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T INFORMATION ON RESEARCH RESULTS -

1. General information:

. Project title: Experimental study of the influence ol machining paramefers on dust =~

dispetsion while milling composite material panels

Code number: T2022-B29

Coordinator: Nguyen Dinh Ngoc

Implementing institution: Thai Nguyen University of Technology - S

Duration: from April, 2022 to March, 2024
2. Objective(s): -

- Provide instructions on choosing the type of cutting tool, as well as the optimal set of

cutting parameters to minimize dust diffusion in machining composite materials.
- Predict particle concentration and dust volume when machining a specific composite
material.

3. Research results: _

Evaluate the influence of parameters on the process of creating dust and defects on the
surface during machining. These results can be used to make recommendations for the
process of choosing optimal parameters in machining composite materials.

4, Products:

- An international journal indexed Scopus Q4

5. Effects:

Achieved 100% of scientific products as committed in the project and on schedule.

6. Transfer alternatives of reserach results andapplic ability:

Used in factories, plants or workshops processing composite materials.




~ ~— CHUONGT. TONG QUAN VE S PHAT TAN HAT BUF |

KHI GIA CONG VAT LIEU COMPOSITE —

Trong gia cong vét liéu composite, thi gia cong khong st dung dung dich tron

ngudi (dry machining) ludén duge khuyén dung. Vi so v6i gia cong cé dung dich - -

tron ngudi, gia cong khd ¢ mot nhidu loi thé nhu giam 6 nhiém méi truong, khong

hai da clia cong nhédn, giam gi4 thanh loai bo va don de¢p phoi, khong phai chiphi

. cho-dung dich-tron ngugi. Tuy nhién, viéc gia cong khong su-dung dung dich fron.. ...

ngudi thi qua trinh gia cdng ngoai tao ra cac khuyét tit trén bé mit dugc gia cong,

 imdn dung cu cht nhanh hon, va djc biét 13 sy phat tan céc hat bui vio trong khong |

khi. Céc hat bui ndy c6 ngudn gbc chinh 1& sy v& vun ctia phoi vét liéu composite.
Céc hat bui s& khuéch tan vao trong khong khi. Cong nhan c6 thé hit vao, va céc hat

iy theo kich thude ¢6 thé di vao cdc bd phan khac nhau trong h¢ hd hap cia con

ngudi va gy ra cac bénh nguy hiém v& ho hip. Pdy 13 mot vén d& mang tinh thiét
thyuc rét cao dbi véi stre khaoe nguoi lao ddng. Tuy nhién, céc nghién clru ,vé gia
cbng vt liéu composite thi hau hét chi tap trung vao khdo st cAc nguyén nhin gly
ra khuyét tit gia cong trén cac bé mit. Trong khi d6, cé rét it cdc nghién ctru khao
sat cac nguyén nhéin &nh hudng toi sy phat tan s6 luong hat bui vao khéng khi.

Viéc phat sinh céc khuyét tat néu trén di kém vdi sy phat ra cdc hat bui min cta
soi va vt liéu nén dugce gia cong ¢6 dudng kinh cye nhé va céc canh sic. Cac hat
ndy dwge phan tan va lo limg trong khong khi, va ngudi van hanh may co thé hit
phai. Chung c6 kha nang lam héng hé thdng tho va gay kich tmg doc hai, va 1a chit
gy ung thu. Viéc siv dung ngay cang nhiéu vét lidu composite trong cong nghiép
dan dén viéc tiép xuc thudng xuyén hon véi cac hat bui min. Céan phai giam thiéu
cac hat phat ra trong khong khi dé bao vé ngudi van hanh khoi cac vén dé sirc khoe
da d& cap [1-2]. Pang ngac nhién 13 nhing vAn dé& vé hat bui do gia cong vat liéu

composite dd bi bd qua tir 14u va co rit it nghién ctru lién quan [3-4]. Do d6, cac

nghién clru sdu hon vé su phat sinh bui trong qua trinh gia cdng vt li€u composite

1a cap thiét va cin dugc cdng dong nghién ciru xem xét mét cach nghiém tuc.
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Haddad va cong su. [1] d4 phén tich dnh huéng clia hinh dang dung cy, théng s cat
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dung, trong khi chi c6 dung cu cd go khong trang phu dugc sir dung & toe do cat

cao. Két qua cho thy & toc do cét tidu chudn, hinh dang ctia dung cy anh hudéng dén

s& lugng cac hat c6 hai phat ra va céc hat byi dugc tao ra boi-dung cu bén i cit——

. ¢ g9 cao hon so véi nhitng hat duge tao ra khi sir dung ¢4 dung cy c6 g& phi va

khéng trang [5-7]. Ngoai ra, két qua ciing cho thdy rang 16p phu c6 it tc dong dén

viée tao ra céc hat bui. Vé 4nh hudng cuia céc thong so cét, s6 lwong cac hat 6 hat

ting 1én khi gidm tbc do tién dao va ting toc do cit trong ca hai truong hop pham vi
téc @5 cit. Tuy nhién, nhom téc gid ciing khéng giai thich cho céc hién twong dugc

dé cap trudc d6 da duge cac tac gia dua ra.

Gén day, Nguyén Dinh Ngoc va cong su [4, 9] da phén tich tac dong cla cac thong'
56 cat (the do cﬁt, tbe dd tleq dao, d6 sdu cit) va d6 mon cia dung cu abi véi sb
lwgng cdc hat c6 hai duge tao ra trong qua trinh ¢t miu CFRP (st dung dung cu
PCD):. Két qua cho théy ring sy gia ting tdc d6 cit vashoic giam tdc do tién dao
din dén ting ndng d6 cla céc hat c6 hai. Chiu huéng ndy tuong tu nhu két qua
trinh bay trong nghién ciru ctia Haddad M va cong su [8]. Bén canh d6, sé luong
cdc hat 6 hai ciing giam khi chiéu dai gia cong tang 1én. C6 thé thiy ring bé mit
thé rap hon c6 lién quan dén kich thude cdc hat byi [6n hon. Nhu d4 biét, cac hat
bui sinh ra trong qua trinh gia cong composite co thé bi hit vao bdi ngudi vin hanh
trong khu vye gia cong. Do do, cAn giam thiéu cac hat bui phat ra trong khéng khi.
Pé lam duoc diéu nay, tdt hon 14 thu duge cdc hat cé kich thude 16n hon, vi ching
s& roi ra ngay sau khi tich ra khéi mau vit tbng hop ma khong phén tan vao khong
khi xung quanh. Két qua nay cho thy gia cong voi tée do tién dao cao lam giam sb
luong cac hat trong khéng khi. Tuy nhién, vi¢c vén hanh véi céc théng sé nay dé
giam phat thai bui co thé lam phat sinh nhiéu vén dé quan trong nhu tang luc cit

mai mon dung cu, nhiét dd.




CHUONG 2. SU PHAT THAI HAT BU1
~ KHI GIA CONG VAT LIEU COMPOSITE CFRP BANG"

chh thuorc va hmh dang cua ph01 duorc tao ra trong qua trinh gla cong vat

o lidy composite bi anh hirdng manh bdi cac thong s6 gia cong. Dac biét dbi vai vat

ligu comp031te CFRP lam fir vat liéu nén nhlet rén, phoi duorc chla nho thanh kich

“trong Iirgng nhe hoi, ¢a¢ manh vim & dang hatbuicé thié-phat tan vaokhong khi-ver
ngudi vin hanh trong xudng co thé hit phai. Hit phai nhitng hat bui ndy c6 thé gay
Fa 0T 56 VAN & vé 116 tap- Dy & mot vAm dé oo tintrchp-thit, tuy nhiéncho-dém————

nay rét it nghién ctru dé cap dén van dé€ nay. D¢ tai nay nham muyc dich nghién ctru |

anh hudng cia cic thong sb cit (toc d6 tién dao va chiéu sdu ciit) va dé mon cua
~————— — dung cu trong qué trinh ¢t CFRP_lam biing vit liéu nén epoxy dén sé lugng hateé
hai. Viéc dinh lugng hoa cac hat phéin tan dugce do bing may theo di bui quang phd
laser. K&t qua cho théy ring viée ting tbe do tién dao va chidu sdu cit hudng kinh
s€ lam giam s6 Iwong hat 6 hai. Vi du: khi luong chay dao tang tir S00 mm/phat
1&n 1500 nim/phl;it thi s6 lwong hat c¢6 hai giam 37%. Ngoai ra, c6 thé thiy rang, khi
tang chidu dai gia cong, sb Iwong hat c6 hai s& giam trong tit cac cac trudng hop ‘
ctia didu kién gia cong duge chon. Viée giam s6 lugng cac hat c6 hai ndy la do dung |
cu cét bi mon. Dua trén két qua nghién cttu ndy, c6 thd khuyén nghi ring viéc gia
cong bang s két hop giita tdc d6 tién dao cao va chiéu siu cit cao ¢6 thé 1am giam

sir phén tan sb lwgng hat ¢6 hai.

2.1. Téng quan tai ligu nghién ciru vé sw hinh thanh hat bui trong qud trinh gia
cong vit ligu composite CFRP
Vit liu composite c¢bt soi (FRP), mdt loai vét lidéu composite tién tién, da

duoe str dung rong rdi trong cac linh vye cdng nghiép khic nhau (nhu hang khong
vii trw) vi ty 18 d6 bén trén trong lugng, ty 1& d cung trén trong lwong cao va tudi
tho modi dai. P& phii hop véi ting Ung dung, két cAu composite thudng dugce ché tao

¢6 hinh dang gén giéng véi san pham. Tuy nhién, sau khi thao khuén, qua trinh gia




cong thuong duge sir dung dé ¢6 duoce kich thudc cudi cing clia két cau composite.

- Chc_qua trinh gia cong ndy thudng 1a: phay, tién va khoan [1-4]. Gia cOng vat liéu

Navat licu vt liu

-~ vaphdi[5-8]. Sy tvong tdc ndy la nguyén nhén chinh taora cdc phoi dwoc dac trung —

boi kich thude nho, cé thé co kich thude ¢ micro. Gia cong vat lidu composite

CFRP khéng cin chét bdi tron (gia cong kho) thudng duge cac cong ty trong cong
— nghiép khuyén nghi. Tuy nhién, gia cong khd tao diéu kién cho-khuyét tat xuét hi¢n,———

_ting toc d6 mai mon dung cu va chii yéu 14 phit tin cac hat bui min c6 kich thude

cwe nhd va canh sic vao khong khi [9]. Khuyét tit quan sat dugc trong qué trinh cit

CFRP c6 thé duoc tém tit 13: sy tach 16p, s¢i chua cat, su suy gidm nhiét va/hodc co

hoc ctia nén, cac vét nirt giita cac 16p. Trén thye té, khi tién hanh gia cong kho, viéc
tao ra céc khuyét tat néu trén di kém v6i viéc phat thai cac hat bui min. Vige st

dung vt liéu composite ngay cang ting trong cong nghiép dan dén viée tiép xtic |

7thu€mg xuyén hon véi cc hat bui min. Do”dc’)i,wdéiér H:;it bui 6 kha nérTg éﬁyi‘%n hai
hé hé hép va gdy ra céc kich (ing ddc hai. Vi nhiing ly do nay, diéu quan trong nhit
1 phai giam thiéu cac hat phét ra trohg khéng khi trong qué trinh gia cong CFRP dé
bao vé ngudi van hanh khéi cac nguy co strc khoe lién quan dén cong viéc tai
xudng gia cOng.

Nghién citu dé han ché sy khuéch hat bui ra ngoai khong khi trong qua trinh
gia cong kho vat liéu composite r4t dang dugc quan tdm. Tuy nhién, c¢6 rit it nghién
ctru lién quan dén van dé& nay. Mot trong nhiing nghién ctru so bd vé hat bui duge
trinh bay boi Wagman J va cong su. [10]. Trong nghién ciru nay, hinh dang cua cac
hat thu thap duoc tién hanh khi vat liéu composite than chi/epoxy dugc gia cong
bing hai qu4 trinh, khoan va cua. Két quéa cho thiy cac hat sinh ra khi khoan c6
chiu dai chd yéu tir 50 — 100pum, con cac hat do cua ct c6 chidu dai ngin hon. Ca
hai trudong hop hat déu c6 dang soi duge nhing trong vat liéu vat lidu nén va soi tu
do. ES va cdng su. [11] d& nghién cou &nh hudng cua ban chit cua vat lidu
composite dén kich thudce va sb lugng hat ¢6 hai trong sau mau FRP (carbon/epoxy

va thiy tinh/epoxy) dugc gia cong. Két qua cho thiy cac hat c6 hai tao ra tir vét }idu




composite sgi thly tinh c6 s6 hwrong cao hon va chiéu dai dai hon so véi cac hat tao

ra tir vit liéu composite sgi carbon. Co6 mét dieém dang luu y 14 cdc nghién ctru lién

qu WWWWWWMW

 déncéc hatebhah - — —— e

Haddad va cdng sv. [12] nghién ctru 4nh hudng cla cac théng sb cit (tbe do

T e

cit va toc d9 ti€n dao) va hinh dang dung cu 1é€n cac hat c6 hai khi cédt cic tam

CFRP. Trong nghién ctru ndy, ba loai dung cu cit lam bing earbide vonfram-d&— -——

dwgc st dung, dao phay ngén 4 [udi cit ¢ g0, dung cu c6 ludi duge trang vakhéng

trang, Két qua thu dugc cho thiy sb hrong hat ¢ hai giam khi tang téc db tién dao

va/hodc gidm toc do cit. Piéu dé cd nghia 1a nén stt dung su két hop giita toc d§ cat

thép va the d6 tién dao cao dé tao ra céc hat c6 hai téi thiéu. Tuy nhién, sy két hop

cac thong soO gia cong nay tao di€u kién cho sw xuét hién cac khuyét tat gia cong va

chit luong bé mit kém [13]. V& anh huéng cia hinh dang dung cu, s luong hat c6

hai do dugc khi str dung dao phay ngén 4 ludi cét co g 14n hrot cao hon 150% va
120% so vai lucmg hat dugc tao ra khi tlen hanh gla cong véi dung cu c6 ludi dao
du'qc phit va khong trang phu Nhung két qua nay duogc cho 14 do thuc té 13 khi sur
dung dung cu cé ludi dao, nhiét dé gia cong s€ cao hon so voi truong hop gia cong
v6i dao phay ngoén 4 ludi cit co g&r va diéu nay tao diéu kién thudn lgi cho sy bam
dinh ctia bui cacbon & giffa céc rinh dung cu cta ludi dao. dung cu. Ngoai ra, trong
nghién citu ctia Klocke va cong su. [14], két qua cho thdy rang, khi cit hdn hop
CFRP bﬁng dung cu PCD va carbide, cac hat bui tao ra bi anh hudng badi ban chét
clia vit liéu dung cu cit. Trén thuc té, cac hat c6 hai duogc tao ra khi sir dung dung
cu PCD cao hon 35% so véi truong hop st dung dung cu carbide. Swur khéc biét nay
c6 thé duge giai thich béi thuc t& 13, dung cu PCD ¢6 dic diém 14 ban kinh ludi cit
nhé hon khi so sanh voi ban kinh ca dung cu carbide. C6 thé cling nhén théy r?mg,
viée tang thc dd cit din dén sy gia ting ndng dd khdi lugng ciia céc hat bui,

Trong phén tiép theo céc phan tich tac dong ctia cdc thong s cat (tbe db cat, toe dd
tién dao va chiéu siu cét), d0 mai mon cua dung cu (duge trinh bay dai dién bai

chiéu dai gia cdng) va hinh hoc cua dung cu cit doi vdi so lugng va khoi lugng cia




céc hat ¢6 hai (nhitng hat c6 thé bi hit vao phé nang phdi) trong qua trinh cit mau

-.CFRP. bang _dung cu PCD. S6_ luqng hat dugce_tao ra trong qué_trinh gia.céng duge .|

260 M21 34% (T700/M21). Hai muoi 16p prepregs twong Ung v6i kich thuée 300

mm x 300 mm v d§ day 0,25 mm dugc xép chdng 18n nhau dé tao ra cac tAm c6 do

day ly thuyé‘t la 5,2 mm va&1 frinh ty xép chbng nhu sau: |90/90/-45/0/45 /90/-
45/90/45/90]s. Nhiing tdm ndy dugc nén bing bom chin khong trong mdi trudng

dugc ki€m soat. Khudn cho tdim cdn mong d3 duge chuan bi va dit trong bao chéan

-~ ———khéng-duge-hut chan khong- dén 0,7 bar—Qua-trinh-xt-ly-sau-d6-duoc-thyc hién-&-
180°C trong 120 phut trong d6 ap sudt duge duy tri & mirc 7 bar trong ndi hdp. Cac
tinh chét co hoc clia vt liéu composite duoe trinh bay chi tiét trong Bang 2.1. Sau

' kh1 xur ly, cac phdi gia cong du’orc chuan bj bing quy trinh tia nude mai mon (AWJ)
dé ¢o duo’c kich thuée cita mi phiéu, tirc 14 280 mm x 14 mm x 5 ,2 mm hoéc 280
mm x 16 mm x 5,2 mm tdy thudc vao chilu séu cit trong tmg 1a 2 mm hoic 3 mm.
Kich thudc ciia cic phdi duge thiét ké dic biét dé 14y miu thir nghiém nén theo
khuyén nghi tiéu chuin AFNOR NF T 51-120-3 (1995).

Biang 2.1. Tinh chit co hoc cta IexPly T700-M21.

Vit liéu bé day lop: 0,26 mm
Composite Ty 16 phan tram sgi: V= 59%
(T700/M21) Trat tu xép 16p

[90°/90/-45/0/45/90/-45/90/45/90] giay

M5 dun tré: E1 = 142 GPa, Et = 8,4 GPa

Mb dun cit: G12 = G13 = 3,8 GPa, G23 = 3,2GPa
Nhiét d6 chuyén thuy tinh: Tg= 187°C




2.2.2. Théng 56 cdt va hinh ddng dung cu
De nghién clru anh hwéng ciia hinh déng dung cy 1én cdc hat c6 hai, ba loai =

—dung_CJ,LQaI_laaning_klm_CJm_g da tinh thé (PCD) da duge st dun. bao gdm: dao

phay_ngm_bim_mﬁihangmﬁugmﬁSSE), hai me xoén (2HF) v4 hai me thing

(28F) (xem Hinh 2.1). Pbi_véi_cac théng sb cﬁt mcr)ti ma ttan thiét ké day dibao
gdm sy két hop ciia ba cap 46 lugng chay dao (500 mm/phut, 1000 mm/phat va

1500 mn/phut) va hai ¢ap d6 toc do Cat (150 m/phut va 250 m/phiity da dugc sir

dyng cho tht ca céc dung cu.cit. Pbi véi chidu shu_cit hudng kinh l4n dau. tién,__

thong ) nay duqc co dlnh o muc 2 mm CW Vol *‘t ca cac aung CU Cat. lrong Ein

thir ha1 va kh1 tién hanh gla cong bﬁng ZSF ba mirc do sdu cht huorng tam d duoc

st dung (2 mm, 1 mm va 3 mm). Ddi véi tit c4 cac diéu kién duoc kiém tra, qua

trinh gia cong duge tién hanh khong c6 chét bdi tron (gia cong khé). Thong tin chi
tiét v& cc thong sé thi nghiém duoc trinh bay trong Bang 2.2. Béi v6i méi dicu — -

kién gia cdng, ba miu thir dugc cit xén véi tdng chidu dai gia céng 12 168 cm (28

cm x 2 m3t x 3 maiu = 168 cm). Cac mit cit va hu6ng cat tuong ing véi hudng 0o
ctia mau thir dwge minh hoa bing so db trong hinh 2.2. Hinh dang cat duge st dung
duorc ASAHI va Cong ty dung cy SECO khuyén nghi dé gia céng CFRP.

_ Béng 2.2, Tom tit cac didu kién thi nghiém dugc st dung de cit cac tim CFRP.

Dung cu cit 1) Two straight flutes (2SF)
+ Goc xodn = 0°, rake angle = 0°, clearanace angle =17°
+ béan kinh = 6 mm
+ 86 lugng ludi cat =2
2) Two helix flutes (2HF)
+ Goe xodn = 0°, goc trude = 5°, goc sau = 7°
+ ban kinh = 6 mm
+ 86 luong ludi cit =2
3) Four serrated straight flutes (4SSF)
+ Gée xodn = 0°, gbc trude = 5°, goc sau =7°
+ ban kinh = 6 mm
+ S4 ludi cit = 4
Ché d6 gia cong Tée dd cit (m/min): V=150, and 250
Luong chay dao (mm/min): Vr= 500, 1000 va 1500
Chidu sfu cit (mm): (ac) = 2 and 3
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Hinh 2.1. Cic loai hinh ding hinh dang dung cu cit khac nhau, (a) Dao 4 lu&i cat
thing khia— 4SSF, (b) Dao 2 lu@i cit xodn - 2HHF, (¢) Dao 2 ludicit thing - 2SF, ~———

Zy cuting speed

- Facgd =

Radlal-depth

Face 1 of cut {a,)

0°Flber dlrecton
A—
Feed direction

Hinh 2.2. So d6 minh hoa gia cong.

2.2.3. Thiét ldp gia cong va dinh luong $6 hat bui
Qua trinh gia cong dugc thye hién béng trén may phay CNC 5 tryc v6i nhén

hiéu "DMU 85 mono-BLOCK" ¢6 téc do truc chinh t6i da 18.000 vong/phut. Céc
mAuvat-duec ¢b dinh-chéic chin bﬁng vit nép trén mot vat ¢b dinh cu thé dugc thiét
ké cho nghién ctru nay (xem Hinh 2.3). Dé dinh luong s6 luong va kich thude trung
binh cua cac hat bui dwgc tao ra trong qua trinh gia cdng, mét man hinh bui
GRIMM (model 1.109) da duge st dung (xem Hinh 2.4). Thiét bj nay co thé dém sb
lugng hat c6 kich thude tir 0,25 pm dn 32 pm c6 trong mdt lit khéng khi. Khoang
théi gian cho mdi phép do duge thiét lap trong 6 gidy. S6 lugng hat trung binh dugc
tinh toan dé c6 duoc dai dién cho timg didu kién gia c6ng. Sau mdi thir nghiém gia
cdng, bui ling xudng ban gia cong dugc thu thap dé quan sat hinh té vi cia cac hat
bing kinh hién vi dién tir quét (SEM). D& nghién ctru su thay déi hinh déng cia ludi

cit, mot hé théng kinh hién vi da duoe sir dung (xem Hinh 2.5).




|
i
|
|
i
1
i
I

i, © Dust monitoy

Snecimen

[

Force sensor

- no .
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Hinh 2.5. Hé théng kinh hién vi d& didu tra cic motification clia cit canh.

2.3. Phéin tich két qua thuc nghigm
bé phén tich hinh thai hoc clia cac hat bui, céc to giéy sach duoc dit trén ban

mdy dé thu thap céc hat ling. Hinh 2.6 cho thiy kinh hién vi dién tr quét (SEM)
quan sat cic hat dugc thu thip cho hai toc dd chay dao khac nhau va the Ao cit va
d6 siu cit Iin luot 13 150 m/phut va 3 mm. C6 thé thiy ring cac hat dugc tim thiy
c6 hinh dang khéng d&u va c6 thé duge phan biét ia sei tw do, bdt min va cdc manh
ctia khdi vat lidu nén soi. Sy hién dién cta cac dang phoi khic nhau nay cd thé duoge
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giai thich bai thuc té 13, goc twong dbi "0 gitta hudng cia tée d6 cit va hudng soi

- _._ quang giy ra viéc tao ra céc dang phoi khdc nhau, Néu ching ta dé cdp dénnghién

.
] ) 3 vao-che cochéa hinh-thanh -nhaoi-cho-odo—ota—ter ldbhacnlat-eiia
- FYUU vl WU vl TN LTy Pllul L3 8 LW w7k Elu u} BAIA THIIAUE WU ——

,
Lo NN g . 3 : . B o Aien aeha Aol L LA Lo
g0C— o .,rong—qua—tﬂnh—e&t—tf&e—gt&e—_ P no—da troc—Xac—amn—Tro—rang—<no

-~ '0D00DO0O" phoi 6 dang bt (cac hat nho hon). Tuy nhién, d&i vei -

"O0O000000" and "OOODO30" cae phoi c¢d dang hinh dang lién tuc va bi hong

twong tmg. Nhitng hinh dang dién hinh cia cac hat dugc quan sat gidng hét nhau
"———-  cho tAtca cac trudng hop gia cong trong nghién ctuniy-bit ké didu-kién citciing———

nhy chiéu dai gia cong. Tuy nhién, c6 the nhin ra rang cdc hat dugc tao ra bang
cach sit dung tbc dd chay dao 1000 mm/phit (xem Hinh 2.6b) ¢6 nhidu khéi hon
cac hat dugc tao ra béng tbe do chay dao 500 mm/phat (xem Hinh 2.6a). Nhitng

diéu ndy c6 thé duoc giai thich béi thuc té 13, v&i te d6 chay dao ngdy cang tang,
@5 day phoi Iy thuyét ciing tang theo. Piéu quan trong can d& cap 13, dbi voi bAtky

diéu kién thit nghiém nao duge st dyng, mot lwong phoi khong dang ké (& dang

bot) dugce phén tan trong khdng khi dugc coi 14 bui gia cdng. Nho man hinh bui, ¢6

thé dinh luong sb lwgng va kich thude clia cac phoi phén tan nay.

(a) (b)
Hinh 2.6. Hinh 4nh SEM dién hinh cia cdc hat dugc thu thip & chiéu dai gia cong

0,28 m cho téc d9 cit 150 m/phit va chidu sdu cét 12 3 mm (a) V= 500 mm/phut
(b) Vf= 1000 mm/phut .
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2.3.2. Phén tich 56 hat bui ¢6 hqi ton tai trong mot lit khong khi
R } ri:“‘A’?fh"'htré’ng —cﬁa‘hinh—ddng— dung 'cu"vc‘rthéng Sﬁ 'gia—céng 'dén—scf-luang "haf co—————
hai

Theo tiéu chuén tiéu chdu Au EN 481 [15], cic hat bui dugc phan biét theo

~_ baloai Ia viz.inhalable, thoracic va respirable, trong do bui ho hap 1a cac hat co thé

dén phdi vé.iphg“' nang va dugc ddc trung boi dudng kinh khi ddng hoc rthép hon 10

2 ]

cua ngudl

van hanh. Do @6, viéc gidm phan hat duge giai phong nay déng mét vai trd quan

——————————{TONg trong viec bao V¢ SUT Khde cua Nguoi VAN Man, Do a6, trong nghiém cuuay,
C g VIt ; g : gng y

chi ¢6 cac hat hd hip (hat c6 hai) dugc phén tich. Tuy nhién, truéc hét, hay xem xét

sir déng gop kich thude cia tdng sb hat thie t& duwoc do bing cach sir dung may

theo ddi bui. Hinh 2.7 cho thdy su phat trién clia tong s6 hat duogc tao ra bai ba hinh
dang dung cu cho chidu sdu cit 2 mm nhu mdt ham cta kich thuéc hat. Trong — —

tredmg hop ndy, viée gia céng lién quan dén mit dau tién ciia miu thi va duge tién

~ hanh vdi the d6 chay dao 500 mm/phit va toc d6 cat 150 m/phit. Co thé quan sar o
rang rang 2SF tao ra tdng sé hat nhidu hon céc dung cu khac, trong khi 2SF tao ra
tong 56 hat rt'éi jthiéu hon céc dung cu khac. Dya trén hinh nay cho tht ¢4 cac hinh

| ) dé’_uig_ dung cu,Cothé ”thfiy réng_ 6 hai dinh r6 rang nhét cho sb hat bao gbm tyl¢

phén trim chinh cta cac hat do dwgc. Cac dinh nay tuong ung voi kich thude hat
bao gbm 0,3 pm va 0,35 um cho dinh tht nhit va 0,8 pm dén 1 pum cho dinh thir
hai. Cin lvu y ring, dinh du tién tvong ang voi ty 16 phan tram chinh cta tbng sb
hat duge do va dai dién cho nhiéu hat hon 300% so véi s6 hat do dugc cho dinh thir
hai. So sanh véi két qua nghién ctu ctia Haddad va cong su. [12], phan bd kich
thude téng thé theo cung mot xu huong, tuy nhién, téng s hat do dugc 1a khéc
nhau. Sy khic biét nay rd rang dugc quy cho hinh dang dung cu. Trén thuc té, vai
dung cu burr duge sir dung béi Haddad téng s6 hat it hon so v&i téng sb hat thu
dwoc bing dung cu PCD (trong nghién citu nay). Th@t vy, khi dung cu burr dugc
st dung, d6 bam dinh cia mdt lugng bui carbon khdng dang ké & gifra cac dung cu

d3 dwoc quan sat, didu nay co thé giai thich tdng sé hat trong khong khi thip hon.

11
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Hinh 2.7. S6 lugng hat c6 trong 1 lit khong khi so vai kich thude hat duoc tao ra

Particle size {ym} o

bai ba hinh dang dung cy.

S6 lwgng hat c¢6 hai duge tinh tir tbng sb hat theo khuyén nghi ciia Tiéu

chudn Chau Au EN 481 [15). Su phat trién cia gia trj trung binh ciia s hat c6 hai

¢ trong 1 lit khong khi nhu mdt ham ctia hinh dang dung cu va téc dd chay dao

duoc thé hién trong Hinh 2.8. C6 thé thdy ring qua trinh cit clia dung Cu 2SF tao

ra cac hat c6 hai cao nht khi so sanh véi cac hinh dang dung cu khéc, trong khi cit

v6i dung cu 4SSF-géy ra cdc hat c6-hai thép nhét bt k& didu kién cit. Trén thyc té,

o didu kién_cét 500 mm/phat va 150 m/phit, s lugng hat c6 hai do dung cu 2SF

cao hon so vi dung cu 2HF va 4SSF lén luot 13 14% va 26%.

8.0E+06

5.0E+06 - -

£ 4.08+08 1---

3.0E406 ~---

2.0E+06 1--

1.0E+DG +--

Number of harmiul particlespresentin 1liter of the air

0.0E+00 4

500

w 28F
w HF

1000 1500
Feed speed, VI {mm/min}.

Hinh 2.8. Su pht trién ca sé hat c6 hai bién thién theo hinh dang dung cu khi gia

cong véi toe db cat 150 m/phit va chidu sdu cit 14 2 mm.
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Sir khac biét vé sb lugng hat ¢6 hai gifta cac hinh dang dung cu c6 thé duoc

-gi4i thich dya trén sy khac-biét so. voi hinh hoc ty.nhién cia mdi dung cu cdt. That .
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Tuy nhién, c6 it phoi siéu nhé bam dinh hon dugc quan. sat thiy trong truong hop

2HF (xem hinh 2.9.b), diic biét, ¢6 it phoi siéu nhé nhit dinh vao canh cdt va cio

ciia dung cu cit 2SF (xen hinh 9.a). Sy xuét hién cia phoisiéunhd nhu dadécip———

‘trwde day co thé ngin chin su phdt xa cia cac hat trong qué trinh gia cong, Vily do

nay, cac hat c¢6 hai dugce taora bﬁng 4SSF it hon so v6i cac hat khéc.

. / R N Co ) Cutting ed.ge . LT o T

'C:Jtll’tllflg..e B

400 um - Adhere micro chip

(a) S (b) | (©).
Hinh 2.9. Hinh 4nh SEM cho thdy céc phoi siéu nho bam dinh trén ranh ring cua va-

mit trede cho didu kién cit the do cit 150 m/phut, tde d6 chay dao 500 mm/phut va -

d6 sdu cit 2 mm vdi (a) 2SF, (b) 2HF, (c) 4SSF,

Co thé nhan théy rr?mg, mot so sanh vé su anh hudng cua goc x04n 1én sb hat
c6 hai gitta dung cy 2SF va 2HF khi cd hai loai dung cu ndy ¢6 chung chu hinh (sé
lwong me cit, dudng kinh, géc trude va goc sau) nhung khéac véi goc xoan. Dé loai
trir 4nh hudng clia mai mon dung cy, anh hudng cia goc xo4n dén sb lwong hat ¢o
hai chi dugc xem xét & mit déu tién (Lc = 0,28 m). Hinh 2.10 trinh bay sy bién
thién cta s& luong hat c6 hai duéi dang tdc dd chay dao trong trudng hop 150
m/phit va chiu sdu cdt 2 mm cta hai hinh dang dung cy, 2SF va 2HF. Két qua
trong hinh 2.10 cho thiy 36 lugng hat cé hai duge tao ra trong mat d4u tién coa

dung cu cit 2SF vuot trdi so véi két qué tir 2HF, trong tht ca cac didu kién cét.




r of harmfl particle

s
»
: |

0.0E+00 - —
1000 1500
Feed speed, Vf (mmimin)

500

Hinh 2.10. Anh hudng ctia goc xoén dén sé hrong hat c6 hai & chiéu dai cat
0,28 m.
Dua trén két qua dugc trinh bay trong Hinh 2.9, ¢6 thé hinh dung ring sy gia

ting thc dd an dao dan dén giam sd [wong hat c6 hai, khong frong Gng voi hinh
dang dyng cu. Vi dy, khi tbc dd an dao thay ddi tir 500 mm/phat dén 1500 mm/phit
trong truong hop tbc d6 cat 150 m/phut, sf) lugng hat c¢6 hai trung binh giémilén

ot 1a 37%, 38% va 34% dbi voi 2SF, 2HF va 4SSF. Anh huéng ciia the do an dao

dén sb lugng hat c6 hai nhw d3 trinh bay truéc day cé thé duoc giai thich béi thyc té
12 khi gia cong véi tbc d chay dao cao hon géy ra su gia ting d§ day cua phoi va
khdi lwgng vat lidu cit ciing ting theo. Tuy nhién, do d¢ day phoi cao hon, xac suét
thu dugce cac hat lzfmg trén ban may v&i dang sei tu do va khéi vat lidu nén soi duge
d& cap & trén (xem Hinh 2.6) ting 1&n. Hon ni¥a, khi ting gia tri ca toe do cit (tir
150 m/phut 1én 250 m/phtt), su gia tang sd lwong hat c6 hai duge quan sat thiy dbi
v&i tt ca cac hinh dang dung cu (xem Hinh 2.11). Cu thé 1a, trong trudng hop dung
cu cit 2HT khi sir dung tde d6 chay dao 500 mm/phut va the do cét thay dbi tir 150
m/phit dén 250 m/phuit, sé luong hat c6 hai ting 115%. Anh hutng cia te d6 cat
ciing lién quan truc tiép dén viéc giam d6 day phoi. That vay, khi toc do cit tang,
két qua 1a 6 day phoi giam nhu dugc ghi nhén trong tai liu {13, 16]. Trong giai
doan nay, khdi lugng vt liéu cit ctia mdi hanh dong cit 12 nho, do do ching ta co
duge x4c suit cao hon ciia kich thudc phoi nhd dé dang phat ra trong khong khi do
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trong lwgng nhe. Dya trén két qua trén, ¢o thé noi ring gia cong véi thc d6 chay dao

e - cao-va-tbe-dO-cit thap-hon s& tao-racic_hat ¢4 hai.toi thicu, va vige din truyén gia

——  chua cét {uncut fiber) vi sy xubng cép vit lidu nén (matrix degradation) [13, 16].

Anh hudng cia tbe dd cit va toe do an dao dén s6 lugng hat co6 hai trong nghién ciru

ndy tuong ty nhve nhitng gl dwoe trinh bay-trong cong-trinhnghién-ciru-cia Haddad—— |

 vacong sy. [12]. Tuy nhién, khéng c6 théng tin vé do séu clia hiéu img cat ¢6 san

trong nghién ciru cta ho, ciing nhu trong tai liu khac dé cong bé.

1 QE+QT

9,0E+06 1-----------

BLOEHMDE decmmremmmrmmomomrrianmnnnee s RN .

ntin 1 liter of the air

®

G.0EF06 == e

BLOEH0B foevre-rmmmmmmmrmmmeenm e me e ._ ......
4.08+06 |- L.+ --eeq oo e - |

3.05+06 |- S . e R - ...... 1 o -
20mv00 |- - SR - LR

1.08+06 |- JNEREN. ... o .

|
|
Number of harmful particles pres

0.0E+00

500 1500 Feed rate {(mm/min)

Cutting spead {mimin}

Cutting condition

Hinh 2.11. Sy bién thién cta sb luong hat ¢6 hai nhw mdt ham ctia tde do cit va tde
d6 chay dao cho 4SSF va ZHF.

Trong nghién ciu nay, anh hudng cia chidu sau cit dugc thuc hién béng

cach sttr dung dung cu cit 2SF tai ba mirc chiéu sau cit 1 mm, 2mm va 3 mm da

duoc ap dung cho tde do cdt chi 150 m/phut. Hinh 2.12 trinh bay sy bién thién cia

s6 Irong cac hat ¢6 hai nhu mét ham cta chiCu sau cét cia toc do cit va toe do cho
an. Quan sat thiy ring dnh hudng cla chiéu siu cit cta vét cat co thé dugce phan
biét bang hai giai doan. Giai doan mét, khi d4 sau cat thay d6i tr | mm dén 2 mm,

s& lugng hat c6 hai tang 1én cho tit ca cac trudng hop tde d6 an dao. Cu thé 1a, bang
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cach tang 4o séu cit nay, s& lwgng hat c6 hai tdng 34%, 16% va 5% tuong Ung vaoi

C e -d(f)—chay—dae-—lﬁ%-()()—m—m/—phﬁt,——l-OOO—mmlph-ﬁt__va 1500 mm/phit. Giai doan hai, |

Khi d0 sau c ang

e _glam 61 voi toc 4o chay dao a3

s6 Tuong hat c6 hai [an twot 13 35%, 24% va 29%. — ' - —

6.0E+06 ———— = = — — ] T T T
Vi = 500 mm/min
» V1 = 1000 mmimin
- - BOBH06 f-orvrrrocimmneieiemeeoee a Tttt iy = 1500 mmimin

AOBH0B. fmomrrrim oo s e

3,0E+06 4-----

2.0E406 |-

1.0E+06 1-----

Number of harmful particles presert in 1 fiter 'of the air

0.0E+00 -

Radial depth of cut, ac (mm)

Hinh 2.12. Sy phét trién clia so hat ¢6 hai nhu mdt ham caa chiéu sau cét cho tbe d6 — — -
- cit 150 m/phit cta 2SF.
Anh hucmg clia do siu cét dén sb lugng hat c6 hai co thé dugc giai thich ring khi

gia ¢bng voi 46 siu cit cao hon ¢6 loi cho su gia ting dd day cua phoi va khdi
lugng vt liéu cat ciing ting theo. Do d6, do d§ day phoi cao hon, xac suét thu duge
cac hat léng trén ban may vdi dang soi tu do va khéi vat liéu nén soi duoe dé cip O
trén (xem Hinh 2.6) ting ién. Diéu nay gidi thich cho sy gia ting s& luong cac hat
¢6 hai trong khong khi khi do séu cét thay ddi tir 2 mm dén 3 mm. Tuy nhién, c6 thé
lovuy rang véi khéi lugng vat ligu cét cao hon, nd tuong Ung véi do bén cao hon cla
céc hat phat ra trong khong khi. Thye 1é nay c6 thé dugc giai thich cho sy gia ting
sd lugng céc hat c6 hai véi do sau cit ngdy cang tang khi thay ddi tr 1 mm dén 2
mm. Co6 nghia la khéi lugng vat liéu cit trong trrdng hop do séu cat 1 mm nho hon
so véi truomg hop dd siu cit 2 mm. Theo két qua nay, cac hat dugce tao ra bing cach

stt dung do sdu cat 2 mm cao hon.
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2.3.3. Anh huéng ctia hao mon dung cu dén 56 lwong hat c6 hai
_ TirHinh 2.8, 2.11 va 2.12 ¢6 thé quan sat thdy do léch chuén déng ké cta céc gia tri

"_tfl:uﬂg_biﬂh__g-iéu_q-ualq_tpgng g_ﬁ_p lru v 13 do 1&ch chuan nay dlIO’C tinh fir sdu lan dO
——————khiie-nhau-trén-séu-mét gia-cdng vé1 viéc gia cong timg mit ciia ba mau duge thir

~-——— — —nghiém-cho-timg- didu kién bing cling mdt- dungcu Do do,fcac glim dang kdeia

6 léch chudn c6 thé lién quan dén anh hudng cia sy mai mon cia ludi cit. Cho

ring, tc d§ hao mon cia dung cu bi anh hudng manh me& bot cac thong 56 gia cong;

e dic-biét 1a téc dd-chay-dao, day 1a mét trong nhitng ly do chinh v& sy thay ddi clia

cac gia tri d§ 1éch chuan )

P& hidu r5 hon vé tc dong clia mai mon dung cu v8 chleu da1 gla cong d01 vdi cac

hat ¢6 hai dbi véi tht ca cac didu kién duoc thi nghiém dugce phén tich, Hinh 2.13

minh hoa sy bién thién cia s0 lwong hat co hai trong truong hop dung cu cit 2SF va
didu kién cit tbe do cét 150 m/phit va do séu cit 2 mm nhu mét ham cia chidu dai— ——

gia cong. MOi diém duoc trinh bay trong tryc ngang dugc biéu thi cho gia tri cla

chidu dai gia cong sau khi gia cong mdi mat trong tong sb sau mt cho mdi diéu
kién cit. Co thé thiy ring s lugng cac hat c6 hai do duge giam khi tang chiéu dai
gia cong. Vi du, khi gia cong duqé,tién hanh véi te d0 chay dao 500 mm/phat va
chidn siu cét 1a 3 mm, sb hat c6 hai giam 13% khi chidu dai gia cong thay d6i tir
0,28 m (mit dAu tién cta phoi dhu tién) dén 1,68 m (mit cudi cung clia phoi th ba).
Viéc gidm s6 lugng cac hat ¢6 hai vdi chidu dai gia cOng ngdy cang ting dwoc quan
sét thdy dbi vai tht ca cac didu kién cit bét ké hinh dang dung cu trong nghién ctru
nay.

Trén thuc té, voi sy gia tang chiéu dai gia céng, ban kinh cua ludi cit tang

I&n nhu trinh bay trong hinh 2.14 va 2.15. Trong trudng hop nay, gia tri cua ban

kinh ludi cit tré nén quan trong hon so v6i dudng kinh cta sgi carbon (= 7um),
didu ndy ¢é lgi cho viée ting luc cit. Do d6, cic co ché hinh thanh phoi la do sy ditt
gay giy ra boi su két hop gilta ubn cong va vénh cyc bd khong gidng nhu cic co
ché cit cho dung cu m&i (véi ban kinh canh cit = 3um). DPéi voi gia tri cao hon cia
ban kinh ct canh, xc suét thu dugc phoi & dang sgi tu do va khéi vat liéu nén soi
12 ndi bat hon. Cudi cling, cdc phoi cimg hon dugc tao ra twong tng vai kich thude
161 hon ciia cac hat do trong luong ning hon nhanh chéng gidm trén bé gia cong.
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Hinh 2.13. Sy bién thién cta cac s6 hat c6 hai dugc tao ra béng cach st dung 2SF
nhu-mét ham-cia chiéu dai gia cong cho chidu siu cit 3 mm va tbc do cit 150 m/ph

Tir phan tich cac hat cé hai nay, ¢ thé n6i rang sb luong hat ¢ hai ¢6 thé duwge

giam thiéu néu qua trinh gia cong dugc tién hanh ¢ téc d an dao cao hon va do sdu

”""’**’**"'”*’”c?rm'a(rhon?"l’uy'*nhi'én:nhw'défdéfcapftrwéedérsuf—kévhepfnﬁyr—%—t—héftaefrafbéméf“ e
gia cong thd hon cling dwgc ghi nhén trong [13, 16]. Cubi cing, dé t&i wu héa cac
thong so gia cOng trong quy trmh thong thu’ong, s la didu co ban dé dat dugce sy
can bang gura chat luorng gla cong va sb hro‘ng hat c6 hai duoc g1a1 phong. Day e

mdt ndi dung quan trong s& duorc trinh bay trong Chuorng 3 clia nghlen ciru nay.

[
m

Warn ruttina
() {el

Hinh 2.14. Hinh anh SEM ciia c4c canh cit ctia dung cuy cit 4SSF (a) dyng cu mai,
(b) hinh phong dai ctia dung cu mdi, (¢} hinh phéng dai cta ludi cit cho toe do cét
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150 m/phit va tdc do chay dac 500 mm/phit tai chiéu dai gia cong 1,68 m, (d)
_ Topogtrhapy sau Kkhi gia cdng sau chiéu dai gia cong 1,68 m.

- New cutting edge . -

200 pm .

_Rake face

~

T e . ZOme BT

Worncuttan edge e . 00
Worn cutting edge <=0

() (d)
Hinh 2.15. Hinh anh SEM cia c4c canh ciit cita dung cu cdt 2HF (a) dung cu mdi,

~(b) ché do xem phong dai cha dung cu khéng sir dung, (¢) ché @ xem phong dai

cta ludi cit cho tde do cit 150 m/phat va tde d6 chay dao 500 mm/phut sau chidu .

dai gia cong 1,68 m, (d) Topogrhapy sau khi gia cong sau chiéu dai gia céng 1,68
m.
C6 thé thiy ring s6 lugng céc hat c6 hai c6 trong 1 lit khong khi ude tinh sir

dung mén hinh byi dong mot vai tr6 quan trong trong viée kiém soat sir an toan cho

ngudi van hanh trong gia cong vét lifu composite. Tuy nhién, mac di s6 lugng céc

hat c6 hai 13 rit 16n, kich thuéc cia ching rit nho. Do do, khong du dé diéu tra hoan

toan anh hudng cia bui gy ra doi véi sirc khde clia nguoi vén hanh. Cén ude tinh
khéi luong ciia cac hat c6 hai ¢6 trong 1 lit khong khi hogic nong do khoi luong.

3.3. Phén tich Kkhéi lrong ciia cac hat c6 hai
P4 tinh khéi lwong cha céc hat c6 hai duge thue hign, khéi lwong hat duge

chon 1am hinh dang céu. Cach thirc tinh todn khéi lwong tuong tu nhu chi tiét trong
cong trinh nghién ciru cia Haddad va cong sy. [12]. Hinh 2.16, Hinh 2.17 va Hinh
2.18 trinh bay su bién thién ciia khdi lugng hat c6 hai véi céc thong s6 cit va hinh

dang dung cu khac nhau. Diéu dédng chi y & day chinh la sy gia ting tde do cdt va
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giam tdc d6 an dao din dén ting khéi lwong cla cac hat ¢6 hai. Hon nita, khoi

———---lygng-cac-hat-cé-hai-duwge-tao-ra-boi-dun g—-eu--c—ét—-zSF—lé—eao—nhét—,—--vé- theo-sau-déla——— |

K&t qua tir dung cu cat 2HF va dung cu cit 4 SSFtao ra-khor fwong hat-cohai thap———

—nh&t, Dya trén nhitng k&t qua nay, C6 thé nham thire duoe rang Tihting xu hudng

khéi lugng nay tuong tu nhu xu hudng cia sé’h*at*c'c‘)"ha*i khi chiing dugccoi lamdt 7

,~-— -~ - ham cia céc tham-sé-cit va hinh ddng dung-ey-(xem- hinh 2.10-va 2.11). Theo— ——

OSHA [18], dé bao vé& ngudi van hanh khoi céac hat lo limg, bui resperable dugc tao

“ra frong qua trinh gia cong khong thé Thyre hién gidi han phoi nhiem cho phép (PEL)-

o _ 135 mg/m?® dbi vai khdi lugng c6 hai trong 8 gid. Vi Iy do nay, co i thé thdy ring gia
cong vdi didu chinh cit tbc do cit 150 m/phit va tdc d chay dao 1500 mm/phit
_ XAthopvdidd sau cht 2 mm cho dung cu cit 2HF va 4SSF va két hop voi do sau cht

3 mm cho dyng cu cit 2SF sé& tao ra khdi lugng cac hat ¢6 hai du6i gid tri cia PEL.

Céc didu kién ciit con lai va hinh dang dung cu gy ra cac gia tri khéi hrong c6 hai

vuot qué gia trj cia PEL (xem hinh 2.16 va 2.17). Trong trudng hgp nay, cac thiét

bi bao ho lao ddng nhu ging tay, khau trang va 4o khoac phong thi nghiém rét duoc

khuyén khich sir dung.
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Hinh 2.17. Su phat trién ciia khéi lrong hat c6 hai nhw mdt chirc nang cla tbc do

cat va tde dd chay dao cho 4SSF va 2HF.
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Hinh 2.19. Sy phat trién clia khéi luong hat ¢6 hai dugce tao ra bang cach su dung
2SF nhu mot ham cia chiéu dai gia cong cho d6 séu cit 3 mm va tbc do cat 150

m/phit.
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CHUONG 3. NGHIEN CU'U SU ANH HUGNG CUA CAC

THONG SO CONG NGHE VA MON DUNG CU CATLENSU™

HINH THANH KHUYET TAT TRONG GIA CONG VAT

~—— LIEUCOMPOSITELOP — |

3.1. Cdc nghién ctru lién quan
Trong. nhﬁ:ng thap ky gz‘“m_dely, vat liéu composite CF RP da_duge chép nhén

TOng TAi Trong MOt S0 Iiganh COng NEhisp quan ong nhiy 6 10, van chuyén, may bay;

thlét bi thé thao. Pidu ﬁaj? 14 do nhfrng vu diém cia CFRP so véi vat héﬁ triiyen

| thc‘)ng nhu 6n dinh kich thudc, do bén riéng cao va mat do thap. Dé pht hop véi

tirng ing dung nhét dinh, cac bd phin composite thudng duge ché tao thanh hinh

dang gﬁn v&i san phém [1]. Dé loai bd cac vt liéu du thira & canh cia céc bd phén - -

CFRP duc, cac qua trinh gia cong thuong dugc sit dung dé ¢o duge kich thude cin

thiét cho cac qué trinh Iap rap. Céc quy trinh ndy bao gom phay, khoan, tién [2-4].

Cé mot thye té 14 qua trinh gia cong vt liéu composite CFRP thudng lién quan dén

~su xudt hién ctta céc khuyét tat gia cong trén bé mit gia cong [S, 6]. Nhing loai

khuyét tat ndy nhu nirt vat lidu nén, bong tach bé mét ket ndi s¢i va vat liéu nén, suy

thodi vat lidu nén, kéo soi [7-9]. Cac khuyét tit gia cong gay ra c6 thé anh hudng 6
hai dén tinh toan ven bé mit gia cong va céc tinh chit co hoc cta két cdu CFRP
trong qué trinh lam viée [5, 10]. Vi ly do nay, can phai biét r& va lua chon phu hgp

cac yéu td anh hudng dén viée tao ra cac khuyét tat. Khuyét tat gia cong dd dugc

¥4c nhan 13 phu thc véo ot s& y‘éu t6 nhur thong s6 gia cong, hinh-dang dyng cu-

va hién trgng mai mon cda dung cu cit [11-13]. Nhu da biét, sy két hop gifra gié tri
cao cua tde do cét va tbe d6 chay dao thép tao ra chét lugng bé mit gia cong tdt hon
khi gia cong vét liu composite [14]. Cac tac gid dugc dé cap tiét 16 rang gia cong
véi tde do cht cao hon va tée dd chay dao thdp hon cé thé tao ra d6 day phoi ly
thuyét hodc khéi lugng vét liéu cit nho hon, do do qua trinh gia cong dé dang thue
hién. Két qua 13, chét lugng gia cong t6t hon thu duoc. Cac két qua twong tu cling
da duoc quan sat thdy trong cac nghién ciu clia cac nha nghién ciru khéc [15, 16].
Tuy nhién, Nguyén Pinh Ngoc va cdng su.[17] chi ra ring néu gia cong & toe do
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chay dao thip va tbc do ciit cao, anh hudng ciia mai mon dung cy quan trong hon so

. . v6icac_thong sb gia cong. Do.d6, cac bé mit_gia cong thé hién mot mirc dd nghiém

- ~——nhiét thip cia thanh-phin vt i¢unén va tinh chit mai mén-cao-ctia sgi carbon; che— —— —

— khu vyc tiép xtc xay ra -hién twgng ma sat 1am cho ludi cit nhanh chong bi mon.

Péanh gi4 4 mon cua dung cy c6 thé duge thyc hién bing cdch mai mon swon [19-

e ~21]va ban-kinh-cét canh-[22]-holic-theo chidu-dai-gia-cong [23]- Hau hétcdenghién———

ciru trong ti liéu dd ket luin ring toc d9 cat va toc 6 chay dao c6 anh huéng manh

mé dén viéc tao ra dd mon suon [21, 24]. Elgnemi va cdng su. [25] trinh bay chi tiét

ring viée ting toc dd cit hojc ting tbc @ chay dao din dén ting 4 mon trung binh

cua dung cu. Hon niia, tbc do dn dao co tac dong nhiéu hon dén d6 mon cia dung
cu so voi tde dd cit. Két qua nay pht hgp véi nhiing gi dugc ghi nhin boi [26]. Tuy

nhién, trong nghién ciru [27], céc tac gid da chira ring tbc dd cét c6 tac dong manh -

| hon dén d6 mon cua dung cu so vc’ri técmd(f) cit vi tbe 6 cat 1a yéu t§ chinh anh
hudng dén nhiét d6 cat. RS rang 12 da c6 nhitng két qua mau thuin vé kha ning gia

- -— —cOngeuna V&Pliéwcompositédwgcfdua ra boi cac nha nghién ciu. Mic di gdn day

di ¢6 nhidu nghién ctru lién quan dén gia cong composite, nhung né van 1a mot . __ .

nhiém vu ddy thach thirc cin nghién ctu thém. Piéu nay la do thuc té trong qua

trinh gia cong CFRP, g x{r clia vét liéu chi yéu khoéng chi phu thudc vao tinh

khong déng nhét va di huéng ma con phy thude vao céc tinh chét vat lidu gia cudng

va vit lidu nén da dang. Phan tng giita cic dung cu cit va cac vat liéu phoi khac

nhau ¢6 thé hoan toan khac nhau. Do d6, két qua trong mdt nghién ciru thye nghiém

cu thé khong phai ltic nao ciing c6 thé ap dung ddy du cho cdc két qua clia mdt

nghién ciru cu thé khac. D& tra 10 cho nhiing khoang tréng chira dung sy mo hd

trong nghién clru composite gia cong nhu phan tich trén, tic ddng cta cac thong 56

gia cOng va mai mon dyng cu dén chét lugng gia céng khi thuc hién phay canh hodc

cit vat liéu composite CFRP s& duge nghién cttu thyc nghiém trong chuong nay. DO

nham bé mit trung binh dugc chon d& mo ta chét luong gia cong. Sau dung cu cit

Carbide méi véi ba ludi cit xoin duge st dung dé thir nghiém. M#ét thiét ké th
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_._truc.chinh dwge sit dung dé didu tra thc dong clia cdc thong sb gia cong dén chit

nghiém diy du cho thdy su két hop giita ba mc te do chay dao va hai muc téc do

. 2 . i~
lwonggia-cdng—Anh-hudng-ctia-mai-mon-dung-cu-dén-chatlugng gia-congs€-dugc
ki 1
$rhn hadnl Aipn +1:A | B g X hiAy Ad y A
o ann- G a tren- st pnattHicn-Cua- Cricu Ot g1a-COng:

3.2. Quy trinh xdy dung thi nghiém gia cong phay
~ 7 " Vat liu sir dung trong thi nghiém nay twong tu nhu d4 trinh bay trong phdn

2.2 cia bao cdo nay. Trude khi thir nghiém phay, m3i tim dwoc cit theo kich thudc

300 mm x 150 mm x 5,2 mm trong d6 huéng cat doc theo chiu dai 150 mm. Chi - -

-~ —--tiét thong tin-cia GFRP-c6 thé-duge tham khéo- trong Bang 2:1-Séu-didukién-cétla—— — |

két qua ctia viéc két hop ba gia tri tbc dd chay dao V£, (500 mm/phuit , 1000
mm/phiit—1500-mm/phit-)-va-hai-gid-tri-tde-dd-true—chinh N,-(8000-vong/phittva

10000 vong/phat ). Tit ca céc thir nghiém gia cong dwgc kiém tra ma khong cén

chét 1am mét hoic gia cong khé trong nghién ciru nay. Bé& mit gia cong s& khong cb

____dinh v& duoc danh gia dinh lugng bang cach do d6 nham bé mit, Rz trong d6 cac -—- -

gia tri trung binh cua dé nham b& mit dugc tinh bing ba phép do. Sau dung cu
Carbide mé&i véi ba me cit xodn va dwong kinh 6 mm dugc chon dé thir nghiém
“phay canh (Hinh 2.1). G6c xo#n, goc cdo va goc giai phong mat bing lan [wet 12
45°, 11°va 9°. Dbi voi mbi didu kién cat, chidu dai gia coéng 3,0 m hodc 3000 mm™ "~
s& duge thuc hién trong dé hudng cép liéu song song véi kich thuée 150 mm cla
tAm CFRP. DPiéu nay twong (mg véi hai muoi dudng chay dao cla qua trinh phay
canh (20 x 150 mm = 3000 mm). M{t trung tAm thing ding Mazak thong minh
530C (Tép doan Yamazaki Mazak, Nhat Ban) dugc st dung dé thuc hién cac thir
nghiém phay canh. Chét luong gia cong duge dic trung béi may kiém tra d6 nham
ciia SJ-210 Mitutoyo (T4p doan Mitutoyo, Nhat Ban) véi chiéu dai cit 0,8 mm va
chidu dai ngang 13 5,0 mm. Hinh anh quang hoc cta dyung cu cit duge chup bing
cach st dung Kinh hién vi k§ thudt s§ KEYENCE VHX-6000 dé néu hién tugng
hao mén dung cu (Hinh 3.2). P& dinh luong trang thi khuyét tat gia cong giy ra,
cdu trac vi md cia bé mat gia cong dwoc nghién ctru bang kinh hién vi dién tr quét

(SEM) dugc tham chiéu trong "JEOL-JSM 5410 LV" (Hinh 3.3).




Hinh 3.3. Mdy SEM dugc tham chiéu theo JEOL-JSM 5410 LV

3.3. Két qua-nghién ciru : .- - _
3.3.1. Phan tich cac khuyét tit cam @ng quan sat thiy trong bé mjt gia céng

Sau khi gia cong, ¢4c cdu tric vi mé cia bé mit gia cong duoc didu tra bing
cach sit dung quan sat SEM. Dbi voi mdi diéu kién cdt, ba vi tri ¢6 chiéu dai gia
cong (Lc) duge xem xét, vi du: Le = 15 em, 150 cm va 300 cm. Hinh 3.4 trinh bay
hinh 4nh SEM tuong {mg voi diéu kién cét téc d6 truc chinh la 8000 vong/phut va
tbc d6 chay dao la 500 mm/phut . Co thé quan sat thdy ring khong c6 su khac biét
dang ké v& mirc do khuyét tit gia cong gifta cac mirc & chiéu dai gia céng tir 15 cm

dén 150 cm trong d6 cac mirc khuyét tit gia cong nhd duge hinh dung theo
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hudng sgi -45°. Tuy nhién, khi chiéu dai gia cong ting [én 300 cm, bing cach st

+ —._dung d0 phong dai 400 um, c6 thé thiy mic d6 hu héng gia céng cao hon dudi

— dang che-ming hd-hole rinh ndm & hudng sei -435° Kéo sgila loai khuyet 14t chi

- quan sht thly & vi tri clia géc sgi -45 ° nhu da d& cp trude diy do co-ché clasy |

.~ hinh thanh phoi [28]. Thit viy, trong truong hgp nay, su di chuyén clia cdc canh cat

gay ra sy dich chuyén va bicén dang nghiém trong ngoai mit phang cla cac s¢i tao

- —1a-che khuyét-tat gay-ra-6-dang kéo-sgi-va eft ndi- 16p-phén-tach-doc-theo-giao-dién———

vét ligu nén soi [29]. Déy 14 ly do tai sao bé mit gia cong tai céc vi tri soi 45 °

khéng d&u hon so véi cac vi tri sgi khac [30]. & khoang cach xa hon, c6 thé quan

sat thiy ring chét Iugng bé mit gia cong kém nhét duwgc nhan khi gia cong voi toe

6 chay dao nhé. Didu ndy 14 do & tbc d6 chay dao nhd, cac khu vue tiép xtic giira
phdi va ludi cit ting 1én. Do d6, mirc d6 ma st 16n hon thu duge va din dén ting

nhiét d6 gia cong, va cudi ciing lam cho ludi cfit nhanh chéng bi mon [18]. Theo két

aué’t duoc trinh bay trong nghién ciru cua Wahé va cong sw.[31], vat liéu dugc day

thay vi bi cit nhu & chidu dai gia cong ngiin, va viéc gia cong khé khdn hon do tiép

. xlicrong hon giita luti cit va phdi. Céc hdi vi ctia phoi tré lai do phyc hoi dan hoi
sau khi dung cu vugt qua duge quan sat bing thuc nghiém trong truong hop nay.
Ving nay tré lai gp déi so véi béan kinh cét canh & cac vi tri s0i 14 -45 °, Do d6, bé
mit gia cong thd hon & d§ dai gia cong dai hon. Thong tin nay co thé duoc xac nhan
béi cac hinh dnh SEM trong Hinh 3.5 cho thiy qud trinh mai mon cia ludi cht dé
cit khoang cach khic nhau véi cing didu kién gia cong da d& cdp trude do. Cac
kidu mon clia dung cu vé ban kinh mili cia ludi cit bi anh hudng chi yéu bai chiéu”
dai gia cong. Thét viy, tir Hinh 3.5-a va -b, sau chiéu dai gia c¢dng 1,5 m, ban kinh
clia ludi cat da duoc sira doi quan trong, cu thé 1a ludi ¢t bi mon va lon hon so véi
trude khi gia cong (ludi cét sic). Hon nita, trong trudng hop ndy, cic phoi siéu nho
& dang bui bi méc ket trong mat trudc cua ludi cit dugc hinh dung. Khi chidu dai
gia cong dat 3,0 m, viéc sura dbi canh cit & muic cao hon va cac phoi bam dinh hon
& mit trude cling duoe hinh dung. Quan sat tuong ty cling duoc ghi nhén trong

nghién ciru cia Haddad va cong su. [18]. Cac tac gia dugc d& cép giai thich ring
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nhiét @5 gia cong c6 thé dat dén nhiét dd chuyén tiép thiy tinh (Tg) cta vat lidu nén,

__ didunay c6 lgi cho d6 bam dinh ciia_cac phoi bi v trén bé mit hoat dong ciacac |

C.

Lo = 150 ém

Hinh 3.4, Khuyét tit gia cong quan sit duge voi tde do chay dao 500 mm/phit va
toc d6 truc chinh 8000 vong/phut

T 00 pm

R e 2 (e} i ;

Hinh 3.5. Hinh anh SEM ciia céc canh cit (a) trude khi gia cong va sau chiéu dai
gia cong (b) 1,5 m, (¢) 3,0 m cho tbc @6 truc chinh 8000 vong/phut véi tée do chay
dao 500 mm/phut.

Xem xét su thay ddi cua khuyét tat gia cong véi chidu dai gia céng & didu kién

cit 1000 mm/phat tbc dd chay dao va tbc do truc chinh 8000 vong/phut , mirc do
khuyét tit gia cong gin nhu giéng hét nhau bit k& chiéu dai gia cong (Hinh 3.6).
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5
o

~-— - tgng hao mon cla dung cy cit. Tuy nhién, trong didu kién cdt nay, d6-mon cia

ffffffffff dyng cu ting khong déng ké do thdi gian tiép xdc nhé giira phdi ya,htdi,cét,so,mp,ii

tbc d6 chay dao 500 mm/phut . Do d6, mirc d¢ khuyét tat gia cong ting rat it khi

———— - —chidu-dai gia—cong tang t€n-[11]: Gia céng--véi—--téc---d@--chay—dao--—1—‘5-00—m—m—/—phﬁt,—&1;1ji,ﬂ, — -

thay d6i ciia mure d§ khuyét tt gia cong voi chiéu dai gia cong tuong ty nhu _téc do

chay dao 1000 mm/phiit . Nhitng két qua nay phi hgp véi nhitng két qua duge ghi T
nhén bdi Nguyen Dinh va cong sy [17]. Két qua thi nghiém trong nghién ctu nay

cho thdy quan sat twvong ty bd mat gia cong khi sir dung tbc d6 truc chinh 10000
vong/phiit bét ké tbe do chay dao. Do d6, nhitng két qua nay khong duge trinh bay

trong nghién citu nay.

Hinh 3.6. Khuyét tat gia cong quan sat duge véi toe d6 chay dao 1000 mm/phit va
tde d6 truc chinh 8000 vong/phut.
3.3.2. Anh huéng cia cic thong s6 qua trinh dén chét lugng gia cong
Trong dé& tai nay, khuyét tat gia cong s€ duge dinh lugng nhim muc dich
kiém tra chét luong gia cdng bang cach sit dung d§ nham bé& mat trung binh mudi
diém (Rz) thay vi stt dung 0 nham bé mit trung binh s hoc (Ra). Diéu nay la theo
khuyén nghi ciia cac tac gia trong tai liéu [11] trong do6 két ludn ring Rz phan tng

nhanh hon véi céc théng sb gia cong so v6i Ra va do d6 phit hop hon dé thé hién do
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nham bd mit coa vét lidu composite. Hinh 3.7 cho thiy sy bién thién cla do nham

e _.bé_maLn.h.u_mét_héim_cﬁa_cé.c_th.éng_ 0_gia.cong. Két qué cho thay__do nhambémi f

Al Ao qleoe AR BN SN aian falante  FA

) 1clas
— lalli KIIT LUL« U Iy UdULd y UoT T Ao T R o —Je I 1
¥ H

B "”'*hu'o‘ngn}ty‘ttmngtu1rongcé hai trudng hqp tde do truc- chmh Pbi-véi tru'ﬂng ho*rr"**

— dhu tién, vi dy: tbe dd chay-dao thaywdm tir 500-mm/phut - dén 1000 mm/phit , 46

nham bé mit (Rz) gidm tir 8,46 pm xudng 7,56 um twong Gng v6i mire gidm 10,7%

———— ~ —bi véi-tdc do truc chintr i 8000-vong/phut Ty 16 phén-trim gidm-donhamt bé&-mit

12 23,3% cho téc_dé‘) truc chinh 14 10000 vong/phtt . Pdi véi truong hgp thir hai, tirc

i tc @ chay dao thay ddi tir 1000 mm/phut dén 1500 mm/phit , nhan thdy ring
d6 nham bé mat tang 88,3% (tir 7,56 um 1én 14,24 pm) va 63,9% (tr 7,16 pm dén

11,73 pm) cho tc d tryc chinh 1an luot 12 8000 vong/phut va 10000 vong/phut .
Hon nita, ¢6 thé nhén ra ring anh huong ciia tbe do truc chinh dén do nhim bé m3t

trong viéc nay la it quan trong. Diéu nay co thé la do pham vi téc d§ truc chmh

duoc chon 12 @ dé tao ra cac muc dd khuyét tit gia cong khac nhau [34].

18

e gplnﬁe speed of 8000 l'pn;

u Spindle speed of 10000 rpw

" Surface roughness, Rz (pmj

500 1000 1500
Feed speed, VI (mnymin)

Hinh 3.7. Anh hudng cta céc thong sb gia cong dén ¢ nham bé mat (Rz)

Céc két qua trong Hinh 3.7 c6 thé dugc giai thich ring khi tdc d6 chay dao
ting 1én va/hodc tdc do truc chinh giam, d¢ day ly thuyét cia vt lidu can cét cling
s& ting [2]. Tuy nhién, khi gia cOng vdi téc d6 chay dao thip, 46 mon cua dung cu
tang nhanh {18]. Piéu nay lam cho 4nh huéng clia mai mon dung cy cdt chiém uu
thé so véi anh huéng coa didu kién cit dén d6 nham b& mit [34]. Vi Iy do nay, c6
thé thdy ring do nh4m bé mit trén nhanh th(r nhat va thir hai cta Hinh 3.7 c6 hudng
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bién ddi ngwoc nhau. D6 14, khi tbc d¢ chay dao ting tir 500 mm/phut 1én 1000

. mm/phiit_,_dd_nham bé mit gidm chi yéu do anh huéng cla mai mon, va trong

- ————nay dbi véi didu kién cit tuong ty nhu-sy thay-dbi mirc 49 khuyét 14t bé mat cho-ché - ——— |

. cht nhu da trinh bay trong phin trudc ciia nghién ciru ndy. Két qué trong nghién

ciru ndy trai nguge véi két qua duge ghi nhén boi [2, 32] noi céc tac gia chira ring

————— ~-giacdng voi téc dd chay-dao-thdp-va téc do cht-cao-e6-thé tao-ra-chit lugng tot-cia———

bé mit giacong.

3.3.3. Anh hwéng ciia ban kinh lui cit dén chat lugng gia cong —

Lwu ¥ ring céc gia tri ciia d6 nham bé mit duge hién thi trong Hinh 3.6 1a

trung binh cong cla tat ca cac gia tri do duge cia mdi didu kién cit. Do d6, cac gia
tri ctia dO 1éch chudn 12 rét 16n, gié trj cao nhét [a 4,23 m dugc dua ra bdi didu kién

gia cong tdc d6 truc chinh & 10000 vong/phit va tdc dd chay dao 1a 500 mm/phit

Ly do 14 vi sy phén tan rat 16n gitta cac gid tri do duqrcz tai 20 dudng chay dao cia
mdi diéu kién cit. Piac biét, & toc dd chay dao 500 mm/phut (trong ca hai truong
- hetp 1a téc d¢-truc chinh), d6 léch chudn ciia d9 nhAm b& m3t 1 16n nhat. Ddy lAmdt
sy phan 4nh rd rang khic vé sy mai mon trén bé mat gia cong composite CFRP.
Anh huéng ciia mai mon vé chiéu dai gia cong dén dd nham bé mat co thé duge
trinh bay chi tiét trong Hinh 3.7 ddi véi tc d truc chinh 1a 8000 vong/phit. Sy gia
ting d6 nham 16n nhét véi chiéu dai gia cong la khi st dung téc do chay dao 500
mm/phit , ting t&r 3,33 pm 1én 15,33 pm twong ng véi 203,1%. D6 nham bé mit
tang khi tang chidu dai gia cong lan lugt 12 62,2% va 61,7% dbi véi tdc d6 chay dao
lan lugt 12 1000 mm/phut va 1500 mm/phut . Sy gia ting d6 nham bé mat nay la do
sur gia ting ban kinh cia ludi cét, lam cho qua trinh cit tr& nén khé khén hon nhu
duge trinh bay trong Hinh 3.5 [31]. Ban kinh tién tién c6 thé duoc do bang Kinh
hidn vi ky thudt sb Keyence VHX-6000 nhu trong Hinh 3.9. Sy gia tang bén kinh

canh cit ¢ hai chidu dai gia cong 15 cm va 300 cm véi tbe dd chay dao 500

mm/phtit va tbe do truc chinh 8000 vong/phiit duge thé hién trong Hinh 3.10. Két

qua cho théy & chiéu dai gia cong 15 cm, ban kinh ct canh 13 9 m, trong khi & chiéu
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dai gia cong 300 cm, ban kinh 14 22 pm.

Sy phy-thude-cta-dd-nhdm b mit vao chiu dai gia cong dugc quan sat -

h] I A | + 114 2
TEAPIAU THTU T O e

~ S gia tang cao nhat cua 4o N b mit vei chieu dai gia cong tang ¢ tocdgchay —

T 7 dao 14500 mmy/phut . Vidy, @ nham béffﬁﬁtTﬁﬁg’3’60:3’%7khi' chiéu dai gia cong dat

— — 3,0 m &tbc-dd-chay-dao-500-mm/phit ; trong khi mirc-ting twong déi & toc dochay —

dao 1000 mm/phut v& 1500 mm/phat 14n lugt 1 54,7% va 52,5%.
“C6thé thiy ring & day 1a sy virgt trdi so voi tht ¢4 vé ting do nham bémat

_(360,3%) ciia cc diéu kién gia cong véi lugng chay dao 500 mm/phit so véi diéu
- kién cét khac. Nguyén Dinh Ngoc va cdng su. [33] giai thich ring khi gia cong voi
_ the do tryc chinh cao, néu trai dai dudng xoén Oc, bé mit tiép xlc gitadungcuva |
phéi s& 16n hon so véi khi cét vai tde do truc chinh nhé. Diéu nay két hop véi so

lwong 16n céc tiép diém trén mot don vi thoi gian khi gia cong véi toe d6 chay dao

nho diin dén ting ma sét va nhiét, din dén mai mon dung cy nhanh hon [11]. Tée d9

mai mon ciia dung cu cit anh hudng truc tiép dén chat luong clia be mit gia cong,

s& ¢ nhiéu loai khuyét tit xuat hién, diéu nay lam cho gid tri cua d6 nham bé mit

~— —— —16n. Bén kinh canh cit do Keyence dua racho didukién gia cong nay la 28 pm—— — -

20 . . T r
-+Feed sliee of 500 mm/min ; i : : : |
18 |- —eTFeed speed of 1000 mm/min -tk e
~+Feed speed of 1500 mm/min | : : ‘ ) :
16
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S M A e R Ay SR
& S i ; E
_ g .| ..
] T : ; : i AN P T — - = =
g g ! :
g
T et [SLRROattot o CARRELLE A
E
@
6
4
0 30 a0 %) 110 150 180 110 240 270 RL] 330

Cutting distance, Le (cm)

Hinh 3.8. Su bién thién ctia Rz so vai chidu dai gia céng khi toe dd tryc chinh 8000
vg/ph
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Hinh 3.9. Bién dang cua ban kinh ludi cit duge do bing phdn mém co sén trong

“Kinh hién vi k§ thuat s6 Keyence VHX-6000.

__— _________Hinh 3.10. Hinh dang cit sau khi gia cong & chiéu dai (a) 15 cm va (b) 300 cm véi -~ -
tbc d6 chay dao 500 mm/phit va tée d6 truc chinh 8000 vong/phut,

20

—Feed spee of 500 nun/min ! ; : i :
—— — —48—|— =e=Ferd speed-of 1000 murmin- E— : ; o — e -
' = Feed speed of 1500 mm/nln T ; : ; : -

Surface ronghuess. Rz {pm)

a an & 0 120 150 150 210 240 27 o0 Jd30
Cutting dlséauce, Le {em)

Hinh 3.11. Sy phat trién ctta Rz so v6i chidu dai gia cong cho toe d truc chinh la

10000 vong/phut
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KET LUAN

Nghién ciru thyc nghiém vé phén tich bui vé s()luo_ng va khéi lucng trong

qua trinh gia cong vt liéu composite CFRP da Eu;fné bﬁng'aung ci_l PCD duqcﬂthié 7

hién trong cong trinh nghién cfru nay. Anh huéng clia cdc thong s6 ct (tbe docat, |

tbe d6 chay dao va do siu cit), hinh dang dyng cu va d§ mon cta dung cu vé chidu

z
A

__dugc tom tht bing c4c két qua chinh nhuwsau:

+ Hinhant SEMdw

dang phoi chinh viz. bbt min (vat liéu nén va soi), sgi tw do va manh soi -

khoi vat liu nén.

o S lugng va khdi lugng cla cac hat c6 hai bi anh hudng dang ké béi hinh
dang dung cy, trong d6 dung cu cit 2SE tao ra tdi da ca sb luong va khéi

lvong cia cac hat c6 hai, tiép theo 13 cac hat thu duge tir dung cu cit 2HF va

4SSF twong tng. Nhifng k&t qua niy c6 thé duge quy cho s khdc biét cia '
hinh ddng dung cu. Trong d6 céc hat bam dinh dugc quan sat thdy trong ring

cwa va rdnh cit dai 1a rit nhidu trong truong hop dung cu cit 4SSF. Tuy

nhién, mirc @6 thip hon ciia cac hat bam dinh dwge hinh dung trong truong
hop dung cu cit 2HF va 2SE. Do d6, cac hat dugc tao ra khong thé dé& dang
phat ra trong khéng khi do ngan chin cdc hat bam dinh nhu da dé cap trude
day.
e Viéc tang tbe dd chay dao va giam the do cit gay ra viéc giam sO luong va
Khdi lwong ciia cac hat c¢6 hai trong khong khiva lanr téng sy hinh thanhrcae———— -
phoi v6i céc dang khéi vat liéu nén sgi. Tuy nhién, anh huéng ciia chiéu sdu
ciit cia vét cit dén s hat ¢ hai 1a khong rd rang, vi du khéi Iwong va )
lugng hat c6 hai ting khi do léch tdm cua vét cat tang tir | mm 1én 2 mm,
nhung giam khi do sau cdt téng tir 2 mm 1én 3 mm.
e Viéc tang chiéu dai gia cong cling gdy ra viéc giam 56 luong va khéi lugng
ctia cée hat ¢6 hai. Didu nay 1a do thuc t& 14 & chiéu dai gia cong dai hon, cdc

co ché hinh thanh phoi 1a do gdy do su két hop giita udn va vénh cuc bo,

khong gidng nhu céc co ché ciit cho dung cu mdi (vi ban kinh cit = 3um).
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Déi véi gid tri cao hon cta ban kinh cét canh, x4c suét thu duge phoi & dang

|
:
o soity do-va khdivat liéu nén soi.la ndi_bat hon. Cudi cing, céc phoi clng  — |

———— —tién hanh v6i téc do chay dao 500 mm/phttva chiéu sau cat 1&-2-mm, cde— |

o ~_ hatc6 hai giam 13% khi chidu dai gia cong thay dbi tir 0,28 m. dénl1,68m.

e Khi khdi lugng céc hat ¢6 hai dugce tao ra trong qua trinh gia cong lam giam

|
S |

- giat PEL (5 mg/mimr); chethiét bi 'b'ércr'Vérrfst"a‘ucrc-khuyén“kh'i'ch" chonguwoi————

vén hanh d¢ dam bao an toan.

o Két qua danh gi4 dinh tinh chit luong bé mit clia tdm composite CFRP dugc

|
thé hién thong qua cdc quan sat SEM. C6 thé thdy ring cac khuyét tat gia |
A . A 4 ' A e L " \ ' r A ve oL |

cong phu thudc vao diéu kién cat khi chiéu dai cat nhé va khi chi€u dai cat
I6n hon, anh hudng ciia mai mon c6 y nghia dang ké dén sy hinh thanh c&c

_ khuyét tat gia cong (quan sat qua SEM). Dic biét 12 khi gia cong voi tbe dd

chay dao nho.

o Két qua do d6 nham bé mit phan anh tét chét luong gia céng khi md ta chinh

xéc sy phét trién trong sy xudt hién cia céc khuyét tat gia cong duwoe SEM———— —
quan sat thdy nhu dwge md ta trong phén trudc. D6 14, khi chiéu dai gia cong-

dugce ting 1én, gia cong véi téc do chay dao nho, do tiép xic 16n gitta dung

cu ciit va phdi, lam ting ma sat va nhiét cit, ddn dén sy mai mon nhanh

chéng cua ludi cit.

e Chidu dai gia cong, duge dic trung bdi sy gia tang ban kinh canh cit, ¢o anh

hudng 16n dén chét lugng cia bé mat gia cong. Khi gia cong vai tbe do chay
dao 16n, do chidu dai tiép xac nho, téc d6 mai mon cla ludi cét trong nhimg
trudng hop nay ting cham, dan dén it thay ddi vé chit lugng cla bé mit gia
cong ca vé mit danh gia. Trong khi do, khi gia cong vdi tbe dd chay dao nho,

chiéu dai tiép xuc gitra ludi cat va phdi tang 1&n, 1am cho ma sat va nhiét ting

1én, lam ting nhanh bédn kinh dau. Cudi cling, ching ta cé thé théy rémg khi

gia cdng vaéi tbe do chay dao nho, dd nham bé m3t ting nhanh lin luot 14
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203,1% va 360,3% trong céac trudng hgp gia cong theo tbc do quay truc
... chinh 138000 vong/phut-va 10000 vong/phit .. .. . .. ... .
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ABSTRACT

 — Machining Carbon Fibre Reinforced Plastics (CFRPs) composites are
‘ typically accompanied by the appearance of machining damage which
. strongly impacts the structural integrity of composite parts during their S
service lives. Studying the correlation between machining damage and its

affected factors has still-been an open issue. Hence, it is necessary to do

more research. This study focuses on investigating the influences of main

process parameters and tool wear phenomenowmmfmachininglengtkf —

- on the machining quality which was characterized by the surface roughness
criterion, the ten-point max, Rz. A full factorial design of experiments was
conducted including three levels of feed speed and two degrees of spindle

speed. The results revealed that machining damage was mainly influenced by

process parameters at a small machining distance, whereas at a longer
machining distance, tool wear had a dominant effect on the machining

quality than machining parameters. These findings could provide guidelines

Jor selecting suitable machining parameters to enhance the machining

e — = quality of GFRP- — — — - — - —— —e - — = e e e

Keywords: CFRPs; Machining Quality;, Edge Milling; Cutting Condition;
SEM

Introduction

In recent decades, CFRP composites have been widely accepted in several
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important industries such as automotive, shipping, aircraft, and sports

~ specific strength, and low density. Composite parts are frequently fabricated

equipment because of their advantages including dimensional stability, high . ..

=~ tomear-et shapes 10 St certain applications [1], but excess materials in the

edge of moulded CFRP parts must be removed to get th '

~~for-assembly by “secondary operations likc milling, drilling and trimming

7 processes [2]-[4]. There have been the fact machining processes of CFRP
composites are frequently associated with the occurrence of machining

defects in the machined surfaces [5]-[6] such as matrix cracking matrix fibre—— — |

interface debonding, matrix degradation, fibre pullout [7]-[9]. The induced

______ machining defects may harmfully impact the machined surface integrity_and

R the mechanical properties of CFRP structures diring their service lives 5],

[10]. For this reason, it is necessary to clearly know and suitably select the

factors which influence the generation of defects, including machining
parameters, tool geometries, and the wear phenomenon of cuiting tools [11]-
[13].

El-Ghaow et al. [14] showed that the combination of high cutting
speed and low feed speed induces better quality of machined surface when
- machining composite materials generates a smaller level of theoretical chip
thickness or volume of cut materials, hence machining process is easy to
perform. Similar results were also observed in the studies of other researchers

[15]-[16]. However, other studies [17] revealed that machining at low feed
speeds and high cutting speeds can result in severe defects due to the effects
of tool wear. This finding is also identically documented in the study of

Haddad et al. [18]. In machining CFRP laminates, be@u&oﬂhﬂmﬂhmal%

conductivity of the matrix component and the highly abrasive nature of
carbon fibre, the contacting areas occur friction phenomenon making the
cutting edge become quickly worn out. The evaluation of tool wear can be
conducted by flank wear [19]-[21], and the radius of the cutting edge [22] or
by machining length [23]. Almost studies in the literature have concluded
that cutting speed and feed rate have strong influences on the generation of
flank wear [21]-[24]. Elgnemi et al. [25] detailed that an increase in cutting
speed or an increase in feed rate leads to augmenting the average tool wear.

- --——--—-- -Moereover;feed rate has- more-impact-on tool wear than that of cutting speed.” ~ ~

This result is consistent with those documented by [26]. However, in the
study of [27], the authors showed that cutting speed has a stronger impact on
tool wear compared with those feed rates because cutting speed is the major
factor influencing cutting temperatures.

It is clear that there have been contradictory results on the
machinability of composite materials given by researchers. Despite numerous
recent studies on machining composites, it remains a challenging task due to
the material behaviour depending on non-homogeneity, anisotropy, and
diverse reinforcement and matrix properties. The responses between cutting
tools and different workpiece materials can be completely different.
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Therefore, results in an experimentally particular study are not always fully

applicable to those of another specific study. In gtdﬁr__t_0___answ.er._ﬂ1.e_.gaps.... |

which, contain the ambiguity in the machining composite study, the impacts

———————of machining parameters and fool wear on machining quality when carrying

out edge trimmingiCER]Lcompﬂsiles—wertexpeﬂmemagz—sm ted-in-this

-~ research. Average surface roughness was selected to characterize machining

~ ~quality. Six new carbide-cutting tools with three-helix flutes were used for

testing. A full experimental design showing the combinations between three
__levels of feed speed and two levels of spi i i

the impact of machining parameters on machining quality, The effects of tool
wear ot the machining quality were .conducted -based on.the-evolution- of —- —

machining length.

Experimental Procedure

The specimens used in this study were fabricated by laminating P2352
prepregs according to the stacking sequence of [90°/90°/-45°/0°/45°/90°/-
45°/90°/45°/90°);, where each ply has a thickness of 0.26 mm. The total
theoretical dimension of each plate is 300 x 300 x 5.2 mm. Before the milling

test, each plate was cut into the size of 300 x 150 x 5.2 mm- with the cutting- EE——

direction along 150 mm length. The CFRP propetties are further described in
Table 1. A Mazak vertical centre smart 530C (Yamazaki Mazak Corporation,
Japan) was utilized to perform the edge milling tests. Six cutting conditions
were garrigdgutgxilhihe_combmmgmeﬁthre&feed—speeds V5500 mm/min,—

1000 mm/min, and 1500 mm/min) and two spindle speeds N, (8000 rpm, and
10000 rpm). All'tests were peiformed without coolant (dry machining). Each
cutting condition was carried out with the machining length of 3.0 m or 3000
mm, and the feed direction parallel to the dimension of 150 mm of CFRP
plate. This corresponds to twenty tool paths of the edge milling process (20 x
150 mm=3000 mm). Six new carbide tools (three-helix flutes, 6 mm shank
diameter, helix angle of 45°, rake angle of 11°, and clearance angle of 9° -
Figure 1) were used in edge milling. The machined surface was unfixed and

~ 7 "quantitatively evaluated by measuring surface roughness, R,, and its average

values were calculated by three measurements. A roughness tester namely SJ-
210 Mitutoyo (Mitutoyo Corporation, Japan) with a cut-ofl length of 0.8 mm
and transverse length of 5.0 mm was employed to test the machining quality.
The optical images of the cutting tool were taken by KEYENCE VHX-6000
digital microscope to state the tool wear phenomenon (Figure 2). In order to
quantify the state of machining damage induced, the microstructure of
machined surfaces was investigated by Scanning Electron Microscope (SEM)
referenced under “JEOL-JSM 5410 LV* (Figure 3).
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Figure 1: Carbide milling cutter with three-helix cuting edges

__._Table 1: Mechanical properties of P2352 prepreg. .

- Density LO_Dégf%uca%maL-LD;%:Egjgal “ompressive  Tensile Poisson’s :
- (g/cm?) modulus modulus strength strength ratio
(GPa) (GPa) (MPa) (MPa)
2.63 6.21 162 1552 2844 0.34

Figure 3. SEM machine referenced under JEOL-JSM 5410 LV
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Results and Discussion

~ Analysis of induced defects observed in machined surface
— After machining, the microstructures of the machined surface were analysed

D 10 V] abser on._ Three nositions—of machin eneth (LC)WEI‘C

- "’conid'eed'”fcjr' ﬁtéhfuﬁig"'c'bﬂd'ftidﬁ; e.g. Le=15 bﬁl,:l s Cﬂb@fiﬁ@fémi
Figure 4 presents SEM images of the machined surface obtained at a spindle
speed of 8000 rpm and feed speed of 500 mm/min. The results indicatedthat .

__there was no significant difference in machining defect levels-between-the
at machining lengths of 15 ¢cm and 150 cm where small levels of machining
. _defects were visualized at. -the_fibre - direction—of --45°.  Hewever,—at-a— ———————

_machming 'i‘ d NIENC GO Machmmg-aamage ',7 FO M
_of craters or valleys sited at the fibre direction of -45° was observed-when

. using the magnification of 400 pm. The dominant type of damage observed o
in this case was fibre pullout. The nature of fibre pullout is due to the fact
that the advance of cutting edges causes the severe out-of-plane displacement -
and deformation of the fibres which generate the induced defects in the forms
of fibre pullout, and delamination intralaminar shear along fibre-matrix
interface [28]. The machining defects dominantly observed at the position of
the fibre angle of -45° as previously mentioned are attributed to the chip
formation [29]. Consequently, the machined surface at fibre locations of -4.5°
’ was more irregular than that at other fibre locations [30]. It was observed
that the worst quality of the machining surface was obtained at a longer
distance when machining with a small feed speed. This is due to the increase
in contact areas between the workpiece and the cutting edge, leadingtoa
 higher level of friction, higher machining temperatures and quicker wear of
the cutting edge, accordingly [18]. Wang et al. [31] suggested that materials
are pushed instead of being sheared at a short cutting distance, and trimming
is more difficult due to wider contact between the cutting edge and the
workpiece. In this case, the springs back caused by elastic recovery after the
tool passer over are experimentally observed. The bouncing back region is
twice bigger than the radius of the cutting edge in the fibre locations of -45°,
resulting in rougher machined surfaces at longer machining lengths. This
— 7 information ' was confiffiied by the SEM imageés in Figure 5 which shows the
' wear process of cutting edge for different distance cutting with the same
machining condition previously mentioned. The wear pattems of the tool in
terms of the nose radius of the cutting edge were crucially influenced by the
machining distance. Indeed, from Figures 5(a) and 5(b), after a machining
distance of 1.5 m, the radius of the cutting edge was importantly modified,
namely worn cutting edge, and bigger compared with that before machining
(sharp cutting edge). Morcover, in this case, the microchips in the form of
dust stuck in the rake face of the cutting edge were visualized. When the
cutting distance reached 3.0 m, the modification of the cutting edge was a
higher level, and more adhered chips in the rake face were also visualized. A
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similar observation was also documented in the research of Haddad et al. |
[18]. They explained that the machining temperatures reached_the. glass oo [
transition temperature (7) of the matrix which favours the adhesion of the

%blggﬁuumngjdgﬂladmsiemwase—m—temp%m%%ﬂuy ——

broken chips on the active surface of the tools, At higher cutting distances the =~

" more adhereﬂ chips were seen in Figure 5(c).

BAIEF priey

Figure 4: Machining damage observed with a feed speed of 500 mm/min and
spindle speed of 8000 rpm

‘Rale Fuce

Shiﬂﬁ L'.u!ﬁ.ng_ edge . e

200 pm

Figure 5. SEM images of cutting edges; (a) before machining and after
machining distance of; (b) 1.5 m, and (c) 3.0 m for a spindle speed of 8000
rpm with a feed speed of 500 mm/min
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At the cutting condition of 1000 mm/min feed speed and 8000 rpm

. spindle speed, the results depicted in Figure 6 showed that the machining .. __}

damage level was almost identical regardless of machining length. This was

= explamed as the cuttmg lengtlns small, 1.e. the cuttm‘g ml can be considered

theoretical thlckness of thc ch1p [32] However as the cuttmg length”i
~ " increases, the radius of the cutting edge also increases, and the wear of the
o cuttlng _edge becomes more mggnﬁcant whlch leads to a more difficult

Nevertheless the tool wear in this cuttlng CO]’ldlthIl was 1n31gmf cant due to
_ the_sl_lcli ccntacllng time. bebzveen the workplece and_.t.h-e---cu-t-tm-g—edge—m ———
: ; sequently the —
degree of machmmg defects increases shghLLy JuhLmachmgkngth—_
increases [11]. The variation of machining damage level with machining
length at a feed speed of 1500 mm/min was similar to that given by a feed
speed of 1000 mm/min. These results are consistent with those documented
by Nguyen-Dinh et al. [17]. Moreover, it was observed that the machined
' surface exhibited similar characteristics when the spindle speed increased to
R 10000 rpm, regardless of the feed speed. Thus, the results obtained under this
condition were not discussed in this text.

Figure 6: Machining damage observed with a feed speed of 1000 mm/min
and spindle speed of 8000 rpm

Influence of process parameters on the machining quality

In this section, machining damage was quantitatively estimated to check
machining quality by using ten-point mean (Rz) instead of using average
surface roughness (Raq). This is according to the recommendations by the
authors in the literature [11] where it was concluded that Rz is more
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responsive to machining parameters than Rz and hence is more suitable for |
_representing surface roughness of composite- ‘materials. Figure-7-shows-the — ————— -}
evolution of surface roughness as a function of machining parameters. The

results showed that surface roughness decreases when feed speed varies from

%ﬂg—mmlmjn%—}ggg—ﬁmﬁ—biﬁﬁe&es—whﬁrfeed—speed—chm%cb fromm——

- 1000 mm/min to 1500 mm/min, These tendencies were similarly ¢ observed in 7 7 7 o

both cases of spindle speed. Regarding the first case, e.g. feed speed varies
from 500 mm/mm to 1000 mm/mln, surfacemughness (Rtheducechromﬁfir

speed of 8000 rpm, whlle the per cent reductlon by 23 3% was for a spmdle
--speed.of 10000 rpm Cons1der1ng the second- cases i-e.-feed- speed v—ane&frem—--—--—;-——f—— -

L 1ncreased by 88. 3% ( from li& um_to_l_4 24_].Lm,)_and_b5L631-9-/o—(fl‘Oln—7—16—————- -}
S pm to 11.73 pm) for spindie speed of 8000 rpm and 10000 rpm, respectively. —
Moreover, it was realized that the effect of spindle speed on the surface
roughness in this was less profound, likely due to the selected range of

sufficient spindle speed to generate the different machining damage levels
[34].

-
[
J

—_
=

RSHudle speed of 800 rpm

—
s

uSphndle speed of LODO) 1pn

Rz ()

;

Surface roughness
&

Alp 1000 1500
Feed speed, VF (mm/min)

Flgure 7 Inﬂuences of machining parameters on ten-point mean (Rz)

The results in Figure 7 can be interpreted that when the feed speed
increases and/or the spindle speed decreases the theoretical thickness of the
material to be cut also increases {2]. However, at low feed speed, tool wear
increases rapidly [18], which makes the effect of cutting tool wear relatively
more dominant than that of cutting condition on surface roughness [34]. This
was why the surface roughness varies in opposite directions for the first and
second branches of Figure 7. To be more specific, when the feed rate
increased from 500 mm/min to 1000 mm/min, the surface roughness
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decreased mainly due to the influence of wear. Conversely, in the remaining |
___case, the surface roughness increases_due_to.the_important -influence-of the- —- —-——— .}
machining parameters (or chip thickness). The variations of surface

roughness for the cutting condition are consistent with the variation of the = -

- by [2], [32] where the authors revealed that machining with low feed speed

degree of wrfac&defects-feﬁh&eu&mg—med&as—pfeseﬂfed—mﬁe—prmﬁ
- part of this study. Notably, the results in this study differ from those reported B

‘and high cutting speed can generate a good quality machining surface.

Influence of radius cutting edge on the machining quality
- .Figure 7. displays .the _average. surface roughness—values--for-each--eutting— -———-- -—— |
condition. The values of the standard deviati ere—observed D

considerably high, with the highest value of 4.23 um given by the machining—

condition of spindle speed of 10000 rpm and feed speed of 500 mm/min. The B
reason is because of the large dispersion between the measured values at the
20 tool paths of each cutting condition. In particular, it was seen that_at the

feed speed of 500 mm/min (in both cases of spindle speed), the standard
deviation of the surface roughness was maximum. This was another clear
reflection of wear on the surface quality of CFRP composite machining
surfaces. The influence of wear in terms of machining length on surface

_roughness was able to see in Figure 8 for a spindle speed of 8000 rpm. The

largest increase in roughness with the machining length was observed for a
feed speed of 500 mm/min, increasing from 3.33 pum to 15.33 pm
corresponding to 203.1%. Surface roughness increased with increasing in
cuiting distance by 62.2% and 6 1.7% for feed speeds of 1000 mm/minand——

1500 mm/min, respectively. This increase in surface roughness is due to an
increase in the radius of the cutting edge, making the cutting process more
difficult as presented in Figure 5 [31]. The cutting-edge radii could be
measured by Keyence VHX-6000 Digital Microscope as shown in Figure 9.
The increase of cutting-edge radii at two cutting distances of 15 ¢m and 300
cm with a feed speed of 500 mm/min and spindle speed of 8000 rpm were
shown in Figure 10. The results showed that at a cutting distance of 15 cm,
the radius of the cutting edge is 9 pm, while at a cutting distance of 300 cm, -
~ the one was 22 pm. The dependence of surface roughness on machining
length was similarly observed in the case of 10000 pm spindle speed as
shown in Figure 11. The highest augmentation of surface roughness with
increasing cutting distance was observed at a feed speed of 500 mm/min. For
example, surface roughness increases by 360.3% when cutting distance
reaches 3.0 m at a feed speed of 500 mm/min, while the relative increases at a
feed speed of 1000 mm/min and 1500 mm/min are 54.7% and 52.5%,
respectively.
The machining case with a feed speed of 500 mm/min exhibits the
highest increase (360.3%) in surface roughness compared to other cutting
conditions. Nguyen-Dinh et al. [33] explained that when machining with a
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high spindle speed, if a spiral is developed, the contact surface between the |
tool and the workpiece is larger than -at lower spindle speed. When combined-... ... .}
with numerous contacts per unit time at low feed speeds, this results in

= increased friction and heat, Teading to taster tool wear [t1]. The wear rate of
the cuttin, ] hined-surface, resultsin—————— i

~ many types of defects, leading to the higher value of surface roughness. The
T 77 cutting edge radius given by Keyence for this machining condition was 28 {

um. , o L .

10

—+~Feed spee of 500 mm/min i : ! : i
AN U —— | R =~Feed-speed-ol-1000-mm/min 1---1---1. B T TE s
~+Feed speed of 1500 mm/min :

————— 16 -

B E L SO N AR SRR S
g .
10 .-‘-......:--.......:?’;":.-.“...:.-.
E "
g
3
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7]
6
— 4
0 30 60 50 120 150 180 210 240 270 300 310

Cutting distance, Le {cm)

Figure 8: Evolution of Rz vs machining length for spindle speed of 8000 rpm o

- : e m\..\.w,m
- \\\\ \ -,

Figure 9: Profile of cutting edge radius measured from the software available
in Keyence VHX-6000 digital microscope
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e 10-Cutting edge form at

machining at the Tength of; (a) 15 cm, and

,-, , i a
(»)300-em with-feed speed-of 500-mmymin and spindle speed oI 8000 rpm

20 H : T H
-+Feed spee of 500 mm/min : ! : ; i
18— ——==Feed speed of 1000 mm/min
~+-Feed speed of 1500 mm/nin ;
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Figure 11: Evolution of Rz vs machining length for spindle speed of 10000
rpm

Conclusion

Experimental method was applied in this study to investigate the influence of
machining parameters and tool wear on the quality of the machined surface
when dry milling of CFRP composite plates. The quality of the machined
surface was evaluated quantitatively using the surface roughness criterion.
The conclusions about the research results of this study are summarized by
the main results as follows:

i. The results of qualitative assessment of the surface quality of CFRP
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composite panels were shown through SEM observations. Machining o
defects are found to be dependent on cutting conditions when cutting |
length is small. However, when the cutting length increases, wear
— significantly-influenced the formation ol machining defects (observed

4
chining with-a small feed speed:

~ il The surface “Toughness ‘measurement results accuratély fgﬂq&tqﬂtﬁp
-~ machining quality when correctly describing the evolutions in the
defec

occurrence of machining
machining length incre

ts observed by SEM. That is. when the

NAcnInIing wiinn a sm ea-sneed. ¢

h increa,

to the large contact between the cutting tool and the workpiece,
_increases the friction and cutting heat, leading to .th.e_rap.i.d_.waax_.oﬁth&------;--—;;-fjf-

e - Cutfi‘ﬁ}? 6dge T T

77777 ifi. The machining length, characterized by the increase of the cutting-edge |
‘radius, had a great influence on the quality of the machined surface. -
Machining with a large feed speed, due to the small contact length,
resulted in slower increase in the wear rate of the cutting edge, leading
to little change in the quality of the machined surface in terms of
evaluation. Meanwhile, machining with a small feed speed increases the
e contact length between the cutting edge and the workpiece, causing
friction and heat to increase, leading to a rapid increase in the tip radius.
As a result, the surface roughness increases rapidly by 203.1% and ]
360.3%, respectively when machining at the spindle rotation speed of
8000 rpm and 10000 rpm.
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