BO GIAO DUC VA PAO TAO
PAI HQC THAI NGUYEN

BAO CAO TONG KET
PE TAI KHOA HQC VA CONG NGHE CAP BQ

NGHIEN CUU NANG CAO HIEU QUA QUA TRINH GIA CONG
XUNG PIEN PINH HINH VOI DUNG DICH PIEN MOI CO TRON
BOT NANO

Ma so: B2019-TNA-03

Chii nhiém d¢ tai: TS. P§ Thi Tam

Théai Nguyén, thang 5-2021




BO GIAO DUC VA PAO TAO
PAI HOC THAI NGUYEN

BAO CAO TONG KET
PE TAI KHOA HQC VA CONG NGHE CAP BO

NGHIEN CUU NANG CAO HIEU QUA QUA TRINH GIA CONG
XUNG PIEN PINH HINH VOI DUNG DICH PIEN MOI CO TRON
BOT NANO

Mai so: B2019-TNA-03

Xac nhan cua to chirc chu tri Chu nhiém dé tai

TS. Pd Thi Tam

Théai Nguyén, thang 5-2021




DANH SACH NHUNG THANH VIEN THAM GIA NGHIEN CUU PE TAI:

stt Ho va tén Pon vi cong tac Nhiém vu

1 | TS. D3 Thi Tam Truong Dai hoc K§ thuat | Cha nhiém dé tai
Cong nghiép - PHTN

2 | PGS.TS. Vii Ngoc Pi Truong Pai hoc K¥ thuat Thanh vién chinh
Cong nghiép - PHTN

3 | TS. Lé Xuan Hung Truong Pai hoc K§ thuat | Thanh vién chinh
Cong nghiép - PHTN

4 | NCS. Hoang Xuan Tu Truong Pai hoc Ky thuat | Thanh vién chinh
Cong nghiép - PHTN

5 | NCS. Nguyén Manh Cuong | Truong Pai hoc Ky thust | Thanh vién chinh
Cong nghiép - PHTN

6 |TS. L& Anh Tung Truong Pai hoc K§ thuat | Thanh vién chinh
Cong nghiép - PHTN

7 | NCS. Ly Viét Anh Truong Pai hoc K thuat Thanh vién chinh

Cong nghiép - PHTN

PON VI PHOI HQP CHINH:

1. Doanh nghiép tu nhan Co khi chinh xac Thai Ha: S6 234, T6 11, Phuong
Phi X&, Thanh pho Thai Nguyén, tinh Thai Nguyén




MUC LUC

IMIUC LIUC ettt ettt b bbbt bbbt e bt bt b S b e ke e s b eb e e b e ekt e bt et e ebeentesbe et e e nbenbe s i
THONG TIN KET QUA NGHIEN CUU ...t v

1. ThONQ IN CRUNG: ..o be e v

720 1 1 To3R £ =T O v

3. TINh MGT VA SANG TA0: ..o s v

A, KL QUA NGNIBN CTU: ..ot ten ettt v
TS0 o] 1112 TR v

5.2. SAN PhAM GA0 L0 .....veeeeeeeeeeeee et vi

6. Phuong thiic chuyén giao, dia chi (ing dung, tac dong va loi ich mang lai cua

KEL QUA NGNIBN CTU: ...ttt vii
6.3. Tac dong va lgi ich mang lai cua két qua nghién Cau: .........coveveevveeereee. Vil
INFORMATION ON RESEARCH RESULTS .....coviiiiiiieciseeiee e iX
1.General INFOrMatioN: ........oooviiiie e e IX

2. OB JECHIVES: .ttt IX

3. Creativeness and iNNOVALIVENESS: .......cuviveiieiieiin e sieeseeseeseesree e esseesseaees iX

4. RESLAICH TBSUILS: ......veeeee e e e e ree s IX

5.1, SCIeNtIfIC PrOUUCTES: .....ovieeiee et X

IMIO DAU ..o 1
CHUONG Lottt 3
TONG QUAN VE GIA CONG XUNG DIEN VA GIA CONG XUNG BIEN CO TRON BOT ....... 3
1.1. Gidi thidu V& gia cOng Xung GieN.........eveveereeeeeeereseseeeieeeeseseesessessesseneeneans 3

1.2. Thyc trang cua gia cong xung dién va gia cong xung dién co tron bot......... 5

1.2.1 Anh huéng cua vat liéu dién cuc dén chat lugng bé mat xung................. 6

1.2.2 Anh hudng cua ché do xung dén chat lugng bé mit gia cong .................. 8

1.2.3 Anh hudng cua dung dich dién moéi dén chat luong bé mat gia céng.......9

1.3. KL TUAN CHIONE 1 1.ttt 14
CHUONG 25 oottt 16

NGHIEN CUU THUC NGHIEM XAC PINH CAC THONG SO TOI UU KHI GIA CONG XUNG
BIEN THEP 90CrSi VOI DUNG DICH PIEN MOI CO TRON BOT SiC NHAM PAT NHAM BE

IMAT NHO NHAT ...ttt een et e st s e e en e een e 16
2.1. Muc dich thi nghi@M........c.cooiiiiiiii e 16
2.2. Setup thi NGNIEM ......c.iiiie s 16
2.3. Thiét K& thi NGNIBM ......oevceeeeee e 21
2.4. Anh huong cua cac thong s6 dén Nham bé Mat Ra ........cccvvvvveveceeveeieeenne, 24
2.5. Xéac dinh bo thong s6 ché @6 XUNG NOP 1Y eveveevevevcvceeeeeee e 27
2.6. Tinh todn dir doan gia tri NAM D& MEAL...........ceveerieeeeeeeeee e, 28
2.7 KL TUAN. ...t 30
CHIUGONG 3:.iiiiiicieiceete ettt ettt ae st s sttt e et e e e b e s et et et et e b e sa et e st ebe st ebe st ese st ese st ese st enearenes 32



THUC NGHIEM XAC PINH ANH HUONG CUA CAC THONG SO CONG NGHE PEN NANG
SUAT BOC TACH VAT LIEU KHI XUNG THEP 90CrSi VOI VIEC CO SU DUNG BOT NANO

............................................................................................................................................................ 32
3.1. Muc dich thi nghi€M.......cocooiiiiiiii e 32
3.2. Setup thi NGNIEM ..o e 32
3.3. Phuong phap quy hoach thuc nghiém ............cccoooeiiiiie e 32
3.4. KEE QUA VA NNAN XBL ...t 35
3.5, KEL TUAN CUONE 3 ..ot 40
(0] 5 1610)1[€ 2SSO 41
TOI UU HOA PA MUC TIEU CAC THONG SO CONG NGHE KHI XUNG THEP 90CrSi QUA
TOI BANG PHAN TiCH QUAN HE XAM TRONG PHUONG PHAP TAGUCHL. .........cc.c........ 41
B.1.DELVAN Q8 ..oovovocvee ettt 41
4.2, Setup thi NGNIEM .....cciiiiece e e 41
4.3. Phuong phép quy hoach thuc nghi€m ..o 41
A4, KELIUAN CRUONZ 4 ..o erees et 50
()5 1601 1 TN 51

TOI UU HOA PA MUC TIEU MON BIEN CUC VA NANG SUAT BOC TACH KHI XUNG
THEP 90CrSi QUA TOI SU DUNG BOT NANO BANG PHAN TiCH QUAN HE XAM TRONG

PHUONG PHAP TAGUCHI ........ooovieieeieieeeseeeee st sis s tenes st nesss s nsasnasnsasnssssssenenen 69
51 DEEVAN A&ttt ettt 69
5.2. Setup Thi NGRIEM ...c.oeiieee e 69
5.3. Tién hanh thi NghiemM. ... e 68
B4 KEUIUAN. ... e 70
KET LUAN VA DE XUAT ..ottt ettt en et ten s en e een s s enenies 616
L KT TUAN .ottt ettt ettt ettt ee ettt ettt ee e een 616
2 D8 XUAL. oottt ettt ettt ettt ettt ettt ettt ettt 616
TATLIEU THAM KHAO ...ttt ettt nen e 637



DANH MUC BANG BIEU

Stt Tén bang Trang
1 | Bang 2.1. Cac muc thi nghiém cua cac thong sb6 dau vao Cos Tons Tor, 37
IP va SV
2 | Bang 2.2 K& hoach thi nghiém va két qua thi nghiém xung theo cac 37
thong so6 dau vao Cp, Ton, Toff, IP va SV
3 | Bang 2.3. Muc tiéu danh gia khi xung théng qua nham bé mat 40
4 | Bang 2.4. ANOVA gi4 tri Ra sau khi xung 41
5 | Bang 2.5. Mirc d6 anh huong cuia cac yéu to dén Ra khi xung 41
6 | Bang 2.6. ANOVA ti sé S/N cuia Ra khi xung 43
7 | Bang 2.7. Mtic d6 anh huong cua cac yéu t6 dén ti s6 S/N cua Ra khi 43
xung
8 | Bang 3.1. Mirc va céac thong s6 dau vao 49
9 | Bang 3.2. Ké hoach thi nghiém theo thiét ké Taguchi L18 (2"1 3/4) 49
10 | Bang 3.3. Két qua tri s6 MRR va ti s6 S/N ciia chi tiéu 51
11 | Bang 3.4. Tht ty 4nh hudng cia cic thong sd dén tri s MRR trung 53
binh...............52
12 | Bang 3.5. ANOVA cho gia tri tri s6 MRR trung binh 93
13 | Bang 3.6. Thir tw anh hudng cua cic thong sé dén ti s6 S/N cua MRR 94
trung binh
14 | Bang 3.7. Két qua tinh toan va thyc nghiém 56
15 | Bang 4.1. Cac muc thi nghiém cila cac thong s6 dau vao Cp, Ton, Toff, 58
IP va SV
16 | Bang 4.2: K& hoach va két qua cua thi nghiém L18 59
17 | Bang 4.3 Céc gia tri cia S/N, Zij va Aj(k 61
18 Bang 4.4. Hé s6 quan hé xamva cac mirc do quan hé xa’1m77 62
19 | Bang 4.5. Mtrc do anh hudng cua cac thong sb dén hé sé quan hé xam 63
20 | Table 4.6. Két qua phan tich ANOVA cua cac muc quan hé xam 65
21 | Bang 4.7. Két qua so sanh gitra tinh toan va thuc nghiém 66




DANH MUC CAC CHU VIET TAT
AISI - American Iron and Steel Institute
ANOVA - Analysis of Variance
CNC - Computer Numerical Control
Cp- N@)ng do bot
EDM - Electro-Discharge machining
IP - Cuong do dong phong dién
PMEDM - Powder Mixed Electro-Discharge Machining
RSM - Response Surface Methodology
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BO GIAO DUC VA PAO TAO
PAI HOC THAI NGUYEN

THONG TIN KET QUA NGHIEN CUU
1. Thong tin chung:

- Tén dé tai: Nghién ciru nang cao hiéu qua qua trinh gia cong xung dién dinh
hinh v61 dung dich dién méi ¢o6 tron bot nano.

- Ma s6: B2019-TNA-03

- Chia nhi¢m dé tai: TS. DS Thi Tam

- T6 chirc chu tri: Pai hoc Thai Nguyén

- Thoi gian thuc hién: tir thang 1/2019 dén thang 12/2020.
2. Muc tiéu:

- Muc ti€u cua dé tai la nghién ctru nang cao hi€u qua qua trinh gia cong xung dién
dinh hinh nguoc véi dung dich di¢n moi c6 tron bot nano.
3. Tinh mdéi va sang tao:

Tinh méi: Pa tim ra duoc ché do xung t61 wu khi xung dién véi dung dich dién moi
¢o tron bot SiC véi 2 ham don muc tiéu gSm dd nham bé mit nho nhit va téc do
béc tach 16n nhat va ham da muc tiéu véi 2 ham don muc tiéu ké trén.

Tinh sang tao: Pa gia cong duoc chay dap vién dinh hinh bang phuong phap xung
dién voi dung dich dién moi cé tron bot.

4. Két qua nghién ctru:

- Pa lya chon loai bot nano dé tron vao dung dich di¢n moi trong gia cOng xung
dién dinh hinh nguoc (chi tiét gia cong c6 dang try dinh hinh);

- P xac dinh duoc ché do xung hop 1y dé dat nham bé mat nho nhat. Cuy thé: nong
do bot nano Cp = 4g/l, thoi gian phat xung Ton = 6us, thoi gian ngung phat xung
Toff = 21ps, cuong d6 dong phong dién IP = 8A, hiéu dién thé xung SV =4V.

- Ché d6 xung téi vu nham dat ning suat boc tach 1on nhat 1a: Ton = 14 us (A2); Cp
=0,06 g/l (B3) Toff =14 us (C1); IP=12 A (D3); SV =3V (E1).

- Ché d6 xung tdi wu nham dat ca nham bé mit nho nhat va nang suit boc tach vat
liéu 16n nhat (ham da muc tiéu) 1a:Cp = 4,0 g/lit, Ton = 6 ps, Toff = 30 ps, IP = 12
A SV=5V.

5. San pham:

5.1. San pham khoa hoc:

- P cong bd duge 06 bai bdo qudc té ( 04 bai trong danh muc Scopus):

1. Vu Ngoc Pi, Do Thi Tam, Nguyen Manh Cuong, Thi-Hong Tran (2020), “Multi-

Objective Optimization of PMEDM Process Parameters for Processing Cylindrical

Shaped Parts using Taguchi Method and Grey Relational Analysis”, International
%



Journal of Mechanical and Production Engineering Research and
Development(IJMPERD), Vol. 10, Issue 2, Apr 2020, 669-678. Scopus Q3.

2. Tran Thi Hong, Do Thi TamDo, The Vinh, Luu Anh Tung, Le Thu Quy,
Thangaraj Muthuramalingam, Vu Ngoc Pi, Nguyen Manh Cuong (2021)
“Optimization of PMEDM Parameters for Improving MMR in Machining 90CrSi
Steel - A Taguchi Approach”, In: Sattler KU., Nguyen D.C., Vu N.P., Long B.T.,
Puta H. (eds) Advances in Engineering Research and Application. ICERA 2020.
Lecture Notes in Networks and Systems, vol 178. Springer. Scopus.

3. Tran Thi Hong, Nguyen Manh Cuong, Tran Ngoc Giang, Nguyen Anh Tuan, Le
Thu Quy, Thangaraj Muthuramalingam, Ngoc Pi Vu and Do Thi Tam (2020),
“Multi-response optimization in sinking EDM process using Taguchi-Grey
method™, In: Sattler KU., Nguyen D.C., Vu N.P., Long B.T., Puta H. (eds)
Advances in Engineering Research and Application. ICERA 2020. Lecture Notes in
Networks and Systems, vol 178. Springer, Cham. Scopus.

4. Tran Thi Hong, Nguyen Manh Cuong, Nguyen Dinh Ngoc, Luu Anh Tung, Tran
Ngoc Giang, Le Thu Quy, Nguyen Thanh Tu, Do Thi Tam (2021),“Multi-objective
Optimization of Process Parameters During Electrical Discharge Machining of
Hardened 90CrSi Steel by Applying Taguchi Technique with Grey Relational
Analysis”In: Sattler KU., Nguyen D.C., Vu N.P., Long B.T., Puta H. (eds)
Advances in Engineering Research and Application. ICERA 2020. Lecture Notes in
Networks and Systems, vol 178. Springer. Scopus.

5. Tran Thi Hong, Nguyen Manh Cuong, Le Thu Quy, Nguyen Dinh Ngoc, Nguyen
Thanh Tu, Tran Ngoc Giang, Bui Thanh Danh, and Do Thi Tam (2020), “Applying
Grey Relational Analysis to Optimize Machining Parameters during PMEDM
Process of Hardened 90CrSi steels”, Technology Reports of Kansai University,
Volume 62, Issue 10, November, 2020.

6. Tran Thi Hong, Do Thi Tam, Nguyen Dinh Ngoc, Nguyen Manh Cuong, Le Thu
Quy, Nguyen Thanh Tu, Tran Ngoc Giang, and Bui Thanh Danh (2020), “Optimize
Machining Parameters using Taguchi Method Combined to Grey Relational
Analysis for EDM Hardened 90CrSi Steel”, Technology Reports of Kansai
University, Volume 62, Issue 11, December, 2020, 6475-6485.

5.2. San pham dao tao:

01 NCS d3 bao vé dugc 03 chuyén dé NCS:

Chuyén dé 1: Téng quan vé phuong phap gia cong bang tia lira dién (9 diém).
Chuyén dé 2: Anh hudng cia cac thong s6 cong nghé dén d6 nham bé mat khi gia
cong xung dién thép 90CrSi voi dung dich dién moi c¢6 tron bot SiC (9 diém).
Chuyén dé 3: Tbi wu hoa cac thong sd cong nghé khi xung thép 90CrSi qua toi co
st dung bot nano bang phan tich quan hé xam trong phwong phap Taguchi (9 diém).
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5.3. San pham ing dung:

1. Quy trinh céng nghé gia cong chay dap vién dinh hinh bang phuwong phép xung
dién vo1 dung dich dién moi co6 tron bot nano.

2. Cac cong thirc ché d6 xung tdi wu khi xung thép 90CrSi vé6i dung dich dién moi
c0 tron bot:

- Ché d6 xung t6i wu dé dat ning sut boc tich 16n nhat: ndng d bot nano C, = 3,5
g/1, thoi gian phat xung Ty, = 6us, thoi gian ngung phat xung Tog = 30 US, cudong do
dong phong dién IP = 12A, hiéu dién thé xung SV = 5V.

- Ché d6 xung hop ly dé dat nham bé mit nho nhét. Cu thé: néng do bot nano Cp =
4¢/1, thoi gian phat xung T, = 6us, thoi gian ngung phat xung Toi = 21us, cuong
do dong phong dién IP = 8A, hi¢u dién thé xung SV =4V.

- Ché d6 xung t6i wu dé dat da muc tiéu nham vira dat d0 nham bé mit nho nhét va
nang suat boc tach 16n nhat: ndng do bot nano Cp = 6,0 g/1, thoi gian phat xung T,
= 6us, thoi gian ngung phat xung Ty = 30 YS, cuong do dong phong dién IP = 12A,
hiéu dién thé xung SV = 5V.

3. San pham that: 20 cip chay dinh hinh.

6. Phwong thirc chuyén giao, dia chi ing dung, tac dong va loi ich mang lai cia
két qua nghién ciru:

6.1. Phuwong thirc chuyén giao:

Két qua nghién ctru dugc chuyén giao cho Doanh nghiép tu nhan Co khi chinh xac
Thai Ha tiép tuc nghién ctru phat trién san phim thuong mai.

6.2. Dia chi &rng dung:

Doanh nghiép tu nhan Co khi chinh x4c Thai Ha: S6 234, T6 11, Phuong Phu X4,
Thanh phd Thai Nguyén, tinh Thai Nguyén.

6.3. Tac dong va loi ich mang lai ciia két qua nghién ctu:

+ Poi voi linh vue gido duc va dao tao

- Pé tai nghién ctru c6 y nghia gan két giita 1y thuyét vé phuong phép gia cong tién
tién vai thuc té ing dung trong san xuét cong nghiép cta ndi dung dé tai.

- Tao diéu kién cho cac nghién ctru sinh, cac hoc vién cao hoc c6 dugc md hinh
nghién ctru va thtr nghiém thuc té vé thiét bi cong nghé va ddi tuong nghién clru cua
dé tai. Gop phan ddo tao thac sy va NCS tién s¥.

- Két qua nghién ctru ctia dé tai gép phan vao qué trinh hién dai héa qué trinh san
xudt cong nghiép trong nudc. Mang lai hiéu qua kinh té cao, gbp phan ning cao
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ning suat va chit luong san pham cta doanh nghiép ché tao chay cbi dap thudc
vién.
+ Poi v6i linh viee khoa hoc va cong nghé c6 lién quan

- Két qua nghién ctru cua dé tai da dong gop vao viée cai tién quy trinh cong nghé,
nang cao niang sudt va chét luong gia cong chay dap dinh hinh.

- Két qua nghién ctru ctia dé tai ciing 1 co so, tu liéu cho viéc nghién ctru cai tién,
nang cao niang sut va chat luong cta gia cong PMEDM néi chung.

+ Poi voi phat trién kinh té - xi hoi

- Khi ap dung két qua nghién ctru cia d¢é tai dd nang cao cao ning suit va ning cao
chat lugng san pham khi ché tao chay cdi dap vién dinh hinh.

- G6p phan thyc hién hién dai hoa san xuat cong nghiép; gop phan giam yéu cau doi
hoi tho bac cao trong quy trinh san xuat.

- Két qua nghién ctru cua dé tai da dong gop vao viéc nghién ciru cai tién quy trinh
cong nghé, nang cao chat lugng hé thong, ting tinh canh tranh cho cic nha san xut
san pham thuong mai.

+ Poi v6i to chire chit tri va cdc co sé ing dung két qua nghién ciu

* P6i v6i don vi chu tri (Pai hoc Thai Nguyén):

- Tao diéu kién phat trién cho cc nha khoa hoc trong td churc;

- Tang cudng su hop tac trong nghién ctru khoa hoc va chuyén giao cong nghé;

- Gia ting cic san pham nghién ciru dugc chuyén giao, nham xay dyng va khang
dinh uy tin, thuong hiéu cua t6 chic;

* Pon vi phdi hgp (Doanh nghiép tur nhan Co khi chinh x4c Thai Ha):
- Tang cudng su hop tac trong nghién ctru khoa hoc va chuyén giao cong nghé;

- Tiép nhan dugc cac két qua nghién ciru dé tiép tuc nghién ctru phat trién san pham
thuong mai;

Té chuc hoat dong chuyén giao cong nghé va san xuat thiét bi cong nghé.
Ngay 15 thang 4 nam 2021
T6 chirc chi tri Chii nhiém dé tai

TS. Pd Thi Tam
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INFORMATION ON RESEARCH RESULTS

1. General information:

- Project title: Research to improve the efficiency of electrical discharge machining
with the use of dielectric solution mixed with nano powder.

- Code number: B2019-TNA-03

- Coodinator: Dr. Do Thi Tam

- Implementing institution: Thai Nguyen University

- Duration: from January 2019 to December 2020.

2. Objectives:

- The objective of the research is to study to improve the efficiency of the electrical
discharge machining with the use of dielectric solution mixed with nano powder.

3. Creativeness and innovativeness:

Innovativeness: Determination of optimum process parameter for two single
objevctive — minimum surface roughness and maximum material removal rate and
for multi-objective - getting both the minimum surface roughness and the maximum
material removal rate.

Creativeness: The shaped tablet punches have been machined by means of electrical
discharge machining with dielectric fluid mixed with powder.

4. Research results:

- Selection of the type of nano powder to use in the electrical discharge machining
with the use of dielectric solution mixed with nano powder.

- Finding optimum process parameter for getting the minimum surface roughness.
They are: the powder concentration C, = 4g/l; the pulse on time T,, = 6ys; the
pulse-off-time Toff = 21us; the pulse current IP=8A, and the servo voltage SV=4
V.

- Finding optimum process parameter for getting the maximum material removal
rate: Ton = 14 ps (A2); C, = 0,06 g/l (B3) Tor = 14 ps (C1); IP =12 A (D3); SV =3
V (E1).



- Finding optimum process parameter for getting both the minimum surface
roughness and the maximum material removal rate: C, = 4,0 g/lit, To, = 6 s, Tor =
30 s, IP=12A,SV=5V.

5. Products

5.1. Scientific products:

- Published 06 Scopus papers:

1. Vu Ngoc Pi, Do Thi Tam, Nguyen Manh Cuong, Thi-Hong Tran, Multi-
Objective Optimization of PMEDM Process Parameters for Processing Cylindrical
Shaped Parts using Taguchi Method and Grey Relational Analysis, International
Journal of Mechanical and Production Engineering Research and Development
(IIMPERD), Vol. 10, Issue 2, Apr 2020, 669-678. Scopus Q3.

2. Tran Thi Hong, Do Thi TamDo, The Vinh, Luu Anh Tung, Le Thu Quy,
Thangaraj Muthuramalingam, Vu Ngoc Pi, Nguyen Manh Cuong, (2021)
Optimization of PMEDM Parameters for Improving MMR in Machining 90CrSi
Steel - A Taguchi Approach. In: Sattler KU., Nguyen D.C., Vu N.P., Long B.T.,
Puta H. (eds) Advances in Engineering Research and Application. ICERA 2020.
Lecture Notes in Networks and Systems, vol 178. Springer. Scopus.

3. Tran Thi Hong, Nguyen Manh Cuong, Tran Ngoc Giang, Nguyen Anh Tuan, Le
Thu Quy, Thangaraj Muthuramalingam, Ngoc Pi Vu and Do Thi Tam, Multi-
response optimization in sinking EDM process using Taguchi-Grey method, In:
Sattler KU., Nguyen D.C., Vu N.P., Long B.T., Puta H. (eds) Advances in
Engineering Research and Application. ICERA 2020. Lecture Notes in Networks
and Systems, vol 178. Springer, Cham. Scopus.

4. Tran Thi Hong, Nguyen Manh Cuong, Nguyen Dinh Ngoc, Luu Anh Tung, Tran
Ngoc Giang, Le Thu Quy, Nguyen Thanh Tu, Do Thi Tam, (2021) Multi-objective
Optimization of Process Parameters During Electrical Discharge Machining of
Hardened 90CrSi Steel by Applying Taguchi Technique with Grey Relational
Analysis. In: Sattler KU., Nguyen D.C., Vu N.P., Long B.T., Puta H. (eds)
Advances in Engineering Research and Application. ICERA 2020. Lecture Notes in

Networks and Systems, vol 178. Springer. Scopus.
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5. Tran Thi Hong, Nguyen Manh Cuong, Le Thu Quy, Nguyen Dinh Ngoc, Nguyen
Thanh Tu, Tran Ngoc Giang, Bui Thanh Danh, and Do Thi Tam, Applying Grey
Relational Analysis to Optimize Machining Parameters during PMEDM Process of
Hardened 90CrSi steels, Technology Reports of Kansai University, Volume 62,
Issue 10, November, 2020.

6. Tran Thi Hong, Do Thi Tam, Nguyen Dinh Ngoc, Nguyen Manh Cuong, Le Thu
Quy, Nguyen Thanh Tu, Tran Ngoc Giang, and Bui Thanh Danh, Optimize
Machining Parameters using Taguchi Method Combined to Grey Relational
Analysis for EDM Hardened 90CrSi Steel, Accepted for Technology Reports of

Kansai University.

5.2. Training products:

01 PhD student has defended 03 PhD topics:

Topic 1: An overview of the electric discharge machining method (9 points).

Topic 2: Effects of process parameters on surface roughness when electric discharge
machining of 90CrSi steel with dielectric solution mixed with SiC powder (9

points).

Topic 3: Optimizing process parameters when EDM 90CrSi steel with the use of

nano powder by analyzing gray relation in Taguchi method (9 points).
5.3. Applied products:
1. Technological process for manufacturing shaped tablet punches.

2. Formula for determining optimum process parameter when PMEDM 90CrSi

steel:

- For getting the maximum removal rate. They are: the powder concentration C, =
3.5 g/l; the pulse on time T,, = 6us; the pulse-off-time Ty = 30 us; the pulse
current IP=12A, and the servo voltage SV=5 V.
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- For getting the minimum surface roughness. They are: the powder concentration
C, = 4g/l; the pulse on time T,, = 6ys; the pulse-off-time T = 21ps; the pulse
current IP=8A, and the servo voltage SV=4 V.

- Finding optimum process parameter for getting both the minimum surface
roughness and the maximum material removal rate: C, = 6.0 g/lit, Ty, = 6 YS, Tos =
30 s, IP=12A,SV=5V.

3. Real products: 20 pairs of shaped tablet punches.

6. Transfer alternatives, application institutions, impacts and benefits of
research results:

+ For the field of education and training:

- The research topic has meaningful links between the theory of advanced
machining methods with practical applications in industrial production of the topic.
- Create favorable conditions for graduate students and graduate students to have
actual research and testing models on technological equipment and research objects
of the topic. Contribute to the training of masters and PhD students.

- The research results of the topic contribute to the modernization of the domestic
industrial production process. Bring about high economic efficiency, contribute to
improve productivity and product quality of the enterprise manufacturing pill
mortar and stamping tablets.

+ For related science and technology fields:

- The research results of the topic have contributed to improving the technological
process, improving productivity and quality of forming stamping pestle.

- The research results of the topic are also the basis and materials for the research to
improve, improve productivity and quality of PMEDM processing in general.

+ For socio-economic development:

- Applying the research results of the topic has improved productivity and improved
product quality when manufacturing shaped pellets.

- Contribute to the modernization of industrial production; Contributing to reducing

the need for advanced craftsmen in the production process.
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- The research results of the topic have contributed to the research to improve the
technological process, improve the quality of the system, and increase the
competitiveness for manufacturers of commercial products.

+ For organizations presiding over and establishments applying research results

* For Thai Nguyen University:

- Facilitate the development of scientists in the organization;

- Strengthening cooperation in scientific research and technology transfer;

- Increase transferred research products, in order to build and confirm the reputation
and brand of the organization;

* For collaboration unit (Thai Ha Precision Engineering Private Enterprise):

- Strengthening cooperation in scientific research and technology transfer;

- To receive research results to continue researching and developing commercial
products;

- Organizing technology transfer activities and manufacturing technological

equipment;
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MO PAU

Gia cong xung dién (hay xung bang tia lira dién) 1a phuong phap gia cong
khong truyén thong duoc sir dung rong rii dé gia cong cac vat liéu kho gia cong,
céc chi tiét co hinh dang phuc tap, dac bi¢t 1a cac long, 161 cua khuon dép va
khuon duc... Phuong phap nay cho phép gia cong duoc cac vat liéu dan dién kho
gia cong, cac loai thép, thép hop kim sau khi to6i. Thém vao do, phuong phap nay
¢6 chi phi dung cu gia cong thap, rung dong, tiéng 6n trong qua trinh gia cong
thap. Pac biét, qua trinh xung dién khong gy mg suat du trén bé mat chi tiét gia
cong.

Bén canh cac uvu diém néu trén, gia cong xung dién cling ton tai mot sé han
ché nhu: Nang suét boc tach vat lidu thép; dién cuc bi mon kha nhanh va chat
luong bé mit gia cong khong cao. Pé han ché cac nhuge diém nay, trong nhimng
nam gan day, nhiéu giai phap da duoc dua ra nham cai thién cac chi tiéu kinh té,
k¥ thudt cua qua trinh xung dién. Trong nhitng giai phap da duoc dé xuit, gia
cong xung dién voi dung dich dién moi ¢ tron bot dan dién (bot micro/nano)
(PMEDM) 14 bién phép cho két qua rit kha quan. Bién phap nay di va dang
dugc nhiéu nha khoa hoc trén thé gidi va trong nudc quan tam.

Viéc tron bt nano vao dung dich dién moi da 1am tang dang ké nang suét gia
cong ciling nhu ting d6 cimg té vi va d6 bén mon cua bé mit gia céng. Thém vao
do, tron bot vao dung dich dién mdi lam giam dd mon dién cuc. Hon thé nita,
tron bot vao dung dich dién moi c6 thé lam thay d6i dang ké tinh chit co 1y cua
bé mat gia cong. N6 lam ting d6 bén mon va kha nang chong oxi héa do nhiét
cuia chi tiét gia cong.

Tur cac phan tich trén ta théy, vi¢c trdn bot micro/nano vao dung dich di€n moi
khi xung cho phép khic phuc dugc mot sé han ché cua gia cong xung dién, nang
cao dugc ning suit va ting cht lugng bé mat gia cong. Chinh vi vy, cho dén nay
nghién ciru vé gia cong xung dién sir dung dién moi c6 tron bot micro/nano da va
dang tro thanh moi quan tdm ciia cac nha nghién ctru trong va ngoai nude. Tuy
nhién, cho dén nay chua c6 cong trinh nghién ctru ndo vé xung dién véi dung dich
di¢én moi c6 tron bdt khi xung dinh hinh nguoc (chi tiét gia cong c6 dang tru dinh
hinh).



Trén thuc té san xuét, c6 nhiéu chi tiét & dang tru dinh hinh nhu chay dap
thudc vién dinh hinh, chay dot 15 thép tdm dinh hinh vv... Cac chi tiét nay thudc
dang chi tiét kho gia cong, dic biét khi chung c6 hinh dang bat ky ma bién dang
khong 16i (nhu chay dap thudc vién hinh trai tim, hinh D6-ré-mon, hinh khic
xuong, chay dot 16 thép hinh céc loai vv...) (cac chi tiét co bién dang 16i c6 thé
dé dang gia cong bang phuong phap mai). Céc chi tiét dang nay cho dén nay
trén thé gi¢i thuong dugc gia cong bang phay tdc do siéu cao (micro milling)
con ¢ nudc ta thuong duge gia cong bang phuong phap ngudi. Gia cong bang
micro milling cho nang suét khong cao, dic bi¢t 1a vai chi tiét da toi cing con
gia cong bang phuong phap ngudi ca ning suat va chat lugng gia cong déu thap.
Do vay, dé xuat giai phap gia cong chi tiét dang tru dinh hinh bang phuong phap
xung dinh hinh nguoc (xung tao ra chi tiét gia cong cé dang tru dinh hinh - nhu
trén da néu) 1a giai phap rat hiéu qua vi né cho do chinh xac va ning suét cao.
Nhu da néu trén, viéc tron bot vao dung dich dién moi giup tang nang Suét, tang
chét luong gia cong cling nhu ting tudi bén cua dién cuc va dan dén lam giam
gia thanh gia cong. Tuy nhién, cho dén nay chua c6 nghién ctru nao vé PMEDM
khi xung dinh hinh nguoc trong dung méi c6 tron bot micro/nano. Chinh vi thé,
""Nghién ciru ndng cao hiéu quad qud trinh gia cong xung dién dinh hinh voi

dung dich dién méi cé trén bot nano" 1a cap thiét.



CHUONG 1
TONG QUAN VE GIA CONG XUNG PIEN VA GIA CONG XUNG PIEN
CO TRON BOT
1.1. Gi6i thiéu vé gia cong xung dién

Gia cong xung dién hay gia cong bang tia ltra dién (tiéng Anh 1a Electrical
Dischagre Machining — viét tat a4 EDM) la phuong phap gia cong khong truyén
théng phd bién nhat [1]. Nam 1770, Joseph Priestly (nha khoa hoc ngudi Anh) 1a
nguoi dau tién phat hién ra hién twong dn mon vat liéu do phong dién gay ra. Hién
tugng ndy dugc cho 13 ngudn gdc cia gia cong xung dién. Sau nhiéu nd lyc cb
gang, hai vo chong B. R. Lazarenko va N. I. Lazarenko ciia Nga da nghién ctru
thanh cong su hinh thanh céc tia lira dién trong gia cong kim loai va d3 dua ra so dd
ciu trac cua may EDM vao nam 1943. Loai mach nay da lién tuc cai tién va dugc
tmg dung rong rai trong bd ngudn cung cap cia may EDM.

Nhitng nam 1950, tai My da sir dung mach dién diéu khién servo dé diéu
chinh thanh c6ng khoang cach gitta dién cuc va phoi khi xung dién [2]. Tuy nhién,
chi téi nhitng nam 1980 voi sy xuat hién diéu khién servo ctia may CNC thi hiéu
qua cua gia cong xung dién mai duoc khing dinh. Vi su cai tién lién tuc, cac may
xung dién ngay nay di lam viéc rat 6n dinh va chinh xac va dugc st dung rat rong
rai, dac biét khi gia cong cac chi tiét dang héc, 16m nhu khudn nhua, khudn dap
VV...

Trong gia cong xung dién, dung cu 13 dién cuc c6 hinh dang bé mit
la am ban ciia bé mat gia cong (hinh 1.1). Khe ho phéng dién giita dién cuc va chi
tiét gia cong duoc diéu khién ty dong dong co servo gin voi dién cuc. Dung dich
dién moi duoc sir dung 1am moi truong phong dién dong thoi 1ay di cac hat phoi

vun va vat liéu bi phan huy trong qua trinh gia cong.

Trong gia cong xung dién, qua trinh boc tach vat liéu dugc dua trén hiéu ung
an mon xung dién do xuét hién céc tia ltra dién gitra dién cuc va chi tiét gia cong
(Hinh 1.2). Céc tia lira dién ndy tac dung riéng ré& nho chat dién méi. Trong gia cong
xung dién, viéc boc tach vat li€u xay ra nho sy phong dién da tao ra nhi¢t do rat cao

lam néng chay va boc hoi hai dién cuc.
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Hinh 1.1: So d6 gia cong xung dién [3]

Do tac dong cta xung ap nén cé hién tuong ngit dong trong chit dién phan
trong mot kénh c6 ban kinh 10 um [3]. Hién twong ngit dong ting do cac électron
phat ra tir catdt gia tbc vé phia andt va do cac électron nam rai rac trong khe ho gitra
dién cyc va phoi va cham vdi cac nguyén tir notron cia chit dién mdi tao nén cac
ion duong va cac électron. Khi cac électron va cac ion duong tién dén andt va catot,
dong ning cta chung s& chuyén hoa thanh nhiét ning. Nhiét d6 nay 1én dén 8000
dén 12000°C va chung toa ra nhiét lugng dén 10" W/m? [3]. Do su phéong dién xay
ra trong thoi gian rat ngan (tir 0,1 dén 2000 ps), nén nhiét do cua andt va catdt ting
cuc bo dén nhiét d6 cao hon diém so6i cia chung. Do su bay hoi cua cac dién cuc, ap
suat cua kénh plasma ting nhanh dén khoang 200 atmdtphe. Ap suat cao nay da

chéng lai su bay hoi ctia kim loai bi nung néng.

Trong gia cong xung dién, t6 chirc kim loai ctia 16p bé mit chi tiét gia cong
b thay d6i do nhiét do khi phong dién rat cao (tir 8000 dén 120000C). Bén canh do,
bé mat gia cong ton tai mot 16p duc lai do bé mit duoc trang mot 16p mong kim
loai. Lép dtc lai nay thuong co6 do diy tir 1 dén 25 pm [3]. Lép nay dugc hinh
thanh do mét phan kim loai néng chdy khong duoc cudn ra khoi ving gia cong nén
da dugc t6i va tao nén mot 16p bé mit rat cung. Chiéu sau cua 16p thdm t6i nay tu

4



50 -100pm tuy theo xung thd hay tinh [3]. Cac vung anh huong nhiét khi gia cong

xung dién dugc biéu dién trén Hinh 1.3.

EDE
phase

Plasma

{  Dién mai

/

Hinh 1.2: Cdc phan tir ciia gia cong xung dién [3]

L Duclait-s0um
“1.-Bién clrng 200 1M

Hinh 1.3: Ving anh huong nhiét khi gia cong xung dién [3]

Do chinh xac cta gia cong xung dién phu thudc vao nhiéu thong sé nhu vt
liéu gia cong, hinh dang két cau bé mat gia cong, do0 mon cua dién cuc, khe ho
phong dién giita dung cu va bé mit gia cong vv...Gia cong bang xung dién dé dang
dat dugc d6 chinh xact 0.05mm. Dic biét co thé dat duge dung sai + 0.003mm véi

cac may xung CNC hién dai [3].

1.2. Thue trang ciia gia cong xung dién va gia cong xung dién c6 tron bot
Gia cong xung dién 1a gia cong khong truyén thong pho bién nhat. Chinh vi

vay cho dén nay da c6 kha nhiéu nghién ctru vé gia cong xung dién. Cac nghién ctru
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nay tap trung vao cac van dé€ nhu anh huong cua vat liéu dién cuc, anh hudng cua
ché do gia cong va anh huong cta dung dich di¢én moi dén chat lugng va nang xuat

khi xung.

1.2.1 Anh huéng ciia vat liéu dién cwe dén chit lwgng bé mit xung

Gia cong xung dién thuong duoc dung dé ché tao bé mit cac khuon cé hinh
dang phuc tap, d0 chinh xdc cao nhu cac khuon ép nhua, khuon duc, hodc céac 16
khong thong [3, 4, 5]. Trong gia cong xung dién, cac dién cuc da duoc tao hinh sin
dé tao hinh (am ban) cua né lén bé mit chi tiét gia cong. Viéc lua chon vat li¢u dién
cuc thich hop khi xung 14 rat quan trong vi nd quyét dinh dén do chinh xéac, ning

suat ciing nhu chat lugng bé mit xung.

Trong xung di¢n, cac loai vat li¢u thuong dung lam dién cuc gém co déng
do, dong graphite, ddng vonfram, graphite, bac vonfram, dong thau, vonfram vv...
Trong céc loai vat liéu noi trén thi ddng do va graphite 1a hai loai vat liéu duoc ding

pho bién hon ca.

Pong d6 c6 kha ning chiu mon tbt, do dian dién cao va gia thanh ré. Tuy
nhién, gia cong dong dé khong d& nhu gia céng graphite hay dong thau. Mic du vay
nd van dugc dung nhidu gan nhu graphit, nhat 1a khi gia cong cac bit vonfram.

Pong do thuong dung dé gia cong tinh voi Ra nhé hon 0,5 pm [3].

Graphite dung dé 1am dién cuc thudng c6 ¢& hat tir 0,001 dén 0,1 mm [3].
Vit liéu nay dé dang gia cong bang cac phuong phap truyén thdng nhu tién, phay,
bao, ngudi vv...Thém vao d6, co thé dé dang tao cac 16 din chat dién méi trong long
dién cuc bang vat liéu graphite. Tuy nhién, graphite c6 nhuwoc diém 13 né tao bui
ban, 6 nhiém mai trudng khi gia cong nén can c6 hé théng hiit chan khong khi gia

cong vat liéu nay.

DPdng vonfram va bac vonfram 14 cac vat liéu duoc tao ra bang cach ép bot
vonfram va thiéu két sau d6 cho tham thau véi dong hay bac. Pién cuc 1am bang
cac vat liéu nay c6 tinh gia cong kha tot nhung ching khong tao hinh duoc sau khi

da thiéu két. Cac vat lidu ndy rat dit tién (dit gap 18 dén 100 lan so voi vat lidu
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ddng do) nén thuong chi dugce dung trong truong hop dic biét nhu gia cong cac

ranh siu (diéu kién boi tron va thoat phoi kém) [3].

Ddng graphite dugc tao ra bang cach tham thau dong d6 vao graphite. Dién
cuc lam béng loai vat liéu nay c6 do bén udn cao hon dién cuc graphit nén hay dugc
ding khi dién cuc c6 tiét dién mong. Pong graphitecé tinh dan dién tét nhung tinh
chiu mon kém hon dién cuc graphite nguyén chét cung ¢ hat [3]. Pién cuc dong

graphite thich hop khi xung céc bit vonfram.

Pong thau ré va dé gia cong nhung c6 dd chiu mon kém. Loai vat liéu nay
thuong dung lam dién cuc dé khoan cac 186 dic biét nho vi n6 cho phép do0 mon dién

cuc cao nhu khi khoan moi dé cat day tia Itra dién.

Dién cuc vonframduoc coi 1a vat liéu dién cuc c6 tinh mon tot nhat. Loai vat
lidu nay thuong dung dé gia céng cac 16 nho (<0,2 mm) khi khong thé tao cac 16 boi
tron bén trong dién cuc. Nhuoc diém cia loai vat liéu nay 1a kha ning gia cong

kém, tao hinh dién cuc kho va gia thanh cao [3].

Trong [6] da khao sat anh hudng ciia cac thong sd qua trinh dén kha ning gia
cong cua dién cuc 1am bang dong thau khi gia cdng Inconel X750. Cac thong sé qua
trinh gom dién 4p danh lira, cudong do dong dién xung va thoi gian xung Ton da
duoc khao sat. Thém vao d6, dd mon cia dién cuc dong thau va do nham bé mat chi

tiét gia cong ciling da duoc danh gia.

Trong [7] da trinh bay két qua nghién ctru d§0 mon cua cac vat li¢u dién cuc
khac nhau khi gia cong thép khong gi SS-202. Cac vat liéu dién cuc dung trong
nghién ciru nay gém dong thau, dong thanh va dong — vonfram. Két qua nghién ciru
cho théy trong cac vat liéu dién cuc néu trén thi déng — volfram c6d6 mon nho nhét;
tiép d6 1a dong thau va dong thanh. Bén canh d6, nghién ciru ciing chi ra rang cac

dién cuc lam bang dong — volfram c6 dd mon goc khong dang ké.

Trong [8] nghién ctru d0 mon dién cuc hinh tru véi vat liéu déng thau khi
xung thép 1am khudn D-3 voéi hai chi tiéu 14 khdi luong va chiéu dai ca dién cuc.

Trong nghién ctru nay, cac bién dau vao cia qua trinh gom cuong do dong dién,
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thoi gian phat xung va thoi gian ngimg xung. Két qua nghién ctru cho thay dién cuc

bang dong thau cho tudi tho cao ma khong can stra méi lai bé mat.

Trong [9] da dé xuét mot ti s6 mon méi cho dién cuc khi xung. Theo d6, mot
16p tinh thé da phuong ciia cac bon vé6i cac pha ngdu nhién méau den xuat hién va
bam chdt trén dién cuyc. Nghién ctru cling chi ra 16p nay khong chi ¢6 cac bon ma
con ¢o cac nguyén td khac nhu sit, crom, vanadi va molip den. Pa s cac nguyén tb
nay ¢ dang cac bon tuong duong la nguyén nhan chinh gy nén gidm mon cho dién
cuc. Bén canh d6, cac tic gia cling dé xuat bién phap giam mai mon cua dién cuc

bang cach Iira chon cac tham sb dau vao ctia qua trinh xung hop 1y.

Trong [10] d& nghién ctru anh hudng cia vat liéu dién cuc dén chat luong bé
mit gia cong va do mon cua dién cuckhi xung véi dién cuc dong va graphite. Tir két
qua nghién ctru, vat lidu dién cuc bang dong cho phép d6 mon dién cuc nhé hon
dién cuc graphite nhung ning suat gia cong thap hon. Bén canh do6, vt lidu graphite

cho nang suat boc tdch cao, @ mon va toc do mon 1én va dg nham bé mat 16n.

1.2.2 Anh huéng ciia ché d xung dén chit lwong bé mit gia cong

Cho dén nay da c6 nhiéu nghién ctru vé anh hudng cua cac tham sb qua trinh
khi xung dén chat luong bé mat gia cong. Cac nghién ctru da khao sat anh huong
ctia ché d6 xung dén chat lwong bé mit va ning suit boc tach khi gia cdng cac loai
vat li¢u khac nhau nhu thép dung cu Inconel X750 [6], SS-202 [7], EN31 [11],
Inconel 625 [12], Tungsten Carbide [13], thép dung cu HPM38 [14], AISI 4340
[15], Al 7075/B 4 3 c/Gr Hybrid Composite [16], thép hop kim thap EN24 [17],
thép dung cu AISI D6 [18] vv...

Trong [15] va [17] d3 néu két qua nghién ctru xac dinh cong thire xac dinh
tbc do boc tach va do nham bé mat khi xung thép AISI 4340. Ngoai ra, trong [17]

con xay dung cong thirc tinh d6 mon cua dién cuc.

Cho dén nay d c6 nhiéu nghién ctru vé anh huong cua vt liéu dién cuc dén
chét luong gia cong. Hau hét cac nghién ctru tip trung cho dién cuc bang dong thau

[1, 6-9]. Bén canh d6 ciing c6 cac nghién ctru vé dién cuc dong thanh [7], dong -
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volfram [7] va graphite [9].

Viéc nghién cru anh hudng cia cac thdng sé qua trinh dén chat luong gia
cdng di dugc thuc hién bang nhiéu phuong phap khic nhau nhu phuong phap bé
mat chi tiéu (Response Surface Methodology - RSM) [6, 15, 16], phuong phap
nghiém toan phan (full factorial design) [18] hay phuong phap Taguchi [19].

1.2.3 Anh hwéng ciia dung dich dién méi dén chat lwong bé mit gia cong
Dung dich dién méi trong gia cong xung dién duoc su dung dé thuc hién mot

s6 chire ning sau [20]:
- La mdi truong cach ly giita dién cuc va chi tiét gia cong;
- Dan nhiét, 1am mat cho dién cuc va chi tiét gia cong;
- Lam thoét phoi sinh ra trong qué trinh gia céng.

bé thuc hién dugc tot cac chire nang trén, dung dich dién mdi can phai dap trng cac

yéu cau sau:
- C6 d6 bén cach dién cao;
- Dan nhiét tot;
- [t bi phan huy, bay hoi do tia lira dién;
- C6 kha nang khtr ion nhanh;

- C6 d6 nhét thip dé dé dién day khe ho giira dién cuc va chi tiét gia cong va

dé dang thoat phoi;
- Gi4 thanh ré.

Dung dich dién méi hay sir dung 1a dau hoa vi né cach dién t6t, @ nhét nho
va c6 kha niang diéu khién khe ho gia cong tot. Tuy nhién, dau hoa dé bj chay va
hay mang theo phoi kim loai. Do d6 khi dung chat dién méi 1a dau hoa can phai co
bo loc tot. Ngoai ra con c6 cac loai dung dich di¢n moéi khac nhu Kerosene, dau
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silicone va dung dich dién moi co sé nudc.

Trong gia cong xung dién, luu thong dung dich dién méi anh hudéng 16n dén
qua trinh gia cong. Luu thong dung dich dién moi tét 1am ting d6 chinh xac gia
cong, ting hiéu suit ciia may va lam giam thoi gian ciing nhu chi phi gia cong. Khi

thiét ké luu thong chat dién méi can chu ¥ nhu sau [20]:
- Nén luu thong dung dich dién moi qua long dién cuc;

- Nhiéu 15 luu thong dung dich dién méi nhé t6t hon mot 16 16n. Luu thong
qua nhiéu 18 luu thong nhé cho phép phan phdi dung dich tot hon. Thém vao do,

viéc loai bd céac bot kim loai bam trong cac 16 luu thong cling dé dang hon.

- Nén tao dong chay dung dich di¢én mdi 6n dinh va bao trum ca dién cyc va

chi tiét gia cong.

- Nén tranh cac diém chét (khong c6 dung dich luu thong) do ap suét tir mot

vat can nao dé ¢ phia doi dién tao nén.

- Nén ¢6 15 thong cho céac chi tiét dang ham éch dé tranh sy tip trung cua cac
khi dé& nd.
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Hinh 1.4: Cdc phwong phdp heu thong chat dién moi [20]

Hinh 1.4 trinh bay mét s6 so d6 thong dung vé luu thong dung dich dién méi. Chat
dién moi dugc luu théng qua 16 khoan xuyén qua chi tiét voi hai kiéu bao gdm luu
thong tir duéi 1én (hinh 1.4a) va luu thong tir trén xudng (hinh 1.4c). Ngoai ra, chét
dién méi cling c6 thé luu thong qua 16 khoan sudt qua long dién cuc vé6i luu thong
tir trong 16 khoan ra ngoai bé chtra dung dich (hinh 1.4b) hodc luu thong tir ngoai bé
chtra vao 1ong 16 khoan (hinh 1.4c). Luu théng dung dich dién méi 4nh huéng 16n
dén su thanh cong cia gia cong xung dién. Luu thong dung dich dién méi tt lam
ting d6 chinh xac gia cong, ting hiéu suit ctia may va lam giam thoi gian ciing nhu

chi phi gia cong.

Gia cong xung dién c6 nhiéu wu diém so voi gia cong truyén théng nhu:
dung cu (dién cuc) khong can do cting cao hon d6 cling cua chi tiét gia cong; khong
gay bién dang chi tiét gia cong do dién cuc va phdi khong tiép xuc nhau trong sudt
qua trinh gia cong. Bén canh dé, ning lugng nhiét dung dé boc tach vat liéu gia
cong khong 16n nén it gay bién dang nhiét cho chi tiét gia cong. Thém vao do, dang
gia cong ndy c6 kha ning gia cong duoc cac bé mit c6 kich thude nhod véi hinh

dang phirc tap; dé dang ty dong hoa do cac chuyén dong ctia may kha don gian.

Bén canh d6, gia cong xung dién ciing c6 mot s6 han ché nhu: N6 chi gia
cong duogc cac loai vat liu dan dién. Bén canh do, ning suét va chat luong bé mat
gia cong khong cao. Thém vao d6, trong qua trinh gia cong dién cuc bi mon lam
anh huong xdu dén d6 chinh xéc gia cong. Pé khic phuc cac nhugce diém nay, trong
nhitng ndm gan day, nhiéu giai phap di dugc dua ra nham cai thién cac chi tiéu kinh
té, k¥ thuat cua qua trinh. Trong nhitng giai phap di duoc dé xuat, gia cong xung
dién v6i dung dich dién méi co tron bot dan dién 1a bién phap cho két qua rat kha

quan. Bién phap nay d3 va dang dugc nhiéu nha khoa hoc quan tam.

Cho dén nay, phuong phap tron bot vao dung dich dién moi trong gia cong
xung di¢n (PMEDM) da dugc nghién ctru véi cac loai bot khac nhau (nhu bot Al,
Cr, Si, Gr, Cu...) va da cho cac két qua rat kha quan vé kha ning nang cao nang suét
va chét lugng bé mit gia cong [21], [22]. Liew P. J. va cic cong sy dd nghién ciru
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anh huéng cua ndng do bdt nano cac bon (C) trong dung dich dién méi t6i kich
thudce khe ho phong dién, tdc d6 boc tach, dd mon cua dién cuc va chat luong bé
mit gia cong khi xung thép khong gi SUS304 véi dién cuc W [23]. Két qua cho
théy viéc tron bdt nano C vao dung dich dién moi da lam tang dang ké kich thuée
khe hé phéng dién, ning suat gia cong, 6 ctng té vi va d6 bén mai mon cua bé mat

gia cong, dong thoi lugng mon dién cuc giam.

Kich thuéc, tinh chat cua bot va loai dung dich dién moi dong vai tro quan
trong voi PMEDM [24]. Két qua nghién ctru ciing cho thiy viéc tron bot nano C
vao dung dich dién moi di lam ting dang ké kich thudc khe ho phong dién, ning
suat gia cong, do ctng té vi va do bén mai mon cua bé mat gia cong, dong thoi
lwong mon dién cuc giam. Kich thudc, dac trung ctia bot va loai dung dich dién moi
dong vai trd quan trong trong PMEDM [24]. Két qua cua [25] cho thay kich thudc
khe ho phong dién phu thudc vao nong do bot, kiu bot va cac thong sd cong nghé
khac. Theo d6, ting ndng d6 bot lam kich thude khe hd phong dién ting theo. Tuy
nhién, ndng d6 bot ting qué gidi han cho phép sé& lam kich thudc khe ho khong ting
ma c6 thé 1am xuét hién cac hién tuong: Ngén mach, sut ap, dung méi bi qua nhiét...
Kich thudc bot 1a thong s6 ¢6 anh hudng 16n dén qua trinh PMEDM. N6 khong chi
anh huong dén toc do boc tach vat lidu, do mon dién cuc, do nham bé mat gia cong
ma con anh hudng dén chiéu day 16p bé mat bi thay doi do nhiét xung gay ra [22].
Anh hudng cua céc loai bot khac nhau dén qua trinh gia coéng ciing da duoc dé cap
dén trong [21, 26]. Thém vao d6, mic do st dung cac loai dung dich di€én moi nhu
dau xung, nudc khir ion, hdn hop khi ga va dau khi PMEDM ciing da duoc khao sat
trong [23].

Vi¢e tron bot vao dung dich di¢én méi lam thay dbi dang ké tinh chét co lycua
bé mit gia cong [26]. N6 lam tang d6 bén mon va kha nang chdng oxi hoa do nhiét
cta chi tiét gia cong [28, 29]. Gia cong PMEDM vdi bot Gr, Si, Al cho 16p bé mit

¢6 d6 bén mon cao hon so véi gia cong bang EDM [30].

Tt cac phan tich trén ta théy, viéc tron bot nano vao dung dich di€n moi khi

xung cho phép khic phuc dugc mot sb6 han ché cua gia cong xung di€n, nang cao
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dugc nang suat va tang chat luong bé mat gia cong. Chinh vi vay, cho dén nay
nghién ctru vé gia cong xung dién st dung di€én moi c6 tron hat nano da va dang trd
thanh muc tiéu cua nhiéu nghién ctru. Tuy nhién, nghién ctru vé PMEDM khi xung

chi tiét gia cong c6 bién dang tru dinh hinh hién con chwa c6 cong trinh nao.

Trén thuc té san xudt, co nhiéu chi tiét & dang try dinh hinh nhu chay dap
thube vién dinh hinh, chay dot 16 thép tam dinh hinh vv... Céac chi tiét nay thudc
dang chi tiét kho gia cong, dic biét khi chiing c6 hinh dang bat ky - goi 1a c¢6 bién
dang dinh hinh (nhu chay dap thubc vién hinh trai tim, hinh D6-ré-mon, hinh khic
xuong, chay dot 16 thép hinh cac loai vv...) (Hinh 1.5). Céc chi tiét dang nay cho
dén nay trén thé gigi thuong duoc gia cong bang phuong phap phay téc do siéu cao
(micro milling). O nudc ta cac chi tiét nay thuong dugc gia cong bang phuong phap
ngudi nén ning sudt va chit luong gia cong thap. Do vay, hudng giai quyét 1a gia
cong bang phuong phap xung dinh hinh nguoc (xung tao ra chi tiét gia cong cd
dang tru dinh hinh - nhu trén da néu). Pac biét, nang suét va chét lugng xung loai
chi tiét nay c6 thé dugc cai thién dang ké néu sir dung PMEDM. Gén day, ¢ nudc ta
da c6 nghién ciu vé xung bé mit try bién dang dinh hinh (hay xung dinh hinh
nguoc) dé gia cong chay dap vién dinh hinh véi viée st dung dién cuc bang dong
[31] va dién cuc graphite [32]. Tuy nhién, nhu trén di néu, cho dén nay chua co
nghién ctru ndo vé PMEDM khi xung dinh hinh nguoc trong dung méi c6 tron bot
nano. Chinh vi thé, "Nghién ctru nang cao hiéu qua qua trinh xung dinh hinh nguoc

v6i dung dich dién moéi c6 tron bot (micro/nano)" 1a cap thiét.
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Hinh 1.5: Chay ddp vién nén dinh hinh

1.3. Két luan chwong 1
- Nang cao ning sudt va chét luong gia cong cua phuong phap tia lira dién bang
bién phap tron bdt vao dung dich dién moi (PMEDM) 1a hudng nghién ctiru cd nhiéu

trién vong.

- C6 rat nhiéu yéu t6 anh hudng dén ning sudt va chat lugng gia cong cia PMEDM
(vat liéu bét, kich thudc bot, néng do bot, vat licu dién cuc, cac thong $6 cong ngh¢

..). B ¢ nhimg nghién ctru vé quy luat anh hudng cia cac yéu td va ban chat cua
cac hién tuong xay ra trong qua trinh gia céng cia PMEDM. Nhiéu loai bot di duoc
khéo sat, mot s6 chi dan sir dung bdt trong cac diéu kién cu thé d3 duoc dua ra (nhu
vat liéu bot, trj sb hop ly cta cac thong sb cong nghé, cua kich thudc va néng do
bot...). Tuy nhién, con nhiéu van dé trong qua trinh gia cong chua duoc 1am 13, sb
liéu dua ra trong cac nghién ctru khac nhau lai c6 sy khac nhau kha 16n, diéu nay

gay kho khan cho viéc tmg dung két qua nghién ctru vao thuc tién san suat.

- Mot s6 nghién ctru vé PMEDM véi bot SiC dd duge cong bd nhung méi chi dirng
& khao sat chat lugng bé mat gia cong voi mot sb vat liéu gia cong. Céan co nghién

ctru day da hon vé sir dung loai bot nay trong PMEDM.
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- Thép 90CrSi 1a mét trong nhitng mac thép duge sir dung phd bién 1am khuon rén,
khuon dap, dac bi¢t 1a [am khudn ép vién nén. Nghién ciu vé PMEDM véi bot SiC

va mac thép nay vi vay s€ c6 y nghia khoa hoc va thuc tién.
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CHUONG 2
NGHIEN CUU THU'C NGHIEM XAC PINH CAC THONG SO TOI UU KHI
GIA CONG XUNG PIEN THEP 90CrSi VOI DUNG DICH PIEN MOI CO
TRON BOT SiC NHAM PAT NHAM BE MAT NHO NHAT

2.1. Muc dich thi nghiém

- Xac dinh cac thong sé céng nghé tdi wu cia qua trinh xung nhim dat do
nham bé miat nho nhat khi xung thép 90CrSi qua t6i voi dung dich dién moi co trot
bot.

- Pé xuét ché do cong nghé xung hop 1y nham dat nham bé mat nhoé nhat.
2.2. Setup thi nghiém
2.2.1 Chon loai bot

Trén thuc té c6 nhiéu loai bot co thé st dung dé tron vao dung dich di¢n moi1

dé dung cho gia cong xung dién. Vi du nhu bot Titan (Ti), bot crom (Cr), bot
Mangan (Mn), bot Silic (Si), bot dong (Cu), bot nhom (Al), bot TiO,, bot MoS,,
B4C, SiC, TiC vv... Hinh 2.1 [33] da khao sat mtrc d0 st dung cac loai bt trong
nghién ciru PMEDM theo s6 liéu thong ké tir ndm 1981+2015.

= Bot kinh = TiO2

m TiC =Mn
mB4C W
= MoS2 uCr
»Cu mTi
= SiC mSi
m Al nGr

Hinh 2.1. Bot trong nghién ciru PMEDM [1].
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Hinh 2.2. Bt SiC
Gia cong xung dién v6i st dung dung dich dién méi cd tron bot da duge quan

tam boi nhiéu nha nghién ctru. Qua trinh gia cong da dugc khao sat vdi cac loai bot
khac nhau, véi kich thudc hat va néng dd hat khac nhau. Cu thé, cc loai bot khac
nhau da dugc nghién ctru va danh gia nhu bot titan, bot nhdém, bot vonfram, bot kém
(Zn), bot crom, Al203, bot SiC, bot graphite [34], bot y-Fe203 [35], éng cacbon
nano [36] vv... Khong chi cac loai hat khac nhau, cac kich thudc hat khac nhau ciing
la muyc ti€u khao sat. Trong [37] da nghién ctru gia cong vaoi hat volfram c& 10-15
pm con trong [38] lai khao sat vai hat crom cé kich thude 45-55 pm. Bén canh do,
hat A1203véi kich da dugc nghién ctru trong [39]véi thude 0,51 um va trong [40-
41] véi kich thude 45-50 pm. Thém vao do, cac nghién ctru con tép trung vao danh
gia qua trinh gia cong vé6i cac ndng do bot khac nhau trong dung dich dién méi. Cu
thé, khi gia cong voi bot Al co mat do 6 g/l [42]; voi bot vonfram véi néng do 4 g/l
[37]; voi bot Zn véi nong do thay doi tir 2 dén 6 g/l [43], véi bot Al203 ndng do tir
1 d&én 2 g/1 [39], tir 2.5 dén 2.8 g/l [40] hodc tir 2,5 dén 2,8 g/l [41], véi bot titan tir
10 dén 20 g/1 [44] vv...

Silicon, bot crom va mot sd bot khac su dung tdt dé tron vao dung dich dién
moi cho dang gia céng nay.Tuy nhién, nhitng chit phu gia nay dat tién, kho xur 1y va
€O coi la kim loai ndng ddc hai [45]. Bén canh do, bt vonfram va bdt titan dung
kha hiéu qua nhung gia thanh ciia chung kha cao. Vi thé cho nén, trong nghién ciru
nay, bot nano SiC (c& hat 500nm) dd duoc chon dé tron vao dung dich dién méi.

Loai bot ndy di dugc danh gia sir dung rat hiéu qua cho dang gia cong nay [45].
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2.2.2. Setup thi nghiém
a. So d6 thi nghiém

Thiing chira dau dién cu'c voi phun bom

Canh khudy

Nam cham

Phoi

Hinh 2.3: So do setup thi nghiém

Hinh 2.4. Setup thi nghiém
Setup thi nghiém duoc biéu dién trén Hinh 2.1 & dang so dd va trén hinh 2.2 13

anh chyp thuc té. Cu thé setup nhu sau :
- May xung Sodick A30 (Hinh 2.5) MODEL: Mark20-A30 do Nhat Ban san xuit;

- Dung dich dién méi: dau xung Diel MS 7000 (hang Total);
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- Dién cuc: vat liéu déng d6. Hinh 2.6 biéu dién hinh dang va kich thuéc cua di¢n

cuc.

- Chi tiét gia cong: Thép 90CrSi t6i va ram dat 58-60 HRC (Hinh 2.7);
- Bot nano SiC, c6 hat 500nm ;

- Can dién tdtWT3003NE, do chinh xac 0,001g (Hinh 2.8)

- May do nham bé mat: SV3100 — Mitutoyo — Japan (Hinh 2.9).

o 7"\

Hinh 2.5: May xung

$10

10

$35

Hinh 2.6. Pién cuc
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Hinh 2.8. Cdn dién tur

Hinh 2.9. Mdy do nhdam bé mdt SV3100
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2.3. Thiét ké thi nghiém

Thi nghiém dugc thiét ké theo phwong phap thuc nghiém Taguchi [24].
Phuong phap nay cho cac ma tran thi nghiém duoc thiét ké dwa vao cac ma tran truc
giao dinh. Phuong phap cho phép c6 cac thong sé dau vao co sd luong 16n (tir 3 dén
50) va cac mirc c¢6 thé khac nhau (ca tri s6 va sd luong). DPiéu nay cho phép xac
dinh duoc anh huong ctia hau hét cac thong sé dén gia tri trung binh cua két qua dau
ra voi s6 lwong thi nghiém nho nhét, thoi gian va chi phi it nhat. Dong thoi xac dinh
dugc cac thong sé anh huong manh nhat dén cac két qua dau ra, tir 46 dua ra nhiing
thir nghiém tiép theo va loai bo nhitng thong sb c6 anh huong khong dang ké (anh
huong yéu). Muc dich 1a diéu chinh cac thong sd dén murc t6i wu dé qua trinh/san
pham 6n dinh & mirc chat luong tot nhat. Do d6 phwong phéap nay cho phép st dung
t6i thiéu cac thi nghiém can thiét & dé nghién ciru 4nh hudng cua cac thong sé 1én
mot dac tinh dugc lya chon nao d6 cua mot qua trinh/san phém tor d6 nhanh chong
diéu chinh cac théng sd tién dén tdi vu nhanh nhat.

Phan mém Minitab 19 duoc st dung dé thiét ké thi nghiém - Taguchi L18 (6”1
374). Bang 2.1 thé hién cac thong sb va cac murc thi nghiém. Hinh 2.10 biéu dién
khai bao cac bién thi nghiém cho budc khéi tao ké hoach thi nghiém va bang 2.2 thé

hién ké hoach va két qua thi nghiém.

Bdng 2.1. Cdc mirc thi nghiém ciia cdc théng sé dau vao Cp, Ton, Tofr, IP va SV

héf; 1 | 2| 3 | 4|5 |6

Nong do bot C,, [g/lit] 0 20 | 25 | 35 | 40 | 45

Thoi gian phat xung T, [US] 6 10 14 - - -

Thoi gian ngirng phat xung T [US] 14 21 30 - - -

Cuong d6 dong phong dién IP [A] 4 8 12 - - -

Hiéu dién thé SV [V] 3 4 5 - - -
21
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Taguchi Design 4 Taguchi Design: Design X
Type of Design Runs Levels ~ Columns Levels * Columns
" 24evel Design (2 to 31 factors) L16 4~ 3 2n 2 -
" 34evel Design (2 to 13 factors) L1g 4~ 4 2Aq
~ R fa Lig g~ 1 24
4L evel Design (2 to 5 factors) L18 2~ 1 34
(" 5 evel Design (2 to 6 factors)
{+ Mixed Level Design (2 to 26 factors) L32 201 4004
L35 21 34
. " . L3& 22 33 A
R r ,5—L| Display Available Designs... |
Designs... | |
[~ Add a signal factor for dynamic characteristics
Help Ok | Cancel
Help oK | Cancel |
Taguchi Design: Factors * Tag uc hi DESlgn

Assign Factors
% To columns of the array as specified below

" To allow estimation of selected interactions

Design Summary

Facto Name Level Values Column | Level

A [cp 02253.54456 1 - s Taguchi Array L1&{e"1 3~4)

B |Ton 61014 2 x| 3 Factors: g

C [Toff 142130 3o+ 3

D IP 4812 T Runs: 18

E |5V 345 5 x| 3

Columns of L18(6*1 38} array: 12345

Help oK. | Cancel |

(b)
Hinh 2.10. Khai bdo bién thi nghiém theo phuwong phdp Taguchi (L18 = 6]

3™ =18 thi nghiém)

Badng 2.2 Ké hoach thi nghiém va két qua thi nghiém xung theo cdc thong sé dau
vao Cp, Ton, Tosr, IP va SV

Ra [pum
T Co | Ton | Torr| 1P SV Lan1 | Lan2 La*m[l31 ] S/N Mean
1 0 6 | 14 4 3 | 2.960 | 2.930 | 2.928 | -9.3651 |2.93933
2 0 10 | 21 8 4 | 2.239 | 2.161 | 2.383 | -7.0932 |2.26100
3 0 14 | 30 | 12 5 | 5.066 | 5.117 | 5.125 |-14.1561 |5.10267
4 2 6 |14 8 4 | 2411 | 2.434 | 2.482 | -7.7567 |2.44233
5 2 10 | 21 | 12 5 | 2.749 | 2.839 | 2.601 | -8.7278 |2.72967
6 2 14 | 30 4 3 | 4.942 | 5.200 | 5.174 |-14.1627 |5.10533
7| 25 6 |21 4 5 ] 2.158 | 2.232 | 2.196 | -6.8308 |2.19533
8 | 25 |10 |30 8 3 | 3.895 | 3.882 | 3.868 |-11.7804 |3.88167
9| 25 |14 |14 | 12 4 | 3.840 | 3.733 | 3.790 |-11.5680 |3.78767
10| 35 | 6 [ 30| 12 4 | 2791 | 2.620 | 2.528 | -8.4602 |2.64633
11| 35 | 10 | 14 4 5 | 3.421 | 3.559 | 3.490 (-10.8576 |3.49000
12 35 |14 | 21 8 3 | 2685 | 3.068 | 2.906 | -9.2198 |2.88633
13 4 10 | 30 4 4 | 2.959 | 2.795 | 2.763 | -9.0673 |2.83900
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Ra [um
T Co | Ton | Torr| 1P SV Im e S T an 2 Lén[l_;: ] SIN | Mean
14 14 |14 8 | 5] 2646 | 2.670 | 2.785 | -8.6305 |2.70033
15| 4 | 6 [30] 8 |5 | 1614 |1.655 |1.741 | -4.4587 |1.67000
16| 45 |10 |14 | 12 | 3 | 3.752 | 3.613 | 3.926 [-11.5172(3.76367
17| 45 |14 [ 21| 4 | 4 | 4404 | 4.298 | 4.491 [-12.8658(4.39767
18| 45 |14 30| 8 | 3 | 2.864 |2.732 | 2.795 | -8.9355 |2.79700

Tu ké hoach thuc nghi¢ém néu trén, 18 thi nghiém véi 18 ché do xung da dugc
tién hanh. Mdi thi nghiém duoc lam lap 3 lan dé ting d6 chinh xac cua thyc nghiém.

Phuong phapTaguchi sir dung ty sé tin hiéu/nhiéu (Signal-to-Noise) S/N Ty sb
S/N: Thi nghiém c6 gia tri ty sé S/N cao nhit s& cho két qua t6i vu it bi anh hudng
boi nhiu nhat. Ty sé S/N dung dé xac dinh mirc cho két qua dau ra t6i vu. Ty sb
S/N cua cac két qua dau ra dugc xéac dinh nhu sau.

- Phan tich bai toan: Trong qua trinh t6i uvu hoa bai toan tinh ta ¢ thé st dung
3 hé sb (S/N) twong tmg véi cac trudng hop sau:

+ Nhé hon la tot hon

S/N =-10 Log;, [MSD] (2.1)
MSD — Téng binh phuong trung binh cila cac gia tri do.

2 2
+Y, +...+Y,
n

2
MSD = 2

Cong thirc trén thuong duoc sir dung trong cac trudng hop xuat hién cac hién
tugng khong mong nhu: cac khuyét tat, sai s6... ma tri sb 1i twong 13 bang khong.
Ngoai ra khi gid tri li tudéng 1a mot tri s6 hiru han va mot gia tri 16n nhét hodc nho
nhat duoc xac dinh bai k, tiép theo su khic nhau giira gia tri do va gia tri li tudng
du kién s& cang nho cang t6t. Va hé s6 S/N sé trd thanh:

S/N =-10 Loglo [MSD]

MsD = O =K+ (¥, =K)* + o (v, —K)°
n

+ Lém hon la tot hon:
S/N =-10 Log; [MSD] (2.2)
MSD — Téng nghich dao binh phuong trung binh cta céc gié tri do.
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+ Gid tri danh nghia la tot nhdt:

SIN = -10 Logy, [MSD] (2.3)

2 2 2
MsD = a —m) +(yz—r:) ot (Y, —m)

m — Gia tri muc tiéu.

Trong moi trudng hop, ty s S/N cang 1én thi dic tinh nhan duoc cang tét.
Phuong phap thuc nghiém Taguchi do khong sir dung toan bd céc to hop thi nghiém
nén khong dua ra duge mot con sb chinh xac vé anh huong ctia mot thong sé dau
vao nao d6 dén két qua dau ra ma chi mang tinh chat dinh huéng. Mic du vay, bang
viéc danh gia qua ty s6 S/N gitip nhitng nha céng nghé biét xu huéng va mac do
anh huong cua ting thong sd cong nghé dén két qua dau ra. Tir cac nhan biét nay s&
gitip cac nha nghién ciru nhanh chéng tim ra cac thong sé cong nghé va pham vi can
tac dong dé nhan duoc hiéu qua dau ra t6t nhat. Trén co sé danh gia anh huéng
riéng 1¢ cac thong sb c6 thé tim ra duoc to hop cac théng sé cong nghé téi vu cho
két qua dic tinh dau ra mong mudn.

Trong nghién ctru ndy, tri s6 cta ti sé6 S/N cua dic trung nham bé mit 1a: Nho
hon thi t6t hon thé hién nhu trong bang 2.3.

Badng 2.3. Muc tiéu danh gid khi xung théng qua nham bé mdt
TT Thong so danh gia Muc tiéu
1 INham bé mat Ra (um) Nho hon thi t6t hon

2.4. Anh hwéng ciia cac thong sé6 dén nham bé mit Ra

Nham bé mit mong mudn nho hon thi tét hon nén ti sé S/N duge xac dinh
theo biéu thirc (1). Két qua tinh toan ti sé S/N tng voi két qua ctia mdi thi nghiém
duoc thé hién nhu trong bang 2.2.

ANOVA tri s6 ciia nham bé mit trung binh (Ra) duoc thé hién nhu Béang 2.4,
Bang 2.5 va Hinh 2.11. Theo phén trim déng gop anh hudng, thoi gian nging phat
xung c6 déng gop 16n nhat dén Ra (29.71%), tiép dén 1a ndng do bot nano
(18,65%), hiéu dién thé (15,43%), cuong d6 dong phong dién (11,05%) va cubi
cung la thoi gian phat xung (10,79%).
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Bang 2.4. ANOVA gid tri Ra sau khi xung.

Source DF Seq | Adj Adj F P C%
SS SS MS

Cp 5/ 2972297205944 | 1.04 | 0.499 | 18.65
Ton 2| 1720 1.720 | 0.8601 | 1.50 | 0.326 | 10.79
Toff 2| 4.736 | 4.736 | 2.3679 | 4.14 | 0.106 | 29.71
IP 2 1.762 | 1.762 1 0.8809 | 1.54 | 0.319 | 11.05
SV 2| 2460 2.460|1.2301 | 2.15|0.232 | 15.43
Residual 4| 2.289 | 2.289 | 0.5722 14.36
Error

Total 17 | 15.939 100.00

Bang 2.5. Mikc dé anh hwéng ciia cdc yéu té dén Ra khi xung.

Level Cp| Ton | Toff IP SV
1 3.434 | 2.804 | 3.121 | 3.205 | 3.675
2 3.426 | 3.243 | 2.618 | 2.817 | 2.772
3 3.288 | 3.558 | 3.867 H 3.584 | 3.159
4 3.008
5 2.403
6 3.653
Delta | 1.250 | 0.754 1 1.249 | 0.766 | 0.902
Rank 1 5 2 4 3

Tir bang 2.5 va hinh 2.11 cho thay:

RO rang c6 bdt nano thi nham bé mat nho hon khong c6 bot.

Nong do bot nano Cp tang thi nham bé mit giam sau d6 ting va dat tri so
nho6 nhét tai mac 5 (4 g/lit). Thoi gian phat xung ting thi nham bé mit ting va dat
tri s6 nho nhat tai muc 1 (6us). Thoi gian nging phat xung ting thi nham bé mit
giam sau d6 ting va dat tri s nho nhat tai mic 2 (2us). Cuong d6 dong phong
dién tang thi nham bé mat gidm sau do tang va dat tri s6 nho nhét tai muc 2 (8A).

Hiéu dién thé phong dién ting thi nham bé mit giam sau do6 ting va dat tri s nho

nhét tai muac 2 (4V).
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Cp Ton Toff 1P SV

4.00

3.754

3.504

3.254

3.00

Mean of Means

2.754

2.50

Hinh 2.11. Biéu do cdc anh hwéng chinh ciia cdc yéu t6 dén Ra khi xung

4 3,434 3,426 3,653
’ ’ 3,288
3,5 3,008
3
2,403
c 2,5
2 2
€ 1,5
1
0,5
0
0 2 2,5 3,5 4 4,5

Cp (g/lit)

Hinh 2.12. Anh huéng ciia nong dé bot SiC dén nhdam bé mdt khi xung

Quan hé giita ndng do bot v6i do nham bé mit gia cong (hinh 2.12): R, giam
kha manh khi tron bot SiC vao dung dich dién moi va khi tang n(‘Sng do bot thi R,
giam. Nguyén nhan c6 thé 1a do: Ning luong cia cac tia lra dién giam di tao ra cac
vét 16m c6 dudng kinh va chidu sdu nho hon trén bé mit gia cong 1am cho R, giam
theo. Kich thudc khe hé phong dién tang da tao thuan loi dé dong dung dich di¢n
moi day phoi ra khoi ving gia cong, diéu nay lam giam kich thudc va sé luong cac

hat vun bam trén bé mit gia céng. Tiép tuc ting ndng d6 bot nano trong dung dich
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di€én moi thi nham bé mat lai ting. Di€u nay la do ndng dd bdt cao co thé xuat hién

hién tugng phong dién lién tuc tai mot s6 vi tri nén dd nham bé mat gia cong tang.

Hinh 2.12 cho thiy quan hé giita ndng d6 bot véi R,: Khi ndng do bot ting tir
2+4,0g/1 thi d0 thi c6 d6 ddc xudng rat 1on tirc R, giam manh (29,86%) tir 3,426pum
xudng 2,403pum.

2.5. Xac dinh b thong s6 ché d9 xung hop ly

Theo Bang 2.2, thi nghi¢m s6 15 véi ché do xung: Nf)ng do bot nano C, =
4g/lit, thoi gian phat xung T,, = 6us, thoi gian ngung phat xung Ty = 30us, cuong
d6 dong phong dién IP = 8A, hiéu dién thé xung SV = 5V cho két qua nham bé
mit nhé nhat Ra = 1,670 pum, ti s6 S/N = - 4,4587 16n nhét. Nghia 13 tac dong cua
thi nghiém nay dén nhdm bé mit 13 16n nhét va chiu anh hudng cia nhidu 14 nho
nhat. Pay chua phai mirc hop 1y cila cc thong s6 nham dat nham bé mit nho nhat.
Vi vay, can phén tich phuong sai ti s6 S/N ciia R, dé tim ra mirc hop 1y cua cac

thong s6 xung dugc khdo sat.

ANOVA trj s6 S/N ctia Ra dugc thé hién trong Bang 2.6,

Bang 2.7 va hinh 2.13.

Két qua cho thiy: Nong d6 bot nano Cp = 4 g/l (Cp5), thoi gian phat xung Ton
= 6 ps (Tonl), thoi gian ngirng phat xung Toff = 21us (Toff2), cuong d6 dong
phong dién IP = 8A (IP2), hiéu dién thé xung SV = 4V (SV2) 1a nhitng murc va tri
s6 cuia cac thong s6 xung cho ti s6 S/N 16n nhét. Pay 1a muc va tri s6 hop 1y cua cac

thong $6 xung nham dat dugc nham bé mit nho nhét.
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Bang 2.6. ANOVA ti s6 S/N ciia Ra khi xung

Adj Adj
Source DF SeqSS SS MS F P

Cp 5 24.01824.018 4.804 0.980.524
Ton 2 8.067 8.067 4.0330.820.503
Toff 2 30.207 30.207 15.103 3.07 0.156
IP 2 1414714147 7.074 1.440.339
SV 2 17.31017.310 8.6551.760.283
Residual 4 19.694 19.694 4.924

Error

Total 17 113.443

Bang 2.7. Mirc d¢ dnh hudng cia cdc yéu té dén ti s6 S/N ciia Ra khi xung

Level Cp Ton Toff IP SV
1 -10.205 -8.833 -9.479 -9.797 | -11.077
2 -10.216 -9.993 -8.312 -8.638 -8.741
3 -10.060 | -10.417  -11.451  -10.808 -9.425
4 -9.513
5 -7.386
6 -11.106
Delta 3.721 1.584 3.139 2.170 2.336
Rank 1 5 2 4 3
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Cp Ton Toff 1P sV

-10 4

Mean of SN ratios

Signal-to-noise: Smaller is better
Hinh 2.13. Biéu do anh huong chinh cia cdc yéu to dén ti sé S/N cua Ra khi xung
2.6. Tinh toan du doan gia tri nham bé mat

Tri s6 bé mit trung binh du doan (Rayp) duoc xac dinh béi cac mirc cia cic

thong sb c6 anh hudng manh dén S/N ctia nham bé mit theo cong thirc:
Ragp = EpS + Toffz + SV, = 2% Tgq
Trong do, theo Bang 2.5:
C,s5 12 nham bé mit trung binh tmg v6i Cp & mitc 5: €5 = 2,403 um
Toff2 12 nhdm bé mat trung binh tmg véi Toff & mirc 2: T, 5, = 2,618 um
SV, 1a nham bé mit trung binh tng voi SV ¢ muc 2: SV, = 2,772 um
Trq 12 nham bé mit trung binh cta toan thi nghiém.

= i131 Ra; + 2%31 Ray; +Zi1§1 Rayy,
TRa = 54

= 3,202 um

Thay sd:
Ragp = 2,403 + 2,618 + 2,772 — 2 * 3,202 = 1,39 um
Két qua thuc nghiém voi bo thong sé xung: Nong do bot nano Cp = 4 g/lit,
thot gian phat xung Ton = 6 us, thoi gian ngung phat xung Toff = 21 us, cudong do
dong phong dién IP = 8 A, hiéu dién thé xung SV = 4 V, nhdm bé mit trung binh
nhan dugc sau 3 lan thuc nghiém 1a 1,51 pm. Gié tri ndy sai khac 8,6% so véi gia

tri du doan. Két qua nay cho théy: O ché do xung tdi wu (c6 st dung bdt nano),
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nham bé mat giam 2,27 1an (55,98%) so v6i mirc trung binh khi khong sir dung bot
nano.

* Panh gia s6 dw va xac dinh dang phan phdi cia tap két qua (sai léch giira gia
tri dwgc nhap va mo hinh)

Normal Probability Plot
(response is SN ratios)

Percent

Residual

a) Biéu d6 xac xuat thong thuong

Probability Plot of MEAN1
Normal - 95% Cl

Mean 3.202
StDev  0.9683
N 18
AD 0.582

P-Value 0.113

Percent

b) D4 thi phan phdi cia Ra
Hinh 2.14. Biéu dé xdc xudt théng thuong va dé thi phan phoi Ra
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Quan sat hinh 2.14a ciing cho thiy cac s6 du phan bd rat gan v6i phan phdi
chuan, cic diém phan phdi naim doc theo duong chuan va nam trong khoang gidi
han, c6 thé coi nhu cac di lidu tuan theo quy luat phan phdi chuan. Céac diém cua
tap dir liéu trén dd thi thoa mén didu nay. Thém nita, cac thong tin thdng ké cia R,
dugc trinh bay phia bén phai do thi hinh 2.14b, cho thiy gia tri p ciia phép kiém
dinh théng ké 14 0,113 - 16n hon nhiéu so v6i mirc y nghia a 14 0,05. Do vy, c6 thé
két luan 13 tap dir R, tuan theo quy luat phan phdi chuan.

2.7. Két luan
1. Pa khao sat dugc anh hudng cia cac théng sd qua trinh gdm ndng d6 bot, thoi
gian phat xung, thoi gian nglmg phat xung, dong dién, hiéu dién thé dén nham bé

mit bang phuong phap Taguchi.

2. Nghién ctru da chung to viéc st dung dung dich dién moi c6 tron bot SiC lam cai
thién chat luong bé mit gia cong - lam giam d6 nhdm bé mit gia cong t6i

29,86%, tir 3,426pum xubng 2,403 pm.

3. Pi tim dugc ché d6 xung hop 1y dé dat nham bé mit nhé nhat. Cuy thé: nong do
bot nano Cp = 4g/l, thoi gian phat xung Ton = 6ps, thoi gian ngirng phat xung
Toff = 21ps, cuong d6 dong phong dién IP = 8A, hiéu dién thé xung SV =4V,

4. Pa dé xuat cong thuc du doan gia tri nham bé mit gia cong ((Ra)_OP) khi xung

véi dung dich dién méi ¢o tron bot SiC:

Ragp = éps + Toffz + SV, = 2% Tgq
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CHUONG 3
THU'C NGHIEM XAC PINH ANH HUONG CUA CAC THONG SO CONG
NGHE PEN NANG SUAT BOC TACH VAT LIEU KHI XUNG THEP 90CrSi
VOI VIEC CO SU DUNG BOT NANO
3.1. Muc dich thi nghiém
- Xac dinh dugc anh huong cia cac thong s cong khi xung dén ning suit boc
tach vat liéu khi xung thép 90CrSi.

- Dé xuét ché do cong nghé xung hop 1y khi khi xung vat liéu 90CrSi bang
dién cuc déng nham dat nang suét boc tach 1on nhat.
3.2. Setup thi nghiém

- Giéng nhu trong chuong 2.

3.3. Phuwong phap quy hoach thyc nghiém
Phuong phép Taguchi dugc sir dung cho thiét ké thi nghiém nay. Phuong phap

nay cho phép xac dinh dugc anh hudng ctia nhidu thong sé dau vao dén gia tri trung
binh ciia két qua dau ra voi sd lugng thi nghiém nhé nhét, thoi gian va chi phi it
nhat. Dong thoi x4c dinh dugc cac thong sé anh huéng manh nhat dén cac két qua

dau ra, tir d6 dua ra nhitng thir nghiém tiép theo va loai bo nhitng thong sé c¢6 anh
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huong khong dang ké (anh hudng yéu). Muyc dich 1a didu chinh cac théng sb dén
mure t6i wu dé qua trinh/san pham 6n dinh & mirc chat luong tot nhit. Do d6 phuong
phap Taguchi cho phép st dung it thi nghiém nhat dé nghién ctru anh hudng cia cac
thong s6 1én mot dic tinh duoc lua chon nao d6 cua mot qué trinh/san phém. Qua
d6 nhanh chéng tim duogc cac gia tri tdi wu nhanh nhat.

So d6 thi nghiém thiét ké theo phuong phap Taguchi duoc st dung dé nghién
ciru anh hudng cia céc thdng sé ché d6 xung (Thoi gian phét xung, ndng do bot
nano, thoi gian ngimg phét xung, cudng d6 dong dién va hiéu dién thé servor) dén
nang sut boc tach vat lidu khi xung chi tiét vat liéu 90CrSi bang dién cuc dong c6
tron bot nano vao dung dich dién moi.

Str dung Minitab 18 dé thiét ké Taguchi L18 (271 3"4), ké hoach thi nghiém
nhu bang 4.2. Tir bang nay, 18 thi nghiém véi 18 ché d6 xung khac nhau da duoc
tién hanh. Dé ting do chinh xac, mdi ché do thi nghiém duoc tién hanh lap 3 1an.

Phuong phapTaguchi sir dung ty so tin hiéu/nhiéu (signal-to-noise) S/N Ty s6
S/N: Thi nghiém c6 gia tri ty sé S/N cao nhit s& cho két qua téi vu it bi anh hudng
boi nhidu nhat. Ty s6 S/N dung dé xac dinh mérc cho két qua dau ra t6i wu. Ty sb

S/N cua cac két qua dau ra dugc xac dinh nhu sau.

Bang 3.1. Mitc va cdc théng s6 dau vao

o Mikc ciia yéu to
STT Yeéu to Ky hi¢u
Mucl | Muc2 | Mirc3

1 | Thoi gian phat xung (us) Ton 6 14 -

2 | Nong d6 bot nano (g/1) Cp 0 0,03 0,06
3 | Thoi gian ngung phat xung (us) Tort 14 21 30

4 | Cuong do dong phong dién (A) IP 4 8 12

5 | Hiéu dién thé Servor (V) SV 3 4 5

Bang 3.2. K¢é hoach thi nghiém theo thiét ké Taguchi L18 (2™ 34)

TT | Ton| Cp | Toff | IP | SV
1] 6 0 14 | 4 | 3
2| 6 0 |21 |8 | 4
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3] 6

41 6 |003] 14 | 4
5| 6 |003] 21 | 8
6 | 6 [003] 30 |12
716
8| 6
91 6

006| 14 | 8
006| 21 |12

006 30 | 4

13| 14 |003| 14 | 8
14 | 14 |0,03| 21 | 12
15| 14 |0,03| 30 | 4
16 | 14 |006| 14 | 12
17 | 14 |006| 21 | 4
18| 14 |006| 30 | 8

H
H
H
N
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N
H
N
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- Phan tich bai toan: Trong qua trinh t6i uvu hoa bai toan tinh ta ¢ thé st dung
3 hé sb (S/N) twong tmg véi cac trudng hop sau:
+ Nho hon la tot hon
S/N =-10 Log; [MSD]
MSD — Téng binh phuong trung binh cila céc gia tri do.

2 2 2
MSD — yl + y2 ot yn
n

Cong thue trén thuong dugce s dung trong cac truong hop xuat hién cac hién
tugng khong mong nhu: cac khuyét tat, sai s0... ma tri s6 li tuong la bang khong.
Ngoai ra khi gia tri 1i tuéng 1a mdt tri s6 hiru han va mot gia tri 16n nhét hodc nho
nhat dugc xac dinh bai k, tiép theo su khac nhau gitra gia tri do va gia tri 1i tuong
du kién s& cang nho cang t6t. Va hé s6 S/N sé trd thanh:

S/N =-10 Loglo [MSD]

2 2 2
MmsD = W =K+ (¥, —I;) t ot (Yo —K)

+ Lén hon la t6t hon:
S/N = -10 Log [MSD]

MSD — Téng nghich dao binh phuwong trung binh cia céc gia tri do.
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2
MSD =

1

+ Gid tri danh nghia la tot nhdt:
S/N =-10 Loglo [MSD]

2 2 2
MSD: (yl _m) +(y2 _m) +"'+(yn _m)

m — Gia tri muc tiéu.

Trong moi truong hop, ty sé6 S/N cang 16n thi dic tinh nhan duoc cang tdt.
Phuong phép thuc nghiém Taguchi do khdng sir dung toan bo cac t6 hop thi nghiém
nén khong dua ra duoc mot con sd chinh xac vé anh huéng ciia mot thong sé dau
Va0 Nao d6 dén két qua dau ra ma chi mang tinh chét dinh hudng. Mic di vay, bang
viéc danh gia qua ty s6 S/N gilp nhitng nha cong nghé biét xu hudng va mic do
anh huong cta timg thdng sé cong nghé dén két qua dau ra. Tir cAc nhan biét nay s&
gilp cac nha nghién ctiru nhanh chéng tim ra cac théng sé ¢éng nghé va pham Vi can
tac dong dé nhan duoc hiéu qua dau ra tét nhat. Trén co sé danh gia anh huong

riéng 1¢ cac thdng sé co thé tim ra dugc td hop céac thong s6 cong nghé tdi wu cho

két qua dic tinh dau ra mong muén.

Trong nghién ctru nay, tri sb cta ti s6 S/N cta dic trung ning suat boc tach vat

n

liéu (MRR) dugc x4c dinh 1a: 16n hon thi tét hon.

3.4. Két qua va nhan xét

Bdng 3.3. Két qua tri s6 MRR va ti s6 S/N ciia chi tiéu.

TT | Ton | Cp | Toff| 1P | SV | MRR SIN
(g/min)

1] 6 | 0| 14 | 4 | 3 | 00111 | -39.125
2 6 |0 21 | 8| 4 | 00026] -51.629
3] 6 | 030 |12]| 5 | 00701 -23.082
41 6 | 3| 14| 4 | 4 | 00113 -38.954
5| 6 | 3| 21| 8| 5| 00033 -49.511
6 | 6 | 3| 30 | 12 | 3 | 0.0712| -22.949
716 | 6| 14 | 8| 300065 -43.728
8| 6 | 6| 21 | 12| 4 | 0.0114| -38.876
9 6 | 6|30 | 4| 5 | 00477| -26423
10| 14 | 0 | 14 | 12| 5 | 0.0768| -22.298
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11114 10| 21 | 4 | 3 | 0.0207 -33.685
12114 | 0] 30 | 8 | 4 | 0.0071 -42.938
13114 | 3| 14 | 8 | 5 | 0.0063 -43.966
14114 | 3] 21 |12 | 3 | 0.0720 -22.855
15114 | 3|30 | 4 | 4 | 00160 -35.910
16|14 | 6 | 14 |12 | 4 | 0.0827 -21.647
17114 | 6 | 21 | 4 | 5 | 0.0194 -34.260
18114 16 | 30 | 8 | 3 | 0.0071 -43.031

Tir két qua thuc nghiém, nang suat boc tach vat liéu (MRR) va tinh toan ti sd
S/N ctia MRR dugc cho trong bang 3.4, phan mém Minitab 18 duoc sit dung dé

phan tich dir liéu theo quy hoach thyc nghi¢m cua Taguchi.
Mirc @9 anh hwéng cia cac thong sé6 dén MRR

Thi ty anh hudng cua cac thong sé dau vao va ANOVA gia tri trung binh cua
MRR duge thé hién trong bang 3.4, bang 3.5 va hinh 3.2. Tir két qua ANOVA cho
thay thir ty anh hudng cua cac thong sd khao sat theo thir ty giam dan: Cuong do
dong phat xung IP, thoi gian ngiing phét sung T, hiéu dién thé servor SV, nong do
bot nano c6 trong chat dién moi Cpva cudi cung 1a thoi gian phat xung T,, vGi mitc
d6 tring khép ctia md hinh rét cao (nho nhat 1a 92.53%)).

Bang 3.4. Thir ti anh hwdng ciia cdc théng sé dén tri so6 MRR trung binh

Level Ton Cp Toff P SV
1 0.026141 0.031397 0.032445 0.021024 0.031418
2 0.034228 0.030028 0.021564 0.005499 0.021860
3 0.029129 0.036545 0.064031 0.037276

Delta 0.008087 0.002268 0.014980 0.058532 0.015417
Rank 4 5 3 1 2

Tir bang 3.4 va Hinh 3.2 ta thay:

Thoi gian phat xung tang thi ning suit boc tach trung binh tang. Tri s6 ning
suat xung trung binh 16n nhat khi thoi gian phat xung 1a 14ps (twong g véi mic
2).

C6 bot nano, néng do bdt nano tang thi ndng suét boc tach vat lidu trung binh
giam. Piéu nay khong hoan toan dung vdi thi nghiém sd 16 (ndng d6 bot nano 1a
0,06g/1) cho ning suat xung trung binh cao nhat (0,0827 g/min).
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Bdng 3.5. ANOVA cho gid tri tri s6 MRR trung binh

Source DF Seq SS AdjSS  AdjMS F P
Ton 1 0.000294 0.000294 0.000294 0.89 0372
Cp 2 0.000016 0.000016 0.000008 0.02 0.977
Toff 2 0.000719 0.000719 0.000360 1.09 0.381
IP 2 0.011033 0.011033 0.005517 16.75 0.001
sV 2 0.000727 0.000727 0.000363 1.10 0377
Residual Error 8 0.002635 0.002635 0.000329

Total 17 0.015424

Model Summary

S R-Sq R-Sqg(adj)
0.0181 8292%  63.70%
Ton C Toff IP SV

0.07- P

0.061
7]
S 0.05
Q
= 0.04 |
°
c 0.03 "”’;”/’" ””” g’-’“.';f_’.. ””” v -
4]
§ 0.02 |

0.014

0.00

6

4 0 3 6 1421304 8 12 3 4 5

Hinh 3.2. Anh huéng cia cdc thong sé dén MRR

Thoi gian ngung phat xung ting ning suit boc tach vat lidu trung binh giam

sau d6 tang. Tri s6 ning suit xung trung binh 16n nhat khi thoi gian phat xung 1a 30

us (twong trng mirc

Cuodng d6 dong phong dién ting thi ning suit boc tach vét lidu trung binh

giam rdi taing manh. Tri s6 ning suit xung trung binh 16n nhét khi cudng d6 dong

3).

phong dién 1a 12 A (twong img murc 3).

Hiéu dién thé servor ting thi ning suat boc tach vt liéu trung binh giam sau

d6 tang. Tri s6 ning suit boc tach vat liéu trung binh 16n nhit khi hiéu dién thé

servor la 5V (twong ing muc 3).

Téi wu héa MRR
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Bdng 3.6. Thit tw dnh huéng ciia cdc thong sé dén ti sé S/N ciia MRR trung binh

Response Table for Signal to Noise Ratios
Larger is better

Level Ton Cp Toff IP sV
1 -37.14 -3546 -3495 -3473 -3423
2 -3340 -3569 -3847 -4580 -3833
3 -3466 -3239 -2528 -33.26
Delta 3.74 1.03 6.08 2052 5.07
Rank 4 5 2 1 3

Bang 3.7. ANOVA cho 1 s6 S/N ciia MRR trung binh

Analysis of Variance for SN ratios

Source DF SeqSS AdjSS AdjMS F P
Ton 1 63.05 63.05 63.046 365 0.092
Cp 2 3.51 3.51 1.753 0.10 0.905
Toff 2 11181 11181 55906 324 0.093
IP 2 126536 126536 632.681 36.68 0.000
SV 2 86.85 86.85 43423 252 0.142

Residual Error 8  138.00 138.00 17.250

Total 17 1668.57
Model Summary

) R-Sq R-Sg(ad))
41534 91.73% 82.42%
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Main Effects Plot for SN ratios
Data Means

Ton Cp Toff IP SV
_25 |
7]
9
E -30 |
7
2 -35-/ ,,,,,,, et la ]
c
T -40-
=
-45 |

6 14 0 3 6 142130 4 8 12 3 4 5

Signal-to-noise: Larger is better
Hinh 3.3. Anh huéng ciia cdc théng sé dén ti sé S/N ciia MRR
Véi phuong phap quy hoach thuc nghiém theo phuong phap Taguchi, tri sd
cta ti s6 S/N 16n cho két qua t6t hon. Két qua phan tich mtrc d6 anh hudng cia cac
thong s6 ché do cong nghé xung dén ti sé6 S/N cia MRR thé hién trong bang 3.6,
bang 3.7 va hinh 3.3.

Theo @6, thir tir anh hudng cia cac thong sd khao sat dén ti sé S/N ciia nang suat
xung trung binh: Cuong d¢ dong phat xung IP, thoi gian ngung phat sung Toff, hi¢u
dién thé servor SV, thoi gian phat xung Ton va cubi ciing 14 ndng do bt nano Cp.

Bang 3.6 va hinh 3.3 cho thdy: Bo thong s6 cong nghé khi xung nham dat tri
s0 MRR 16n hon thi tot hon 1a: To= 14us (A3); C, = 6% (B3), Tor = 30us (C3); IP
= 12A (D3); SV =5V (E3).

Gia tri toi wu cia MRR:

Tri s6 toi wu ning sut boc tach trung binh (MRR,,p) duoc xéac dinh bgi cac
muc cua cac thdng sé ¢ anh huong manh dén S/N ciia nham bé mat theo cong
thuc:

MRRop = Ay + B3+ C3+ D3+ Es —4+T,
Trong do theo bang 3.4:
A, 1a ning suat xung trung binh ng véi Toy & mic 2: A, = 0,034228 g/min
B 1a ning suét xung trung binh tng v6i Cp & mirc 3: B; = 0,029129 g/min
C, 1a ning suét xung trung binh tng v6i To & mitc 3: C; = 0,036545 g/min
D la nang suat xung trung binh (mg véi IP & mirc 3: D; = 0,066031 g/min
E 13 ning suat xung trung binh tng véi SV ¢ muc 3: E; = 0,037276 g/min
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T, la nang suat xung trung binh cua toan thi nghiém.

_ 18 MRR, + Y'8. MRR,, + Y8, MRR
Tg — i=1 1 =1 54 11 Zl—l 111 — 0,030185 g/min

Thay sb:
MRR,p = 0,0805 g/min
Khoang tin cay CI dugc tinh nhu sau:

1 1
Cl = \/Fa(llfe)-ve- (N_ + ﬁ)

Trong d9, f, =8 1a bac tu do cua Ii, V. = 0.000329 Ia sai s6 trung binh cua 15i,
F.(1,8) = 3,4579 14 hé s6 tra bang voi mac y nghia 90%, N, 1a s6 1an Iap hiéu qua,
R 14 s lan l3p cua mét thi nghiém.

Tong sb6 thi nghiém

¢ 1+ tdng bic tw do cia tit ca cac thong so tinh trung binh

14142424242

5,4
Thay s6:

Cl = J3,4579 * 0.000329 * (5% + %) = 0.0243
Theo d6, véi mirc y nghia o = 90% thi ning suat boc tach dugc du doan vai muc toi
rru cua cac thong sé dau vao Ton2/Cp3/Te3/IP3/SV3 nhu sau:
(0.0805 — 0.0243) g/min sMRR,,, < (0.0805 + 0.0243) g/min

bé kiém ching két qua, tién hanh thyc nghi¢m véi ché d§ xung t61 vu: Ty = 14 us
(A2); C,=0,06 g/l (B3) Tosr =14 us (C1); IP =12 A (D3); SV =3 V (El). Két qua
tinh toan va thuc nghiém duoc thé hién nhu bang 3.7. Tir két qua, su khac biét cua
nang suat boc tach vat liéu giita hai phwong phép 14 10,43% va sai sb nay 1a co thé
chép nhan duoc. Do d6, md hinh tdi wu ¢6 thé duoc s dung dé tinh toan nang suét

boc tach vat licu tdi uu.

Bang 3.7. Két qud tinh toan va thyc nghiém

Thong s6 toi uu
Dic trung gia cong Tinh toan Thyuc nghiém % sai
Ton2/Cp3 [T l/IP3ISVL | Tn2/C,3 ITol/IP3/SVL | 1éch
Ning suat boc tach 0,0805 0,0889 10,43
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(9/ph) | |

3.5. Két luan chwong 3

- D3 nghién cru thuc nghiém anh hudéng cua cac thong sb qua trinh dén ning sut
boc tach vat liéu khi xung co tron bot cac chi tiét co bién dang tru dinh hinh. Céc
thong sb ndy gdm co: thdi gian phat xung ding, ndng d6 bot, thoi gian tit xung,
dong dién xung va dién ap xung da dugc lya chon cho qua trinh khao sat.

- Thi nghiém d4 tién hanh véi bot silicon carbide c¢& hat 450-550 (nm) dung dé tron
vao chit dién méi va thép hop kim dung cu 90CrSi dugc chon lam vat liéu phoi.
Thém vao d6, phuong phap Taguchi di duoc st dung dé thiét ké thi nghiém véi 18
lan chay - dua trén thiét ké truc giao L18 (21 va 34).

- Tur két qua phan tich ANOVA, mdt mo6 hinh t8i wu cho nang suét boc tach vat liéu
khi PMEDM da dugc dé xuat va két qua kiém chimg béi so sanh két qua thi nghiém
va tinh toan 1a dam bao. Ché do xung t6i vu nham dat ning suat boc tach 16n nhat
la: Ton = 14 ps (A2); C, = 0,06 g/l (B3) To = 14 ps (C1); IP=12 A(D3); SV=3V
(E1).

CHUONG 4
TOI UU HOA PA MUC TIEU NHAM BE MAT VA NANG SUAT BOC
TACH KHI XUNG THEP 90CrSi QUA TOI SU DUNG BOT NANO BANG
PHAN TiCH QUAN HE XAM TRONG PHUONG PHAP TAGUCHI.
4.1. Pit van dé

Céac bai toan tdi vu don muc tiéu nhiam xac dinh ché do xung t6i wu dé
dat 40 nham bé mat nho nhit va tbc do boc tach vat liéu 16n nhat di duge
trinh bay tuong Ung trong chuong 2 va chuong 3 véi viéc st dung phuong
phap Taguchi. Phuong phap nay duoc tmg dung dé giai bai toan t6i wu hoa
chi duy nhat mot két qua dau ra hay bai toan don muc tiéu. Tuy nhién, mot
thuat toan t6i wu manh thi phai giai quyét dugc dong thoi cang nhiéu mdi
quan hé dau ra cang tot. Mot sb nghién ctru gan day [46-47] da toi wu hoa
thanh cong dong thoi nhiéu két qua dau ra bang su két hop gilta phan tich
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quan hé mo (Grey Relational Analysis — viét tit 1a GRA) v6i phuong phap
Taguchi. Trong phan tich két hop Taguchi - GRA, mdt cdp quan hé md thu
dugc sir dung dé danh gia dong thoi cac két qua dau ra. Diéu nay di cho phép
chuyén bai toan t6i wu héa nhiéu dic tinh phurc tap thanh t6i wu hoa cap quan
hé xam duy nhét.

Trong nghién ctru ndy, su két hop giita phuong phap Taguchi va GRA
duogc st dung dé toi wu hoa thuong luong dong thoi 2 két qua dau ra cua ché
dd xung dién thép 90CrSi co st dung bot nano SiC kich thudc hat 500 nm
nham dat déng thoi ca hai muc tiéu vira nhAm bé mat Ra nho nhat va nang
sudt bac tach khi xung MRR 16n nhét.

4.2. Setup thi nghiém
Gidng nhu trong chuong 2.
4.3. Phwong phap quy hoach thwe nghiém
Céc yéu té va cac mirc cua chiing duoc xem xét trong nghién ciru nay duoc thé hién

trong bang 4.1.

Bdng 4.1. Cdc mirc thi nghiém ciia cdc théng sé dau vao Cp, Ton, Toff, IP va SV

Mtc 1 2 3 4 5 6
Bién

Néng do bot C, [g/lit] 0 2,0 2,5 35 | 40 | 45

Thoi gian phat xung T, [US] 6 10 14 - - -

Thoi gian ngirng phat xung T [US] 14 21 30 - - -

Cuong d6 dong phong dién IP [A] 4 8 12 - - -

Hiéu dién thé SV [V] 3 4 5 - - -

Phan mém Minitab 19 duoc sir dung dé thiét ké thi nghiém Taguchi L18 (6”1
3M4). Cach thire khai béo céc bién thi nghiém cho budc khéi tao ké hoach thi nghiém
dugc minh hoa trén hinh 4.1; K& hoach va két qua thi nghi¢m duoc thé hién nhu bang

4.2.
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Taguchi Design

Type of Design

(" 2+ evel Design
(" 3-Level Design
" 4Level Design (2 to 5 factors)
(" 5 evel Design (2 to & factors)
(+ Mixed Level Design (2 to 26 factors)

Mumber of factors: |5

(2 to 31 factors)
(2 to 13 factors)

Display Available Designs...

Designs... |

[ |
0K |

Cancel

Help

Taguchi Design: Factors

Assign Factors
% To columns of the array as specified below

" To allow estimation of selected interactions

Facto, Name Level Values Column | Level
A Cp 022535446 1~ s
B |Ton 61014 2 x| 3
C [Toff 142130 3 x| 3
D P 4812 4 - s
E |sv 345 s v 3

]

Cancel

Help

Taguchi Design: Design x

Runs Levels ~ Columns Levels  Calumns
Li5 4~ 3 22 -~
Li5 4~ 4 2~ 1
Li& g~ 1 24
L13 21 3" 4
L32 2m1 44
L35 21 34
L3& 22 3" 3 A

™ Add a signal factor for dynamic characteristics

Help OK | Cancel

Taguchi Design

Design Summary

Taguchi Array L1&{e"1 3~4)
Factors: 5

Runs: 18

Columns of L18(6~1 348} array: 12345

Hinh 4.1. Khai bdo bién thi nghiém theo phwong phdp Taguchi
(L18 = 6™ 34 = 18 thi nghiém).

Bang 4.2. Ké hoach va két qua ciia thi nghiém L18

TT| Cp | Ton| Tt | IP| SV | Ra(um) ('\:'nF:nF;ph)
11 0 [6|14a]a] 3 2939| 0.197
2| 0 |10]21]8] 4 2261 0.144
3] 0 [14]30[12] 5 5103 | 1.012
41 2 | 6148 4 2442 0.119
5 2 [10]21]12] 5 2.730 | 0.661
6| 2 |14]30]4] 3 5.105| 0.323
71256 [21]4] 5 2.195| 0.086
8|25 |10[30[8] 3 3.882| 0.389
9 | 25 |14 ] 14 [12] 4 3.788 | 1.024
10/ 35 |6 |30 [12] 4 2.646| 1.304
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11| 35 |10 | 14 | 4 5 3.490 0.431
12| 35 |14 |21 | 8 3 2.886 0.097
13| 4 10 | 30 | 4 4 2.839 0.893
14| 4 14 | 14 | 8 5 2.700 0.080
15| 4 6 | 30 | 8 5 1.670 0.317
16 | 45 | 10| 14 | 12 3 3.764 1.259
17| 45 |14 1 21 | 4 4 4.398 0.323
18| 45 |14 | 30 | 8 3 2.797 0.103

Tién hanh 1am 18 thi nghiém theo thir tu trong bang 4.2. Cac phoi dugc xung
dat chiéu dai 15 mm. Tdc do boc tach khi xung MRR bang ti s6 giita chiéu dai xung
(15 mm) va thoi gian xung. Mdi thi nghiém duoc lap lai 3 lan, roi ldy gia tri tri
trung binh 1am két qua do.

Céc bude toi vu héa sir dung quan hé xam cho ti s6 S/N
Buégce 1: Xac dinh ti s6 S/N: Trong cac thi nghi€ém duoc tién hanh ciia ma tran thi
nghiém, Két qua mong mudn ddi véi nham bé mat 1a “Nho hon thi tot hon”, ti sd
nay Xac dinh nhu sau:

SN = ~10l0g0(; Ty ¥ (4.1)
Con véi téc d6 xung mong mudn 1a “Lén hon thi tét hon”, ti s6 nay la:

1 1
SN = —10l0g10 (; Z?=1 37)(42)

Trong d6: n 14 s6 1an 1ap & mbi thi nghiém
yi 1a gid tri do duogc ¢ 1an do thari= 1,2, ....n (n=3)
Budc 2: Ti s6 S/N 16n hon s& cho két qua dang tin ciy nhat va it bi anh hudng bai
nhidu nhat. Ti sé ndy dugc chuan hoa bang Zij (0<Zij<l) theo cong thirc sau diy dé
tranh anh huong ciia viée sir dung cac don vi khac nhau va dé giam su bién doi.

SNjj—min(SN;;,j=1,2,.k)
y max(SNij,j= 1,2,..n) —min(SNij,j= 1,2,.n)

Z

(4.3)

Trong d6: j 1a s thi nghiém (j=16).

Ti s6 SN va gia tri chuan hoa Z mg véi mdi muc tidu dau ra dugc thé hién
trong bang 4.3.

Bang 4.3 Cac gia tri cia S/N, Zij va Aj(K)
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S/IN Zij Aj(k)
Ra MRR
T ra MRR | rsotham T o0 I MRR
chiéu
1.000 | 1.000
1 -9.365 -14.100 | 0.494 | 0.324| 0.506| 0.676
2 -7.093 -16.849 | 0.729 | 0.211| 0.271| 0.789
3 -14.156 0.107 | 0.001| 0.909| 0.999 | 0.091
4 -7.757 -18.457 | 0.660 | 0.144| 0.340| 0.856
5 -8.728 -3.592 | 0.560 | 0.757 | 0.440| 0.243
6 -14.163 -9.809 | 0.000 | 0.501| 1.000| 0.499
7 -6.831 -21.336 | 0.756 | 0.026 | 0.244 | 0.974
8 -11.780 -8.199 | 0.246 | 0.567 | 0.754| 0.433
9 -11.568 0.205| 0.267 | 0.913| 0.733| 0.087
10 -8.460 2.308 | 0.588 | 1.000| 0.412| 0.000
11 -10.858 -7.310 | 0.341| 0.604 | 0.659| 0.396
12 -9.220 -20.306 | 0.509 | 0.068 | 0.491| 0.932
13 -9.067 -0.984 | 0.525| 0.864| 0.475| 0.136
14 -8.631 -21.958 | 0.570| 0.000| 0.430| 1.000
15 -4.459 -90.988 | 1.000 | 0.493 | 0.000| 0.507
16 -11.517 1.999 | 0.273| 0.987| 0.727| 0.013
17 -12.866 -9.827 | 0.134| 0.500 | 0.866| 0.500
18 -8.936 -19.742 | 0.539 | 0.091| 0.461| 0.909
Budc 3: Tinh toan hé s twong tac trong quan hé md d6i voi cac ti s6 SN chuan hoa:
10 = o @
Trong do6:

+)j=1,2,..n;k=1,2, ...m,nla s6 thi nghiém, k 1a s6 muc tiéu dau ra.

A0j is the deviation sequence (1a trj s6 sai 1éch ctia day tham chiéu).

Do; = ||1Zo(k) — Z;(K)|| 1a gia tri tuyét doi cua sai léch giita ZO(k) (tri s
tham chiéu) va Zj(k) (tri s6 Z cta thi nghiém thi j ciia muc tiéu tha k).

+) Amin = miny¢; mind”ZO (k) - Z; (k)|| 1a gia tri nho nhat cta AQj

+) Amax = maxy;e; maxy||Zo (k) — Z; (k) || 12 gid tri 16n nhét ciia AOj
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+) £ 1a hé sb phan biét, dugc xac dinh trong khoang 0<K<1 (gia tri co thé
duoc diéu chinh dya trén yéu cau thuc té cua hé théng, £=0.5 duoc sir dung tinh
todn trong nghién ctru nay).
Budc 4: Xac dinh mirc d§ quan hé xam theo cong thirc:
_ 1
Y, =% =1 Vij (4.5)
Day la gia tr1 trung binh cua cac tuong tac trong quan hé xam da xac dinh &
bude 3. k 1a s6 myc tiéu can t6i wu (trong bai toan nay 1a 2).
Bang 4.4 thé hién tri s6 quan hé xam Ung vdi cac muc tiéu va tri sO quan hé xam trung
binh.

Bang 4.4. Hé s6 quan hé xam va cac mirc do quan hé xamy

H¢ s6 quan hé xam v; -

TT y
Ra MRR

1 0.497 0.425 | 0.461
2 0.648 0.388 | 0.518
3 0.333 0.846 | 0.590
4 0.595 0.369 | 0.482
5 0.532 0.673 | 0.602
6 0.333 0.500 | 0.417
7 0.672 0.339 | 0.505
8 0.399 0.536 | 0.467
9 0.406 0.852 | 0.629
10 0.548 1.000 | 0.774
11 0.431 0.558 | 0.495
12 0.505 0.349 | 0.427
13 0.513 0.787 | 0.650
14 0.538 0.333 | 0.436
15 1.000 0.497 | 0.748
16 0.407 0.975 | 0.691
17 0.366 0.500 | 0.433

18 0.520 0.355 | 0.438
Budc 5: Xac dinh mic t6i uu ciia cac yéu o toi wu:

Tri s6 quan h¢ xam cao hon ham y chat luong san pham t6t hon. Do do, dya
trén muc do quan hé xam, cd thé udc lugng tac dong ctia yéu té6 va mirc do to1 uu
cho mai y€u to co thé kiém soat. Bang 4.5 cho thay tri s6 quan hé xdm cho moi thi

nghiém va tri sd quan hé xam tuwong tic. Theo dé, thi nghiém sé 10 (Cod, Tonl,
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Tor3, IP3, SV2) tuong g véi ché dd xung c6 C, = 3,5 g/lit, T= 6 s, Torr = 30 s,
IP=12 A, SV =4V, ¢6 tri s6 quan hé xam twong tac 16n nhét (0,774). Piéu d6 chi
ra rang thi nghiém sb 10 thu dugc c6 ti s6 SN twong tng gan véi ti s6 SN dugc
chuén hoa va n6 c6 nhiéu dic tinh tdt trong s 18 thi nghiém. Tuy nhién, ddy chua
phai 12 mirc do t6i wu cta cac yéu td. Theo phuong phép cta Taguchi, cAn xac dinh
tri s6 quan hé xam trung binh cho mdi yéu t ¢ cic muirc khac nhau. Tri sé quan hé
xam trung binh tai cic mirc ciia mdi yéu t6 duoc xac dinh trong bang 4.5 va hinh
4.2 (str dung phan mém Minitab 19 dé phan tich).
Bang 4.5. Murc d6 anh hudng cta cac thong sé dén hé s6 quan hé xam

Response Table for Means

Level Cp| Ton| Toff IP SV
1 0.5230{0.5939|0.5413|0.4585|0.4758
2 0.5004(0.4918|0.5233|0.5556|0.5460
3 0.5339/0.5414/0.5625|0.6130{0.6053
4 0.5652
5 0.6112
6 0.5206
Delta {0.1108]0.1022|0.0392|0.1545|0.1295
Rank 3 4 5 1 2
y = 0,542
Main Effects Plot for Means
Data Means
Cp Ton Toff IP sV

0.625 1

0.600 -

0.5751

0.550

0.525 1

Mean of Means

0.500+

0.475+

0.450_\ T T T T T T T T T T T T T T T T T
OP2000 © W X D H X B QA > X O

Hinh 4.2. D6 thi cdc anh hwdng chinh ciia cdc théng sé
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Tri s6 quan hé xam cua mdi yéu té & mirc ndo 1a 16n nhét 1a muc tdi wu cia
yéu t6 d6. Do d6, theo bang 4.5 va hinh 4.2, bo thong sb toi wu cua qua trinh gia
cdng dap Gmg ca nham bé mit “nhoé hon thi tét hon” trong khi toc d6 xung “16n hon
thi t6t hon” 1a: CoSITonl/To3/IP3/SV3 tuong tmg voi Cp = 4,0 g/lit, Ton = 6 YIS, Toft
=30 s, IP=12 A, SV =5V.

Budc 6: Thyuc hién phan tich hdi quy phwong sai (Analysis of Variance —
ANOVA) dé xac dinh cac yéu t6 quan trong (Step 6 Perform ANOVA for
identifying the significant factors).

Phén tich hdi quy phuong sai 1 4p dung phuong phéap thong ké dé xac dinh
anh huong ciia mdi yéu td. Qua dé xac dinh dugc tic dong cia timg yéu t6 dén muc
tiéu cta qua trinh. Ti 1& dong gop khi sit dung ANOVA s& bu dap cho viéc khong
danh gia duoc anh hudng cua cac thong sb trén toan bd qué trinh ciia phuong phap
Taguchi.

Két qua phan tich hdi quy phuong sai dugc thé hién trong bang 4.6.

Két qua ANOVA trong bang 4.6 cho thiy: Cudng do dong phong dién IP c6
anh huong manh nhat dén muc tiéu chung (32,29%), tiép theo 1a hiéu dién thé SV
(22.24%), thoi gian phat xung T, (13.82%), nong dd bot nano Cp (10.50%), cubi
cung la thoi gian nguing phat xung T (2.03%).

Bdng 4.6. Két qua phdn tich ANOVA cua cdc mirc quan hé xam

Analysis of Variance for Means

Source DF| SeqSS| AdjSS| AdjMS| F Pl C%
Cp 5/0.023809|0.023809|0.004762|0.44/0.804| 10.50
Ton 2|0.031330]0.031330(0.015665|1.45|0.337| 13.82
Toff 2|0.004609|0.004609(0.002304/0.21/0.817| 2.03
IP 2|0.073203|0.073203|0.036601|3.38|0.138| 32.29
SV 2|0.050428|0.050428|0.025214|2.33|0.214| 22.24
Residual 4/0.043360(0.043360(0.010840

Error 19.12
Total 17|0.226739 100.00

Budc 8: Tinh toan t61 vu héda va ki€ém nghiém
Xéc dinh tri s6 quan h¢ mo t6i vu dugce xac dinh:
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Yop =Mm + Z?=1(77 —Nm) = Cps + Ton1 + Toppz +IP3 +SV3 —4 +T (4.6)

Trong d6: T 1a tri ) quan h¢ xam trung binh T = 0.542, cac tri ) Cpo, Tond,
Toi3, IP3, SV3Ia tri s6 quan hé xam cia cac thong sé tng v6i murc t6i wu hoa twong
tmg va dugc lay tir bang 4.6. Theo d9, ¥,, = 0.816.

Khoang tin cay Cl dugc tinh nhu sau:

1 1
Cl = i\/Fa(l.ﬁ).I@.(N—e+E) = 40,244

Trong d6: F. (1, f,) = 5,448 14 hé s6 tra bang v6i mirc ¥ nghia 0% = 90%, fe
= 4 1a bac tu do cua 16, Ve = 0,01084 1a sai sb trung binh cua 161, Ne 1a s6 lan lap
hi¢u qua, R=31a sb 1an 13p ctia mot thi nghiém.

Tong s6 thi nghiém

¢ 1+ tOng bac tw do cia cac yéu td dwa vao tinh toan tdi wu

54
T 14542424242
Do d6, véi mirc y nghia o = 90% thi tri s6 quan hé xam duoc du doan véi mac hop
ly cua cic thong s6 dau vao Cp5/TonL/Te3/IP3/SV3 nhu sau:
0,572 < 7,p < 1,00

Tinh toan du doan két qua tbi uvu.

= 3,857

Cin ctr vao mirc toi wu cta cac thong s6 dau vao, gia tri toi uu cia cac két qua
dau ra Ra va MRR duoc xac dinh theo cong thirc sau:
(Ra,MRR),p, = Cps + Topg + T3 +I1Ps + SV — 4T
Trong do:

(Ra,MRR),,, la tri s6 nham bé mit hodc toc do xung tdi vu
Cps la tri s6 trung binh nhAm bé mit hodc toc do xung khi ndng dd bot nano & mirc 5
Tony 14 tri s6 trung binh nhdm bé mat hodc tdc d6 xung khi thoi gian phat xung &
mirc 1
T, ;73 1 tri s0 trung binh nhdm bé mit hodc toc dd xung khi thoi gian nglmg phat
xung ¢ muc 3
IP; 1a tri $6 trung binh nham bé mit hodc toc do xung khi cuong d§ dong dién &
muc 3
SV 1a tri s6 trung binh nham bé mit hodc téc d6 xung khi hiéu dién thé & muc 3
T latrj sb trung binh nham bé mat hodc toe do xung cua toan bd thi nghi¢m.
Theo do:

(Ra),p = 3,009 pm
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(MRR),, = 1.35 mm/min
Pé danh gid d§ chinh xac cua vi¢c tinh toan, tién hanh thuc nghiém kiém
chtng vé6i bo théng sé xung tdi vu di tim dwge véi sb 1an lap 2 1an. Bo thong sb
thyc nghiém 1a: C, = 4,0 g/lit, Toy = 6 s, Tor = 30 ps, IP =12 A, SV =5 V. Két qud
thuc nghiém va so sanh véi két qua tinh toan t6i wu dugc thé hién trong bang 4.7,

Bang 4.7. Két qud so sanh giita tinh todn va thuc nghiém.

Thong s0 to1 uu

Tinh toan Thuc nghiém
bac trung gia cong % sai

CoS/TonlITo3/IP3/SV3 | C,5/Tonl/Toi:3/IP3/SV3 | 1€ch

Nham bé mat Ra (um) 3,009 2,783 7,51
Toc do xung
MRR (mm/min) 1.35 1.304 341
Gia tri quan hé mo 0,816

Két qua thyc nghiém cho thay, sai s6 16n nhat so véi tinh toan 1a 7,51% tng
v6i1 tinh todn nang suat boc tach vat liéu nén phuong phap tinh todn hoan toan co thé
dugc st dung dé du bao chinh xac dong thoi hai dac trung la nhdm bé mat va nang
suat boc tach vat liéu.

4.4. Két luan chwong 4

- Phén tich quan hé xam trong phuong phap Taguchi dé t6i wu hoa da muc tiéu 1a
mot cong cu rat hitu ich dé du doan nham bé mat va nang suét boc tach vat lidu
trong qua trinh xung thép 90CrSi qua t6i bang bang dién cuc dong c6 sir dung bot
nano.

- Tr phén tich nay, cudong do dong phéng dién IP c6 anh hudng manh nhat dén muc
tiéu chung (32,29%), tiép theo 1a hiéu dién thé SV (22.24%), thoi gian phat xung
Tom (13.82%), nong d6 bdt nano Cp (10.50%), cudi cung 1a thoi gian ngimg phat
xung T (2.03%).

- Ché d6 xung toi wu khi xung thép 90CrSi qua toi bang dién cuc dong c6 sir dung
bot nano SiC 450-500 nm nham dat ca nhdm bé mat “nho hon thi tot hon” trong khi
niing sut boc tach vat liéu “16n hon thi t6t hon” 1a: C, = 4,0 g/lit, Ton = 6 YS, Tofr =
30ps, IP=12A,SV=5V.
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- Két qua thyc nghiém di ching minh rang sy phu hop cta két qua mé hinh tinh
toan tdi wu v6i yéu cau thue té xung thép 90CrSi qua t6i bang dién cuc dong co st

dung bot nano SiC 500nm.

CHUONG 5
TOI UU HOA PA MUC TIEU MON PIEN CUC VA NANG SUAT BOC
TACH KHI XUNG THEP 90CrSi QUA TOI SU DUNG BOT NANO BANG
PHAN TICH QUAN HE XAM TRONG PHUONG PHAP TAGUCHI
5.1. Pit van dé

Phuong phap Taguchi dugc ing dung dé giai bai toan t6i uu hoa chi duy nhat
mot két qua dau ra. Tuy nhién, mot thuat toan t8i wu manh thi phai giai quyét duoc
dong thoi cang nhiéu mdi quan hé dau ra cang tot. Mot sb nghién ciru gan day da
t6i wu hoa thanh cong dong thoi nhidu két qua dau ra khi mai phing bang su két hop
gitta phan tich quan h¢ mo (GRA- Grey Relational Analysis) vdi phuong phap
Taguchi. Trong phan tich két hop Taguchi - GRA, mét cip quan hé md thu duoc sir
dung dé danh gia dong thoi cac két qua dau ra. Diéu nay di bién bai toan téi uu

héa nhiéu dic tinh phuc tap thanh t6i wu hoa cap quan hé xam duy nhat. Trong

o1



nghién ctru nay, su két hop gitta phwong phap Taguchi va GRA duogc st dung
dé toi wu hoa thuong luong dong thoi 2 két qua dau ra cia ché d6 xung thép
90CrSi co st dung bot nano TiC 500 nm nhdm ca hai muc tiéu vira toc do mon
EWR nho nhét va nang suét boc tach vat liéu MRR 16n nhét.

5.2. Setup thi nghiém

Gidng chuong 2

5.3. Tién hanh thi nghiém

5.3.1. Thiét ké thi nghiém

Cac yéu t6 va cac muc cua ching duoc xem xét trong nghién ctru nay duoc thé hién
trong bang 5.1.

Bdang 5.1. Cac mizc thi nghiém ciia cac thong sé dau vao Cy, Ton, Torr, IP va SV

Muac 1 2 3 4 5 6
Bién

Nong do bot C,, [g/lit] 0 | 20| 25 | 35|40 |45

Thoi gian phat xung Top [US] 6 | 10 | 14 - - -

Thoi gian ngung phat xung Tog [US] | 14 | 21 | 30 - - -
Cuong do dong phong dién IP [A] 4 8 12 - - -
Hié¢u dién thé SV [V] 3 | 4 5 ; A .

St dung Minitab 19 dé thiét ké Taguchi L18 (6*1 3~4), Cach thirc khai bao
cac bién thi nghiém cho budc khoi tao ké hoach thi nghiém dugc minh hoa trén

hinh 5.1, Ké hoach va két qua thi nghiém thé hién nhu bang 5.2.

Taguchi Design s Taguchi Design: Design x
Type of Design Runs Levels  Columns Levels ~ Columns
" 24evel Design (2 to 31 factors) L16 4~ 3 ] ~
™ 3-Level Design (2 to 13 factors) L16 44 2n1
~ . & L16 81 2~ 4
4-Level Design (2 to 5 factors) L18 2~ 1 S
(" 5 evel Design (2 to 6 factors)
{+ Mixed Level Design (2 to 26 factors) L32 21 44
L35 271 3~ 4
. : . L3& 22 3" 3 A
Number of factors: | 5 _] Display Available Designs... |
Designs... | |
™ Add a signal factor for dynamic characteristics

Help OK | Cancel
Help oK | Cancel |
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Assign Factors

Taguchi Design: Factors

% To columns of the array as specified below

" To allow estimation of selected interactions

Facto Name

Level Values

Column | Level

Taguchi Design

Design Summary

A [Cp 0225354456 T G Taguchi Array L1&{e"~1 3~4)
B Ton 51014 2 x| 3 Factors: 5
C [Toff 142130 3 x| 3
D P 4812 a = 3 Runs: 18
E 345 s v 3
Columns of L1&(6"1 38} array: 12345
Help [ ok | Cancel
Hinh 5.1. Khai béo bién thi nghiém theo phirong phédp Taguchi (L18 = 6]
37 = 18 thi nghiém).
Bang 5.2: K& hoach va két qua cta thi nghiém L18
Electrode Wear EWR (mg/h) Material Remove Rate MRR
TT| Cy | Ton | To | IP | SV (mg/h)
Trial 1 | Trial2 | Trial 3 | Trial 1 Trial 2 Trial 3
1 0 6 14 | 4 3 94.675| 91.519 | 97.041| 730.572 | 732.150 732.150
2 | 01021 |8 4 14947 | 16.672 | 18.972 | 527.755| 528.330 | 528.330
3|0 |14]30 (12| 5 72.891 | 64.792 | 48.594 | 5013.273 | 5013.273 | 5009.224
4 | 2 6 | 14 | 8 | 4 | 47299 | 46.344 | 46.821 | 428.560 | 426.171 | 427.605
512 |10 |21 |12| 5 |179.868 | 174.578 | 171.932 | 2806.466 | 2795.885 | 2801.176
6 | 2 |14 |30 |4 3 16.810 | 18.103 | 12.931 | 1490.948 | 1490.948 | 1492.241
7 (25| 6 |21 |45 60.709 | 58.651 | 59.680 | 313.148 | 311.776 | 312.805
8 125|103 | 8| 3 43580 | 38.911 | 40.467 | 1512.840 | 1509.728 | 1506.615
9 (25| 14 | 14 | 12| 4 69.625 | 57.338 | 53.242 | 4840.956 | 4836.860 | 4836.860
10 [35] 6 | 30 |12 | 4 |641.739 | 657.391 | 636.522 | 5217.391 | 5201.739 | 5206.957
11 (35|10 | 14 | 4 5 41.379 | 37.931| 36.207 | 1758.621 | 1760.345 | 1756.897
12 {3514 |21 | 8| 3 5.792 5.020 4,634 | 394.637 | 393.865 | 393.865
13| 4 |10 30| 4| 4 75.000 | 64.286 | 71.429 | 3696.429 | 3692.857 | 3696.429
14| 4 | 14| 14 | 8 | 5 5.428 6.067 6.705 | 326.634 | 325.996 | 325.676
15| 4 6 |30 | 8|5 69.669 | 60.802 | 64.602 | 1162.843 | 1161.576 | 1165.376
16 |45 10 | 14 | 12| 3 | 317.203 | 292.028 | 312.168 | 5462.937 | 5457.902 | 5467.972
17 (45|14 | 21 | 4 4 14.194 | 10.323 | 12.903 | 1459.355 | 1456.774 | 1454.194
18 45|14 |30 | 8 | 3 6.181 9.477 7.005 | 419.870 | 418.221 | 419.045

5.3.2. Céc buéc tdi wu hoa sir dung quan hé xam cho ti s6 S/N

Step 1: Xéc dinh ti s6 S/N: Trong cac thi nghiém dugc tién hanh cua ma tran thi

nghiém, Két qua mong mudn d6i voi lugng mon dién cuc EWR 14 “Nho hon thi tdt

hon”, ti s6 nay xac dinh nhu sau [16]:
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1
SN = —10l0g:(> X1, ¥7) (5.1)
Con voi nang suat boc tach vat liéu mong mudn 1a “Ldn hon thi tot hon”, ti s6 nay
la:
1 1
SN = _1010910(52%1:1?) (5.2)

Trong d6: n 14 s6 1an 1dp & mdi thi nghiém
y; 1a gia tri do duoc & lan do theri=1, 2, ....n (n=3)
Step 2: Ti s6 S/N 16n hon s& cho két qua dang tin cdy nhat va it bi anh hudng bai
nhidu nhat. Ti s6 ndy duoc chuan hoa bing Zij (0=Z;<1) theo cong thuc sau day dé
tranh anh hudng cta viéc st dung cac don vi khac nhau va dé giam su bién doi.

SN;ij—min(SN;j;,j=1,2,.k)
y max(SNij,j= 1,2,..n)—min(SNij,j=1,2,..n)

Z (5.3)

Trong d6: j 1a sé thi nghiém (j=16).
Ti s6 S/N va gia tri chuin hoa Z tmg v6i modi muc tiéu dau ra dugc thé hién trong

bang 5.3.

Bang 5.3. Cac gia tri ciia S/N, Zij va 4;(K)

SIN Zij A(K)
EWR \ MRR
TT i SO
EWR | MRR | msotham ool MRR
chiéu
1.000 | 1.000

-39.503 | 57.286 | 0.398 | 0.297 | 0.602 | 0.703
-24.580 | 54.455| 0.754 | 0.183 | 0.246 | 0.817
-35.974 | 74.000 | 0.482 | 0.970| 0.518 | 0.030
-33.409 | 52.618 | 0.544 | 0.109 | 0.456 | 0.891
-44.885 | 68.947 | 0.270 | 0.767 | 0.730 | 0.233
-24.136 | 63.472 | 0.765| 0.546 | 0.235| 0.454
-35.517 | 49.899 | 0.493 | 0.000 | 0.507 | 1.000
-32.262 | 63.578 | 0.571| 0.550 | 0.429 | 0.450
-35.631 | 73.694 | 0.491 | 0.958 | 0.509 | 0.042

Ol oo N OO O |l W| N -
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SIN Zij Ai(K)
EWR | MRR

TT i 50
EWR MRR Tri sO tham

chidu EWR | MRR
1.000 | 1.000
10 | -56.195 | 74.335| 0.000 | 0.983 | 1.000| 0.017
11 | -31.724 | 64.903 | 0.584 | 0.604 | 0.416 | 0.396
12 | -14.272 | 51.913 | 1.000 | 0.081 | 0.000 | 0.919
13 | -36.949 | 71.353 | 0459 | 0.863| 0.541| 0.137
14 | -15.691 | 50.267 | 0.966 | 0.015| 0.034 | 0.985
15 | -36.275 | 61.314 | 0.475| 0.459| 0.525| 0.541
16 | -49.752 | 74.749 | 0.154 | 1.000| 0.846 | 0.000
17 | -21.991 | 63.268 | 0.816 | 0.538 | 0.184 | 0.462
18 | -17.711 | 52.445| 0.918 | 0.102 | 0.082 | 0.898

Buoc 3: Tinh toan hé s6 tuong tac trong quan hé mo doi vai cac ti s6 SN chuan hoa:

__ Amin+{Amax
)/(k) - Aj(k)+{Amax (54)

Trong do:
+)j=1,2,...n;k=1,2, ...m,nla s6 thi nghiém, k 1a s6 muc tiéu dau ra.
Aoj 1s the deviation sequence (1a tri s sai léch cuia ddy tham chiéu).
Do; = ||1Zo(k) = Z;(K)|| 1a gid tri tuyét dbi cua sai léch gita Zo(k) (tri s& tham
chiéu) va Zj(k) (trj s6 Z cua thi nghiém thir j ctia myc tiéu thi k).
+) Amin = miny¢; miny,||Z, (k) — Z; (k)|| 14 gi4 tri nho nhét cua Ay,
+) Amax = maxy;e¢; Maxyy||Zo (k) — Z;(k)|| 14 gié tri 16n nhét ciia Ag;
+) ¢ 12 hé sb phan biét, duoc xac dinh trong khoang 0<K<1 (gia tri c¢6 thé duoc diéu
chinh dya trén yéu cau thuc té cia hé thong, £=0.5 duoc sir dung tinh toan trong
nghién clru nay).

Buorc 4: Xac dinh mirc d Quan hé xam theo cong thirc:

_ 1
V) = X2 Vi (5.5)

Day la gia tri trung binh cla céc twong tac trong quan h¢ xam da xac dinh &
bude 3. k 1a s& muc tiéu can tdi wu.
Bang 5.4 thé hién tri s6 quan hé xam Gng v4i cac muyc tiéu va tri sé quan hé xam
trung binh.
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Bang 5.4. H¢ s6 quan hé xam va cac mac d§ quan hé xam y

Grey relational co-efficient
TT Yi 7
EWR MRR
1 0.454 0.416 | 0.435
2 0.670 0.380 | 0.525
3 0.491 0.943 | 0.717
4 0.523 0.360 | 0.441
5 0.406 0.682 | 0.544
6 0.680 0.524 | 0.602
7 0.497 0.333 | 0.415
8 0.538 0.527 | 0.532
9 0.495 0.922 | 0.709
10 0.333 0.968 | 0.651
11 0.546 0.558 | 0.552
12 1.000 0.352 | 0.676
13 0.480 0.785 | 0.633
14 0.937 0.337 | 0.637
15 0.488 0.480 | 0.484
16 0.371 1.000 | 0.686
17 0.731 0.520 | 0.625
18 0.859 0.358 | 0.608

Buée 5: Xac dinh mire tdi wu cla cac yéu to tdi vu:

Tri s quan hé xAm cao hon ham y chit luong san pham t6t hon. Do d6, dua
trén muc do quan hé xam, co thé udc luong tac dong cua yéu t6 va muc do6 toi vu
cho mdi yéu t6 c6 thé kiém soat. Bang 5.4 cho thay tri s6 quan hé xdm cho mdi thi
nghiém va tri s6 quan hé x4m tuwong tac. Theo d6, thi nghiém s6 9 (C,3, Ton3, Torrl,
IP3, SV2) tuong ting vé6i ché do xung ¢6 C, = 2,5 g/lit, Ton= 14 ps, Tor = 1 s, IP =
12 A, SV =4V, ¢6 trj s quan hé xam twong tac 16n nhat (0,709). Diéu d6 chi ra
rang thi nghiém sé 9 thu duoc c6 ti sé S/N twong g gan voi ti s6 S/N duoc chuan
hoa va nd c¢6 nhiéu dic tinh tét trong s6 18 thi nghiém. Tuy nhién, ddy chua phai la
mitc d6 toi uu cua cac yéu td. Theo phuong phép ciia Taguchi, can xac dinh tri s6
quan hé xam trung binh cho mdi yéu t6 ¢ cac mirc khac nhau. Tri sé quan hé xam
trung binh tai cac mirc cia mdi yéu té duoc xac dinh trong bang 5.5 va hinh 5.2 (st
dung phan mém Minitab 19 dé phan tich).
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Bang 5.5. Murc d6 anh huéng cua cac thong sé dén hé s6 quan hé xam
Levell Cp| Ton| Toff IPl SV
0.5590|0.5433|0.5409|0.5414/0.5839
0.5291|0.5692|0.5669|0.5574|0.5950
0.5520(0.6328|0.6374|0.6464|0.5663
0.6262
0.5845
0.6398
Delta |0.1107|0.0895|0.0965(0.1050(0.0287
Rank 1 4 3 2 5
y = 0,582

OB W|IDN| -

Main Effects Plot for Means
Data Means

Cp Ton Toff IP SV

0.66 -
0.64
0.62 -
0.60

0.581 ’/\

0.56 -

Mean of Means

0.54 -

52+, 1 1 !
69'19'1/ %b‘Q‘;O © ,\Q '\b‘ '\b‘ 'I'z\ ’50 LR ‘Q’ % LI

Hinh 5.2. Do thi cac anh hudng chinh cua cac thong sé

Tri s0 quan hé xdm ctia moi yéu t0 & muc nao la lon nhat 1a mtrc t6i vu cla

yéu td d6. Do d6, theo bang 5.5 va hinh 5.2, bd thong sb tdi wu cua qua trinh xung
dap mg ca lwong mon dién cuc “nho hon thi t6t hon” trong khi ning suét gia cong

“lén hon thi tét hon” 1a: Cpb6/Ton3/To3/IP3/SV2 twong tmg voi C, = 4,5 g/lit, Ty, =

14ps, T =30 s, IP=12 A, SV =4 V.

Buéc 6: Thuc hién phan tich hdi quy phuwong sai (Analysis of Variance —

ANOVA) dé xac dinh cac yéu t6 quan trong Phén tich hdi quy phuong sai 1a ap
dung phuong phéap théng ké dé xac dinh anh huong ctua mdi yéu t6. Qua d6 xéac

dinh dugc tic dong cua timg yéu td dén muc tiéu ctia qua trinh. Ti 1& dong gop khi
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stt dung ANOVA s& bu dép cho viéc khong danh gia duge anh huéng cua cac thong
sO trén toan bo qué trinh cia phuong phap Taguchi.

Két qua phan tich hdi quy phuong sai duge thé hién trong bang 5.6.

Table 5.6.Két qud phén tich ANOVA ciia cdc mire quan hé xdm

Source DF| SeqSS| AdjSS| AdjMS| F Pl C%
Cp 5/0.028582|0.028582|0.005716|0.78|0.613| 18.54
Ton 2|0.025426|0.025426|0.012713|1.73|0.287| 16.49
Toff 2|0.029905|0.029905|0.014952|2.03|0.246| 19.39
IP 2|0.038380|0.038380(0.019190(2.61|0.188| 24.89
SV 2|0.002518|0.002518|0.001259(0.17/0.848| 1.63
Residual 4/0.029390(0.029390(0.007348

Error 19.06
Total 17|0.154201 100.00

Két qua ANOVA trong bang 5.6 cho thay: Cuong d6 dong phéng dién IP c6
anh huong manh nhat dén muc tiéu chung (24.89%), tiép theo 1a thoi gian nging
phat xung Te (19.39%), nong dd bdt nano Cp (18.54%), thoi gian phat xung Ty,
(16.49%), cudi cung 1a hiéu dién thé SV (1.63%). C6 thé nhan thiy rang hiéu dién
thé SV it anh huéng dén muc tiéu chung. Do d6 co thé dua thong s6 SV vao phan
tich 15i (thé hién nhu trong Bang 5.7).

Table 5.7.Két qua phén tich ANOVA ciia cdc mike quan hé xdm

Source DF|  Seq SS|Adj SS| AdjMS| F Pl C%
Cp 5 0.02858(0.02858|0.005716|1.07(0.457| 18.53
Ton 2| 0.02543|0.02543|0.012713|2.39(0.172| 16.49
Toff 2| 0.02990(0.02990(0.014952|2.81(0.138| 19.39
IP 2| 0.03838(0.03838|0.019190(3.61(0.094| 24.89
SV (2)(0.002518)| -pool- -l - - -
Residual 6/ 0.03191/0.03191|0.005318

Error 20.69
Total 17| 0.15420 100.00

Budc 8: Tinh toan to1 vu hoa va kiém nghiém

Xéc dinh tri s6 quan h¢ mo t6i vu dugce xac dinh:

Yop = Nm T Z?:l(ﬁ —Nm) = Cp6 + Tonz + Toff3 +IP; —3x*T (5.6)
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Trong do: T 1a tri $6 quan hé xadm trung binh T = 0.582, céc tri $6 Cps, Tonzs
Tofa, 1Pz 1a tr1 $b quan h¢ xdm cua cac thong $b ung voi muc tdi wu hoa tuong ung
va dugc lay tir bang 5.5. Theo do, ¥,, = 0.811.

Khoang tin cay Cl dugc tinh nhu sau:

1 1
Cl = i\/Fa(l.ﬁ).I@.(N—e+E) = 40,11

Trong d6: E.(1, f,) = 3.776 1a hé s6 tra bang v&i murc ¥ nghia a% = 90%, f. = 6 |4
bac tu do cua 16i, Ve = 0.005318 14 sai s trung binh cua 15i, N, 1 s6 1an 13p hiéu
qua, R = 31a s6 1an lap cua mot thi nghiém.

Tong s6 thi nghiém

¢ 1+ tOng bac tw do cia cac yéu td dwa vao tinh toan tdi wu

145424242

Do d6, véi mitc y nghia o = 90% thitri s6 quan hé xam duoc du doan véi mac hop
ly cua cic thong s6 dau vao Cp5/T 4,3/ Te3/IP3/(SV2) nhu sau:
0,7 < ¥op < 091

4.5

Tinh toan du doan két qua toi uu.
Cén cur vao muc to1 uu cua cac thong s6 dau vao, gia tri to1 wu cia cac két qua
dau ra Ra va MRR duoc xac dinh theo cong thirc sau:

(EWR,MRR),, = Cpg + Tons + Topr3 +1Ps — 3+ T

Trong do:
(Ra, MRR),,, la tri s6 nham bé mit hodc nang suét boc tach vat liéu toi uu
g 1a tri s6 trung binh lugng mon dién cuc hodc nang suét boc tach vat liéu khi
né)ng do bot nano & muc 6
T, 12 tri ) trung binh lugng mon dién cuc hodc nang suét boc tach vat liéu khi
thoi gian phat xung & muc 3
m 1a tri sb trung binh lugng mon dién cuc hodc nang suét boc tach vat liéu khi
thot gian ngung phat xung & mure 3
IP; 1a tri $6 trung binh lugng mon dién cuc hodc nang suét boc tach vat liéu khi

cuong do dong dién ¢ muc 3
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T 1atri sb trung binh nhdm bé mit hoic nang suét boc tach vat liéu cua toan bo thi nghiém.
Theo do:

(EWR),p, = 207.228 mg/h

(MRR),, = 5413.631 mg/h

bé danh gia d¢ chinh xac cua viéc tinh toan, tién hanh thuc nghiém kiém

chtng voi bo thong sb sira da toi vu dd tim duoc voi sb 1an ldp 2 1an. BO thong sb
thuc nghiém la: C, = 4,5 g/lit, Ty, = 614ps, T = 30 ps, IP =12 A, SV =4 V. Két
qua thyc nghiém va so sanh v&i két qua tinh toan toi wu dugc thé hién trong bang
5.8.

Bang 5.8. Két qua so sanh gitta tinh toan va thuc nghiém.

Thong s tdi uu
Tinh toan Thyc nghiém
< R % sai
Dactung giacong | ¢ 6/T 3/To3/IP3/(SV2 | CoblTonl/ Tor3/IP3/SV f =
éc
) 3
Luong mon dién cuc
EWR (mg/h) 207.228 196.031 5.4
Ning suét boc tach vat
liéu MRR (mg/h) 5413.631 5016.972 7.3
Gia tri quan h§¢ mo 0,811

Két qua thuc nghiém cho théy, sai s6 16n nhat so véi tinh toan 1a 7,3% ung voi
tinh toan ning suit boc tach vat liéu nén phuong phép tinh toan hoan toan cé thé
duoc st dung dé du bao chinh xac dong thoi hai dic trung 13 lwong mon dién cuc va

nang suat boc tach vat liéu.

5.4. Két luin

- T6i vu hoa da muc tiéu mon dién cuc nho nhat va nang suat boc tach 16n nhét cho
két qua tai nhu sau: Cuong do dong phoéng dién IP c¢6 anh hudng manh nhat dén
muc tiéu chung (24.89%), tiép theo l1a thoi gian ngimg phat xung Te (19.39%),
noéng do bot nano Cp (18.54%), thoi gian phat xung To, (16.49%), cubi cung 1a hiéu
dién thé SV (1.63%).
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- Ché d6 xung t6i wu khi xung thép 90CrSi qua t6i bang dién cuc dong c6 st dung
bot nano SiC 500 nm nham dat ca lugng mon dién cuc “nho hon thi tdt hon” trong
khi ning suat boc tach vat liéu “lén hon thi tot hon” 1a: C, = 4,5 g/lit, Ty, = 614ys,
Torr =30 s, IP=12 A, SV =4 V.

- Két qua thyc nghiém da chimg minh rang su phi hop cta két qua mé hinh tinh
toan tdi wu v6i yéu cau thue té xung thép 90CrSi qua t6i bang dién cuc dong co st

dung bot nano SiC 500nm.

KET LUAN VA PE XUAT
1. Két luan
- P tién hanh nghién ctru tong quan vé xung dién va xung dién c6 tron bot va thay
rang can thiét phai tién hanh “Nghién ctru nng cao hiéu qua qua trinh gia cong
xung dién dinh hinh v6i dung dich dién méi c6 tron bot nano.” dé co thé gia cong
xung dién hi€u qua cac chi tiét co bién dang tru dinh hinh vat liéu 90CrSi
- Bot SiC 450-500 nm da duogc Iua chon dua vao nghién ctru;
- B3 xac dinh duoc ché do xung hop 1y dé dat nhAm bé mit nho nhat. Cu thé: néng
do bot nano Cp = 4g/l, thoi gian phat xung Ton = 6pus, thoi gian ngung phat xung
Toff = 21ps, cuong d6 dong phong dién IP = 8A, hiéu dién thé xung SV =4V,
- Pa xac dinh dugc ché d6 xung hop 1y dé dat Ning suat boc tach 16n nhét, cu thé:
Ton =14 us (A2); Cp = 0,06 g/l (B3) Toff = 14us (C1); IP=12 A (D3); SV =3V
(E1).
- P xé4c dinh dugc ché do xung hop 1y dé dat da muc tiéu dya trén phan tich quan
hé Taguchi xam: Nham bé mit nho nhat va Nang suat boc tach 1on nhét, cu thé: Cp
=4,0g/lit, Ton=6 ps, Toff =30 ps, IP=12 A, SV =5 V.
- T6i wu héa da muc tiéu mon dién cyc nhod nhat va nang suét boc tach 16n nhét cho
két qua nhu sau: Cuong do dong phéng dién IP c¢6 anh hudng manh nhat dén muc
tiéu chung (24.89%), tiép theo 14 thoi gian nging phat xung Tos (19.39%), ndng do
bot nano C, (18.54%), thoi gian phat xung To, (16.49%), cudi cung 1a hi¢u di¢n thé
SV (1.63%).
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- Ché d6 xung t6i wu khi xung thép 90CrSi qua t6i bang dién cuc dong c6 st dung
bot nano SiC 500 nm nham dat ca lugng mon dién cuc “nho hon thi tdt hon” trong
khi ning suat boc tach vat liéu “lén hon thi tét hon” 1a: C, = 4,5 g/lit, Ty, = 614ys,
Ters =30 s, IP=12A,SV =4V,

2. Dé xuit

Pdi tuong cua nghién ciru nay 13 nghién ctru ning cao hiéu qua khi xung dién bé
mit dinh hinh 16i cac chi tiét 1am bang thép 90CrSi qua tdi voi dung dich dién moi
¢o tron bot SiC véi vat liéu dién cuc béng déng d6. Do d6, dé c6 thé gia cong hiéu
qua cac vat lidu khac nhu thép SKD11, thép gié vv... can thiét phai tién hanh
nghién ciru xung bé mit tru dinh hinh cac vat liéu khac nhu thép SKDI11, thép gid
V... Thém vao do, nghién ctru xung vi dién cuc vat liéu khac nhu graphite — 1a vat

liéu dung rat pho bién - cling 1a van d€ can quan tam.
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Phu luc
QUY TRINH CONG NGHE GIA CONG CHAY PINH HINH
5.1. Pat van de
Quy trinh céng nghé mai gia cong chay dinh hinh vé co ban gidng véi quy
trinh cong nghé cil. Piém khac biét & quy trinh céng nghé méi 1a thay nguyén cong
gia cong dau chay bang phuong phap ngudi bang nguyén coéng xung dién voi dung
dich dién méi co tron bot dé gia cong dau chay. Noi dung cu thé cua quy trinh nay
dugc trinh bay trong phan sau.
5.2. Quy trinh cong nghé gia cong chay dinh hinh
Quy trinh cong nghé ché tao chay déap vién dinh hinh nhu sau:
» Nguyén cong 1: Cwa phoi
Noi dung: Cua phéi theo kich thude theo quy dinh cta co s& san xuat;
Yéu cau: Kich thudc phai dat chiéu dai; Phoi ding duong kinh; dung vat
liéu.
» Nguyén cong 2: Tién tho phoi
Noi dung: Tién tho va vat mép dau phoi.
Yéu cau: Pung ban vé.
» Nguyén cong 3: Mai phdi vao ga
No6i dung: Mai duong kinh ngoai phoi.

Yéu cau: Khit véi Ong ga.
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Nguyén coéng 4: Ep chay

Noi dung: Ep dau chay dinh hinh

Yéu cau: Chay ép phai can; Chu ¥ khong ép qua luc dé tranh nut phoi.
Nguyén cong 5: Tién bdn tinh hinh dang

Noi dung: Tién tao hinh dang so bd cua chay

Yéu cau: Dung ban vé& (tuy theo loai chay).

Nguyén céng 6: Phay bot lwong dw diu chay

Noi dung: Phay dé tao lugng du hop 1y cho nguyén cong xung tia lira dién;
Yéu cau: Bién dang phay phu hop voi timg loai chay dinh hinh.

Nguyén cong 7: Nhiét luyén

Nbi dung: T6i 840-860°C; Ram 150-170°C;

Yéu cau: Po ctng sau khi nhiét luyén dat HRC56-58.

Nguyén céng 8: Mai than chay

No6i dung: Mai duong kinh than chay

Yéu cau: Dung sai +0,01mm; Do nham <0,5 pm.

Nguyén cong 9: Xung diu chay

Noi dung: Xung dién v6i dung dich dién moi c6 tron bot dé gia cong dau
chay;

Yéu ciu: Kiém tra ga dién cyc va chi tiét dam bao d6 chinh xéac vi tri tuong
quan gitra dién cyuc va chi tiét.

Nguyén céng 10: Chudn kich thuwdc chiéu dai

Noi dung: Tién chuan kich thudc chiéu dai chay;

Yéu ciu: Dung sai <0,02 mm;

Nguyén cong 11: Danh bong chay

Nbi dung: Panh bong dau chay

Yéu cau: Pau chay bong dep;

Nguyén cong 12: Ma crom

No6i dung: Ma crom chay

Yéu cau: Bé mat ma bong, dep.

Nguyén cong 13: Tong kiém tra

Noi dung: Kiém tra tat ca cac kich thudc gom kich thudc duong kinh, kich
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thude chiéu dai; kiém tra mit dau chay; kiém tra khe hé giita chay va ci.
Yéu cau: Kiém tra 100% tat ca cac chay.
» Nguyén cong 14: Bao goi, nhdp kho
No6i dung: bdéi md chay va dong hom
Yéu cau: Boi md kin hét dau va than chay; Xép can than trong hom gb rdi

nhap kho.
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