kéo 16n
nhat thudc vé thanh phan doc truc.

Céc biéu d6 phan bd tng suat du va
céc thanh phan clia tensor Ung suét trong
qua trinh gia cong ting bén bang tim
ném dugc so sanh voi két qua nghién
ctru khi gia cong bang cac tim phang
hinh chir nhat [8]. Phén tich cho thay, du
theo so do tang bén nao, cic thanh phan
tensor g suat du c¢6 dac diém phan b
tuong ty, tuy nhién Gmg suit nén doc
truc trong truong hop str dung tim hinh
ném co6 gia tri 1on hon, diéu nay tao ra
anh huong tich cuc ddi voi d6 bén moi
chu ky cua phdi trong qué trinh khai
thac.
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Hinh 5. Cac dai ding tng suét clia cudng d6 ing suat du (a) va cac thanh phan cia
tensor tmg sudt dy (b), 0y (¢), 0, () mpu D =10 MM u ff = 45°

5. Panh gia va két luan

Trén co s& md phéng véi vige su
dung module Transient Structural trong
Ansys Workbench 2019a dé phan tich
g x1r phi tuyén theo thoi gian, c6 xét
dén bién dang déo, tiép xtic, ma sat. Pay
1a module chuan dé mo6 phong va cham,
ép, can, dap... qua trinh gia cong tang
bén cac chi tiét hinh try c6 do clg thap
bang cac tdm hinh ném, c6 thé rat ra cc
két luan sau:

- Gia tri hop 1y ciia goc phan hinh
ném trong tim phang dugc xac dinh 1a
= 45°, twong (mg voi phan bd ung suét
du theo chiéu dai phoi dat muc d6 dong
déu cao nhat. Trong trudng hop nay, tng
suét tirc thoi cuc dai phat sinh trong qua
trinh gia cong ting bén khong vuot qua
gidi han bén cua vat liéu, dam bao chat
luong 16p ting bén va do on dinh hinh
hoc cuia chi tiét sau xir Iy.

- Khi stir dung goc ném 16m hon (vi du
[ = 45°), ing suét cuc bd trén bé mat
phéi tang dang ké, co thé anh huong tiéu

cuc dén tinh chat co hoc tong thé va
giam hi¢u quéa cua qua trinh gia cong
tang bén. Giam goc S 1a mot giai phap
hiéu qua nham giam sy tip trung Ung
suat va nang cao tinh dong déu cia
truong ung suat du trong chi tiét sau xir
ly.

- Két qua md phong sé da xac dinh
duogc kich thude hinh hoc hop 1y cua
doan dau vao cac tim ném ding dé nan
chinh cuc b chi tiét phoi hinh tru. Trong
tat ca cac truong hop duge xem xét, dé
dam bao d6 bén cua chi tiét bang thép
carbon, can thuc hién mét vong quay
hoan chinh cua phoi (¢ = 360°) vo1 goc
nang o = 2°.
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