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NGHIEN CUU CO CHE MON DAO GAN MANH PCBN
SU DUNG TIEN TINH THEP 09CrSi QUA TO

Phan Quang Th- Tran Ngoc Giang(Trwong PH Ki thugt Céng nghép - PH Thai Nguyén)
1. Mé& dau

T nira dau caa thap ky 70, tén arng (hard turningjiuoc ap ding dé gia cdng Wt liéu
(thuong la thép qua t6i) cdo carng tr 45 — 65 HRC. Tn arng dugc Sr dung ©ng réi trong
céng nghép 6 t6 khi gia cdng cac chiétinhe vanh banhang, vongd, dung ax va khudn ru.
Dic biét tien arng duoc ar dung khi gia cdng cac chiéti co hinh dang pic tap va khéng én ar
dung dung dch bdi ton - 1am ngwi, gia cdng chinh xadh cubi (tién tinh) cac chi it may co t
sb kich thréc chiéu dai trénduong kinh nié [1]. Tién orng cho phémat d6 chinh xac va nham
bé mat twong duong Wi mai nhrng dau tr thip hon va cé ki nang o nén tréndp b& mat ang
Suit du nén lam Ang twi tho v& moi caa chi tét may trong cac &p xac kn [2]. Tuy nhién, én
cirng doi hoi may, ke thing céng ngh c6do cing viing vads chinh xac cao [3].

Khi gia cong 4 lai thép t6i khac nhau, af cing nhr nhau, Poulachon w#ng nghép
[1] d& Két luan ring mon nit trudc la cang mon pld bién khi gia cong théda tdi amng, thép co
chira cac ht cac bit éng wi kich thrdc Io6n € ¢6 tinh gia cong (trén khiarch mon dao) kém
hon thép c6 éu trdc mactensifong déu. Co ché mon ding ax cha yéu la khiéch tan Kt hop Voi
cao xx¢¢ haic dinh.

Kevin vadong nghép [4], sr dung hai lai manh dao CBN-H va CBN-L & chit lién
két 1a TiN va mét lugng nhd Co tién thép AISI 52100 cho fly mon miit sau #ng gin nhr tuyén
tinh V6i chiéu dai ét va Hc do mon @ia manh dao CBN-H caodn. Mon xdit hién trén @ mat
truéc va sau kém theo &n twong dinh éa VLGC trén B mit cac ving mon (materials
transfer). Cac 4t CBN hi tach ra ki manh daodic biét khi ting van tic cit. Tuong tac @a
VLGC Véi pha thr hai dia VLDC la nguy&n nhantc tiép lam yu lién Kt caa cac at CBN
véi nén va b cudn di.

Do cirng aia Vit liéu gia cOngainh hrong tire tiép dén quy It phéat trén nhigt do trong
vlng Gt va Hc d6 mon miit sau. Liu vaddong nghép [5] da cH ra ing mon xy ra Wi téc do
cao nlit trong khang do cang aia VLGC tr 40+ 50 HRC va thp hon trong khang do cang
60+ 64 HRC. Kt qua nghién &u ding ch ra Binganh hréng aia van t6¢ cit d&n mon ding ax
PCBN nh hon nhiéu so Wi dung a1 c4c bit va ceramics.

Céc \in dé vé co ché mon niit truée va sau ga manh dao PCBN khi &n thép lop kim
09CrSi qua tdi vanh hrong aia mon daatén nham B mit s5 dugc dé cap chi tét trong nghién
ciu nay.

2. M0 ta thi nghiém
2.1. Thét bi thi nghém
+May : Thi nghém duoc tién hanh trén may d&h CNC- HTC 2050 (Trung Qx), tai
treong Pai hoc Ki thuat Cong nghiép —bai hoc Thai Nguyén.
+ Dao: Manh dao PCBN hinh tam giac kyéhiTPGN 160308 T2001, EB28X icfa trén
hinh 1 \6i L =16 mm; I.C = 9,25 mm; T = 3,18 mm; R = 0,8 miHam tkrong CBN la 50%;
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chit dinh Kt TiC; ¢ hat: 2um.y = - 11°; a = 22; A = - 11° (g6éc ko thanh khi kp manh dao
vao than dao va lén may).

Than dao: Kéu MTENN 2020 K16-N (hang CANELA)

Hinh 1. Minh dao PCBNdung trong nghién £u
+ Phoi

Thép 09CrSi 1a thépdp kim dung ax thuong sr dung clé tao cac dng ai Git véi van
téc thip va cac chi it co yéu @u vé kha ning chiu ma sat, mon cao.

Phoi thép bp kim 09CrSi & dung trong thi ngim c6 chéu dai: L = 300mmgduong
kinh: 062, toi tr¢ tich dat do cang 56-58 HRC. Thanh gh hoa hc aia phdidugc xacdinh
bang phrong phap phan tich quangdi Nha may Z159 cho trénabg 1. Cac &t qua phan
tich diu tric @a phoi thép trén hai #ihphing song song (a) va vuéng goc (18) truc cia phoi
trén kinh hén vi quang bhc AXOVOC-100 @a Nhit cho tHy cac ht cac bit (FeCgC duong
kinhdén 3um phan b véi mat do cao trong thép dtra trén hinh 2.

Bang 1. Thanh pin hod lvc aia phéi thép 09CrSi

C Si P Mn Ni Cr Mo
0,823 1,2351 0,0241 0,5862 0,0332 1,113 0,0192
\ Cu W Ti Al Fe
0,1499 0,2876 0,1768 0,0299 0,0011 95,447

s Uc aia phoi thép 09CrSi .
sit dung trong thi nghim trén nat cat song song (a) va vuéng gaéi wruc (b) phongiai 1000 Lin.
+ Thiét bi do nham B mit
St dung maydo nham Mitutoyo SJ - 20Ta NHit Ban woi cac thong & ki thuat co ban sau:
- Hién thi LCD. Tiéu chdn DIN, ISO, JIS, ANSI.
- Théng $ do duoc: Ra, Rz, Rt, Rq, Rp, Ry, Pc, S, Sm.

- b6 phan gii: 0,03um/30Qum; 0,084m/75um; 0,044m/9,4um.
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+ Thiét bi sr dung phan tich &mit

Sir dung kinh hén vi dién tir TM-1000 Hitachi, Nt Ban c6dé phongdai tgi 10000 hn,
tai phong thi nghim Vat |i truongBai hoc Sr pham Thai Nguyén.

+ Ché do cong ngk

Van toc cit: v = 180 m/p; kong chay dao: s = 0,1 mm/vong; ¢hi sau ét: t = 0,12 mm.

2.2. Trinh {r thi nghém

Phoi thép 09CrSi sau kHiroc tién thé king manh dao kbp kim arng KO1dam bao do
coén khéng wot qua 0,05 mm/ 100 mm chi dai phdi. Sadé sr dung minh dao PCBN &n
tinh qua ndt luot truge khi tién hanh thi nglim va tieée mbi 1an thay nanh dao ndi.

5 manh daodugc Sr dung dé tién tinh phdi thép 09CrSi, nhang mat duoc do sau 5
khoang thyi gian ¢t nhit dinh: 2,61 phat; 5,19 phat; 7,69 phat; 10,09 phat362hit trong
rng Wi chiéu dai dt trén phdi l1a: 250 mm; 500 mm; 750 mm; 1000 mnBathm. CAc rnh
dao sawté dugc thdo ra, quan séat va phan tich trén kigh ki dién tr TM-1000.

3. Két qua thi nghiém

3.1. Mon @ng a:

Két qua quan séat cac amh dao sau khi &n tinh trén kinh Hn vi dién tir cho thy céac
manh daodéu bi mon & mit truéc va mit sau. Sau 2,61 phuitc trong tng Wi chidu dai ét [a
250 mm, @c theo rdi cat chinh xut hién vong cung mondi chiéu rong ap xi 10 pm. Trén
ving mon nit truéc nay khdng nhin fty hinhanh aia cac lat CBN nhr viing chra b mon, bp
bé mit c6 du tric song chra trén Hinh 3(a) va 3(bipay Ia hinhanh mon vt liéu don theo ¢
ché bién dang ko bé mit do hat cing “cay” trén 8 mat dudi tAc ding aiatrng suit phap ét lon
& ving kGi cit gay ra. Sau 5,19 phditc trong tng Wi chiéu dai ét 1a 500 mm, bn chit mon
trén mit truéc khong thaydsi tuy chiéu dai cung mon trénebi cit chinh ting 1én nling chéu
rong aia viing mon &n giit khéngddi khoang 10um. Sau thi gian cit 7,69 phat, tong ang
vé6i chiéu dai dt 1a 750 mm, viing mon tréndi cit chinh lan éng ¢in dén dinh nheng Van gitr
chiéu rong khaing 10um.

Sau 10,09 phatit, trong tng Wi chiéu dai dt 1a 1000 mm, ving mon htrudc phéat
trién dén dinh cung tron ga ludi cit va chéu rong vang ét dat t6i 20 pm. Sau thi gian cit
12,36 phatwong tng Wi chiéu dai d@t 1a 1250 mm, Kin twrong mon nit trudge thayddi can ban
nhu trén Hinh 3(c) i chiéu rong vaing mondi 120 um, khéng con kin trong dinh éa VLGC
trén & mat viing mon ma dhcé viing monat gd ghé. Tir Hinh 3(d) c6 th thady nhirng manh \at
liéu dung a1 bong ra kidi mit truéc theo o ché cia mon dinh hic dinh Kt hop véi méi.

Mon trén mit saudugc thé hién trén Hinh 4(a) sau 7,69 phut, Hinh 4(b) sau 1p/0%
cit va Hinh 5(a) sau 12,36 phtittcKét qua quan sat trén kinh én vi dién tr cho thy ving
mon miit sau phat tén chim tir khi bit diu cit ¢én 7,69 phatiat chiéu cao mon rit sau = 50
um véi bé mit twong déi bang phing va VLGC dinh néitrén & mat mon nay. Sau 10,09 phat
cit thi chBu cao mon it sau éing cH dat t6i hs= 60 pm. Hinhanh VLGC dinh trén viing mon
mit sau chira trén Hinh 4(c). Tuy nhién trénitrsau xiét hién hai ming daing vy nam ngay
phia dr6i vung giao éa anh tr do dia phoi khi thoat kéi mat trudc voi cac di.
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Hinh 4. (a) Mon nit sau ¢ia minh dao PCBN sau khidn 7,69 phut cho tly VLGC dinh trén viing mon
tuwong doi phang; (b) Anh mon nit sau, sau 10,09 phat gia cong; @h phong to VLGC bam Ién vang
mon nat sau (b); (d) Géc mon bén traia (b).
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(@ | 805
Hinh 5. (a) Mon nit sau ¢ia minh dao PCBN sau khign 12,36 phut
cho thiy hinhanh g ghé cia vang mon. (b) Hinkinh phong to £a (a).

Hinh anh phéng to ¢a khbi bén tréi tié hién trén hinh 4(dYbén 12,36 phut gia cong thi
trén toan B mat sau @éa ding a1 bi bién dang theo ndt kiéu rat dic biét véi cac ming vt liéu
dung ax dang Ay (hinh 5(a) va 5(b)). & liéu dung a1 bi ddn nén &0 tén cac ring Ay nhin,
rong Wi chiéu cao B= 750um va VLGC dinh tréndmat mon & khongtang K.

3.2. Nham b mt gia cong

Két qua do nham B trong miit phing thing dung chra dudng tam éa phdi va dc theo
mét duong sinh éa mit tru cho trén Bng 2. Gia tr Ra @ia nham B mit sau khi ét 10,09 phut
taing 23% so i sau khi &t 7,69 phit vauong ung la s gia ting 15% gia tr Rz. Sr gia ting
dot bién cia d6 nham sau 10,09 phuitdién quandén ar phat trén cia chéu rong ving mon
mit trudc dén 50% va chiu cao ving mon &t sau &i 20% Wi s xuat hién hai ming dang Ay
trén ving nit sau. Kt qua do nham B mit gia cong th hién trén ing 2.D6 thi biéu dién ar
bién thién @a nham B mit theo thyi gian tké hién trén hinh 6.

Bang 2. Nham bmit sau nking khaing

thoi gian gia céng khac nhau L:m

Manh | Chicu dai| Thoigian | Trung binh “

dao $ | cat(mm) | cat (phdt) | Ra (Rz) im] s
01 250 2,61 0,53 (2,84) 2
02 500 5,19 0,56 (3,01) 1 —
03 750 7,69 0,60 (3,16) o : :
04 1000 10,09 0,74 (3,63) ° > 1o L 1e
05 1250 12,36 0,78 (3,87) [=—Ra rJ Phd

Hinh 6.P6 thi biéu dién sr bién thién
ga nham b mat theo thyi gian ait
4. Phan tich Kt qua va thao luan
Theo Trent va Wight [6], khi gia congibg dao CBN Hin twong bién dang ludi cat
khéng »ay ra, mon mit trudc va miit sauddng thyi ton tai, viing mon nit truéc rat gan ludi cat.
Trong nghién éu nay, mon dng a3 xut hién ca trén miit treéc va mit sau chsau 2,61 phit gia
cong. Tuy nhién viing monantrudc khdng Am gan ludi cit ma phat tén tir ludi cit tao thanh
mit truéc phy twong d6i phang va phét tén din theo lwéng thoat phoi nia trén hinh 3(a). Trén
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ving mon nhiu hat PCBN b tach ra kbi bé mit do wrong tac éa VLGC lam yu pha thk hai

cua VLDC theo nlr két qua nghién ¢u cia Kevin vaddng nghép [4]. Tuy nhién, o ché mon

do khiéch tan Kt hop v6i cao xréc do Poulachon v@dng nghép [1] dé xuat duong nhr khéng

phi hop Wi cac Kt qua caa nghién ¢u nay. Hinhanh céc rénh Bn dang cto trén viing mon
mit truge trén Hinh 3(b) king dinh bién dang dto bé mit do cac ht cing (cac bit (FeCgL) va

cac Oxit khac trong thép 09CrSid tac ding aiawng suit phap ét 16n ¢ vang din ludi cit gay

nén la & ché mon chinh trén #t trudce.

Tuy nhién sau i gian cit da I6n, khi mon phéat tén din vao phia trong ving #htruéc
theo hrong thoat phoifrng stit phap trén it trudc giam di nhanh choéng, Bn trong dinh to
nén plé bién & viing phoi thoat kéi mat truge thi @ ché mon do néi két hop voi dinh 1a
nguy@&n nhan mow ving nay gay boc tachrig minh VLDC ra kioi ving BB mit nhe trén
Hinh 3(d).bay |a nét phat hén méi vé co ché mon miit trudc trong tén tinh arng. Hon nira tr
Hinh 3(c) c6 th thiy khi mon ndit truge phét trén trén Ru hét dién tich tép xdc gira phoi va
mit truée thi @ ché mon do béc tAch cacamh VAt lidu tré nén chém wu thé thay cho o ché
mon do cao udc lam cho mon it trudc phét trén voi tée d6 cao lon. BE miat ving mon té
nén @ ghé va khoéng nin nhr bé mat vang mon nat truge thdong theong. Piéu nay c6 th giai
thich do o tinh dia PCBN it h suy gam boi nhiét dé cao trong vingit, tuy nhién tac ehg co
chu ky cia cac ht ciing trong thép 1éndmit két hop voi dinhda lam cho B mat cua ding a1
bi pha hiy theo @ ché dinh mbi két hop sau not thoi gian gia cong ndt dinh.

Mon mit sau éing phat trén theo quy lat théng throng trong ét kim loai cho dén 7,69
phat (Hinh 4(a)). G ché mon niit sau trong d6i phu hop voi két qua nghién ¢u cia Kenvin [4]
nhu trén Hinh 4(c). Tuy nhién, sau 10,09 phut gia ct@g mit sau xdt hién hai ming ding
vay cuc by (Hinh 4(b)).Pay la ving tong tng Wi cac rdnh mon sau trémimy ax khi cit cac
hop kim c6 nhét do nong clly cao va theo Shaw [7], thi cac rdnh mon sau trirtnndc va sau
& ving nay c6 lién quadén tac ding truyén nhiét manh ¢ hai bén riata phoi vao b mat dung
cu cit. Bay 1a hén trong mon plc tap lién quan nkdiu dén nhigt 46 cao. Theo Trent [6] nbi
d6 cao Kt hop vai bién orng aia phoi, tac dng aia 6xy trong méi trdng méi trdng cit da ko
nén cac ranh mon s&uving nay trén daodn cac bit khi #n thép. Khi tli gian cit ting 1én
dén 12,36 phut cac amg chng \Ay nay phat tén trén toan riit sau va mt s mang bong rado
nén monPay cung la Mt phat hén méi vé co ché mon niit sau trong #in tinh aing.

T cac Kt qua do nham B mat c6 thé thidy chodén 7,69 phat 4t, Ra gin nhr khéng
thaydéi Ra = 0,53 0,60um, nhing khi thyi gian cit dat t6i 10,09 phat c6s thayddi dot bién
vé nham B mit, Ra ting Xap xi 23%, sawl6 Ra gir gin nhr khéng thaydéi toi 12,36 pht at.
Nham & mit ting nhanh khi mon g trudc va mit saudat t6i mot mac do naodo va sauté gi
gan nhr khéngdoi. Diéu nay c6 th lién quan trc tiép toi sy phat trén b rong aia vang mon
trén mit trudce 6i 20 pm va s xuat hién cc nang chng \Ay trén mit sau nlr da phan tichy
phan trén.

C6 thé thay ring réu nhr mon trén mt truéc va sau phat én theo o ché khuéch tan,
suy Yeu pha thir hai din dén béc tach cacdt CBN nhr cac nghiéneu msi day thi i bén cia
manh dao CBN c6 ths3 cao lon nhiéu lan so i thuc €. Hién twong bong ttng mang VLDC
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trén mit trudc, ko thanh dng iy va bong tng ming VLDC trén nit sau la nguyén nhamc
ban lam rat ngn tui bén cia ding ai. Cac © ché mon nay co thlién quandén nhigt, s5 chu ki
cdo »udc aia hat cang trong VLGC va dinh trénébmit tiép xGc dia mit trudc va miit sau éing
nhu két hop wi tac ding 6xi hda éa dxi tr méi trrdong.
5. Két luan

Céc Kt qua cua nghién ¢u cho thy khi tién tinh thép 09CrSiing dao PCBN mon it
truéc va mit sau la hai shg mon cli yéu. Trong giaidoan dau, a ché moén mit truéc chi yéu
la bién dang cko do tac dng cao xiéc oia cac ht cang trong thép vawstach ra kibi bé mat caa
cac it CBN. Co ché mon niit sau la qua trinh boc tachiacac it CBN do pha th hai ca
VLDC bi yéu di khi twong tac Wi VLGC. Trong giaidoan sau, o ché mon niit truéc 1a do noi
dinh Wi su boc tach ga trng ming VAt liéu trén mit trugc. Co ché mon mit sau c6 th lién
quandén nhigt, 8 chu ki cao xéc aia hat cang va dinh kt hop voi tac ding 6xi héa aa 6xi tir
maoi treong o nén cac rng cang vay va bong ra kbi mat saug]

Tom tit
bic diém aia qué trinhdo phoi, Irc cit, nhigt cit va mon trong qua trinhéti arng da

duoc d& cap nhiu trong nhéu nghién ¢u moi day, tuy nhién ¢ ché mon ding ax PCBN khi

tién tinh Vin chra dugc nghién éu diy du. Két qua nghién &u caa céc tac gikhi tién tinh thép
09CrSi qua tdi ing dao §n manh PCBN cho tfly mon niit truéc va sau 1a haizhg mon chinh.
Co ché mon trén mat truéc lién quanién tac ding cao xée aia hat ceng trong it liéu gia céng
(VLGC) va mon do rai-dinh aia cac ép bé mat. Mon mit sau @a duing ax khéngdon thién 1a

su bong ra @a cac ht CBN ma c6 th lién quandén hién trong phic tap aia nhét, twong tac
gitta VLGC va it liéu dung a1 (VLDC) két hop voi hién twong 6xy hda. Moranh hrong ture

tiép dén nham B mit chi tiét gia cong.

Summary

A study of wear mechanisms of PCBN cutting tools sl in precision turning of
hardened 09crsi steel

The features of chip formation, cutting temperatared wear in hard turning are
addressed in recent studies but the wear mecharfi$i€BN cutting tool in precision turning
has not been realli understood. The research sestithe authors in turning hardened 09CrSi
steel using PCBN cutting tools shows that rake f@oe flank face wear were the two main
types of wear. The mechanism of the rake face ingalved with the abrasion wear caused by hard
particles in the steel and wear of surface layaseth on adhesion - fatigue. The flank face wear was
not normalli the detachments of CBN particles bighmbe involving directli with heat, frictional
interactions between work and tool materials imlgination with oxidation phenomenon. Wear of
cutting tool had directli affected surface rouglnesthe machined element.
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