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TOM TAT

Nghién ciru cac dic trung dé hicu 16 va didu khién cac yéu t6 anh hudng toi
hiéu qua qua trinh tién cting da va dang dugc tién hanh tai nhiéu noi trén thé gidi, cac
két qua cong bd cho thiy viéc nghién ctru van chua di siu sic va triét dé. Chinh vi
dd 6n dinh va do tin cay thép khi gia cong nén ti€n cing chinh x4c con chua théa man

dugc yéu cau cuia hau hét cdc nganh cong nghiép.

C6 nhiéu nguyén nhan 1am cho chi phi san xuat cao, chat lugng san pham thap
nhung trong d6 c¢6 nguyén nhan chinh 1a chua c6 du nghién ciru dé tao 1ap co s khoa
hoc x4c dinh anh hudng cua cac yéu té dén chat luong gia cong, thiét 1ap cac mo hinh
toan hoc bai toan toi wu héa qua trinh va nghién ctru st dung hiéu qua thiét bi hién
c6. Cai tién dé ting d6 bong bé mat 1a mot nhu cau can thiét trong cac san pham cong
nghiép. Bén canh do, su lang phi cac yéu td trong qué trinh gia cong nhu cong cu cit,
hiéu sudt may, thoi gian vv... 13 mot trong cac nguyén nhan chinh giy ting gia san

pham.

Tt nhitng yéu cau thuc tidn néu trén, tac gia nghién ciru anh hudng cua cac
thong s6 hinh hoc cta dao dén chat lugng gia cong trén may tién voi muyc tiéu xac
dinh mtrc d6 va qui luat anh huéng cua mét s6 tham s6 chu yéu cua thong s6 hinh
hoc dao (goc nang, goc trude, goc nghiéng chinh) dén cac thong s6 anh huong dén
chat lwong san pham va tinh hiéu qua ctia qua trinh gia cong (d6 nham bé mit chi tiét,
d0 mon dao, luc cét).

Két qua nghién ctru 1a tai liéu can thiét cho tinh toan thiét ké, cai tién va s
dung hiéu qua céc thiét bi phu vu thuc tién san xuét, gop phan nang cao chét lugng

san pham va hiéu qua san xuat.
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ABSTRACT

Research the characteristics to identify and control the factors that affect the
efficiency of hard turning processes has been carried out in many parts of the world,
the published results show that the research is still not deep enough and thorough.
Because of the low stability and reliability in machining, precision hard turning does

not meet the requirements of most industries.

There are many reasons for high production costs and low product quality, but
the main reason is that there aren’t enough researchs to create a scientific theory to
determine the effects factors on machining quality and equipment, calculate
mathematical models for problem optimization and research and efficient use of
available equipments. Improvements to increasing roughness quality are an important
things in industrial products. In addition, the waste of processing such as cutting tools,

machine performance, time, etc. is one of the main causes of high product price.

From the reality requirements mentioned above, the author decided to research
about the influence of the geometry parameters of the cutting tool on the quality of
machining on the lathe, with the aim of determining the level and rule of influence of
some key parameters of tool geometry ( Inclination Angle, Orthogonal Rake Angle,
Principal Cutting Edge Angle) to parameters that affect product quality and the
efficiency of the machining process (surface roughness of parts, tool wear, cutting

force).

Research results are documents for design calculations, improvements and
effective use of equipment for production practices, contributing to improving

product quality and production efficiency.
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Chuong 1:
TONG QUAN

1.1  Giéi thi€éu chung

San xuét hay ché tao 1a xuong sdng cong nghiép cua bat ky qudc gia ndo. TAm
quan trong ctia né duoc khang dinh boi trén thyc té, nd chiém khoang 20 - 30% gia
tri clia tat ca hang hoa va dich vu duoc san xudt trong nén kinh té. O cap do quéc gia,
hoat dong san xut c6 anh hudng truc tiép dén kinh té ciia qudc gia. Noi chung, hoat
dong san xuit & mot qudc gia c6 mirc do cang cao thi tiéu chuan cudc séng ciia ngudi

dan cang cao, dat nudc cang phat trién.

Nganh ché tao may dong vai trd quan trong trong viéc san xut ra cac thiét bi,
cong cu cho moi nganh trong nén kinh té quéc dan, tao tién dé can thiét dé cac nganh
nay phat trién manh hon. Vi véy, viéc phat trién khoa hoc ky thuat trong linh vuc
Cong nghé ché tao may cé y nghia hang ddu nham thiét ké, hoan thién va van dung
cac phuwong phap ché tao, to chirc va diéu khién qua trinh san xuét dat hiéu qua kinh

té€ cao nhat.

Cong nghé¢ ché tao may la mot linh vuc khoa hoc ky thuat c6 nhi€ém vu nghién
ctru, thiét ké va td chuc thuc hién qua trinh ché tao san phém co khi dat cac chi tiéu
kinh té ky thuat nhét dinh trong diéu kién quy md san xuét cu thé. Mot mat cong nghé
ché tao may la ly thuyét phuc vu cho cong viéc chuin bj san xuét va td chirc san xuét
co6 hiéu qua nhat. Mit khéac, né 13 mon hoc nghién ctru cac qua trinh hinh thanh céc
bé mit chi tiét va lap rap chung thanh san pham. Cong nghé ché tao may 1a mot mon
hoc lién hé chit ché gitra Iy thuyét va thuce tién san xuat. N6 duogc tong két tir thuc té
san xudt trai qua nhiéu 1an kiém nghiém dé khong nging nang cao trinh d6 k¥ thuat,
roi duge dem tng dung vao san xuat dé giai quyét nhirng van dé thuc té phirc tap hon,
kho khin hon. Vi thé, phwong phap nghién ctru cong nghé ché tao may phai luén lién

hé chat ché voi diéu kién san xuat thuc te.



O nudc ta, ngoai cac nha may gia cong 16n dugc dau tu nhing trung tim gia
cong hién dai nhung con c6 rat nhidu xudng gia cong nho va vira ma qua trinh san
xuét céc chi tiét, san phém O cac co sd nay con co nhiéu bat cap nhu chat luong, nang
suét thap, gia thanh cao 1am han ché tinh canh tranh ciia san pham, gay khong it kho
khin trong khdu tiéu thu. C6 nhiéu nguyén nhan lam cho chi phi san xuét cao, chét
luong san pham thap nhung trong d6 c6 nguyén nhan chinh 1 chua c6 nghién ctru
tao lap co so khoa hoc xac dinh anh hudng cua cac yéu td dén chat luong gia cong,
thiét 1ap cac mo hinh toan hoc bai toan tdi wu hda qua trinh va nghién ctru st dung
hiéu qua thiét bi hién c6.

Do bong bé mit 1a yéu té dong vai trd quan trong dbi voi chét lugng cua san
pham. D6 nham bé mat 1a thudc do d6 min ctia bé mit san pham va né 1a yéu té co
anh huong 16n dén chi phi san xuat. B& mit ciing anh huong dén tudi tho cua bat ky
san phém nao va do do, ta luén luén mong mudn c6 duoc d6 nham bé mit cao hon
v6i chi phi tbi thiéu. Do d0, cai tién dé ting d6 bong bé mit 13 mot nhu cau can thiét
trong cac san phim cong nghiép. Bén canh do, su lang phi cac yéu td trong qua trinh
gia cong nhu cong cu cat, hiéu sudt may, thoi gian vv... 1a mot trong cac nguyén

nhan chinh giy ting gia san pham.

Tir nhitng yéu cau thuc tién néu trén, tac gia nghién ctru anh hudng cia cic
thong s6 hinh hoc ctia dao dén chat lugng gia cong trén may tién voi myc tidu xac
dinh mirc do va qui ludt anh hudéng cua mét s6 tham sd chu yéu cua thong s6 hinh
hoc dao (gdc nang, goc trude, goc nghiéng chinh) dén cac thong s6 anh huong dén
chét lugng san pham va tinh hiéu qua cia qu4 trinh gia cong (46 nham bé mat chi tiét,
do mon dao, luc cét). Két qua nghién ctru la tai liéu can thiét cho tinh toan thiét ké,
cai tién va sir dung hiéu qua cac thiét bj phu vu thuc tién san xuat, gop phan ning cao

chat lugng san pham va hi¢u qua san xuat.



1.2 Tong quan cac nghién ciru trong, ngoai nuwéc
1.2.1 Nghién ctru trong nwéc

O nudce ta hién co rat it cac nghién ctru thuc nghiém chuyén sau vé cét got kim
loai dac biét 1a gia cong tién. Ti€u biéu vé gia cong ti¢n cod thé noi dén hai nghién
cuu:

Nghién ctru "Anh hwéng ciia mét s6 théng sé ché do cdt dén dé nham bé mdt gia
cong trén may tién" ciia Hoang Viét [1]. Nghién ctru di sau vao thuc nghi€ém cac anh
huong cua thong sé ché do cat dén bé mat gia cong véi viée sir dung phuong phap
quy hoach thyc nghiém don yéu té va thuc nghiém da yéu t6. Két qua ctia nghién ctru
cho thay trong 3 thong sé ché do cat: van tdc cit, lugng chay dao, chiéu sau cit, thi
van tdc cat anh hudng 16n nhat dén d6 nham bé mat gia cong, trong khi d6 chiéu sau

cit anh huong khong nhiéu.

Hay chudi nghién ctru “Nghién ciru qud trinh tién thép hop kim qua téi bang dao
PCBN” ciia Nguyén Thi Quéc Dung [2], 1a nghién ctru rt hay va kha dy da vé qua
trinh tién ctng, trong bai c6 nghién ciru mot cach riéng 1¢ sy anh hudng cia ché do
cit 1én timg dai luong dau ra ciia qua trinh tién ctng, trong do6 tiéu biéu 1a “Nghién
cieu déc trung vé lyc cat khi tién thép hop kim qua t6i bang dao PCBN . Két qua ciia
nghién ciru nay cho thay su chénh léch lyc cit khi gia cong hai loai thép 9XC va
X12M 1a do cau trac t chirc té vi ciia chung & cing d6 cting 57 HRC. Trong ca hai
truong hop tién cing luc hudng tdm Fy ludn o gia tri 16n nhat trong ba thanh phan
luc cat dugc giai thich 1a do hinh hoc ludi cat va dic diém qua trinh tién ctg chinh
xéc. Cuy thé, ban kinh miii dao 16n (R = 0,8 mm) va chiéu sau cat nhé (t = 0,115 mm)
nén qua trinh cit chi dién ra tai ban kinh mii dao lam goc tiép xuc cta ludi cat va bé

mat gia cong nho.
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Hinh 1.2.1 D6 thi bién thién cac thanh phﬁn luc cit theo chiéu dai cét khi tién thép
9XC(a) va X12M(b) d6 ctmg 57HRC & ché do cit Ve = 110 m/ph; S = 0,07 mm/v;
t=0,115 mm [2].

Trong nghién citu “Mon dung cu PCBN va chat luvong bé mat khi tién thép
hop kim qua t6i” cia chudi nghién ctru, ma cu thé & mon dung cu nghién ciru cho
thdy cac giai doan trong qua trinh mon trong d6 ¢ tbc d6 mon mit sau trung binh khi
gia cong thép 9XC va X12M lan luot 14 0,025; 0,111 pm trén mét chiéu dai cit. Do
nham bé mat gia cong nhan dugc co tri s6 kha nho, tuong duong do nham cép 7-8;

nham bé mit ting khi d6 cting vt liéu gia cong ting.

Hinh 1.2.2 Ving mon mat sau manh PCBN khi tién cing thép 9XC véit=0,12
mm; S = 0,1 mm/v; Vc = 140m/ph (a-d); Vc = 180 m/ph (e-h); chiéu dai cit tuong
ung li1=510; 1020; 1530; 2551 m (e-h).




Qua khao sat cac nghién ctru trong nudc, tac gia nhan thiay co kha it nghién
ctru thuc nghiém vé qua trinh tién va cling chi méi tap trung vao su anh huong ctua
cac thong so ché do cat ma chua c6 nghién clru nao vé su anh hudng cua thong so

hinh hoc dao t¢i qua trinh gia cong.
1.2.2 Nguyén ciru ngoai nuédc

O nudc ngoai da co rat nhiéu nghién ctru thue nghiém chuyén sau vé qua trinh
gia cong tién. Cac nghién ciru, bai bao chi yéu tap trung vao mdi lién hé giira thong
s6 cat t6i d0 nham bé mat hodc tudi bén dao, bén canh d6 cling co s it cac nghién
ctru vé modi lién hé thong sé hinh hoc dao toi do nham bé mit. Pic biét, trong 5 nam
tro lai ddy, cac nghién ctru bat dau tap trung vao cac yéu t6 hinh hoc dao nhu ban
kinh miii dao, ludi cit va yéu té tudi ngudi. Sau ddy la bang tom tait cac nghién ciru
tiéu biéu:

Bang 1.2.1 Tém tit cac nghién ciru vé& qué trinh gia cong tién

Tac gia Cic yéu td diu vao Vit liéu Phwong phap

Bouacha et al. [3] Van tde cét, bude tién, chidu sdu cit  Thép AISI52100  Dép tng bé mat
to1 cimg

Kini and Chincholkar ~ Van tbc cét, budc tién, chiéu sau Polymer gia cuong  Pap tmg bé mit

[4] ct, ban kinh miii dao

Cakir et al. [5] Van téc cit, budc tién, chidu sdu cit  AISI P20 cold Dap tmg bé mit

work tool steel

Horng et al. [6] Van tdc cit, bude tién, chiéu sau Hadfield steel Pap tng bé mit

cit, ban kinh miii dao
Lalwani et al. [7] Van toc cit, bude tién, chiéu sau cit Thép MDN250 Pap ting bé mat

Sahin and Motorcu Van tdc cit, bude tién, chidu su cit  AISI 1050 toi cing Pap Gng bé mat
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Davidson et al. [9]

Van toc cat, budc tien, tudi ngudi

Flow-formed

Dap tmg bé mit

AA6061 tube
Oktem et al. [10] Van tdc cit, bude tién, chidu siu ¢t Aluminum (7075-  Pap Gng bé mit
doc truc, chiéu siu cit hudng kinh, T6)

Noordin et al. [11]

dung sai

Van téc cit, budc tién, goc nghiéng

chinh

Thép AISI 1045

Dap tng bé mit

Yang and Tarng [12] ~ Van tdc ct, budc tién, chiéu sau Thép S45C Taguchi
cit
Samir Khamel [13] Van tdc cét, budc tién, chiéu sdu cit  Thép AISI 52100  Dép tng bé mat
Siileyman Neseli et Ban kinh miii dao, goc trude, goc AIST 1040 Dap tng bé mit
al. [14] nghiéng chinh
T. Zhao [15] Ban kinh canh cét, van toc cit Thép AISI 52100
toi cliing
Sudhansu Ranjan Das ~ Van téc cét, budc tién, chiéu sdu cit  Thép AISI 52100 Dap tmg bé mit
[16] toi climg
H Aouici [17] Van téc cit, budc tién, chidu sdu AISIH11 Dap tmg bé mit
cét, ban kinh mi dao
Mourad Nouioua [18] ~ Van tdc cit, budc tién, chiéu sau X210Cr12 Pap g bé mit va
cit, ban kinh mii dao, tudi ngudi mang than kinh
Waleed Bin Rashid Van tdc cit, bude tién, chibu sau cit  AISI 4340 Taguchi
[19]

Trong d6, nghién cuu “Application of response surface methodology in
describing the performance of coated carbide tools when turning AISI 1045 steel”
[11] cia M.Y.Noordin va cac cong su la nghién ctru khao sat anh hudng cta luong
chay dao, goc nghiéng chinh (theo chuan ASA ciia M¥) va van tdc cit téi do nham

bé mit va luc cét chinh khi gia cong tién thép AISI 1045. Theo do, két qua cho théy



luong chay dao anh hudng 16n nhat tdi cac gia tri dau ra, tiép theo d6 1a gia tri goc
nghiéng chinh & bac hai va tuong tac cta goc niy véi lugng chay dao. Gia tri van toc

cit chi stc anh hudng t&i luc cét chinh hon goc nghiéng chinh.

Nghién ctru “Analysis and prediction of tool wear, surface roughness and
cutting forces in hard turning with CBN tool” [13] ctia Samir Khamel va dong sy 1a
nghién ctru thuc nghi¢m khao sat vé su anh hudng cua cac thong s6 ché do cat t6i do
nham bé mit, lyc cat, va mon dao khi gia cong tién cting bang manh CBN. Nghién
ctru nay cho thay cai nhin khach quan vé cic mdi quan hé giita cac yéu té dau vao téi
dau ra, va bang phuong phap dap tng bé mat tac gia lap duoc cac cong thire thuc
nghiém. Cu thé, trong nghién ctru ndy tac gia sir dung manh dao CBN dé gia cong
thép AISI 52100 d6 ctimg 60 HRC. Két qua cua tudi bén dao khoang tir 13,2 dén 54,11
phut. B6 nham bé mit dat tir 0,5 um dén 1,15 um. Luc theo chiéu chay dao Fx, luc
cit chinh Fz, luc déy dao Fy thu dugc lan luot béng 50,875 - 179,014 N, 70,628 —
314,496 N va 111,177 — 403,842 N. Tir d6 c6 thé thdy luc diy dao Fy 16n hon lan
luot 1,5 — 2,5 va 1,2 — 2 1an luc theo chiéu chay dao Fx va luc cit chinh Fz. Qua cac
phan tich ANOVA nghién cuu cho thdy van tdc cit anh hudng nhiéu nhat téi tudi bén
dao, tiép theo 1a lugng chay dao va chiéu sau cat. D6 nham bé mat bi gdy anh huong
nhiéu nht bai lugng chay dao theo ti 1€ thuan; van tdc cit va chiu sau cat thi theo ti
1¢ nghich, cu thé chiéu sdu cit anh hudng it nhat. Con luc cét thi tuan theo quy luét
s& tang khi ting luong chay dao va chiéu sau cit. Hon nita, nghién ciru con dua ra bo
thong s6 du doan dau vao tdi uu cho cac dau ra myc tiéu bang phuong phap t6i wu

hoéa thoa hi¢p.



t=1 min t=5 min t=12 min

t=16 min t =20 min t =24 min

Hinh 1.2.3 B¢ mon méat sau & Vc =200 m/ph, S = 0.08 mm/v, t = 0.2 mm & nghién

ctru cua Samir Khamel [13]

"Optimization of tool geometry parameters for turning operations based on
the response surface methodology" cua Siileyman Neseli [ 14], day 1a nghién ctru thuc
nghiém vé su anh huong cua théng sé hinh hoc dao (ban kinh mii dao, goc trudc,
gdc nghiéng chinh) t6i d6 nham bé mat gia cong khi tién thép AISI 1040 bang manh
dao gdm, st dung cong cu thiét ké nghiém la phuong phap Taguchi, tng dung phuong
phap dap tmg bé mat dé tim ra phuong trinh dy doan va téi uu hoa. Trong do6, két qua
ctia cac thi nghiém cho thay ban kinh miii dao 1a yéu t6 anh huéng manh nhat dén do
nham véi 51,45 % tong sy bién ddi ctia phuwong trinh dap tmg. Bén canh d6 Goc
nghiéng chinh va goc trudc ciing chiém 1an luot 18,24 % va 17,74 % tong su bién
ddi ctia phuong trinh dap tng. Tir cac két qua trén tac gia ap dung t6i uu hoa dé dat
cac gia tri tbi vu dau vao 1a ban kinh mii dao, goc nghiéng chinh, goc trude lan luot

13 0,4 mm, 60° , -3°.



r K
Optimal . h 1,20
1,0000 { o

Composite
Desirability
1,0000

Minimum
y =1,8294
d = 1,0000

Hinh 1.2.4 Biéu d6 t6i wu héa ¢ nghién ctru ctia ctia Siileyman Neseli [14]

Nhung van con do6 cac thong s6 dau ra ctia qué trinh ti€n quan trong c6 anh
hudng 16n song song véi do nham beé mat gia cong ma qua khdo sat van chua co

nghién ctru nao di sau la mon dao va lyc cat.

Output

Input Dé béng bé

. Luc cat PO mon dao
mat

Van téc cat
Ché& d6 cat |Budc tién
PO sau cat

Goc trudc
Hinh hoc |Gdc nghiéng chinh
dao Ban kinh miii dao
Géc nang

Hinh 1.2.5 Tong quan trong nghién ctru qua trinh gia cong tién



Qua khao sat cac két qua nghién ctru da dugc thuc hién, tic gia nhan théy van
con nhiéu 15 hong, khia canh con khuyét. Tur do, tac gia mudn thiét 1ap cac thi nghiém
dé nghién ciru sau hon vé anh hudng cta thong s6 hinh hoc dao (tip trung vao cac
goc d6 dao) vao cac thong sd quan trong trong qua trinh tién nhu do nham bé mat gia

cong, luc cat va do mon dao.
1.3  Doi twgng nghién ciru

Déi tugng nghién ciru 1 mdi quan hé giita cac thong s6 hinh hoc dao (goc
trude, goc nghiéng chinh, goc nang) dén cac thong sé anh hudng chét lwong san pham
va tinh hiéu qua cta qua trinh gia cong (46 nham bé mat chi tiét, @ mon mat sau dao,

lurc cat).
1.4  Muc tiéu va ndi dung nghién ciru

Muc ti€u cua nghién ctru 1a tim ra moi quan hé cia goc trudce, goc nghiéng
chinh, goc nang va do nham bé mat chi ti€t, d0 mon mat sau dao, lyc cat; qua do xac

dinh bo thong sé hinh hoc dao tbi wu.

Tac gia str dung phuong phap ké thira két hop voi phuong phéap thuc nghiém.
Viéc nghién ctru Iy thuyét dua trén su phan tich va tong hop cac két qua di cong b,
dua ra céac gia thiét va cac tinh toan thay d6i phu hop dé xay dung co sd 1y thuyét va

thiét 1ap cac moé hinh thyc nghiém.

Nghién ctru thyc nghiém dugc tién hanh vdi h¢ thong thiét bi thuc nghiém
dugc thiét ke, ché tao co du do tin cdy, st dung cac thiét bi do hién dai c6 do chinh
xac cao nham kiém ching cdc mo hinh ly thuyét, tim ra cdc moi quan hé hodc doi
chiéu, ki€m chung véi cac két qua nghién ctru da co.

N1 dung nghién ctru s€ di sau vao cac van dé sau:

+ Tong quan vé co so 1y thuyét va nguyén 1y cit got, co so vat Iy cta qua trinh
cit got, thiét ké thuc nghiém, cac phuong phap t6i wu.

+ Thiét ké thyc nghiém
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+ Thuc nghiém, khao sat, xir 1y s6 liéu.

+ Pua ra mdi lién hé giira thong s6 hinh hoc dao (gbc nang, goc trude, goc
nghiéng chinh) dén cac thong s6 d0 nham bé mat chi tiét, d mon mat sau dao,
luc cit. Pé xuit thong s6 hinh hoc dao tdi uvu.

+ Dua ra két luan chung va phuong hudng nghién ctru tiép theo.
1.5  Gi6i han d@ tai
Pé tai giéi han pham vi nghién ciru & cac van dé sau:
+ Nghién ctru tong quan vé cong nghé tién cimg.
+ Nghién ctru mbi quan hé cua goc trude, goc nghiéng chinh, goc nang

va d0 nhdm be mat chi tiét, mon mat sau dao, lyc cat khi ti¢n ciing su

dung manh hop kim tiéu chuén.

+ Xac dinh tap hop cac thong sb hinh hoc téi wu thoa man muc tiéu do
nham, luc cit, d6 mon khi gia cong trén may ti¢én voi manh dao hop
kim tiéu chuén.

1.6 Y nghia khoa hoc & thue tién

Y nghia khoa hoc

Céc két qua nghién ctru ctia dé tai s& 1a co sé khoa hoc dé thiét 1ap cac chi dan
cong ngh¢ trong qua trinh tién, dac biét trong viéc diéu khién, tdi vu hoa qué trinh
hoic s& cung cap cac s6 liéu tham khdo, d6i chiéu cho cac nghién ctru sau nay vé qua
trinh gia cong (1ap mo hinh toan hay mo phong s6). Két qua nghién ctru ciing 1a co
s& khoa hoc dé umg dung cong nghé tién trong ché tao cac san pham doi hoi bé mat
1am viéc c6 chat lugng cao véi gia thanh hop 1y, nang cao hiéu qua va mo rong pham
vi ing dung.

Y nghia thue tién

Nhitng két qua nghién ctru cua dé tai c6 thé ing dung tai cac nha mdy, phan

xudng san xuat co khi gia cong cac san pham, chi tiet phuc vu ché tao cac may moc,
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thiét bi & trong nudc voi hidu qua cao (ting chat lwong san pham trong chi phi san

sut giam).

Qué trinh tmg dung cac két qua nghién ciru s& cho phép gia ting hidu qua gia
cong ciia nganh ché tao may néi chung va ciia cong nghé gia cong tién néi riéng, gop
phan tao ra nhitng san pham c6 chat luong tbt, gia thanh ha va nang cao kha nang mg
dung vao thyc tién mot phuwong phap gia cong linh hoat, chi phi dau tu thap, phu hop

vo1 diéu kién san xuat & Viét Nam.
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Chuong 2:
CO BAN VE CAT KIM LOAI - GIA CONG TIEN

2.1  Co sé ly thuyét va nguyén Iy cit got
2.1.1 Nhirng dinh nghia co ban
Chuyén dong trong qua trinh cit got:

Chuyén dong chinh (chuyén dong cét chinh) 1a chuyén dong co ban ciia may cét
duoc thyc hién qua dung cu cit hay chi tiét gia cong. N6 c6 thé 1a chuyén dong quay,
tinh tién khtr hoi hodc ¢ dang két hop.

Chuyén dong chay dao 13 chuyén dong cua dao hay chi tiét gia cong n6 két hop
v6i chuyén dong chinh tao nén qua trinh cit got.

Chuyén dong phu 1a chuyén dong khong truc tiép tao ra phoi nhu chuyén dong

tinh tién, 1ui dao (khong cit vao phoi).
Ché ab cat:

Van tdc cit (vec-to Ve) 1a lugng dich chuyén twong d6i giita ludi cat va chi tiét
gia cong trong mot don vi thoi gian (hodc lugng dich chuyén twong dbi ciia mot diém
trén bé mit chi tiét gia cong va ludi cat trong mot don vi thoi gian) ta co :

—

Ve=V+S§

Chiéu sau cit (t):1a chiéu sau 16p kim loai bi hét di sau mot lan cét (hoac la
khoang cach giira hai bé mat da va chua gia cong ké nhau do theo phuwong vudng goc
v6i phuong chay dao).

Lwong chay dao (S) 1a quing dudng twong ddi cua ludi cét so véi chi tiét theo
phuong chuyén dong chay dao sau mot don vi thoi gian, sau mot vong quay cta phdi

hay sau mgt hanh tinh kép.
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Chiéu sau cat

Toc dd i

Burdce tién

J \_Phoi
— Dao

N

Hinh 2.1.1 Tap hop cac yéu t6 van tdc cit Ve, chiéu sau cit t, lugng chay dao S.

2.1.2  Théng s6 hinh hoc ciia dao tién

Céc thong s6 hinh hoc dao dudi diy dugc mé ta theo Orthogonal Reference

System (Tiéu chudn 1SO).
Nhirng b phén chinh ciia dung cu cit
Mbi dao tién thuong gdm hai phan:

+ Thén dao: dung dé ga vao ban dao, n6 phai du d6 bén va do cung vimng,...
Nhim dam bao vi tri twong quan gitta dao va chi tiét.
+ Pau dao: 1a phz‘in lam nhiém vu cét got. Pau dao duge hop thanh boi cac bé
mat sau:
0 Miit trude: 13 bé cta dao tiép xtic v6i phoi va phoi truc tiép truot trén
trén do va thoat ra ngoai.
0 Mt sau chinh : 12 bé cta dao d6i dién v6i mit dang gia cong.
0 Miit sau chinh : 1 bé cia dao dbi dién véi mit da gia cong.
0 Lu®i cét chinh: 13 giao tuyén cuia mat trudc va va mat sau chinh, no
truc tiép cit vao kim loai. D6 dai ludi cit chinh c6 lién quan dén chiéu

sau cat va bé rong cua phoi.
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0 Ludi cit phu: 1a giao tuyén cta mit trude va va mit sau phu, mot phan
ludi cat phu gan mili dao ciing tham gia cat voi ludi cat chinh.

0 Ludi cit ndi tiép: (chi co6 mot s6 loai dao tién) 1a phan nbi tiép giira
ludi cit chinh va ludi cit phy. Khi khong c6 ludi cat nbi tiép dao tién
s& ¢ miii. Miii dao c6 thé nhon hodc luong. Céc ludi cit co thé théng

hodc cong va mdt dau dao nén co6 thé c6 mot hodc hai ludi cat phy .

Luéi cit chinh

M3t sau chinh
Hinh 2.1.2 Nhirng bo phan chinh cta dung cu cit

Goc dg cua dao dugc xét trén co so: dao tién dau thang dat vuéng goc voi

phuong chay dao, miii dao dugc gé ngang tam phoi.

Mt phang chuin (Reference Plane 7 : 1a mit phang vudng goc véi vec-to

van toc cat.

Mt phing cit (Cutting Plane 7tc) : 1a mit phang vudng goc véi mechira ludi

cat.

Mt phing truc giao (Orthogonal Plane 7o) :1a mit phing vudéng goc voi

hai mat trén. Nén ca 3 mat phang trén déu vuong gdoc vdi nhau.
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(4]

Tn

Hinh 2.1.3 Biéu dién cac goc ctia cong cu cit trong hé thong Orthogonal Reference

System (Tiéu chuan ISO).

Géc nang (Inclination Angle 1): 13 goc ctia canh cit v6i mit phing tham khao

duoc do trén mc.

Goc trude (Orthogonal Rake Angle yo): 1a goc cua mdt trudc vo1 mx dugce

do trén mo.

Goc sau chinh (Orthogonal Clearance Angle ao): 1a goc cua mat sau chinh

vo1 e dugc do trén mo.

Goc nghiéng chinh (Principal Cutting Edge Angle ®): 1a goc ctua ne véi

phuong chay dao (the longitudinal feed direction) dugc do trén .
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Cic thong sb ciia 16p kim loai bi cat

Chiéu day cit a: 13 khoang cach giita hai vi tri lién tiép ctia ludi cit sau mot
vong quay ctia phdi hay mot hanh trinh kép ciia dao (ban may) do theo phuong thang
goc voi chibu rong cit.

Chiéu rong cit b: 1a khoang cach giita hai bé mat chua gia cong va bé mit da

gia cong do doc theo ludi cit (tinh bang mm).

Théng s6 hinh hoc ciia phoi ¢6 dnh hwéng dén liwc cat va nhiét cat. Khi tang a
thi lyc cat va nhiét cat tang, dao bi mon nhanh con khi tang b thi lyc cdt va nhiét cdt

trén don vi dai cia ludi cat khéong thay doi.

Néu tang S thi Ra tang (d6 nhdm bé mat gia cong gidm) va néu R tang thi nhdp

nhé bé mdt giam ( d¢ nhdam sé ting).
2.2 Co sé vat Iy ciia qua trinh cit got
2.2.1  Qua trinh hinh thanh phoi cit

Khi cét ludi cit cua dao tac dung vao kim loai mét luc ( luc cit ), n0 gay ra mot

su thay ddi co ly tai ving cit cua vat liéu.

+ Pau tién dudi tac dung cua lyc P kim loai bi nén va bién dang dan hoi

+ Dao tién sau vao ( luc P cang 16n) gy nén g suit bén trong kim loai 16n
hon gidi han dan hoi do d6 kim loai bit dau bi bién dang déo (cac phan tir bén
trong kim loai bat dau bi truot theo mit trugt va phuong truot)

+ Do bién dang céc tinh thé trén phuong nay bi kéo dai thanh hinh elip (goc cia
mit truot so v4i phuong cia lyuc cat 13 B1)

+ Khi dao tiép tuc tién thém => ap luc gia ting 1am Gng suét ting vuot quéa gisi

han bén kim loai bi bién dang 16n va bit dau bi pha huy.

Trén phan kim loai ctia phdi & mit truée daop xuat hién cac vét nit theo goc pha

huy B2 (B2# B1).
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+ Khi dao tiép tuc tién, phoi bi cit sé truot trén mat trude cua dao, con dao tiép

tuc ép 1én cac phan tir kim loai tiép theo.
2.2.2  Luec va tng suit trong cit kim loai
M4 hinh lyc cit

Luc cit can thiét dé tao thanh phoi trong cat kim loai phu thudc vao gidi han trugt
ctia vat liéu phoi va dién tich mat phang truot. Trong khi gidi han chay trugt cua cac
kim loai va hop kim trong cit kim loai thay ddi rat it trong dai rong véan toc cét va
chiéu sau cét thong thudng thi dién tich mat phang truot lai thay ddi nhidu phu thudc
vao diéu kién cit nén anh huong cua dién tich mat phéng truot téi luc cét 16n hon

nhiéu so véi anh hudng ctia gidi han chay truot trong cit kim loai [20].

Trong qua trinh cit, c6 thé chi dong diéu khién dugc cac théng sb chiéu sau
cét (t) va luong chay dao (S) nhung khong thé didu khién duoc truc tiép goc truot @.
Khi goc trugt nho, luc truot c6 thé 16n gap 5 lan khi goc truot 16n nhat. Vi vay viéc
nghién ctru cic nhan t6 anh hudng t6i goc truot @ s& giup didu khién hodc du doan

duoc luc cit. [20]

Dé thiét 1ap cac phuong trinh du doan dinh lugng vé trang thai vat lidu phoi trong
qua trinh cat ciing nhu xac dinh cac nhan td quyét dinh chiéu day phoi, goc truot @
va luc cét tuong ng, nhiéu mé hinh du doan luc cit, ung suat du, hinh dang phoi da
duogc phat trién nhuy mo hinh ciia Ernst va Merchant (1941), Lee va Shaffer (1951),
Kobayashi va Thomsen (1962), Rowe va Spick (1967), Wright (1982)... Tuy nhién,

cho dén nay van chwa cé mé hinh nao dung voi moi diéu kién cat.

Trong s6 cac mo hinh dé cap ¢ trén, mo6 hinh cua Ernst va Merchant 1a m6 hinh
chuan ma cadc mo hinh sau cai tién dya trén nd [2]. Theo mo hinh nay, lyc tong hop

giita dao va phoi F 1a mot vector tong hop cta cac thanh phan luc vudng goc:
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Hinh 2.4 Vong tron luc khi cat truc giao ctia Ernst va Merchant [20]

—

F=Fs+Fgy = Fp + Fy = F, + Fy 2.1)

Trong do: F 1a luc téng hop; Fs 1a luc cit nam trong mat phéng truot; Fsn 1a Iuc
vudng goc voi mat phéng truot; Fr luc ma sat ¢ trén mat trude cia dung cy; Fy 1a luc

phap tuyén vo1 mat trude cia dung cuy; Fz 1a luc cit chinh; Fx 1a luc doc truc.

Luc thanh phﬁn tac dung trén mat phéng trugt va mat trude cia dung cu cd quan

hé vai cac thanh phﬁn luc cit chinh (luc tiép tuyén Fz va luc doc truc Fx):

Fs =F;cos® — F;sin@®
Fgny = Fzsin® — Fx cos @
Fr = Fzsina — Fxcosa
Fy = Fzcosa — Fysina

(2.2)

Vi a la goc trudc; @ 1a goc truot.
Cong thirc thwe nghiém tinh toan lwe cit

Céac cong thirc tinh lyc cit khi tién hién c6 chi mang tinh tham khao cho viéc lya

chon cong suat cia may gia cong.
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Tham khao trong so tay Cong nghé ché tao may [21] ta c6 thé tinh so bd duoc luc
cit dua trén cac hé sb thuc nghiém cho truong hop tién cac loai thép thong dung,

cong thuc tinh lyc cit nhu sau:
Fry.= 10.Cp.t*.SY. V" kp (2.3)

Bang 2.2.1 Tinh toan luc cit theo cong thirc (2.3) cho truong hop thép co
0.=750 Mpa, Vc = 120 m/ph, S = 0,08mm/v, t = 0,2 mm.

kp Cp X y n t S Ve Két qua (N)

Fz 0,890 300,000 1,000 0,750 -0,150 0,200 0,080 119,822 39,181
Fy 0,5 243,000 0,900 0,600 -0,300 0,200 0,080 119,822 14,921
Fx 1,17 339,000 1,000 0,500 -0,400 0,200 0,080 119,822 33,078

F 53,404

Trong cong thirc (2.3) cac hé s6 vé goc dao duoc chon trong mién ¢ d6 phan giai

thap nén khong co luc cit chi tiét cho timg goc dao.

Tham khao cong cu tinh toan luc cat 1y thuyét ctia Kennametal [22] dé tinh toan
cho truong hop thép co cong sudt boc tach vat lidu (Power Constant) = 0,03458
kW/cm?3/ph (Tra véi thép AISI 1045 d6 cing 195 HB), ché do cat t = 0,2 mm, S =
0,08 mm, Vc = 120 m/s. Két qua 1a Fx =332 N, Fx =79,07 N, F, = 142,48 N, F =
162,98 N.

Ung suit bé mit gia cong

Khi gia cong co trén bé mdt sinh ting suat du — tri s0, dau va chiéu sau phan bo

ctia n6 phu thudc vao phuong phap gia cong va ché do cat.

Ung sudt dw lam giam chdt leong bé mdt chi tiét gia cong, lam giam kha ning
chiu méi, ... Han ché khi sir dung chi tiét may sau nay. Néu tng suét du qua 16n, sau

khi gia cong chi tiét bi bién dang, v&, niit... khong ding duoc.
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Pé giam iing sudt dw can phdi chon dwoc ché dg cat, géc do dao hop Iy va twéi

dung dich tron ngudi vdo viing cdt.
2.2.3  Hién twong nhiét khi cit

Trong qua trinh cit, céng tiéu hao duoc chuyén thanh nhiét ning. Nhiét sinh ra
trong qua trinh cit 12 mot hién twong vat Iy quan trong truc tiép anh huong dén tinh
chat co 1y cua vat liéu gia cong va do bén cua dao cu. Nhiét sinh ra 1am giam ning

sudt va do chinh x4c gia cong.
Q=Qr +Qu+ Qe+ Qm (2.4)
Qr — Nhiét di vao phoi.(75 ~ 80%)
Qa — Nhiét di vao dao.(15 ~ 20%)
Q. — Nhiét di vao chi tiét.( ~ 4%)
Qmt — Nhiét di vao moi truong. (~ 2%)

Trong thuc té khong phai toan b cong tiéu hao chuyén thanh nhiét. Mot phan

cong duoc tidu hao dé lam thay doi thé ning ctia mang tiéu thé.

T4t ca nhan t6 anh huong dén bién dang déu anh huodng td1 nhiét do cat, dudi

day 1a mot vai nhan t6 anh huong chinh:

- Ché dj cat: Ve, S, t tang nhi¢t do cit tang, nhung khong ti 1¢ thuan.
- Théng s6 hinh hoc dao:
0 Goc trude tang, bién dang giam nén nhiét d6 cit giam. Song goc trude
tang, kha nang truyén nhiét kém di, két qua nhiét do ct giam it.
0 Goc nghiéng chinh tang, diéu kién truyén nhiét x4u, nhiét do cat tang.
- Vatli¢u gia cong gion, bién dang it, nhi¢t do cit thép so vo1 vat liéu déo.
- Vat liéu dao co6 hé s6 ma sat cang lon va tinh truyén nhiét cang bé thi nhi¢t do
trén dao cang cao.

- Khi cét c6 tudi dung dich tron ngudi thi ma sat va nhiét dg trén dao giam.
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2.2.4 Dung dich tron nguéi:

Dé cai thién diéu kién cit got, ning cao nang suét, tdng do bong bé mat gia
cong ... Nguoi ta tudi vao vung cit mot loai dung dich tron ngui. Dung dich tron
ngudi co hai tinh ndng quan trong:

- Lam ngudi dé giam nhiét do ving cit, giam bién dang nhiét, ...

- B6i tron dé giam ma sat, giam lyc cit dé nang cao nang suit.

Yéu cau d6i v6i dung dich tron ngudi 1a phai ludén 6n dinh c6 nghia 13 khong bi
bién chét trong mot thoi gian dai, mat khac 13 khéng anh huong dén cong nhan nhu
gdy mui hoi hodc dn mon da thit — quan 4o ... ; khong dong dic hay ngung tu lam
can tré cho viéc bom tudi ; khong 1am gi sét hay dn mon may, dao, chi tiét gia cong.

Céc loai dung dich tron ngudi thong dung :

Khi gia cong tho nguoi ta thudng dung dung dich nudc ¢ pha chat chdng in mon

nhu: Axit Nitorit loang, Xt, Emuxi, ....

Con khi gia cong tinh thuong dung dung dich chta cac chat hoat tinh nhu Axit

béo hitu co, Axit béo, Kiém hiru co, Dau thuc vat. ...

Pé tudi dung dich tron ngudi vao ving cit ngudi ta ngudi ta sir dung hé thong
bom két hop voi voi phun. Luu lugng dung dich tron ngudi duoc tinh toan va diéu

chinh sao cho ddm bao dugc hi¢u qua 1am ngudi va boi tron tai vung cat.

2.2.5 Hién tugng va phuwong thirc mai mon dao
2.2.5.1 Hién twong mai mon dao khi cit kim loai

Trong suot qua trinh cat got mat trude cua dao ludn ti€p xic va cé chuyén dong
twong doi voi mat da gia cong cua chi ti€t. Sy ti€p xuc gitra cac phan tir kim loai co

nhing dic diém dang cha y:

+ Su tiép xuc thuc hién duéi ap luc 16n.

+ Qua trinh dién ra & nhiét d6 cao.
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+ Heé s6 ma sat tai viing tiép xtc c6 chuyén dong rat 16n (u = 0,4 — 1)
+ M>bi phan tir kim loai ctia dao chi tiép xtic v&i phan tir phoi hay chi tiét c6 mot
1an va khong 1ap lai.

Tir 1y thuyét vé mai mon da khai quat thanh 4 nguyén nhan dan dén mai mon dao
nhu sau [23]:

+ Mai mon do qué trinh ma sat co hoc gay nén

+ Mai mon do sy xuat hién va mat di lién tuc cia cac khoi leo dao

+ Mai mon do hién twong khuéch tan tai ving tiép xuc

+ Su xuat hién va phat trién céc vét nut t& vi dan dén gay v dao

2.2.5.2 Céac dang mai mon dao

Mon mit tredc

Mat trudre

Mt sau

Mon mat :
chinh

sau
Hinh 2.2.5 Cac dang mai mon dao [24]

+ Mili dao bi mai mon : Vi tri tiép xtic gitra dao va chi tiét (theo phuong t) s&
thay d6i dan dén thay d6i duong kinh gia cong, mit khac ban kinh miii dao
(R) thay d6i s& dan dén sy thay ddi khi cit.

+ Mat sau khi bi mai mon (goc sau 0°) [am tang su tiép xUc gitta mat sau dao
va mat dang gia cong cua chi tiét. Sy tiép xtc 1am ting sy dang ké tai trong

luc va nhiét.

23



+ Mit trude dao bi mai mon (goc trude dao 4m) 1am ting mirc d6 bién dang
khi cét va ciing din dén ting tai trong.

+ Mai mon ludi liém: 1am ting goc trude ting 1én phoi dé thoat, nhung ngugc
lai 1am yéu dao. D6 16n ludi liém nay ting dén mirc nao d6 dao khong con
kha ning chiu dugc luc cat duge nita s& gy giy v dao.

+ Cun ludi cit: Dao cun s& khong thé hét bot 16p kim loai ra khoi chi tiét ma
chi truot trén bé mit gia cong.

Thong thuong ca 5 dang mai mon ddng thoi xay ra trén dao cat. Song voi mot

dao cho trude tai mot thoi diém khao sat vai nhiing diéu kién cit cu thé thi ¢ 1 hodc
2 dang mai mon 1a dic trung. Loai mai mon dédc trung thuong phu thude vao vat ligu

gia cong, vat lidu dao, phwong phép cit va tinh chat cét got.
2.2.5.3 Cac giai doan cua qua trinh mai mon dao

Ly thuy€t mai mon ndi chung va két qua thi nghi¢ém vé mai mon dao da noi

riéng da ching minh rang: qua trinh mai mon dao dién ra trong ba giai doan [25].

I
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Hinh 2.2.6 Céc giai doan cta qua trinh mai mon dao [24]

+ Giai doan bat dau mai mon: c6 toc do mai mon 16n dién ra trong thoi gian
ngan, mai mon chu y€u trong giai doan nay la sang bang co hoc cac nhap nho

dé lai khi gia cong co.

24



+ Giai doan mai mon binh thudng: ¢ toc d6 mai mon nhoé dién ra trong thoi gian
dai, giai doan twong ti nhu giai doan 1am viéc binh thudng cta cac chi tiét
may sau thoi ky chay ra.

+ Giai doan mai mon khoc 1iét (sau): v6i toc do 16n dién ra trong thoi gian ngén
lién sau d6 1a dao bi chay hoic bi giy v& mat kha niang cat. Diém duoc goi 1a
diém mon téi han. PO cling mai mon twong tng véi diém goi 1a d6 mai mon
cho phép.

2.3 Tién cirng va cac dac trung

Tién thép hop kim qua t6i c6 do cing 16n hon 45HRC hay ti¢n cing, dang l1a
mdt lya chon rat hap dan thay cho nguyén cong mai boi cac wu thé: thoi gian quay
vong ngan, qua trinh gia cong linh hoat, tudi tho 1am viée cao, chi phi dau tu thip va
it tac dong dén moi trudng. Trong qua trinh tién cimg, nhd dung cu ¢6 ludi cit don
nén co thé diéu chinh chinh xac goc cit va do d6, d& dang gia cong cac bé mit phuc
tap cia san pham. Mat khac, mot s nghién ctru di chi ra rang, Gng suit du giy boi
tién ctng da 1am cai thién d6 bén moi cua chi tiét gia cong.

V& co ban, tién cung, 1a hoat dong gia cong dugc thuc hién trén vat liéu cung,
duogc dinh nghia 1 qua trinh cit got bang 1 ludi cit cac chi tiét c6 gid tri do cung trén
45 HRC thuodng trong pham vi 58—68 HRC. Nha san xuit dung cu cat hang dau thé
gidi, “Sandvik Coromant”, dinh nghia vat li¢u cing 1a vat li¢u c6 d cting tir 42 HRC
1én dén 65 HRC. Thong thuong, ngudi ta gia cong cac vat liéu cing bao gdbm gang

trang /da t6i, thép gio, thép cong cu, thép 6 bi, thép da t6i va thép thim cacbon. [26]
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Hinh 2.3.1 D6 nham bé mit va do chinh xac c6 thé dat dugc khi tién cimg [27]

Nhu dugc hién thi trong hinh, gid tri 1 pm Rz (twong duwong 0,1 pm Ra) trong
gia cong c6 dd chinh x4ac cao CBN va dd chinh x4c tuong ung IT3 1a kha thi. Tuy
nhién, ddi véi cac chi tiét lap co6 do doi, tién cling ciing c6 thé sir dung nhu 13 mot
cong doan gia cong ban tinh hiéu qua, tiép theo 1a mai tinh.

Néi chung, tién ctng c6 thé cung cip do chinh xac twong ddi cao cho nhiéu
chi tiét kho nhung d6i khi phat sinh cac van dé& quan trong lién quan t&i d6 nham bé
mat, dic biét 13 ing suat du khéng mong mudn, sy thay doi cia cdu tric vi mo dudi

bé mat, goi la 1op tre‘ing, lam giam tudi tho moi cua cac chi tiét.
2.3.1 So sanh véi phwong phap mai

Theo truyén théng, budc gia cong tinh cac chi tiét may da qua xtr 1y nhiét hodc
& trang thai ctng voi gia tri do cing vuot qua 60 HRC 1a qua trinh mai, nhung gan
day phuong phap cat got vat liéu cing st dung cac cong cu v6i canh cat c6 kha ning

thay thé va dam bao d6 nham bé mit.

Mot s6 khac biét nhu sau [26]:
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1. Tién cting 14 phuong phap nhanh hon nhiéu vi c6 thé duoc thyc hién trong

mot 1an thiét 1ap va lan cat trong diéu kién khong tudi ngudi.
2. May tién c6 kha ning san xudt linh hoat hon.

3. Cong doan gia cong thd va tinh c6 thé duoc thyc hién v6i mot 1an kep khi

st dung mot may tién CNC.

4. Nhiéu nguyén cong tién dé dang dé tuy dong hoa hon thong qua thay doi

cong cu tu dong trén may ti€n trung tam.

5. Qua trinh tién cting dugc thyc hién trong diéu kién khong tudi ngudi, khong

c6 chi phi cho chat lam mat, bao tri ciia n6 hodc xur ly.

N6i chung, tién ctirng hon phuong phap mai & cac mat nhu: tdc do boc tach vat
li¢u, d6 linh hoat, d¢ twong thich v&i moi truong ( ndng lugng ti€u thy it hon, khong

can chat 1am ngudi, kha nang tai ché phoi...), hu hai 16p duéi bé mat thap.
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Hu hai du6i bé
mat thap

Do twong thich
voi moi trudng

Pd chinh xac
kich thudc va
hinh hoc

e Chét lvong
Thoi gian clia @6 nham
thiet lap bé mat

Do linh Do tin céy

hoat

cla qua trinh

Téc do Ung suéat
béc tach du thap
vat liéu

-~ Tién clrng
-@- Mai

Hinh 2.3.2 Tong quan vé tién cing va mai [28].

2.3.2  Quy trinh cong nghé¢ sir dung phwong phap tién cing

Véi su phét trién khong ngimg cua vat liéu cit siéu ctng, quy trinh gia cong
vat liéu ctg da duoc tdi wu hoa so véi quy trinh truyén thdng voi xtr 1y nhiét va mai

tinh sau khi gia cong tho. Quy trinh gia cong dwoc tinh gian, chi phi bo ra dugc cat
giam, thoi gian gia cong ngan hon. ..

Dlc/dinh .| o [ ciacong Xirly —
hinh phéi } v thé } ohiét } Mai tinh }
Puc/dinh X ly .

b { hinh phoi } nhigt Tién cu’ng}

Hinh 2.3.3 Quy trinh cong nghé truyén thong (a) Quy trinh cong nghé st dung
phuong phép tién ctiing (b) [26]
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2.3.3  Caic thugc tinh cua tién clirng
Lurc cit khi tién thép cirng

Luc cit trong gia cong cac vat liéu cung khong 16n hon céac vat li¢u mém . Goc
truot 16n va sy hinh thanh phoi rang cua do d¢ déo kém lam giam lyc cat mic du do
bén cao cta vat liéu cimg. Trudng hop gia cong cac thép climg, goc trude am cia
dung cu cang 16n thi lyc doc truc cang cao va luc cit tiép tuyén cang thép. Su bién
thién cda cac thanh phﬁn luc cét cling bi anh huodng boi sy thay ddi dd cung vat licu
gia cong. Strafford va Audy da khang dinh khi tién ctng thép AISI 4340 c¢6 d6 cling
tir 29 dén 57 HRC bang dung cu gdm di c6 sy ting tuong tng luc cit tir 30 — 80 %.
Trong mot cong bd khac da chung to ré’mg vén tdc cat cang 16n, luc doc truc va luc
cat riéng cang thép, khong phu thuc vao mon dung cu. [2]

Qua trinh hinh thanh phoi khi tién thép cirng

Su khéc biét co ban cua qua trinh tao phoi khi gia cong thép cling va thép thong
thuong 13 sw hinh thanh phoi rang cwa 1an dau tién dugc Shaw [29]phat hién vao nim
1954. Céc 1y thuyét khac nhau dé giai thich vé co ché hinh thanh phoi ring cua c6
thé chia thanh hai dang [2]:

+ Dang thtr nhat dua trén sy truot doan nhiét ban dau, mot trang thai mat 6n dinh

nhiét déo thuong thiy ¢ cac vat liéu han ché vé kha ning bién ctng khi bi bién

dang & van toc cao hodc bién dang déo 16n.
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Hinh 2.3.4 Co ché hinh thanh phoi thép ctmg 100Cr6 (60-62 HRC) khi sir dung dao
PCBN [26]

+ Dang thtr hai cho rﬁng do sy mat 6n dinh theo chu ky dya trén su xuét hién va
lan truyén ctia cac vét nirt & bé mat tu do cua phoi trai qua céc giai doan:

0 Giai doan 1: Khi ung suét cat dat toi gia tri t&1 han, mdt vét nut dot
nhién xuat hién va phat trién vé phia ludi cat.

0 Giai doan 2: Do sy xuét hién cua vét nit, thé tich phoi gitta vét nirt va
canh vién ludi cit bi ddy 1én hau nhu khong c6 bat ky bién dang nao.

0 Giai doan 3: Chiéu rong cua khe ho hep dén mirc ma tdc do déy ra va
bién dang déo cuia phoi 14 rat cao

0 Giai doan 4: Phan doan phoi duoc hinh thanh va dién day vao chd trong

giita vét nirt va mit bén trong cia phoi do bién dang 16n.
Nhiét cat khi tién thép cing

Nhiét cua cac qua trinh gia cong cting 13 yéu td rat quan trong anh hudng toi co
ché mon dung cu cét va 16p dudi bé mat, ddn dén dén sy hinh thanh cua 16p tring va
xac dinh sy phan bd ciia ing suit du. Cac nha nghién ctru cho thay rang nhiét do cat
trong gia cong cimg khong chi phu thudc vao cic didu kién cit (cha yéu chiu anh

hudng boi van tde cat va ban kinh miii dao) ma con vé do cing cua vat li¢u phoi.
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Mon dao

Hinh dudi day minh hoa cac dang mon dao dién hinh duogc quan sat khi khi tién
tinh vat li¢u cung su dung dao CBN (Cubic Boron Nitric) véi dang mon chiém uu

thé 12 mon mat sau (VBmax, VBc).

Miii dao

Mon mat trwoce
Mon mit trrde

Mt trde

Mon mit sau

Mt sau

Goc sau chinh

chinh

‘Bmax

<3 3 <
Mién mon mit sau

Hinh chiéu canh Hinh chiéu dimng

Hinh 2.3.5 Cac dang mon trén dao CBN khi tién tinh vat li€u cliing [26]
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Chuong 3:
CAC CONG CU TOI UU HOA DUA TREN QUI HOACH
THUC NGHIEM

Phan 16n su tién bd trong khoa hoc dén tr viéc thuc hién céc thi nghiém, cé
thé 1a nhitng thi nghiém tham do hodc xac nhan. Cac bang ching thuc nghiém co thé
tuong phan voi cac bang ching thu duoc tir cac ngudn khac nhu nghién ctru quan sat,
bang ching tir giai thoai, hodc tir co quan tham quyén. Khong thé ché bai vai tro cla
giai thoai va bang ching quan sat, loi ich dang ké cua cac thi nghiém 1am cho né tré
thanh mot trong nhimg nén tang ciia khoa hoc. Trai v4i suy nghi phd bién, nhiéu phan
quan trong nhat cua thiét ké thuc nghiém va phén tich can it hodc khong can c6 toan

hoc [30].
3.1  Téi wu qua trinh gia cong

Mo hinh héa va ti wu hoa cac tham sé quy trinh cta bat ky qua trinh san xudt
1a mot nhiém vu kho khén, trong d6 yéu cau cac khia canh sau: kién thtrc vé qué trinh
san xuit, phuong trinh thyc nghiém dé phat trién cac rang budc thuc té, dac diém ky
thudt ctia may, cai tién hiéu qua tiéu chi téi uu héa, va kién thirc vé t6i wu hoa toan
hoc va phuong phap s6. Do ¢ nhiéu bién sb, tinh chat phirc tap va ngau nhién cia
qua trinh, ngay ca mot ngudi co tay nghé cao hiém khi co6 thé dat duoc hiéu suit tbi
wu. Pé giai quyét van dé nay mot cach hiéu qua ngudi ta can kham pha méi quan hé
giita hiéu suat ctia qua trinh va cac tham s dau vao, né co thé kiém soat bang cach
mo hinh héa qua trinh gia céng thong qua cac k¥ thuat toan hoc phu hop va tdi uu

hoa bang cach st dung pht hop thuat toan toi uu hoa.

Budc can thiét dau tién dé t6i vu hoa tham sb qua trinh 13 hiéu nguyén tic quan
ly qua trinh san xudt bang cach phat trién mot mo hinh toan hoc rd rang, co thé 1a
bang md hinh co hoc hodc thuc nghiém. M6 hinh ma trong d6 mbi quan hé gitra dau
ra va cac tham s ciia ddu vao trong qua trinh dugc xac dinh va phan tich duogc goi 1a

md hinh co hoc. Tuy nhién, vi thiéu mo hinh co hoc déy du va chép nhan duoc cho
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cac quy trinh san xut, nén mo hinh thyc nghiém thuong duge str dung. M6 hinh ciia
mdi quan hé dau ra va tham s dau vao trong qua trinh cht yéu thanh lap dua trén hoi
quy thong ké, 1y thuyét tdp md va mang no-ron nhén tao. Cac thuat toan t6i uvu hoa

c6 thé duge phan loai thanh hai loai khac nhau:

+ Cac thuat toan toi wu hoa truyén théng: day 1a cac thuat toan xac dinh véi quy
tac cu thé dé chuyén tir giai phap nay sang giai phap khac. Nhirng thuat toan
nay c6 da dugc str dung trong mot thoi gian va da dugc ap dung thanh cong
cho nhiéu van dé thiét ké ky thuat. Cac vi du vé cac thuat toan nay bao gém:
phi tuyén tinh, hinh hoc, bac hai, dong vv... Tuy nhién, cic vin dé t6i wu hoa
lién quan dén san xuat thudng phic tap va dic trung boi tap hop cac bién lién
tuc-roi rac va cac khong gian thiét ké khong lién tuc va khong 16i. Do do, cac
phuong phap tdi wu hoa truyén thdng khoéng cung cdp giai phap t6i uu toan
dién, vi chung thuong bi mic ket & muc tdi wu cuc bo. Ngoai ra nhiing thuat
toan nay la thuong cham hoi tu. Pé khic phuc nhiing van dé nay, cac nha
nghién ctru da dé xuat phuong phéap phi truyén thong dé t6i uvu hoa cac tham
s6 qué trinh khac nhau cta quy trinh san xuét.

+ Céc thuat toan tdi wu hoa phi truyén théng: cac thuat todn nay ¢ ban chat ngau
nhién, véi cac quy lut xac sudt chuyén tiép. Cac thuat toan nay 1a twong doi
moi va duoc phé bién do tinh chét chic chin, ma tinh quyét dinh thuat toan
khong cé. Nhitng phuong phép nay chil yéu dua trén sinh hoc, tinh chat phan
ttr, hodc than kinh, bit chudc tién hoa sinh hoc hodc hanh vi xd hdi cua loai
trong ty nhién. D& bat chude hiéu qua, cic nha nghién ciru di phat trién hé
thong tinh todn dé tim kiém nhanh chéng va manh mé& giai phap dé t6i wu hoa
cac van dé phirc tap. Vi du vé cac thuat toan nay bao gom: simulated annealing
(SA), thuat toan di truyén-genetic algorithm (GA), t6i wu hoa t6 hop diém-
particle swarm optimization (PSO), artificial bee colony (ABC), shuffled frog
leaping (SFL), harmony search (HS) vv...
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3.2 Thiét ké thuc nghiém (DOE)

Thiét ké thir nghiém 12 mot sy can bang ti mi mot sé yéu td, bao gdm “ning
luc”, tinh tong quat, nhiéu hinh thirc khac nhau cua tinh hop 18, tinh thuc t& va chi
phi.. Muc ti€u 1a luon tich cuc thiét ké mot thir nghiém co két qua tdt nhit dé tao ra
bang ching c6 ¥ nghia, kha ning phan bién, thay vi hy vong phan tich thong ké tot

c6 thé stra chita cac khiém khuyét sau d6 [30].

Mot thi nghiém duoc thiét ké tot khi c6 thé thu thap téi da cac thong tin véi
t6i thiéu sb thi nghiém. Cac yéu t6 dau vao c6 thé dugc xac dinh bang cach xem xét
tat ca cac dai lugng c6 thé anh huong dén két qua cua thi nghiém. Diéu quan trong
nhit trong s6 nay c6 thé duoc xac dinh bang cach sir dung: mot vai thi nghiém tham
do, tir kinh nghiém, dira trén mot sé 1y thuyét. Dua trén thong ké dé thiét ké thi nghiém
1a mot phuong phap dé du doan vé mot qua trinh phirc tap, da bién vai it thir nghiém

nhat, tir d6 toi vu héa qua trinh thir nghiém.

Mot sb thi nghiém théng ké dac bict yéu cAu chi tinh toan sd hoc don gian dé
mang lai thong tin du chinh x4c va dang tin cay. Mdi thiét ké dac biét nhu vay c6 mbi
quan hé hop 1y véi muc dich tht nghiém, nhu cau cua nguoi diéu tra va gidi han vat
1y ctia cac thi nghiém. Tt ca cac thiét ké nhu vay bat dau véi tuyén bd vé muyc tiéu
ctia diéu tra vién va xac dinh cac yéu t6 co anh hudng tiém ning 16n nhat dén phan

mg. Mot s6 thiét ké thong ké pho bién 1a [31]:

+ Phan tich hoi quy (Regression analysis)
+ Phuong phap thong ké:
o Khéi ngiu nhién (Randomized block)
Thiét ké hoan toan ngiu nhién (Completely randomized design)
Thiét ké giai thira (Factorial design)
Thiét ké giai thira bi chin (Blocked factorial design)

O O O

0 Latin lap phuong (Latin square) v.v
+ Phuong phép Taguchi

+ Phuong phap cdu trac c6 tam. ..
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3.2.1 Cac khai niém

+ Bién dap Gng (Response variable): 14 cac gia tri dau ra c6 thé do duoc.

+ Yéutd (Factors): 1a cac bién dau vao c6 thé thay doi.

+ Muc (Levels): 1a cac gia tri cu thé cua yéu td, co thé lién tuc hodc roi rac.

+ Ban sao (Replication): 1ap lai thi nghiém véi cung thong sé dé xac dinh tac
dong cua 16i do dac.

+ Tuong tac (Interaction) anh huéng cia mot yéu té dau vao phy thudc vao muc
d6 cuia yéu t6 dau vao khac.

3.2.2  Thuc nghiém yéu t6 toan phan (Full factorial design)

Thuc nghiém yéu td toan phﬁn la mot thir nghiém cé thiét ké bao gém hai hoac
nhiéu yéu td, voi cac muc do riéng biét va cac thir nghiém cé tat ca cac két hop c6
thé c6 clia tat ca cac cip do trong tat ca cac yéu td 6. Mot thiét ké thir nghiém thudng
gip 1a mot thiét ké co tit ca cac yéu td dau vao duoc dit o hai cip do. Néu co k yéu
t6 mdi cap ¢ 2 cap do; mot thiét ké giai thira day du c6 2% thi nghiém. Do d6, dbi voi
6 yéu t & hai cap do, sé mat 64 1an thi nghiém [32].

3.2.3 Thuc nghiém yéu t6 tirng phan (Fractional factorial design)

Thyc nghiém yéu td tung phén 1a thuc nghiém chi tiéu chi tién hanh & mot sb

két hop gifra cac mirc cua yéu to.

Khi ding mé hinh tuyén tinh thi s thi nghiém trong thyc nghiém yéu t6 toan
phan s& qua nhiéu so vdi s6 hé s6 hdi quy tuyén tinh can tinh. S6 thi nghiém s& giam

dang ké néu dung thyc nghiém yéu to timg phan.

Pé 10i giai timg phan 1a mot phuong an trye giao can chon thyc nghiém yéu

t6 toan phan c6 s6 yéu té nho hon lam co s6. [33]
3.3  Phuwong phap dap wng bé mit (RSM-respond surface method)

Phuong phap phan tmg bé mit (RSM) 1a tip hop cac phuong phap thong ké

va toan hoc phu vu cho vi¢c phat trién, cai thién va toi vu hoa cac quy trinh. N6 ciing
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duogc ung dung trong thiét ké, phat trién va xay dung cac san pham mdi, ciing nhu

trong cai tién cac thiét ké san pham hién co. [34]

(@) (b) **

Yield, %

&, (temperature, °C)
o
8

£, (time, hr)

Hinh 3.3.1 (a) Bé mat dap tng 1y thuyét vé mdi quan hé giita hiéu suat ciia qua trinh
phan ung hoa hoc va thoi gian phan tng (1) va nhiét do phan g (2). (b) Buong
ddéng mirc cuia bé mat dap tmg 1y thuyét. [34]

3.3.1 Thiét ké thuc nghiém phu hop véi phwong phap dap ing bé mit
Céc phwong 4n ciu tric cé tim (Composite Central Designs)

Ngay nay da thirc bac hai dwoc ding rong rii nhat. Gia sir xét anh hudng ctia

k yéu t6 vao thong sb t6i wu hoa y, phuong trinh hdi quy bac hai c6 dang [33]:

k k (3.3)
y = BO + Z Bixi + Z Biixiz + ZZ Bi]'XiXi]' + €
i=1 i=1 i<j
S6 hé sb trong da thure bac hai dugc xac dinh theo cong thurc:
k! _k+1D(k+2) (3.9)

— 2: —_—
m=k+1+k+Ck=2k+1+57—> >

Dé xac dinh cac hé s6 trong phuong trinh hdi quy (3.3) thi s6 thi nghiém N
khong dugc nho hon s6 hé s6 can xéac dinh trong phuong trinh. Vi vy, dé uoc lugng

tat ca cac hé s6, mdi yéu t6 trong phwong an c6 sé6 muc khong nhé hon 3.
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SO thi nghiém giam xuong dang ké néu sir dung nhitng phuong an cau tric c6 tdm
cua Box-Wilson dé ra. Ta nhan dugc phuong &n cau triac c6 tam bang cach thém mat

s6 diém vao nhan. Nhan 1a mot phuong an tuyén tinh.
Khi k < 5, nhan 12 phuong an thyc nghiém yéu t6 toan phan 2%,
Khi k =5, nhan 1a Y% 10i giai ctia phuong an thuc nghiém yéu t6 toan phan 2.

Theo phuong phap chung trong quy hoach ting budc, néu phuong trinh héi quy
tuyén tinh khong tuong thich v&i thuc nghiém thi can thiét:
+ BO6 sung 2k diém sao (*) nam trén céc truc toa do ctia khong gian yéu to.

+ Lam thém ng thi nghi€ém ¢ tdm phuong an.

1
:
I
|
|
'
|
|
|
'
1
]
[
1
\ ‘_J
| -
1 ‘.'
| .-
D il T & aataty pet b LB LL DL L --o
- ]
- '
- X
- : 2
(- .
' x3
[
DL bk thebsidi ]
_a" ] x“
- I
L'a‘ ]
= '
]
|
|
|
i

Hinh 3.3.2 So d6 thi nghiém phuong 4n ciu triic c6 tim, 3 yéu to [34].
S thi nghiém cua phuong an céu trac ¢6 tam k yéu té dugc tinh [33]:
N= 2K+2k+n,véik<5 (3.5)

N= 2K142k+n,véik>5 (3.6)
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Cénh tay don sao a va so thi nghiém no & tam dugc chon phu thudc vao tiéu

chuan tdi vu, thuong 1a phuong 4n truc giao hay phuong an quay.

Bang 3.3.1 Ma tran thiét ké thuc nghiém cau tric c6 tam, 3 yéu t [33].

Noi dung phuwong
i STT x X1 X2 X3 X1 X2 X1 X3 X2 X3 Xl2 Xl2 Xl2 y
an

1 + + + 4+ + + + + + o+ oy

2 + - + 4+ - - + + + + oy

3 + o+ - + - + - + + o+ oy

Phuong an thyc 4 P ) n n ) ; + o+ + oy

nghiém yéu t6 toan

ph ?m 23 5 + + + - + - - + + + Y5

6 + - + - - + - + + + Y6

7 + + - - - - + + + + y7

S + - - - + + + + + + ys

9 + +a 0 O 0 0 0 o 0 0 y

10 + -0 0 0 0 0 0 o 0 0 yi

11 + 0 +a 0 0 0 0 0 o 0 vyu

Cac diém sao(*)

12+ 0 -0 0 0 0 0 0 o 0 yn

13 + 0 0 +a 0 0 0 0 0 o vy

4 + 0 0 -a 0 0 0 0 0 o vyu

Piém 0 15 0 0 0 0 0 0 0 0 0 0 yis

3.3.2 Nhirng phuong an quay ciia Box va Hunter

Uu diém cua nhting phuong an tryc giao la khdi luong tinh toan it, do moi h¢
s6 hoi quy dugc xac dinh doc lap véi nhau. Nhung tiéu chuén truc giao khong phai

la tiéu chuan di manh dé to6i wu hoa cac phuong an cau trac co6 tam vi tin vé bé mat
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dap tng nhén dugc trong phuong an truc giao khac nhau ¢ nhitng hudng khac nhau.

Khi yéu t6 16m hon nhiing mat co tin béng nhau, c6 dic tinh rat phuc tap.

Nguoi nghién ciru luc bat dau thyc nghiém khong biét hudng nao 1a hudng
can quan tim nhat, Box va Hunter da dé nghi xem phuong an quay 1a phwong an t6i

uu.

Tinh quay cta phwong 4n cdu tric ¢ tam s& dat dugc khi chon canh tay don

sao [33]:

k
a = 2%,khi nhan la phwong an thwc nghiém yéu t6 toan phan 3.7)

k—
a= ZTP, khi nhan la phwong 4n thwc nghiém yéu t6 tirng phan (3.8)

S6 thi nghiém no & tim phuong an quay c6 mot y nghia quan trong, nd xac
dinh dic tinh phan bd tin trén bé mat dap tng. Phuong an duoc goi 1a quay dong déu

néu luong tin khong ddi trong khoang 0 < p < 1, p 1a ban kinh duong vién tin.

Bang 3.3.2 Tri s canh tay don sao va sé diém thi nghiém & tim phwong an quay

ddng déu [33].

S6yéu  Phuwong S6 diém SO diém S6 diém Cianh tay SO thi nghiém

t6 (k) an tim nhan, (n,n) sao, (ng)  khong, (ng) don sao, (o) chung, (N)

5 52 4 4 5 1,414 13
3 23 8 6 6 1,682 20
4 24 16 8 7 2 31
5 25 32 10 10 2.378 52

Bang 3.3.3 Ma tran thiét ké thuc nghiém céu tric c¢6 tim phuong an quay, 3 yéu t6

[33].

STT xo X1 X2 X3 X1X2 X1X3 X2X3 X1 X1 X1
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2 + - + + - - + + + + V2
3 + + - + - + - + + + V3
4 + - - + + - - + + + Va
5 + + + - + - - + + + Vs
6 + - + - - + - + + + Y6
7 + + - - - - + + + + y7
8 + - - - + + + + + + s
9 + +1,682 0 0 0 0 0 2,828 0 0 Yo
10 + -1,682 0 0 0 0 0 2,828 0 0 Yio
11 + 0 +1,682 0 0 0 0 0 2,828 0 yii
12 + 0 -1,682 0 0 0 0 0 2,828 0 yi2
13 + 0 0 +1,682 0 0 0 0 0 2,828 yi3
14 + 0 0 -1,682 0 0 0 0 0 2,828 Yi4
15 0 0 0 0 0 0 0 0 0 0 yis
16 0 0 0 0 0 0 0 0 0 0 Yi6
17 0 0 0 0 0 0 0 0 0 0 Y17
18 0 0 0 0 0 0 0 0 0 0 yis
19 0 0 0 0 0 0 0 0 0 0 Y19
20 0 0 0 0 0 0 0 0 0 0 ¥20

3.3.3  Téi wu héa da muc tiéu (Multiple Responses Optimization)

Trong nhiéu nghién ctru thuc nghiém, c¢6 nhiéu hon mét dap ung duoc nguoi
thi nghiém quan tdm. Hon nira, d6i khi chiing ta mudn tim mot giai phap cho cac yéu
t6 kiém soat dan dén gia tri tt nhat cho mdi dap tng. Pay 1a t6i uu hoa nhidu dap

tng, phuong phap ma chung ta tim kiém su cin bang gitra cac dap ung; tuy nhién,
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khong phai ltuc nao ciing c6 thé tim ra giai phap cho cac yéu td kiém soat ma tbi uu
hoa dugc tat ca cac dap ung dong thoi [34].

C6 mdt so khia canh cua van dé nay lam phuc tap qua trinh chon mot bo dau

vao tot nhat khi xem xét nhi¢u khia canh.

Pau tién, thuc t& hdu nhu khong co quyét dinh nao c6 thé nhan dugc két qua
t6i uu cho tung tiéu chi trong mot Iya chon duy nhét. Do d6, d6i voi hau hét cac tinh

hudng, can phai danh doi gita cac muc tiéu.
Tht hai, nhiéu dai luong duge xem xét dugce do trén cac thang do khac nhau.

Thu ba, khong c6 su déng thuan toan dién vé sy danh ddi nao co thé la ly
tudng giira chi phi va chat luong, nhung c6 kha nhiéu cau tra 10i ding cho cac nhom
ru tién khac nhau. Vi vdy, phan nay ctia qua trinh von di c6 mot thanh phan cha quan

trong d6 cac uu tién ca nhan dugc tich hgp vao qua trinh [34].

Do d6, cac phwong phap danh gid va tdi uvu hoéa dua trén nhiéu muc tiéu cung

cAp cac co ché dé két hop cac wu tién cta qua trinh va wu tién cta nguoi thi nghiém.
Sau day 1a mot s6 phuwong phap tim nghiém thoa hiép:

+ Phuong phép thira s6 Lagrange
+ Phuong phap t6i uu hoa thoa hiép

+ Phuong phap toi uu hoa Pareto
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Chuong 4:
XAC PINH CAC THONG SO THUC NGHIEM

4.1 Vit miu thuc nghi¢ém (phéi)

Str dung thép tron AISI 1055 da t6i cung (twong duong thép C55 theo TCVN)),
dugc tmg dung rong rdi trong san xuat chi tiét may nhu: truc truyén dong, banh

ring...Sau ddy 1a cic thong tin co ban cua thép AISI 1055 va kich thudc vat mau.

Bang 4.1.1 Thanh phan hoa hoc cua thép AISI 1055 [35]

Loai thép C Fe Mn P S
AISI 1055 0,5-0,6% 98,41-98,9 % 0,60-0,90% <0,040% <0,050%

Béang 4.1.2 Thudc tinh vat 1y, co hoc thép AISI 1055 [35]

Thudc tinh Hé mét

Khéi lugng riéng 7,85 g/em?
Do bén kéo 660 MPa
Gi061 han chay 560 MPa
Mo-dun dan hoi 190-210 GPa
Mo-dun truot 80 GPa

Heé s6 Poisson 0,27-0,30

Do gian dai gidi han (6 50 mm) 10%
Do cung Brinell 197

Do clng sau t6i cimg trong dau dat 52 =1 HRC.
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Hinh 4.1.1 Kich thudc phoi

4.2  Manh dao (inserf) va than dao (holder)

Trong céc thi nghi¢m, manh dao TNGA160404S01525 6050 dugc st dung két
hop vé6i than dao PTGNR 1616H 16 dugc san xuat boi Sandvik Coromant. Manh dao
lam tir vat liéu gdm véi ma vat lidu 1a 6050, duoc thiét ké cho muyc dich chung, thich

hop cho gia cong tién cting vi c6 canh cit kha nang chiu luc tot.

Hinh 4.2.1 Kich thuéc manh dao TNGA160404S01525 6050 [36]

Hinh 4.2.1 Manh dao TNGA160404501525 6050
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Béang 4.2.1 Thuc tinh manh dao TNGA160404S01525 6050 [36]

Puong kinh vong tron noi tiép - Inscribed circle diameter (IC) 9,525 mm

Ma hinh dang manh dao - Insert shape code (SC)

Chiéu dai canh cét - Cutting edge effective length (LE)

Bén kinh goéc - Corner radius (RE)

Canh gat nudc - Wiper edge property (WEP)
D0 rong mat day - Face land width (BN)
Goc mat day - Face land angle (GB)

Tay - Hand (HAND)

Ma vat li¢u - Grade (GRADE)

Chat nén - Substrate (SUBSTRATE)

L&p phu - Coating (COATING)

Do day manh dao - Insert thickness (S)

Goc sau chinh - Clearance angle major (AN)

Khdi lugng - Weight of item (WT)

T

16,098 mm
0,397 mm
False
0,15 mm
25 deg

N

6050

CcC

PVD TiN
4,763 mm
0 deg
0,002 kg

Than dao PTGNR 1616H 16 1a loai than dao théng dung ding dé gan manh
dao TNGA160404S01525 6050 c6 thong tin nhu sau:

WE—~ [*HF
T 5 3 (3
OHx KAPR[~g
1
LF

Hinh 4.2.2 Thong s6 ctia than dao PTGNR 1616H 16 [37]
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Béang 4.2.2 Thudc tinh cta thdn dao PTGNR 1616H 16 [37]

Goéc nghiéng chinh - Tool cutting edge angle (KAPR)
Goc dan dung cu - Tool lead angle (PSIR)

Kich thudc can dao - Rectangular shank -metric

Goc nghiéng t6i da - Maximum ramping angle (RMPX)
Maximum overhang (OHX)

Chiéu can dao - Hand (HAND)

Dai - Functional length (LF)

Rong - Functional width (WF)

Cao - Functional height (HF)

Goc trudce - Orthogonal rake angle (GAMO)

Goc nang - Inclination angle (LAMS)

Mo6-men xoén - Torque (TQ)

Body material code (BMC)

Khéi luong - Weight of item (WT)

91 deg
-1 deg
16 x 16
0 deg
20,2 mm
R

100 mm
20 mm
16 mm
-6 deg
-6 deg
2 Nm
Steel

0,224 kg

Nhu vy can dao chuan nay c6 goc dao chuan: goc trudce yo 1a -6°, goc nang A

1a -6°, goc nghiéng chinh ® 13 91°. Va theo thong tin tir nha san xuat ché do cat phu

hop v&i cong cu cit nay dé tién cimg duoc thé hién theo bang sau:

Bang 4.2.3 Ché d6 cat khuyén dung

Ché @6 cit  Gia tri khuyén dung Khoang giéi han Pon vi

Chiéu siu cét 0,1 0,1 -0,5
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Budc tién 0,1 0,05-0,2 mm/v
Van tdc cat 160 170 - 120 m/ph

43 Ché dp cit

Str dung mady tién Chungshi CS660x1600G gia cong trong diéu kién khong
tudi ngudi. Cac thong sb cat duoc sir dung trong thi nghiém chon tham khao tiéu
chuan ISO 3685:1993 [38] (c4c tiéu chuan cho thi nghiém mon dao) két hop véi thong
s6 khuyén dung ctia nha san xuat Bang 4.2.3 (Sandvik Coromant). Trong thi nghiém,
¢6 ba yéu t6 hinh hoc dao va cac murc do sir dung trong cac thi nghiém dugc chon dé

nghién cuu trinh bay trong Bang 4.3.1.

Bang 4.3.1 Céc yéu t6 khong phu thude va cac mirc duoc chon

Ki hi¢u Yéu to Pon Mircl Mic2 Micc3 Mic4 Mirc5
vi
D Goc nghiéng bo (°) 90 84 75 66 60
chinh
Yo  Goc trude Po(°) -2 -3,6 -6 -84  -10
A Gocnang Po(°) -2 -3,6 -6 84  -10

Bén canh d6 ché do cit cling dugc chon va gitr ¢ dinh trong toan bd cac thi
nghiém, trong d6 c6 van tdc cét co su thay ddi nho khoang 0,75%, do mdi phdi duoc

cit 3 1an v6i tong chiéu dai cat 1a 882 m. Cac thong s trinh bay trong bang 4.3.2:
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Bang 4.3.2 Ché d6 ct trong thi nghiém.

Tén Théng s6
Do sau cat 0,2 mm
Van tdc cat 120 m/ph

Luong chay dao 0,08 mm/v

4.4  Thiét ké thuc nghiém

Trong nghién ciru nay, phuong phéap ciu tric c¢6 tim phuong an quay duoc sir
dung trong thiét ké thuc nghiém nim muc do cta cic yéu t6 bd tri trong timg thi
nghiém dugc trinh bay trong bang dudi day. Trong d6, cot thir nhat gan cho goc

nghiéng chinh, thir hai 1a goc trudce va thir ba 1a goc nang.

Bang 4.4.1 Ma tran thong s6 thi nghiém

Yéu to Yéu to
Thi nghiém Thi nghiém

D) vo( A() Q) vo(® A()
1 84 -36 -3,6 11 75 -2 -6
2 66 -3,6 -3,6 12 75 -10 -6
3 84 -84 -3,6 13 75 -6 -2
4 66 -84 -36 14 75 -6 -10
5 84 -36 -84 15 75 -6 -6
6 66 -36 -84 16 75 -6 -6
7 84 -84 -84 17 75 -6 -6
8 66 -84 -84 18 75 -6 -6
9 90 -6 -6 19 75 -6 -6
10 60 -6 -6 20 75 -6 -6
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Chuong 5:
THUC NGHIEM, KET QUA & BINH LUAN

5.1  To chirc thuce nghiém
5.1.1 Do ga thay ddi goc dao

Dé thay doi cac goc dao, chung toi sir dung bd dd ga duogc thiét ké cho ting
thi nghiém. B ga nay cn dugc ché tao chinh xac dé dam bao do tin ciy cia goc dao.
Do d6 cac chi tiét duoc gia cong k¥ ludng, sir dung cac may gia cong c6 do tin ciy

cao.

Céc chi tiét cua d6 ga sir dung vat liéu thép 1am khudén SKD11 véi cac vu diém
dé gia cong, d6 clmg sau t6i tot va c6 do chiu mai mon cao. Vit liéu s& qua cong tic
tao hinh truéc khi duoc gia cong trén may CNC voi d6 chinh xac rat cao. Sau dé cac
chi tiét s& duoc kiém tra cac kich thuée bﬁng hé théng do ba toa d0, c6 thé kiém tra

sai sO ve goc cac chi tiét gd dao. Sau do céc chi tiét s€ dugc dem xu 1y nhiét.

Kiém tra kich
. Gia cong thuwoc

——

W Chuan bj phéi

Hinh 5.1.1 Quy trinh gia cong cac chi tiét dd ga thay doi goc dao
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Hinh 5.1.2 B6 d0 g4 dao ¢ gin cam bién do luc

5.1.2  Trang thiét bi do

Trong céac thi nghiém, ngudi thi nghiém sir dung cac thiét bi do c6 do chinh

xac, tin cay cao dugc chirng nhan.
Cim bién do lwc Multicomponent Dynamometer Kistler Type 9257B

Pay 1a cam bién do lyc ba thanh phan dé do ba thanh phan truc giao cua luc.
Cam bién do luc c¢6 do cung lon va do d6 tan s6 tu nhién cao. PO phan giai cao cua

n6 cho phép ghi nhin nhiing thay doi dong nhé nhat khi do luc.

49



Hinh 5.1.3 Cam bién do luc Multicomponent Dynamometer Kistler Type 9257B
[39]

Bang 5.1.1 Thong sb ciia Cam bién do luc Multicomponent Dynamometer Kistler

Type 92578 [39]

Thudc tinh Pon Thong sb
vi
Pham vi - Range Fx, Fy, kN 5.5
Fz
Fz for Fx and Fy<0,5 Fz Fz kN -5..10
Qua tai - Overload Fx, Fy, kN -7,5/7,5
Fz
Fz for Fx and Fy<0,5 Fz Fz kN -7,5/15
Ngudng - Threshold N <0,01
Do nhay - Sensitivity Fx,Fy pC/N ~17,5
Fz pC/N ~3,7
Do tuyén tinh - Linearity, all ranges %FS <+1
o
b6 cung - Rigidity cx,cy  kN/p >1
m

50



cz
Tén s6 tu nhién -Natural frequency fn(x, y,
z)
Tan s tu nhién (c6 gan d6 g4 ) -Natural fn(x, y)
frequency
(mounted on flanges) fn(z)

Nhi¢t do hoat dong - Operating

temperature range

Dién dung - Capacitance Fx, Fy,
Fz

Tré cach ly - Insulation resistance (20

°C)

Trd cach 1y dat - Ground insulation

Chuén bao vé - Protection class EN60529

Khdi lugng - Weight

Dién tich kep - Clamping area

Két no1 - Connection -

KN/

kHz

kHz

kHz
°C

>2

=220

>1013

>108

P67

7,3

100x170
Fischer flange,9
pol. neg.
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Hinh 5.1.4 Kich thudc 1ap rap cam bién do lyc trong qua trinh tién [39]

Dynamometer Connecting cable Laboratory charge amplifier
Type 92578 Type 168785 Type 5167A41xK
= |
= .
| OQutput 210V
X h - y Y AW P tean chi |F
. U T Se— 0066
e L= - OROXOXO THE
- nea e = ch3 |F,
1 (==

P67 P65 P20

Degree of protection EN60529

Hinh 5.1.5 Hé thong do két hop v&i Laboratory charge amplifierType 5167A41xK
[39]
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Bang 5.1.2 Chudi thiét bi thuong duoc str dung khi do [39]

Cam bién Cép nbi Amplifier két hop | May tinh véi
integrated DAQ phan mém
DynoW
Type 9257B Type 16xx Type S167A... yRowate

H¢ thong do dd nham bé mit MITUTOYO SJ-210/SJ-310 178-390

Pay 1a mot dung cu do cam tay cho phép ban do d6 nham bé mat d& dang va
chinh xac. N6 thuc hién céc phan tich 4o nham tuan theo cac ti€u chuan quéc té khac
nhau (EN ISO, VDA, ANSI, JIS) va céc cai dat tuy chinh. Két qua thu dugc sau khi

do gém: két qua tinh toan, hd so danh gia, duong cong bién do. [40]

i
E

“REREREY .o BT
L ARTREY! [

Hinh 5.1.6 H¢ thong do d6 nhdm bé mat MITUTOYO SJ-210 178-390 [40]

Bang 5.1.3 Thudc tinh Hé thong do ¢6 nham bé mat MITUTOYO SJ-210 178-390
[40]
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Thudc tinh Thong sd
Luc dau do - Detector 0,75 mN
measuring force:

Goc dau kim - Stylus tip 60°
angle:

Ban kinh dau kim - Stylus tip 2 um
radius:

Khdi luong - Mass: 500 g

Traverse:

Pham vi do - Measuring
range:

Chiéu dai cap - Cable length:
Pham vi - Range:

Kim - Stylus:

Ban kinh truot - Skid radius:
Luc do - Measuring force:

Nguon - Power supply:

Ban kinh - Radius:
Tu dong ngu - Auto-sleep:

H¢ don vi - Inch-Metric:

17.5 mm, 5.6 mm [S-type]

16 mm, 4.8 mm [S-type]

I m

360 um

Diamond Tip

40 mm

0.75 mN

Via AC adapter (DC 7,5 V 1,5 W) built-in or
rechargeable battery

2 um

Automatic after 30 seconds

Metric

Kinh hién vi Oxion Inverso materials science

Kinh hién vi Oxion Inverso cho khoa hoc vét liéu duoc sir dung dé quan sat

cac manh vat li€u 16n lam tir kim loai, go, nhya...

Oxion Inverso c6 san v&i dén chiéu sang twong phan halogen 50 W manh mg.

B0 loc phan cyc va mau sic 1am cho thiét bi nay phi hop v6i nhiéu tng dung. [41]
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Hinh 5.1.7 Kinh hién vi Oxion Inverso materials science [41]

5.1.3 Cac cong cu phin mém
Phin mém minitab

Minitab 14 phan mém théng ké tmg dung dwgc phéat trién & Pai hoc
Pennsylvania boi Barbara F. Ryan, Thomas A. Ryan, Jr. va Brian L. Joiner nam 1972.
Minitab 13 phién ban thu gon ctia phan mém OMNITAB, phan mém phan tich théng
ké cua NIST.

Tir thanh cong cia phan mém nay, nhitng ngudi phat trién phan mém da sang
1ap ra cong ty Minitab Inc. vao nam 1983. Cong ty nay dat tru s& chinh tai dai hoc
Pennsylvania, ¢ chi nhanh tai Coventry, Anh (Minitab Ltd.), Paris, Phap (Minitab
SARL) va Sydney, Uc (Minitab Pty.), ddng thoi duy tri mang ludi ban 1é va vin

phong dai dién tai cac nudc khac.

Ngay nay, Minitab dugc rng dung trong phan tich 6 sigma va céc phuong

phap cai tién qué trinh khac sir dung cac cong cu thong ké. Theo sb liéu cta cong ty,
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Minitab dugc sir dung tai hon 4.000 truong dai hoc va cao drflng trén thé gidi va la

phan mém hang dau img dung trong viéc giang day. [42]
5.1.4 Cac buwéc tién hanh thye nghiém

Qua trinh thyc nghiém dugc nguoi thi nghiém thyc hi¢n theo ké hoach d3 dinh
trude. Trong moi thi nghiém, vat mau thuc nghiém s& duoc cat 3 1an, véi téng chiéu

dai tru 1a 424 mm twong duong 7 phut 21,6 gidy thoi gian cit.

Béang 5.1.4 Quy trinh thyc hién thi nghiém

Budc Cong viéc Trang thiét bi cAn sir dung
1 Chuén bi d6 dung ban dau
2 Ga phoi - May tién
3 Ga dao - B§ force sensor
4 Gia cong phoi lay thong s6 luc cat - B§ ga dao
5 - Dung may -Théan dao + manh dao
- Luu dit liéu -May tinh+phan mém
6 Théo phoi luu trir Bao bi-but long
Thay phoi
Thay canh dao

Béo quan trong phodi cac bao nhya

7 GHI CHU CANH DAO- bao quan trong cac
bao nhua
8 Do d6 nham - May do d¢ nham

- Thiét bj luu trix dit liéu
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9 Po mon - Kinh hién vi

- My tinh

Hinh 5.1.8 Hé thong do luc

Dé do d0 16n lyc cat trong qua trinh gia cong va luu két qua khong nhitng can
cam bién ma con can céac thiét b chuyén dung 14 by amplifier, USB DAQ, phﬁn mém
dugc viét trén Labview dé doc va luu gia tri tin hiéu. Trong thi nghiém nay tac gia

chon tan suit 14y mau 1a 1KHz.

Phuong an ga dat phoi trong thi nghiém 1a két hop man cip va miii chong tam,

gidi han 5 bac tu do.

Hinh 5.1.9 Hé thong g4 dat
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Hinh 5.1.11 Tong quan may tién khi gia cong
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Cam bién

* tao tin hiéu
dién

Amplifier
« Khuéch dai
tin hiéu

L 1

|

Hinh 5.1.12 Qua trinh thu dit liéu luc cat

Thiét bi do d6 nham duoc ca-lip k¥ ludng trudce khi do va trong khi do.

Hinh 5.1.13

Po d6 nham
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Hinh 5.1.15 Do mon dao

5.2 Phan tich két qua bang phwong phap dap wng bé mit
5.2.1 Xirly két qua do

Két qua ctia phép do 1a san pham nhén thirc cta trinh d6 nhan thirc cta ching

ta. N6 phu thuoc khong nhitng vao ban than dai lugng do, ma con phu thudc vao
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phuong phap do, ngudi do, diéu kién méi trudng trong d6 phép do duoc thuc

hién.v.v..

Bét ky phép do nao ciing c6 sai sd, do d6 két qua do ludn can duge xir 1y dé

loai bo to1 da sai so.
Luwec cat

Két qua lyc cat thu dugc duge luu dudi dang ma tran do 16n hi€u dién thé tin
hiéu voi thoi gian. Két qua nay c6 gom cac sai so, nhiéu va bi tréi diém 0 nén can
duogc xur 1y trude khi stir dung.

Trong thi nghi¢ém nay, két qua luc cat dugc xtr 1y qua cac budc sau:

+ Loc nhiu véi bo loc thong thip Butterworth véi tan s cit 16n hon téc d6 quay

truc chinh, chon 15Hz.

WFx mdata 2

A\ Trudce

15 Hz

Hinh 5.2.1 So sanh pho ciia gia tri lyc Fx cta thi nghiém thir 4 trudc va sau xtr 1y

6th-order lowpass Butterworth filter voi tan sd cét 1a 15Hz

+ Loc nhiéu tring v&i bd loc moving mean véi hé s6 1a 80 (1ay trung binh 1 vong

quay).
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+ Loat bo do trdi diém 0 tai diém sép cit phoi
+ Lay két qua trung binh khi lyc cét ¢ trang thai 6n dinh cua lan cat thir 2 cua

cac thi nghiém(tir gidy thir 60 dén thur 100 khi cit).

100
50

60

ba lom (N)

Thin gian (s)

—Fx *Fy =——Fz

Hinh 5.2.2 Biéu do thé hién gi tri trung binh ctia cac luc cét thanh phéan cia thi

nghiém thu 4
D0 mon

Gia tri dd mon cua manh dao dugc lay trung binh & khu vuc B cua mon mat
sau. Qua trinh do dugc lam trong mdi truong c6 di€u ki¢n nhiét do dugc ddm bao &

nhiét d6 phong 25 °C.
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Vét mon
Mon mat sau

chix V

l VB max

¢

- =
i
o
]
i_._..-._.
—]

T
VBy

W

w/q

Hinh 5.2.3 Cac loai mon mat sau theo ISO Standard 3685-1993 (E) Tool Life
Testing [38]

Hinh 5.2.4 Hinh chup tir kinh hién vi Oxion Inverso materials science voi dd phong

dai 200
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D6 nham cua bé mit sau gia cong mau thi nghiém dugc 14y trung binh ¢ 3 vi

tri trén mat tru cach nhau 120°, mdi vi tri duge do 2 1an. Qua trinh do dugc 1am trong

moi truong c6 didu kién nhiét d6 dugc dam bao & nhiét ¢ phong 25 °C. Két qua cia

cac lan do dugc xtr ly sai s0 bang cach loai bo céc sai s6 thd thu cong.

Hinh 5.2.5 Két qua d6 nham hién thi trén thiét bi khi do v&i tiéu chuan ISO 1997

5.2.2 K&ét qua va phan tich ANOVA

Cdc bu6e phan tich, tinh todn dwoc hé tro béi phan MiniTab 18.

Sau qua trinh thuc hi¢n cac thi nghiém, chiing t6i da thu dugc két qua la céac

thong s6 vé luc cit, 6 mon va d6 nham duoc trinh bay trong bang dudi day:

Bang 5.2.1 Két qua thi nghiém

. , D) D)
Thi Yeu to Luec cat (N) Mon (Aver.Vb) Nham (Ra)
nghi¢m — (nm) (nm)
© vo(®)  A(®) Fx Fy Fz F
1 84 -3,6 -3,6 29,42 9546 5791 11546 46,7 0,474
2 66 -3,6 -3,6 2483 75,61 53,44 9586 49,6 0,938
3 84 -8,4 -3,6 30,65 77,37 53,07 98,7 32,5 0,772
4 66 -8,4 -3,6 30,04 71,71 52,17 93,63 32,1 1,114
5 84 -3,6 -8,4 2923 76,61 5395 98,16 28,9 0,849
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6 66 -3,6 -84 2748 7342 53,12 94,7 36,6 1,098
7 84 -8,4 -8,4 27,65 74,75 53,772 96,11 34,8 1,173
8 66 -8,4 -84 28,74 7592 53,78 97,38 30,2 1,073
9 90 -6 6 2688 71,08 51,09 91,57 34,8 1,102
10 60 -6 -6 28,8 7449 51,9 9525 32,3 1,161
11 75 2 6 24,09 83,03 56,03 103,03 43,9 0,997
12 75 -10 -6 27,3 7095 51,99 92,1 27,1 1,222
13 75 6 2 3696 9429 6047 117,96 52,1 0,424
14 75 -6 -10 33,78 81,28 56,35 104,51 21,3 1,098
15 75 6 6 3043 7481 54,13 9723 354 1,059
16 75 -6 -6 37,31 73,22 55,15 98,96 33,4 1,025
17 75 -6 6 348 7569 56,13 100,46 35,1 1,023
18 75 -6 -6 32,9 72,96 56,72 98,09 36,7 1,131
19 75 -6 -6 31,09 7322 5334 95,77 35,7 1,157
20 75 -6 -6 35,03 74,99 54,74 99,23 33,4 1,079
Bang 5.2.2 Phan tich ANOVA cho Fx
DF SeqSS Phanphéi AdjSS AdjMS F-Value P-Value

MO hinh 8 219,995 82,59% 219,995 27,499 6,52 0,003

Tuyén Tinh 3 14,019  5,26% 14,019 4,673 1,11 0,387

D 1 0,525 0,20% 0,525 0,525 0,12 0,731

Yo 1 9,712 3,65% 9,712 9,712 2,30 0,157

A 1 3,781 1,42% 3,781 3,781 0,90 0,364

Béc hai 3 194,474 73,01% 194,474 64,825 15,37 0,000

O*O 1 58,900 22,11% 70,808 70,808 16,79 0,002

Yo*vo 1 132,579 49,77% 127,896 127,896 30,33 0,000

AFA 1 2,99 1,12% 2,996 2,996 0,71 0,417

Tuong tac 2 11,502 4,32% 11,502 5,751 1,36 0,296

D*yo 1 5,809 2,18% 5,809 5,809 1,38 0,265

Yo*A 1 5,693 2,14% 5,693 5,693 1,35 0,270
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Ldi 11 46,383 17,41% 46,383 4,217
Lack-of-Fit 6 12,265  4,60% 12,265 2,044 0,30 0,913
Pure Error 5 34,118 12,81% 34,118 6,824

Tong 19 266,378 100,00%

Theo bang 5.2.2, Fx bi chi phdi phan 16n béi hé sd bac hai cac dau vao. Pién
hinh, gia tri goc ® & bac hai cé sy anh hudng kha 16n tdi Fx voi 22,11 %; gia tri goc
Yo & bac hai chiém gﬁn % su anh huong 49,77%. Con cac bac mdt, twong tac va bac
hai ciia A cé sy anh huong khong déng ké t6i Fx. Phan du chiém 17,41%, ham hoi

quy cua Fx c6 kha nang du doan ciing khé chinh x4c.

Dudi day la cac bicu d6 the hién sy anh hudng cia cac goc hinh hoc dao toi

Fx:
D YO A
37,5
35,0 /
/
oy / \ / \
%5 \ / \
)
= / \ / \
T 300 / / \
= / \ / \
// \\ / \\
275 / v \
/ \
25,0 \
60 75 90 -9 6 3 9 -6 3

Hinh 5.2.6 Ma tran thé hién sy anh hudng cua cac yéu td dau vao tGi Fx
Béang 5.2.3 Phan tich ANOVA cho Fy

DF SeqSS Phanphbéi AdjSS AdjMS F-Value P-Value
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M hinh 8 765,690
Tuyén Tinh 3 286,906

D 1 3519
Yo 1 126972
A 1 124,739

Bac hai 2 302,731
O*D 1 25,762
A 1 276,970

Tuong tac 3 176,052

D*yo 1 43,017
D), 1 69,037
Yo 1 63,999

L&i 11 111,415

Lack-of-Fit 6 104,740
Pure Error 5 6,675

Tong 19 877,105

87,30%
32,71%
4,01%
14,48%
14,22%
34,51%
2,94%
31,58%
20,07%
4,90%
7,87%
7,30%
12,70%
11,94%
0,76%
100,00%

765,690
286,906
35,196
126,972
124,739
302,731
13,471
276,970
176,052
43,017
69,037
63,999
111,415
104,740
6,675

95,711
95,635
35,196
126,972
124,739
151,366
13,471
276,970
58,684
43,017
69,037
63,999
10,129
17,457

1,335

9,45
9,44
3,47
12,54
12,32
14,94
1,33
2735
5,79
4,25
6,82

6,32

13,08

0,001
0,002
0,089
0,005
0,005
0,001
0,273
0,000
0,013
0,064
0,024

0,029

0,006

Theo bang 5.2.3, Fy chu yéu bi anh hudng bai goc yo va A Dic biét, gia trj bac
hai ctia A gdy su anh hudng 16n nhat voi 31,58 % . Gid tri goc @ & ca bac mot va bac hai
déu co su anh huong thr yéu t6i Fy véi 1an luot 4,01 %; 2,94 % . Con cac tuong tac
¢ su anh hudng khong nhiéu téi Fy véi tong 14 20,07% . Phan du chiém 12,70%;

ham hdi quy cta Fy c¢6 kha nang du doan ciing kha chinh xéc.

Dudi day la cac bi€u do the hién sy anh hudng cua cac goc hinh hoc dao to1

Fy:
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Mean of Fy

95

90

85

80

75

60

75

YO A

\ /

\ /
\\ /
\\ /

Hinh 5.2.7 Ma tran thé hién sy anh hudng ciia cac yéu té dau vao toi Fy

Bang 5.2.4 Phan tich ANOVA cho Fz

DF SeqSS Phanphdi AdjSS AdjMS F-Value P-Value
M6 hinh 9 81,620 82,23% 81,620 9,069 5,14 0,009
Tuyén Tinh 3 18,943  19,08% 18,943 6,314 3,58 0,055
() 1 1,690  1,70% 1,690 1,690 0,96 0,351
Yo 1 11,401 11,49% 11,401 11,401 6,46 0,029
A 1 5851 5,89% 5,851 5,851 3,32 0,099
Béc hai 3 52203 52,59% 52,203 17,401 9,86 0,002
O*D 1 30,969 31,20% 28,671 28,671 16,25 0,002
Yo*Yo 1 5433 547% 3,840 3,840 2,18 0,171
A*A 1 15,801  15,92% 15,801 15,801 8,96 0,014
Tuongtic 3 10,474 10,55% 10,474 3,491 1,98 0,181
D*yo 1 249 251% 2,496 2,496 1,41 0,262
D*p 1 2,632 2,65% 2,632 2,632 1,49 0,250
Yo*A 1 5345  539%% 5,345 5,345 3,03 0,112
Loi 10 17,644 17,77% 17,644 1,764
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Lack-of-Fit 5 9,808  9,88% 9,808 1,962 1,25 0,406
Pure Error 5 7,836  7,89% 7,836 1,567
Téng 19 99,264 100,00%

Theo bang 5.2.4, Fz chi yéu bi anh huong bai gia tri bac hai ciia cac dau vao
52,59%, trong d6 goc @ chiém 31,20% su anh huong Bén canh do, gia tri bac mot va
bac hai ctia Yo gdy sy anh huong kha 16n véi tong 1a 21,81%. Con cac twong tac co
su anh huong khong nhiéu téi Fz véi téng 13 10,55%. Phan du chiém 17,77%; ham

hoi quy ctia Fz c6 kha nang du doan ciing kha chinh xAc.

Dudi day la cac biéu d6 thé hién sy anh huong cua cac goc hinh hoc dao toi

Fz:

59 /

58 /

57 \ /

: N
o 7\

53 / \

/ \
52 \ |7
\

Mean of Fz

51

50
60 75 20 -9 -6 -3 -9 -6 -3

Hinh 5.2.8 Ma tran thé hién sy anh hudng cia cac yéu td du vao toi Fz

Béang 5.2.5 Phan tich ANOVA cho d0 mon

DF SeqSS Phanphéi AdjSS AdjMS F-Value P-Value

M6 hinh 6 923,04 87,30% 923,039 153,840 14,89 0,000
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Tuyén Tinh 3 760,31

) 1 0,15
Yo 1 26735
A 1 49281

Bic hai 1 10,63
A* 1 10,63

Tuong tac 2 152,10

D*yo 1 3042
Y™ 1 121,68
L5i 13 134,30

Lack-of-Fit 8 125,65
Pure Error 5 8,66
Téng 19 105734

71,91%
0,01%
25,28%
46,61%
1,01%
1,01%
14,39%
2,88%
11,51%
12,70%
11,88%
0,82%

100,00%

760,311
0,152
267,347
492,812
10,629
10,629
152,100
30,420
121,680
134,303
125,648

8,655

253,437
0,152
267,347
492,812
10,629
10,629
76,050
30,420
121,680
10,331
15,706

1,731

24,53
0,01
25,88
47,70
1,03
1,03
7,36
2,94
11,78

9,07

0,000
0,905
0,000
0,000
0,329
0,329
0,007
0,110
0,004

0,013

Theo bang 5.2.5, @ mon dao bi chi phéi bai goc yo va A nhung chu yéu & bac
mot. Goc yo la goc ¢6 anh huong 16n dén do mon véi 25,28%. Goc A 1a goc co anh
huong cuc 16n dén do mon khi chiém toi 46,61% sy thay doi ctia ham hdi quy. Con
v6i goc @, gbe ndy gan nhu khong anh huéng tdi dd mon chi véi 0.01%. Con céc
tuong tac cac twong tac va bac hai ctia ddu vao co sy anh huong khong dang ké toi
d6 mon, tong 1a 15,4%. Phan du chiém 11,88% nhu vdy ham héi quy ctua d6 mon co

kha nang du doan kha chinh xac.

Duéi day la cac bi€u do the hién sy anh hudng cua céc goc hinh hoc dao to1

do mon:
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50

45 /

40 /

35 ——

Mean of Aver. Vb
I

30
60 75 90 -9 -6 -3 -9 -6 -3

Hinh 5.2.9 Ma tran thé hién sy anh huodng cia cac yéu td dau vao t¢i do mon
Bang 5.2.6 Phan tich ANOVA cho d6 nham bé mit

DF SeqSS Phanphdi AdjSS AdjMS F-Value P-Value

Mo hinh 6 079153 88,76%  0,79153 0,131921 17,12 0,000
Tuyén Tinh 3 047959 53,78% 047959 0,159863 20,74 0,000

D 1 0,08185 9,18% 0,08185 0,081849 10,62 0,006
Yo 1 0,09722  10,90% 0,09722  0,097222 12,61 0,004
A 1 0,30052  33,70% 0,30052 0,300517 38,99 0,000

Bac hai 1 023025 2582%  0,23025 0230251 29,88 0,000
A 1 023025 2582%  0,23025 0230251 29,88 0,000
Tuongtic 2  0,08169 9,16% 0,08169 0,040843 5,30 0,021

D*yo 1 0,02773  3,11% 0,02773  0,027730 3,60 0,080
D*p 1 0,05396 6,05% 0,05396 0,053956 7,00 0,020
Ldi 13 0,10019 11,24% 0,10019 0,007707

Lack-of-Fit 8  0,08491 9,52% 0,08491 0,010614 3,47 0,093
Pure Error 5 0,01528 1,71% 0,01528 0,003056

Tdéng 19 0,89172 100,00%
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Theo bang 5.2.3 gbc @ co sy anh hudng khong nhiéu téi d6 nham véi 9,18%.
Goc yo ¢o sy anh hudng gan tuong duong véi goc @ téi dd mon véi 10,9%. Goc A 1a
gdc c6 anh huong cuc 16n dén d6 mon khi chiém t6i 33,7% su thay ddi ctia ham hoi
quy. Con cic twong tac cac twong tic va bac hai ctia dau vao c6 sy anh huong khong
dang ké t&i d6 mon ngoai trir A2, voi 25,25% béc hai ctia A thuc su ¢6 dong gop dang
ké t6i sy thay doi ciia ¢ nham . Phan du chiém 10,73%, ham hdi quy ciia ¢ nham

c6 kha ndng du doan cling kha chinh xéc.

Dudi day la cac biéu do thé hién sy anh hudng cua cac goc hinh hoc dao toi

do nham:

13

120 ™~ AN

11 \\\ \\\ / \
10 - S /

0,9

0.8 \

0,7 \

Mean of Ra

0,6
0,5

0,4
60 75 90 -9 -6 -3 -9 -6 -3

Hinh 5.2.10 Ma tran thé hién sy anh hudng cia cac yéu t6 dau vao t6i dd nham

5.2.3 M0 hinh bic hai ciia lrc cit, toc dd mon va do nham

Bang cach sir dung phan mém Minitab dé tinh toan ta thu duoc cac phuong

trinh dap tng ctia cac yéu té nhu sau:
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Fx

Fy

Fz

Ra

163,8 +4420 -1048y0 +030% -0,02774 d*d  (5.1)
- 0,5242 yo*y0 +0,0802 A*A + 0,0395 ®*yo - 0,146 yo*A

55,4 +3,45 ® -3 ,83 yo + 3,23 1 - 0,0120 ®*D + 0,768 A*1 (5.2
+0,1074 ®*yo+ 0,1360 *A+ 0,491 yo*)

583 +3001d -1,80y0 +1,34% -0017650*d  (5.3)
- 0,0908 yo*yo + 0,1843 1*A +0,0259 d*yo + 0,0266 O*)
+0,1419 yo*

132,5 -0553® +12,6870 +837A +0,1500%%  (5.4)
- 0,0903 ®*yo + 0,677 Yo*\

3,291 -0,0478® +0,169y0 -0,042% -0,02207 A*A (5.4)
- 0,00273 ®*yo - 0,00380 P*A
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Céc phuong trinh dap tmg nay c6 d6 chinh xac kha t6t. Didu nay duoc thé hién

16 qua biéu dd phan phdi tich liy ctia phan du ctia phuong trinh dép timg dugc trinh

bay dudi day:
99

95
920

80

70
60
50
40
30

20

Percent

Residual

Hinh 5.2.11 Biéu d6 phan phbi tich lity ctia phan du cta phuong trinh dép tmg (5.1)
99

95
90

80
70
60
50
40
30

20

Percent

-5,0 2,5 0,0 2,5 5,0
Residual

Hinh 5.2.12 Biéu d6 phan phbi tich lity ctia phan du cta phuong trinh dép tmg (5.2)

74



Percent

2 -1 0 1 2
Residual

Hinh 5.2.13 Biéu db phan phéi tich lily ctia phan du ctia phuong trinh dap ung (5.3)

Percent
1%
o

7,5 -5,0 2,5 0,0 2,5 5,0
Residual

Hinh 5.2.14 Biéu d6 phan phdi tich lity ctia phan du ctia phuong trinh dép tng (5.4)
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99

95

90

80
70
60
50
40
30

20

Percent

10

0,2 0,1 0,0 0,1 0,2
Residual

Hinh 5.2.15 Biéu dd phan phdi tich lily cua phan du ctia phuong trinh dap tng (5.5)
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5.2.4 Biéu do bé mat dap wng 3D va dwong dong mirc
Vi su ho trg ciia phan mém Minitab, cac ma tran the hi¢n biéu do duong dong
muc va bé mat 3D v€ quan hé cia cac yéu to dau vao, tdi cac yeu to dau ra dugc thé

hién nhu cac hinh bén dudi:

o*d ] A*D Fx
B <15
|15 - 20
20 — 25
25 — 30
M 30 - 35
B 35

Hold Values
o 75
yo -6
A -6

Hinh 5.2.16 Ma tran thé hién biéu d6 duong déng muc quan hé cia cac yéu t6 dau

vao voi Fx
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-2 yoj‘(I) Fy
B < 70
N el 70 — 80
6 5 . 80 — 90
W 90 - 100
] ! : ] > 100
40&0 70 80 90 i HOld Values
o ® 75
g yo -6
4] . L -6

y

-10 T

S
©
o
IS
N

Hinh 5.2.17 Ma tran thé hién biéu d6 duong dong muc quan hé cua cac yéu té dau

vao voi Fy

Fz
[ | < 48
W 48 — 50
50 — 52
52 — 54
B 54 - 56
B 56 — 58
B 58 — 60
[ | > 60

Hold Values
o 75
yo -6
A -6

Hinh 5.2.18 Ma tran thé hién biéu d6 duong déng muc quan hé cia cac yéu t6 dau

vao voi Fz

78



LED

Aver. Vb
[ | < 30

30 — 40

40 — 50
B 50 — 60
[ | > 60

Hold Values
o 75
yo -6
A -6

Hinh 5.2.19 Ma tran thé hién biéu d6 duong déng muc quan hé cia cac yéu t6 dau

vao voi do mon

2 A*D Ra

m <02
W02 - 04

04 — 0,6

0,6 — 0,8
W03 - 10
W10 - 12
m 12

Hold Values
o 75
vyo -6
A -6

Hinh 5.2.20 Ma tran thé hién biéu d6 dudng dong muc quan hé cua cac yéu té dau

vao véi do nham

Céc ma tran thé hién bicu do duong dong mirc quan h¢ cua cac yéu to dau vao
v6i dau ra dugce trinh bay ¢ trén cho thay cai nhin pho quat vé anh huong cia cac yéu

to dau véo to1 dau ra. Tuong tu nhu ma tran thé hién bieu do duong dong muic quan
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hé cua cac y€u to dau vao voi dau ra nhung véi cach thé hién khac 1a ma tran the hién

biéu d6 bé mat 3D quan h¢ cua céc yéu td dau vao voi dau ra:

Hold Values
o 75
yo -6
o s A -6
Fx 25 Fx
20 2‘7’ 3
15 6 A
60 _
J° % 9

Fx 30

25 -3

Hinh 5.2.21 Ma tran thé hién biéu d6 bé mit 3D quan hé ctia cac yéu td dau vao véi

Fx
Hold Values
o 75
yo -6
90 100
o o A -6
0 R 80 5
sy 70 6
60 g ° 60 g
075 90 ° 075 90 °

100

Fy 90
80 3
70 -

Hinh 5.2.22 Ma tran thé hién biéu dd bé mat 3D quan h¢ cua cac yéu t6 dau vao vai

Fy
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Hold Values

d 75
Yo -6
A -6

60 |
Fz 57 |
54 | /_3
5117 EN
9 79
-6 /
v 3

Hinh 5.2.23 Ma tran thé hién biéu d6 bé mit 3D quan hé cua cac yéu té dau vao véi

Fz
Hold Values
‘ o 75
“ yo -6
Aver. Vb jg 7\ .’ | Aver. Vb 23 l A -6

30
| y 31
20 A 76 yo 1

5 %

60
Aver. Vb 50 |
40 —
30 ‘ A3
/ A6y
9

Hinh 5.2.24 Ma tran thé hién biéu dd bé mat 3D quan h¢ cua cac yéu td dau vao véi

do mon
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Hold Values
o 75

yo -6
: ;A b

0,4
0,6 -6 0,0 -6 A

1,25 .
ra 100 o
2 0,75
3

0,50

Hinh 5.2.25 Ma tran thé hién biéu dd bé mat 3D quan h¢ cua cac yéu t6 dau vao vai
d6 nham
5.3  So sanh giira két qua thue nghiém va dy dodn

Sau qua trinh tinh toan dugc cac phuong trinh dap tng ¢ trén, ta st dung céac
phuong trinh nay dé du doan két qua tir cac thong sd yéu to dau vao cho trude. Két

qua du doéan va thuc nghiém dugc trinh bay ¢ cac hinh dudi day:
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37,5 Variable
—&— Experiment Fx
—m— Predict Fx

35,0

32,5

30,0

27,5

25,0

0 5 10 15 20

Hinh 5.3.1 Biéu d6 thé hién két qua cua Fx gitra thuc nghiém va dy doan

Variable
95 —@— Experiment Fy
—m— Predict Fy
90
85
P4
80
75
70
0 5 10 15 20
Run

Hinh 5.3.2 Biéu d0 thé hién két qua cua Fy giita thuc nghiém va du doan
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W Variable

60 \ —@&— Experiment Fz
I —m— Predict Fz
R
8§ “J” \
\\\ | \
\ \/ ;\ \
56 I\ o | \
z \\L ‘/ \ \M \\i \
\\\ ‘/‘N\ ” \ —I—I1—-—\ ]
54 | M | \
n / \ [ \\
N / \\ /i \'
w \ / | “
52 \u/l
\
[ ]
50
0 5 10 15 20
Run

Hinh 5.3.3 Biéu d0 thé hién két qua cua Fz giira thyc nghiém va dy doan

55

']
50 /
A

45

Variable
—@— Experiment Aver. Vb
—m— Predict Aver. Vb

—m-e

40 \

‘ am
sk e ] et

\ / |
I\ -1 |
30 N/ '\\‘/ \./ \‘\ / /

25 H

pm

20

Hinh 5.3.4 Biéu d6 thé hién két qua cua d mon gitra thuc nghiém va dy doan
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13 Variable
/! r —&— Experiment Ra
1.2 \ " “‘ —m— Predict Ra

AN
10 Py )

| / \ o
09 /\ j--\/
08 [ %

0,7 l‘

pm

i
~
[ =

0,6 Af
0,5 *

0,4

=

Run

Hinh 5.3.5 Biéu d6 thé hién két qua cua do nham gitra thuc nghiém va dy doan
5.4  Toi wu héa dap vng

Mot trong nhitng muc ti€u chinh ctia nghién ctru thuc nghiém nay 1a tim thong
s6 cit tdi uvu dé dat duoc gia tri nhd nhéat mon dao, 36 nham cua bé mit gia cong va

luc cit thip nhat trong qua trinh qua trinh tién ctng.

Str dyng phan mém Minitab dé tinh toan theo phuong phéap tdi wu hoa thoa

hiép ta c6 két qua nhu sau:

Bang 5.4.1 Thong s dau vao trong tinh toan tdi uu

bapung Muc Bién Gia tri Bién Anh Tam quan
tiéu dudi trén hudng trong
muc
tiéu
Ra Cuc tiéu - 0,4240  1,2220 1 1
Aver.  Cuc tiéu - 21,3000 52,1000 1 1
Vb
Fz Cuc tiéu - 51,0866 60,4731 1 1
Fy Cuc tiéu - 70,9541 95,4595 1 1
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Fx Cuc tiéu - 24,0921 37,3079 1 1
Bang 5.4.2 Két qua tdi uu
Gidiphdgp ® yo A Ra Aver. Vb Fz Fy Fx Do thoa higp
1 9 -2 -10 0,773192 18,3702 51,2972 78,9141 23,0301 0,820208
Optimal ¢ y y1
: High 90,0 -2,0 -2,0
D: 0’82.02 Cur [90,0] [-2,0] [-10,0]
Predict Low 60,0 -10,0 -10,0
Composite — / ‘\
Desirability ‘ ‘
D: 0,8202 | |
\\
Ra - ~_
Minimum —_— Y — — = — —
y=0,7732
d=0,56242
Aver. Vb
Minimum
y = 18,3702 - S
d = 1,0000 T T~
7
Fz /
Minimum
y =51,2972 P /
d=0,97756 g _\_/_ﬂ:; —_—
Fy
Minimum
y =78,9141 )
d=0,67517 —_— = 1;4/— —_—— — .
Fx o ﬂ
e // / \
Minimum —— — A = = = — —
y = 23,0301 / / T~
d =1,0000 /

Hinh 5.4.1 Ma tran biéu dd tdi wu héa
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Véi trwong hop tién cimg ciia thi nghiém nay, dao cdt c6 thude tinh hinh hoc
Véi cde goc nghiéng chinh la 90°, géc trude la -2°, géc ndng la -10° 1a t6i wu cho
phan 16m dap iing dau ra.

Nhu vay, néu so sanh véi can dao tiéu chuén tir nha san xudt, két qua tdi vu da
dua ra bo thong s hinh hoc dao gdm géc nghiéng chinh la 90°, géc trude la -2°, gée

ndng la -10° ¢ cac két qua dau ra la do nham, d6 mon, Fx, 1a t6t hon:

Bang 5.4.3 So sanh giira can dao tiéu chuan véi két qua ti uu

Can dao tiéu  Toi wu (két qua dwoe  So sanh két qua

chuén du doan) ti wu
d 91 (~90) 90 ~
Pau
. Yo -6 -2 <67,7%
vao
A -6 -10 >67,7%
Ra 1,102 0,77 <30,13%
Aver. Vb 34,8 18,37 <47,21%
. Fz 51,09 51,3 >0,41%
Dau ra
Fy 71,08 78,9 >11%
Fx 26,88 23 <14,43%
F 91,6 96,88 >5,76%

Béng so sanh cho thay két qua du doan ctia bo thong s6 hinh hoc dao tdi uu c6
su cdi thién dang ké & gia tri d0 nham bé mit va d6 mon dao so véi can dao tiéu
chuan. Mic du, luc cét khong ¢ su cai thién nhung néu xét & cac hé théng gia cong
hién dai voi do cimg viing cao, viée luc cit c6 su gia ting khoang 6 % so v6i can dao

tiéu chuan s& khong gdy anh hudng x4u dang ké. Nhu vay, chung ta hoan toan cé thé
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danh doi su gia tang nhe lyc cat dé nhan duogc sy cai tién dang ké & d6 nham bé mat

va do mon.
5.5 Binh luian

Qua phan tich két qud thu dugc sau thuc nghi¢m ta nhan théy duoc mot vai

diém can di sau nhu sau:

+ Két qua thu duoc véi luc cit Fz (hay con goi luc cét chinh) lai nho hon Fy
(hay con goi luc day dao) day la diém khac néu so vai khi gia cong thép co do
ctmg thong thudng. Nhung véi cac nghién ctru di co trude vé tién cing [2]
[13] [43] thi diéu nay 1a hop 1y vi tién clng gia cong vé6i chidu sau cit nho
(0,2 mm) va luong chay dao nhé (0,08 mm/v) khién cho tiét dién cit nho. Pidu
nay c6 thé khién dién tich tiép xtc phuong Z it hon phuong Y tir d6 luc Fz
nho hon Fy. Va hudng cua luc cling thay doi do cat dudi ban kinh miii dao khi

¢6 chiéu sau cat nho.

P
o

—~—
T
=
=
—
Y

7

Hinh 5.5.1 Biéu dién hudng cia cac luc ma dung cu nhan duoc khi gia cong bén

dudi va trén ban kinh mdi [43].

+ Ciing vi chiéu sau cit nhé nén goc nghiéng chinh c¢6 it su anh hudng téi mot
sO dau ra d6 mon va do nham nhung lai gay anh huong dang ké t6i cac luc
thanh phan vi goc nghiéng chinh chi gdy su thay dbi vé dudng bién tiép xtic
giita ludi cat va phoi hay goc giita mat trudc va mit phang cit.

+ Luc cit bién thién theo ham bac hai véi cyc tiéu ¢ gan gia tri goc nang bang

-6 c06 the dugc gidi thich 1a vi chiéu sau cat nhd nén goc nang la yéu to gdy anh
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huong nhiéu nhat dén lyc cat so voi goc trude va goc nghiéng chinh. Trong
khoang khao sat tir -10° dén -2°, khi goc nang co gia tri cang gan -10 thi luc
cit cang 10n do ma st gitta mat truéc voi phoi thoat ra. Khi goc nang & cang
gan gia tri -2 thi luc cét cling cang 10n do miat sau ma sat voi bé mat da gia

cong. Nén khi goc ning gan bang -6 thi s& tranh duoc hai hién tuong nay.

@ Yo A
115 /
110
/
. /
5 105 \ /
s ) /
w /
2 100 — \ /
J— - —
) / \
9 /
60 75 90 9 -6 -3 -9 -6 -3

Hinh 5.5.2 Ma trin thé hién sy anh hudng cia cac yéu t6 dau vao toi luc cét
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Chuong 6:
KET LUAN & KIEN NGHI

Két luin

Qua qua trinh 1am thyc nghiém nghién ctru vé sy anh huéng cua hinh hoc dao

dén cac yéu tb chit luong ctia qué trinh gia cong, ma cu thé 1a goc nghiéng chinh, goc

trudce, goc nang anh hudng dén lyc cat, dd mon va do nhdm bé mat, t6i thu dugc cac

y chinh sau:

+

Goc nghiéng chinh @ khi cang gan 90° thi vé luc cét s& ¢ su bién thién theo
ham bac hai va nhé nhat khi & gan gi tri 75°, d6 mon va d6 nham it c¢6 sy anh
hudng baoi goc nghiéng chinh.

Goc trude yo cang tién vé -2° thi lyc cit cang 16n, 6 mon dao cang ting nhung
d6 nhdm cang duogc cai thién.

Goc nang A cang tién vé -2° thi luc cit ¢ su bién thién theo ham bac hai va ¢
cuc tiéu & gan -6°, 6 mon dao cang ting trong khi d6 d6 nham dat gia tri cang

nho.

Trong tién cing, goc nang la goc c6 anh hudng 16n nhat dén chat luong va
hi¢u qua gia cong.

Hai tiéu chi chat lugng va hi¢u qua cua qua trinh tién cing la d nham bé mit
gia cong va d6 mon dao c6 xu hudng dbi nghich nhau.

Gi4 tri dau vao t6i wru voi truong hop tién cimg ciia thi nghiém nay, dao cat c6
thudc tinh hinh hoc véi cac goc nghiéng chinh 1a 90°, goc trude 1a -2°, goc
nang 14 -10°. Két qua nay néu so sanh voi can dao tiéu chuan tir nha san xuat
¢6 cac két qua dau ra 13 do nham, do mon 1a tét hon lan luot 1a < 30,13%, <

47,21%.

Kién nghi

Tir két qua clia qué trinh thyc nghiém, toi ¢6 cac phuong hudng, kién nghi sau:
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Thuc nghiém kiém chtmg bd thong sb hinh hoc dao t6i wu.

Str dung két qua thyre nghiém 1a co sé kiém ching, danh gia khi phan tich qua
trinh tién cimg bang phuong phap mé phong sd (CAE). Tir d6, hudng dén thiét
1ap cong cu du doan bo théng sé dau vao tbi wu trong gia cong tién cimg ma
khong can phu thudc qué nhiéu thuc nghiém.

Sau khi gia cong tién cing, quan sat phoi mau thi nghiém ngudi thi nghiém
quan sat thdy co sy thay dbi vé chat lugng ba-via trén phoi, rat co thé chat
luong ba-via nay ciing c6 mbi lién hé téi hinh hoc dao nén can nghién ctru.
Qua trinh gia cong tién cimg trong thi nghiém c6 vai diém luu y vé nhiét do
khi cit vi ¢ nhitng 1an vao dao ngudi thi nghiém nhén thay c6 sy thay doi &
rét vé nhiét d6 qua mau cta phoi. Vay nén, ta ciing can c6 su luu tim nghién
ctru dén su anh huong cua goéc dao dén nhiét d6 khi cit.

Trong tién cting nén c6 sy tmg dung thay d6i cac goc hinh hoc dao vi qua két
qua thuc nghiém ta co thé thay sy anh hudng rd rét ciia nd téi chét lugng cia

qua trinh gia cong.
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ANH HUONG THONG SO HINH HQC DAO DPEN LUC CAT TRONG GIA
CONG TIEN CUNG SU DUNG MANH HQP KIM TIEU CHUAN

INFLUENCES OF TOOL GEOMETRY PARAMETERS ON CUTTING FORCE
IN HARD TURNING WITH STANDARD INSERT

, Mai Pirc Pii', Pham Minh Pirc!, P§ Tién Si?
'Khoa Cong Nghé Ché Tao May, Truong dai hoc Suw pham Ky thudt TPHCM
’Hoc vién cao hoc, Khoa Céng Nghé Ché Tao May, Truong dai hoc Sw pham Ky thudt TPHCM

TOM TAT

Nghién ciru cdc déic trung dé hzeu ré va diéu khién cdc yeu 16 dnh hwdng t6i hiéu qud qud trinh
tign cing da va dang dwoc tién hanh tai nhiéu noi trén thé gidi, nhung cac két qua cong bé cho
thay viéc nghién ciru van chwa di sdu sdc va triét dé ddc biét & moi quan hé thong so hinh hoc dao
dén quda trinh tién cirng. Do do, tdc gia dé xudt nghién civu anh hieong cia cdc théng sé hinh hoc
dao dén lyc cat, thong . 6 dnh hwong tinh hiéu qua cua qua trinh gia cong. Nghién curu nay dwoc
thiét ké thye nghzem bang phuong phap cdu triic ¢6 tam va sur dung phiwong phap dap u’ng bé mat
dé phan tich va t6i wu hoa. Két quad phan tich cho thay méi quan hé phirc tap cua cac thong 56
hinh hoc dao dén luc cat. Bén canh dé, bo thong so hinh hoc dao 16i wu thu dwoc cé két qua lyc
cat du doan nhé hon so véi can dao tiéu chuan. Nhw vay, viéc thay déi cac thong $6 hinh hoc dao
la ¢é y nghia dé toi thiéu lic cdt trong tién cimg tir d6 t6i wu qud trinh gia cong tién.

Tir khoa:Tién cieng thong so hinh hoc dao; luc cat; cau truc co tam, dap wng bé mat; toi wu hoa.

ABSTRACT

Research on characteristics to understand and control the factors affecting the efficiency of hard
turning has been carried out in many parts of the world, but the published results show that the
research is still not deep and thorough enough, especially in relation of the tool geometry to hard
turning. Therefore, the author proposes to study the effect of tool geometry on cutting force, which
affects the efficiency of the machining process. This paper used composite central for design of
experiments and respond surface methodology for analysis and optimization. The analysis results
show a complex relationship of the tool geometry parameters with the cutting force. Besides that,
the optimal tool geometry parameters had cutting forces less than the standard tool holder. Thus,
the modification tool geometry parameters is significant to minimize the cutting force in hard
turning and optimizing the hard turning.

Keywords: Hard turning; tool geometry parameters, cutting force, composite central; respond
surface, optimization.

1. PAT VAN DE

Hién nay, v6i su phét trién khong nging
cua vat liéu cét siéu cung, tién cung, hoat dong
gia cong vat liéu c6 dg cing trén 45 HRC béng
1 ludi cat, dang 1a mot phuong 4n thay thé hap
dan cho phwong 4n mai vi c6 nhiéu vu diém

thuong 14 loai vira va nho nén it va chua téi wu
hoéa qua trinh gia cong dac biét la tién cing. Dé
c6 thé toi uu hoa qué trinh gia cong tién cimg,
d3 c6 nhidu nha khoa hoc ¢ Viét Nam ciing nhu
trén the gi61, danh thoi gian dé nghién ctru vé
cac moi quan h¢ gitra cac yéu to dau vao nhu:

vuot troi (linh hoat, chi phi thap...). Thong
thuong, cac vat liéu cing dugc gia cong bao
gom gang trang da toi, thép gid, theép cong cu,
thép 6 bi, thép da toi va thép tham cacbon.

Khong ngoai xu hudng chung, ¢ Viét Nam
cling da va dang ing dung tién clrng trong gia
cong. Nhung véi dac thu cac xudng gia cong

ché do cat, thong sb dung cu cat, dén gia cong
tién ctng. Va cling da nhiéu mo hinh dy doan
luc ct, ung suét du, hinh dang phoi da dugc
phat trién nhu mé hinh ctia Ernst va Merchant
(1941), Lee va Shaffer (1951), Kobayashi va
Thomsen (1962), Rowe va Spick (1967),
Wright (1982)... Tuy nhién, cho dén nay van



chua ¢6 mo hinh nao dung voi moi didu kién
cit [1].Tiéu biéu trong nudc cd nghién ctru cia
Nguyén Thi Qudc Dung [1] 1a nghién ctru kha
day da vé qua trinh tién cimg, trong do co
nghién ctru mot cach riéng 1€ sy anh huong cua
ché d6 cat 1én luc cit khi tién thép hop kim qua
t6i bang dao PCBN. Nghién ctru nay cho thay

cac diém nhu: lyc ddy dao Fyluén 16n hon cac
luc thanh phﬁn con lai; dao dong va luc cit lon
khi tién thép hop kim qua t6i ¢ toc d6 thap (<50
m/ph). Bén canh do, cac nghién ciu ¢ ngoai
nuée tiéu biéu ciing duoc trinh bay tom tit &
Bang 1.

Bdng 1. Tém tdt cac nghién cieu vé qud trinh gia cong tién

Tac gia Céc yéu t6 dau vao Vit liéu Phuong phap
Samir Khamel [2]  Van tdc cit, budc tién, chiéu sau cat Thép AISI 52100  DPép tng bé mat
Siileyman Neseli Bén kinh miii dao, goc trudc, goc AISI 1040 Dap tmg bé mit
etal. [3] nghiéng chinh
T. Zhao [4] Ban kinh canh cét, vén tdc cit Thép AISI 52100

toi cing
Sudhansu Ranjan ~ Vin téc cit, bude tién, chidu sau cét Thép AIST 52100 Dap tng bé mit
Das [5] toi cing
H Aouici [6] Van tdc cét, bude tién, chiéu sau cit, ban  AISI H11 Pap ting bé mat

kinh miii dao

Mourad Nouioua Van tdc cét, bude tién, chiéu sau cit, ban  X210Cr12 Pap ting bé mit va
[7] kinh miii dao, tuéi ngudi mang than kinh
Waleed Bin Rashid  Van tdc cét, budc tién, chidu su cit AISI 4340 Taguchi

(8]

Nhin chung cac nghién ciru vé tién cung
chi méi tap trung nghién ciru vé ché do cit ma
chua xem xét nhiéu dén hinh hoc dao. Céc yéu
t6 nhu goc trude, goc sau chinh, ban kinh miii
dao va dic biét goc nang van chua dugc nghién
ctru ky ludng.

Véi tinh hinh trén, nhom tac gia dé xuét
nghién mdi quan hé gitra cac thong sb hinh hoc
dao gom: goc trude yo, goc nghiéng chinh @,
goc nang A dén luc cat trong tién cung. Trong
do, nhom tac gia da chon phuong phap cau trac
c6 tam dé thiét ké thyc nghiém dé phu hop voi
phuong phap dap ung bé mit, mot phuong

phéap duoc su dur}g rong rai [2] [3] [5] [6] [7]

trong phan tich két qua, xay dung phuong trinh

dap ung va toi wu hoa.

2. Nguyén vit liéu va phwong phap nghién
ciru

2.1 Nguyén vit liéu:

Nghién ctru nay chi sir dung thép tron AISI
1055 da toi cimg dat 52 HRC lam mau gia cong,
day la loai thép dugc tmg dung rong rai trong
san xudt chi tiét may nhu: truc truyén dong,
banh rang.

Hinh I Hé tho”hg do lyc



Hinh 2. Téng quan may tién

2.2 Trang thiét bi:

Trong cac thi nghiém, manh dao TNGA
160404501525 6050 dugce sir dung két hop vai
than dao PTGNR 1616H 16 dugc san xuat boi
Sandvik. (® =90°; yo = A =-6°)

Toan bo mau dugc gia cong trén may tién
Chungshi CS660-x1600G trang bi bo dd ga
thay d6i goc dao két hop voi cam bién do lyc
trong diéu kién khong tudi ngudi. Vé cam bién
do lyc nhom tac gia sir dung cam bién Kistler
9257B kém amplifier, USB DAQ, phin mém
dugc viét trén Labview dé doc va luu gia tri tin
hiéu. Trong thi nghiém niy tic gia chon tan
suét l1dy mau 1a 1 KHz.

Céc thong s cat duge st dung trong thi

nghi€ém chon tham khao ti€u chuan ISO
3685:1993 [9] két hop véi thong sé khuyén
dung cua nha san xuit. Ché do cét dugc giir
nguyén trong toan by cac thi nghiém va dugc
trinh bay nhu Bang 2.

Bing 2. Ché do cdt

Tén Théng s6
Do sau cat 0,2 mm
Van toc cit 120 m/ph

Luong chay dao 0,08 mm/v

Vé thong s6 hinh hoc dao, 3 yéu td v&i 5
muc do st dung trong cac thi nghiém duoc
chon d€ nghién cuu trinh bay trong Bang 3.

Bing 3. Thong s6 hinh hoc dao

Ki higu Yéu to Ponvi Mircl Mirc2 Mivc3 Mirc4 Miic5
(/) Goc nghiéng chinh D¢ (°) 90 84 75 66 60
yo  Goc trude pé () -2 236 -6 -84 -10
A Goc ndang Do (°) -2 -3,6 -6 -8,4 -10
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Hinh 3. Céc budc xir Iy két qua do luc

2.3 Thiét ké thwe nghiém va phwong phap
dap wng bé mit

Trong phuong phap cdu tric c6 tam,
phuong an quay ctia Box va Hunter 1a phuong
an toi wu [10]. V&i s6 yéu t6 k = 3 ta chon tri
sd canh tay don sao o = 1,682 va sd diém thi
nghiém n = 20. Tat ca thong sé dau vao cia
timg diém thi nghiém dugc trinh bay trong
Bang 4.

Vé phuong phap dap tmg bé mat, gia sur xét
anh huong cua k yéu t6 vao thong sb toi wu hoa
y, phuong trinh hdi quy bac hai c6 dang:

y = Bo+ Il Bix; + (1)
Z =1 BIIXI + 21<] 2 BI]X Xij te

Dé g dung phuong phap dap ng bé mat,

nhém tac gia st dung cong cu phan mém

Minitab trong viéc ho tro tinh toan.

Bing 4. Théong s6 dau vao va két qua

w 60 -6 -6 288 7449 519
a5 2 -6 2409 8303 5603
2 75 10 -6 273 7095 51,99
3 75 6 -2 3696 9429 6047
4 75 6 -10 3378 8128 5635
5 75 6 -6 3043 7481 5413
w6 75 6 -6 3131 7322 5515
775 6 -6 348 7569 56,13
8 75 6 -6 329 729 5672
9 75 6 -6 3109 7322 5334
0 75 6 6 3503 7499 54,74

Thi . Yéu tb Luec cit (N)

nghigm g‘; AC®) Fx Fy Fz
1 84 36 -36 2942 9546 5791
5 66 -36 -36 2483 7561 5344
3 84 -84 -36 3065 7737 53,07
4 66 -84 -36 3004 71,71 52,17
5 84 -36 -84 2923 76,61 5395
6 66 -36 -84 2748 7342 53,12
. 84 -84 -84 2765 7475 53,72
8 66 -84 -84 2874 7592 53,78
9 90 -6 -6 2688 71,08 51,09

3. XULYKET QUA PO VA KET QUA
3.1 Xir Iy két qua do

Két qua luc cit thu duoc gém cac sai sd,
nhidu, bj trdi diém 0 va d6 nhay nén can duoc
xt ly. Qua trinh nay dugc thuc hién qua 4 budc
nhu Hinh 3.

3.2 Két qua va phan tich

Két qua gia tri cac luc cit thanh phan dugc
trinh bay ¢ Bang 4.

Phan tich Anova

Theo Bing 5, Fx bi chi phdi phan 16n boi hé
s6 bac hai cac dau vao. Pién hinh, gia trj goc
@ ¢ bac hai c6 sy anh hudng kha 16n téi Fx voi
22,11 %; gi4 tri goc yo & bac hai chiém gan %
su anh huong 49,77%, no thé hién 16 trong
Hinh 4.2 .Theo Bing 6, Fy chii yéu bi anh
huong boi goc yo va A. Dac biét, gia tri bac hai
clia A gy su anh huong 16n nhat véi 31,58 % .
Gia tri goc @ & ca bac mot va bac hai déu co su



anh huong thir yéu téi Fy véi 1an luot 4,01 %;
2,94 % . Con céac tuong tac c¢6 sy anh hudng
khong nhiéu téi Fy véi tong 1a 20,07%. Theo
Bang 7, Fz bi anh huong 52,59% bai gia tri bac
hai ciia cac dau vao, trong d6 goc @ chiém
31,20% sy anh huong. Bén canh do6, gia tri bac

mot va bac hai cua yo gy su anh hudng kha
16n véi tong 1a 21,81%. Con cac tuong tac cd
su anh huong khong nhiéu tdi Fz véi tong la
10,55%. Nhin chung gia tri phan du ctia Fx, Fy,
Fz déu thip nén cac phuong trinh dap ting déu
c6 kha nang du doéan kha chinh xac.

Bdng 5. Phan tich Anova cua Fx

DF  SeqSS Phan phdi Adj SS Adj MS F-Value P-Value
) 1 0,525 0,20% 0,525 0,525 0,12 0,731
Yo 1 9,712 3,65% 9,712 9,712 2,30 0,157
A 1 3,781 1,42% 3,781 3,781 0,90 0,364
O*D 1 58,900 22,11% 70,808 70,808 16,79 0,002
Yo*Yo 1 132,579 49,77% 127,896 127,896 30,33 0,000
A 1 2,996 1,12% 2,996 2,996 0,71 0,417
D*yo 1 5,809 2,18% 5,809 5,809 1,38 0,265
Yo*A 1 5,693 2,14% 5,693 5,693 1,35 0,270
L&i 11 46,383 17,41% 46,383 4217
Tong 19 266,378 100,00%
Bdng 6. Phan tich Anova cua Fy
DF  SeqSS Phan phdi Adj SS Adj MS F-Value P-Value
) 1 35,196 4,01% 35,196 35,196 3,47 0,089
Yo 1 126,972 14,48% 126,972 126,972 12,54 0,005
A 1 124,739 14,22% 124,739 124,739 12,32 0,005
O*P 1 25,762 2,94% 13,471 13,471 1,33 0,273
A*A 1 276,970 31,58% 276,970 276,970 27,35 0,000
D*yo 1 43,017 4,90% 43,017 43,017 425 0,064
D), 1 69,037 7,87% 69,037 69,037 6,82 0,024
Yo* 1 63,999 7,30% 63,999 63,999 6,32 0,029
Lbi 11 111,415 12,70% 111,415 10,129
Téng 19 877,105 100,00%
Bdng 7. Phan tich Anova cua Fz
DF  SeqSS Phan phdi Adj SS Adj MS F-Value P-Value
) 1 1,690 1,70% 1,690 1,690 0,96 0,351
Yo 1 11,401 11,49% 11,401 11,401 6,46 0,029
A 1 5,851 5,89% 5,851 5,851 3,32 0,099
O*P 1 30,969 31,20% 28,671 28,671 16,25 0,002
Yo*Yo 1 5,433 5,47% 3,840 3,840 2,18 0,171
A¥A 1 15,801 15,92% 15,801 15,801 8,96 0,014
D*yo 1 2,496 2,51% 2,496 2,496 1,41 0,262
D*) 1 2,632 2,65% 2,632 2,632 1,49 0,250
Yo*h 1 5,345 5,39% 5,345 5,345 3,03 0,112
L&i 10 17,644 17,77% 17,644 1,764
Tong 19 99,264 100,00%

M6 hinh dap vrng bdc hai



Bang cach st dung phin mém Minitab dé tinh toan ta thu dugc cac phwong trinh
dap tmg cua cac yéu té nhu sau:

Fx = -163,8 +442d -1048y0 +030% -0,027740*d  (2)
- 0,5242 yo*y0 +0,0802 L*% + 0,0395 ®*yo - 0,146 yo*A

Fy = -554+345® -3 8370 +3,234-0,0120 ®*® + 0,768 \*k  (3)

+0,1074 ®*yo+ 0,1360 ®*A+ 0,491 yo*A

Fz = -583 +3,00010 -1,80y0 +134% -0017650*0  (4)
-0,0908 yo*yo +0,1843 A*L +0,0259 d*yo + 0,0266 O*A
+0,1419 yo*)
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Hinh 4. Biéu do thé hién méi lién hé ciia géc d; yo; ). dén a) Fx; b) Fy; ¢) Fzd) F

Bdng 8. Thong so6 dau vao cua bai toan toi wu

DPéap tng Muc tiéu Bién duéi  Gia tri muc tiéu Biéntrén Anh huong Tam quan trong

Fz Cuc tiéu - 51,08 60,47 1 1
Fy Cuc tiéu - 70,95 95,46 1 1
Fx Cuc tiéu - 24,09 37,3 1 1

Bing 9. Két qua t0i wu
Gidi phap I Yo A Fz Fy Fx Do thoa hiép
1 90 -10 -9,8 49,46 70,77 16,46 1
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Hinh 5. Céc biéu do dwong dong mirc va bé mdt dép iimg ciia a) Fx; b) Fy, ¢) Fz.

3.3 T6i wu héa

St dung phan mém Minitab dé tinh toan
bang phuong phap ti uru hoa thoa hiép véi cac
thong s6 dau vao nhu Bang 8 thu bg thong
s6 hinh hoc dao ti wu bén canh cac gia tri luc
cit thanh phan dugc trinh bay trong Bang 9.

Bdng 10. So sanh can dao tiéu chudn va toi

uu
Tiéu Téi wu (dw
o So sanh
chuan doan)
. ® 91 (~90) 90 ~
Pau
. Yo -6 -10 <67,7%
vao
A -6 9.8 <63,3%
Fz 51,09 49,46 <3,19%
Pau Fy 71,08 70,77 <0,43%
ra  Fx 2688 16,46 <38,76%
F 91,6 87,89 <4,1%

Nhu vay, néu so sanh véi can dao tiéu
chuan tir nha san xuat, két qua toi wu da dua
ra bo thong sb hinh hoc dao c6 cac két qua dau
ra 1a tot hon. Piéu nay duogc thé hién 13 trong
bang .

4. Loi binh

Két qua thu dugc véi luc cit Fz (hay con
goi lyc cit chinh) lai nho hon Fy (hay con goi
luc day dao) day 1a diém khac néu so véi khi
gia cong thép c6 do cung thong thuong.
Nhung véi cac nghién ciru di c6 trude vé tién
ctng [1] [2] [11] thi diéu nay 1a hop 1y vi tién
cling gia cong véi chidu sau cat nho (0,2 mm)
va luong chay dao nho (0,08 mm/v) khién cho
tiét dién cat nho. Piéu nay co thé khién dién
tich tiép xuc phuong Z it hon phuong Y tir 46
luc Fz nho hon Fy. Va hudéng cua luc ciing
thay doi do cit dudi ban kinh miii dao khi c6
chiéu sau cét nho.

Lyc cit bién thién theo ham bac hai voi
cuc tiéu O gan gia tri goc nang bang -6 o thé
dugc giai thich 1a vi chiéu sau cat nho nén goc
nang 13 yéu td gay anh hudng nhiéu nhat dén
luc cat so voi goc trude va goc nghiéng chinh.
Trong khoang khao sat tir -10° dén -2°, khi goc
ning c6 gia tri cang gan -10 thi lyc cét cang
16mn do ma sat gitta mat trude voi phoi thoat ra.
Khi goc nang & cang gan gia tri -2 thi luc cat
cling cang 16n do mat sau ma sat voi bé mat
da gia cong. Nén khi goc nang gan bang -6 thi
s€ tranh duoc hai hién tugng nay.

5. Kétluan

Qua qua trinh 1am thyuc nghi¢m nghién ctru
ve su anh hudng cua goc nghiéng chinh, goc



trudc, goc nang anh huong dén luc cat, thu
duoc cac y chinh sau:

+

[1]
(2]

(3]
[4]

[3]

[6]

[7]

(8]

[9]
[10]

[11]

Goc nghiéng chinh ®@ khi cang gan 90°
thi luc cat s€ co su bién thién theo ham
bac hai va nho nhat khi ¢ gan gia tri

Géc nang la goc c6 anh hudng 16n nhat
dén lyc cit.

Gia tri dau vao t6i vu 1a goc nghiéng
chinh 1a 90°, goc trude 1a -10°, goc
nang 13 -9,8°. Két qua nay néu so sanh
v6i can dao tiéu chuan tir nha san xudt

75°.

Goc trude yo cang tién vé -2° thi luc
cit cang 16m.

Goc nang A cang tién vé -2° thi lyc cat
c6 sy bién thién theo ham bac hai va
¢6 cuc tiéu & gan -6°.

c6 cac két qua dau ra tot hon.

LOI CAM ON

Tréan trong cam on TS. Ton Thién Phuong
thugc phong thi nghiém CAD/CAM, DBH
Bach Khoa Tp. HCM.
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