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CH NKIQULdPC, A" LF N, MR C Vé VLH P
SELECTION OF BEARING FIT ON SHAFT AND IN HOUSING

PGS.TS. D_éN(I: NBSl g N
Vién C* , k ®hgn HHHVN
T . mAi:t
Trong b”"i b8o nOy2nh3achy@®hiQuirpcta 2 adc AV L pidgric

v 'vvEhop t %y "nghetoynd tdEhag d\,° nigthci x ©ng phdn mXm tQ

Longt r a An&gc dhung s ah v&chAyn cBpa g h®p wp.h2 ch h
Abstract:

This article are presents the calculation order for selection of bearing rings fit on the shaft

and in the housing depending on the bearing load and also the establishment of the

software for automatic consulting the standard tolerance tables and proper fit selection.

1. Hgbh Q@

kn I” b, phdn m§ yti°u chuXn. Khi thi/jt k/] m§ ykhing cfn thi/t k/]° lkn m” ch’ cfn

ch nkiWildpc ac8 ov, nglknv it cv' | v h p.

Chnkiwildpc acg8ov, nglknv, itrcv' | v h pch yJud av' odUngtlitr ngt§ c
d ngl°nv, ng.DUng tlitr ngt§ ad. ngl°nv, ngc- thWI": tfitr ngc cb, , tfitr ng chu k8v"
thitr ngdaol ng.n"iv. iv, n'gchutlitr ngc cb hoHschuk8cFnch nkiwildpc- L h ,LW
deit8cl ngg avaldpv chbhl ng,v, nghb x° dchli " mthay L' i mihchul c,doL -
v, ngm, nfQuhhnv nngcaotu ith ¢ a .n"iv iv, n‘gchutlitr ngchuk8cFnch nkiwi
Idp c- L, dtilWduytrds chul clnglQuc a” .

nWch nkiwildpc ac8 ov, ngv it cv' |l v h p,cfnth chi nnh ngt ntb§ ncfn
thi/jt v° tra c§ d[ng dung sai ti°u chuXn LW ntr s~ ¢§ csail ch gi i hUn (SLGH) v dung sai (DS)
c.atcv'l v hp.

Vi cth chi nt2 nth§ nv' tra c§ cb[ng DS ti°u chuXn b3mg c§ ¢ th, c¢tng khlng nh. ng
mblth igian m” ¢, rc- thWb nhfm I¥n v’ bbtti nvélul n cfn mang theo c§ o i ulWrac u.

Trong b” b8on" wrd nli ywre nth t2 nth§ n!Wch nkiWildpc a” lknv it cv' v h p,
t L -x€ d ng phfnmQncho ph® gt L ngt2 nth§ nv' tra c§ do[ng DS ti°u chuXn LWt nir s’
c§ SLGHV DSc atr,cv' v, h ptrongldpgh®pv. iv, ngongVv' v, nggo i Ikn.

2. Tr *2nno§tniWeh nkWildpc, a” lknv itr,cv'l v, h p
2.1.V, n)xcha tAi tryng cic bo

-LAp g h@pic:\D, atheo ! ©ng k? ndanh ngh@c atr, cd, nhildp” v’ LHet2 ndha
tritr ngt§ od ngl°n” Ks(h s tdp trung . ng subf), tra b['ng DS ti°u chuXn LWt ntoli DS, c§ ¢
SLGHV' t2 nDS ¢ atr, c;

-LAp g hv@pe hop (bZn g t hiM®pand):d atheol €ng k? ndanh ngh@c al v,
h p D, t¥ theo y°u cfu Idp th8o hay khtng th§o v’ LHs t2 ntfi tr ng Ks, tra b['ng DS ti°u chuXn
LwWee nioli DS, c§ SLGH V' t2 nDS | v, h p.

Dungsaic atr,cv' | v, h px8 d’nhtheoc8§ aclngth c:

IT, =es- ei (2.2)
IT, =ES- E|, (2.3)
es,ESv’ ei, El - SLGHtr°nv" SLGHd€ ic, atr, cv' | v h p.
2. 2. Nchamthtryng damg L

-LAp g h@proc:vD, atheo I ©ng k2 nth ¢ d, tra b['ng DS ti°u chuXn LWt noli DS,
c8 SLGH V' t2 nDS ¢, atr, c;

-LAp g h@pe hop: D atheo L ©ngk? ndanh ngh@c al v, h pD,trabl[ngDSti°u
chuxn LW noli DS, ¢c8 SLGH V™ 2 nDS| v, h p.

Dungsaic atr,cv' | v h px8 d’nhtheoc8 aclngth c(2.2) v’ (2.3).

2. 3. MNcha tpitryng chu k8

Min DS c atr,cv' | v h pd€ cch ntyytheoc€ ngl, tfitf ng h€ ngtem Prt§ ¢
dngl°n”:

RngnFFA, N/mm, (2.1)
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R-ph[nl ch€ ngtémt8 ad ngl°n” , N;
B'-chiQur ngldpc a’ , mm;

B'=B-2r,

B-chiQur ngc a” Ikn, mm;

r-b§ k2 ndh d€ nm®p lkn, mm;

Kn-h s " LLnghcc aldp gh®pt2 nibjn LHe 2 ndyatfitr ng, khiKs O 1,38, =tlh

khi Ks > 1,5 th3 Kn = 1,8;

F-h s &2 nlfnm cl, gifmL dlic aldpgh®pdotr, cr nghoHsdov, h pc- th” nh

mng. niv it clHBF=1,L"iv itr, cr ng, trab[ngtheocg d s %v" %,dm-t"engkz nh

trongc atrcrng.n'iviv hptrs Ftrablngtheot s

cal v, hpec th nim ng;

, Dvo - L ©ng k2 nrgo™ i

Vo

Fa-h s ph@nb” khing LQut[itr nggi ac§ al« ycon lkn, khic- tfitr ngd ctr, c A Tr

. . A . .
s Fatrablngtheotr s Ecotgb, b-g difJpx%ai aconlknv’' L€nglknv, nggo” 1 .N/Ju

| cdctrcA=0th3Fa=1.

-LAp g h@pic\D atheol ©ngk? nthcdv' tr s Py, tra b[ng DS ti°u chuXn LW m

o4 DS, c§ SLGH V" 2 nDS ¢, atr, c;

-LAp ghp@pe hop: D atheol ©ng k2 nlhv h pDV trs P, trablng DS ti°u

chuXp LW noli DS, c§ ¢SLGH V' t2 nDS | v, h p.
Dung saicatr,cVv | v hpx8clnh
theoc§ actngth c (2.2) v© (2.3).

Begin

3. XogphnmQnt Lng t2nh to8&n v~ tirya

bing Wchl nkiWwildpc a” | tnitgc v~
v. hp

3. 1. Oa@yhlndmxm DSOL

PhfnmQnt L ngt2 ndh nkiw Idp ¢, a
knvitrcv' | v hp c t°ongil DSOL
(Dung sai” Ikn), L €c x€ d ng b3mg ng'n ng,
Idp tr3 n Belphi, I' ngtn ng Idp tr* n& ng L i

t€ ng, d atr'n nn tfng I ngtn ng Idp tr® n h

Pascal, c- cbll tr¥sachHych€.

Tr3 nth 2 nth8 nv” tra bl'ng LWch n kiwi
Idp c,ac8cv, nghnv itrcv | v hp, tyy
theo dUing t[i tr ng t§ cd. ng I°n v, n g, L «tr3 n
b"y m c2 lull thudt gili ¢ a ch€mg tr3 n
L €ctr® ndi yrenhd ndhil.

3.2. SY diing ph'ln mXm DSOL

Phfn mQn DSOL d¥2n dWt L ng t2 nh

to§ nlWch nkiwildp ¢, a” lknv it cv' v, h p.
Giao di n ¢ a phfn mQn n" yI €c tr* nli ytron
h3 n&h2.

C8 cb€ ¢ s d, ng phfn mQn DSOL nh€
sau:

- Nhdp d_ Ii u ban Lfu: CFn nhdp L €ng
k2 ndanh ngh@c atr,cd,¢cal v hpD,chn
v, ng cfnt nte8 n(v, n gong hay v, n ggo” )i
v’ ch ndUng tfitr ngt8 od, ngl°n” . Sau khich n
dUng tli tr ng t§ cd, ng I°n” thd3 Nh- mL i t€ ng
(GroupBox) t€mg = ng, d¥%an gWt2 ntog ns€ L i
sang m” wanh nhU;

jum e

Nhp R, A, b, hdb K, th§o,
Ks, di /d,D/Dy, kht ng th§

End

H3 nh 3.011thuBtgiAicba ch™ " ng

-n"iv iv, n'gchudlng titr ng chu k8, cFnnhdp c§ cs” Ii ucfnthi/jt vio c§ d soln
thlo (EditBox), sau L' -nhbh NY4fT 2 n h LV&r2 n'8" ct'@n g, it ng Pr, sau L' -nhbh NY(Tra
bAn g t ¥inDS LWt nolidung sai, tr s ¢§ ¢<SLGHV" DS ¢ atr, choHel v, h p. K/t qul s€

hiwh th © V%n gtn b['n (Memo) KYt quA;
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-n"iviv, ngchutlitt ngc cb cfnnhdph s tdptrung_ ng subt Ks, ch n kiWi Idp
c av, n'gl" th8o hay kht ng th8o, sau L' -nhbh N%fTrabAn g t ¥ inDS LWet® noYi dung sai, tr
s c8§ SLGHV DSc atr, choHal v h p. K/t qul s€hiwith © V¥%n gkn bl'n KYt quA;

-n"iv iv, ngchutlitr ngdao L, ng, ch’ cFn nhbh NY%tTra bAn g t 3 inDSILWE m
loti dung sai, tr s* ¢§ cSLGH V" DS c atr, choHsl v h p. K/t qul s€hiwith ° Vi%n gkn bln
KYt qQUA;

- C- thWghi kJjt qul th” n tdp tin vin bln, in k/jt qul t
tr3 nrin nhbh c§ m¥%t€mg_ ng.

A DSOL 7.04:10 am [2][B)X]

TU PONG CHON KIEU LAP CUA O LAN VOI TRUC VA LO VO HOP

m” rh3 nHhoHg tho§t kh i ch€ g

Tinh cho vbng & chiu t3i trong cuc bd

Mhap hé 58 tap tung dng sudt Ko 1

Wang & 15p thao hay khing thao:

* Théo (+ Khéngthéo Tra bang fim loai DS

Tinh cho vong & chiu tai trong dao ddng

Tra bang tim loai DS

Nhap sb lidu ban d3u

Budng kinh tuc d |45 fir
Bucng kinh 18 wé hip (100 i

Tirh cho vang trang hay vang noodi
" %ang trang f*  %ing ngodi

Dang t3i trong tac dung l2n véng 4

O Chukp [+ Cuc bd " Daodéng

Tinh cho vong & chiu t3i trong chu ki

Mhép chigu réng B cda d |26 i

Mhap bén kinh géc lugn 1 clamép d (2.5 mm

K&t qua

Loai dung sai cha biuc 13: k6

Sai léch giiti han trén cda truc 13: 18 micromet
Sai léch gifti han duiti cda truc 13: 2 micromet
Dung zai cida truc 13: 16 micromet

Mhap tai trotg hudng tam B {10000 [

Nhap t3i trong doc truc & (4000 N Loai dung sai cta I5 I G7

Sai léch gidi han kién cda 15 13: 47 micromet
Sai léch gidi han dudi cida 15 13: 12 micromet
Dung sai caa I 13: 35 miciomet

Mhép géc tiép «ic con l3n v& dudng 15n [10.83 B4
Mhép hé 56 tap trung tng subt Ka ’17
Nhaptpséd lBrd[0
Nhipthsé D/ w3 (03
Tinh Pr | Pr=1000, N/mm Tra bng tim loai D5

Cac Ita chon

In két qua Exit

Ghkélgus

Hinh 3.2. Giao dM ipii  rmZ nDSOL.

3. 3. 0 sWadind phln mXm DSOL

Cho” kn ki hi u 7309, c- c§ k2 cth€ cchb[nl d=45mm; D =100 mm; b =10,83°.
V, n gong chutfitr ngchukg v, nggo ichutfitr ngg chb ,v, nggo" idpkhing th8o v, i
v, trong qu§ tr? ndh d ng.nHe 2 ndyatlitr ng Ks O 1 t[i5tr; ng h€ ng tém R = 10000 N; t[i
tr ngd ctr, c A=4000N.

YeucFuch nkiwildpc a” lknl«chov it cv' | v h p.

nWminh ch. ng cho 2 nlh¥%nlgn ¢, a ch€mmg tr* nX€y d ng phfn mQn DSOL, 2 nth8 n
L €cti/jnh” n theo 2 c§ c:li¥an ghfn mQn DSOL v’ 2 ntb§ rth. ctng.

1) D¥2n Bhfn mQn DSOL L'Wt2 ntb§ nk/}t qul thu L €c nhe€sau (k/Jt qul L ©c sao ch® p
t tdp tin K/}t qull):

Loai dung sai cua truc la: k6;

Sai lech gioi han tren cua truc la: 18 micromet;
Sai lech gioi han duoi cua truc la: 2 micromet;
Dung sai cua truc la: 16 micromet;

Loai dung sai cua lo la: G7;

Sai lech gioi han tren cua lo la: 47 micromet;
Sai lech gioi han duoi cua lo la: 12 micromet;
Dung sai cua lo la: 35 micromet;

2) T2nkRang o&§eehs ntdiqufk hu ct e h€ sau:
V. n gong ch'u t[itf ng chu k8 nWtra b[ng t noli dung saic, atr. c, cfnt2 nde ngL,
thitr ngh€ ngtémt8 ad. ngl°n” theoctngth c (2.1):

Nei san khoakRcVRY / T 1 KN SW3 ¢ 4/2018 5
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PrngnFFA, N/mm
R =10000N;B'=B-2r=25-2.2,5=20 mm;
Kn=1doKs = 1 O1s Ftratheo[4],blng4.8, L iv itrclHBF=1;h s Fatra

theo [4], b[ng 4.9,d atheotr s’ ACotgb = 400ocotgl(18§ =2091 Fa=2;
R 10000

P -R K,FF, :@91.1,2 =100(N/mm
B' 20

D atheol ©ngk? nthcnhildp” d=45mm v’ tr s° P, = 1000 N/mm, tra b['ng 4.10 [4],
t3 nt ©clolidung saic atr, cl” k6. D atheo loU dung sai k6, tra b['ng 2 (phfn ph, | c) [4], t8 m
L €cSLGHc atr, cl”  es=+18 mm;ei=+2mn. Dungsaik? cth€ ctr, ¢l IT¢=18-2 =16 mm.

V., naggo’ ichu tlitr ngcch,Idp khing th§o v. i v gang, d a theo L €ng k2 n h
D = 100 mm, theo [4], b[ng 4.7, ch nlobYi DS ¢, av, h p G7. D, a theo lol DS G7, tra b[ng 1
(phFnph, L. c)[4], 8 ni ©€cSLGHc al v h pI" ES=+47 nm, El=+12m.DSc al v h pl:
ITo=ES-EI=47-12 =35 nmm.

Nhevdy: DS, atr, cI” FA%6=45005 ¢ al v h pl" F10657 =100g075.

4. K/t ludn v~ Jkhghy

1.B" i ik§&a r 3 nhnthtz gth8tntWeh nkiwildp ¢ a” knv it cv' | v h p,
[ ng th i x€ d ng Phfn mQn DSOL, cho ph®pt L ngt ntb§ Nl ach nDS ¢ atr,cv' | v
h, ptrong Idp gh® pv, iv, ngongVv' v, nggo” i.

2. Phfn mQm DSOL ¢ thWs d, ng nh€m t phfn mQn tr giv%pthi/it k/Jv™ ph, ¢ v, cho
cing t§ agifng dby v' h c tdp.
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CP . NG PHhuNG P¢NOPNBTYO HCNH
CHe TYOVXTLIUT H PNHIJUL, PCH C NI NG

B Nguy. nTh Thu L°
Vién C™ -Tkrhoh g “ilhyc  H™ rdigviéthNam
1.nHvbh Q

Vdtliuf W pnhiQul pch ¢ ntng- Rurfct®nally gradientmaterials) | =~ _ mghvdt
lFuk: thudtnhiQul p chbl o e & c &t khhiggorebk/th p v inhau tdo
ch ¢ ntioptl

Gfn L Oy dfomyi° il ic c§c nghudtmm % nhtudk h ng-vkhtng
tr ,k: thudthtt nh@mgk: kbdthin G n",yi,i ©&d&uphli c-noa¢h c nkng
hoHo t 2®BlhHdloih mdtliwy th:hmggtheing Entmd e kit rthio, c¢- L
bnhitrbBl cao v ‘groalslimeNh mhdtliu kh!ng n®Amgchein p
v inhau,tdnd, ngnh, ng <©Wnhclai nhwlo Lc §c HBlmrnh omhit Mhin ibdtc a
vdt li u FGM.

nWidovdtli u FGM € mhe€hng ph8&p kh&§c mhiay ghedt cPhgnvg
lfub tldng nlg h'-caldatg’ ngvdt Irdgh pnhit  €ao, t Wi °u Kk
Trongs ¢ § odtlivut h pnhiQul pch ¢ ntngvdli uthh pNi-AOsL €cchn | “im L

teng nghiu°wt<ml do nh€e sau:

1.S khing "mhQblrhchBigi a Ni 20s7BtlAl. Do LW8pgndg thhho c¢§c
h vdtliu kh§gc

2. Ni Ulkinlo¥io c -Qu rh ivinitt , L a'rcg nlg@iurBinhiu” c8c clng

tr3nh npuydin °hoOy
3.CQntnktmgdngchonh ng v %nhtglpgia si Pu ki m tTRn ¢h s
Al2Os3,

2.Ctng ‘nchMtlovdtli ut h” pnhiQul pch cnk ng -Al20B

Chuib vdli u Tb c pud | | T vdliut hp
iut hp L hn | nhiQu| pch c

1.ChuXn b vdtli u
Th”  nHknp hh‘cb,tNﬁ/ANIzO:«x

KT i Th nlnvy@thW 2 ¢
H o 100% Al203 i 0% Ni
H 1 95% Al203 T 5% Ni
H 2 90% Al203 7 10% Ni
H 3 80% Al203 i 20% Ni
A 60% Al203 T 40% Ni
H s 50% Al203 i 50% Ni
H 6 40% Alz03 1 60% Ni
s 20% Alz03 1 80% Ni
H 8 0% Al,Os 1 100% Ni

C. hltvdtliubt ‘lc€chia theo nh-m
Ni:3-7,15-20, v~ 1500m

AOs: 0,5 v° 22 Om
Ni wOslLAkcphittn trong QnBg . n §MA'ingnghi@® | ~ e ftankgdh m
chblph, gi a #l" d2in h Kk

Nei san khoakRcVRY / T 1 KN SW3 ¢ 4/2018 7
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2.TY c¢ 8povdtli ut hp L hnAL@sbAmng ph€ehng ph&p ®@thidw Kk
H nh pb tNi, AOsLL€c ®p. inguwong khulti€hh®p2 hhAnBA5mm, s
t hi ftu tkr ongnag® khtr &  nhi4 %1360PC trohy th igian 1,5gi, kh h hXm
v _ ghit 150°C t r ong 3 @hbbph Ygta; nhi h . BO0°C v ° nhg ttrong th i gian
2gi . H  mngbet t hrigchom ilp Le@l v~" o khu! nQus ado ‘yic hoized i C
milp | " 5mmngvahnrigng t €hingt hteoJ/tl 11 "t MWOONW. tTehiply L
thuc v - oc&@pl . k& chene nga tc Spovdtliu Lee Lwgthitb Loco ng-t .
Tc  h©ng tBFC/ p hfatnhi £ & 1350°C W €cgi nhi ttrongth igian 1,5 gi . Cac
thtnghe &p @phlt ¢" nheBbiph, gi a°cL@2nh t@E8&§WViphtia hvd o cac
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XCC NMV TREATGIGMCHIJUR NGTFM Bl.aBsM THEP
ThS. PHYM nC

Vin Ch -Kh®&g Urh ¢ H" figyi hNam
T- mAtt

B iYtvii a ra c §athr AxgBen chiXwrong tEw b iv°2rl 6n Llu coa dim
t h®p hzinn | nhAmkhrji whgcbadim. nQx § con K. QH ¢At giAm tEm b i Im

phAi thiYtIBp h "mkhng «hg tdM®@Em Luc coadlm, h nm "~ gho thuoc v~
tFsnchixu d"’'indlino c’En th i Zprwpithixu d " i otdlon: Viat iheo chixu d”~

dim m”'i thH* mnkdni whg n° uw -tQcc”ib ¢ h 2 at heAtlgiAm tEm b icPnn
t 3 m.
1. Gipi thi¢u

nividimchuun | if*tkn pk2 fu, ,d<€et Sgc atfirng, m?! “meadfm
s€t ha'yithdochiu d~" i, rmA" mibabgiuakhXu U ~ nhhBt , §ri dfiy iJH O

h aifudfm. Khithi/tk/, din t 2Hbddbdfm t 2 nh t h e’on| mAhblmetnr °un chiQu ~

d i€g®y | «rdgli upthdg vhg@ ak/jtcbusEt L ngst nhiv idfm ¢ - Quc Hj'ni

0
[

n
I

Vedyy Wtiltki mvdtli u v TmmhGt ng " hg@ ak/tcbl, “tnpl€ach ndfm c ' n di
t 2 chucdin t hiaMHddh® gi adfmiby t heol mnhBc arm: men ohaifu L

dFmdin t 2Hbdabgifmnh dfn t €higg is gifmc a mmenu n.
ThayichiQur ngtbin b i °amfmc | “ttrangnh ngbi n p h §pn gt hd@avgigm di n

t 2 chbedidfm v ©  t ®fyn di khgii “ hg@fm. Theo c 8lcdngfm Blidfm c -

m! me nnhu chiQur ngtbin bi Fm Ld€IBY hG h hn, is &hav adfm, chiQr ng
tbin  bi ° nWgidm t ©20%-30% thdm ¢ hi%0% so v, i chiQur, ng mHucds gii a dfm. Vbh Q
LHra® L ©y Fhphlic x @tV tLr Wh ddbigifm chiQur ngtbin b i Prmh @ | T .

Trong ¢ 8eQkfitébu t h'@p Lhainggng, Q@xubtbin ph §pkhgi’ hg@fm
b3m g ¢ §fenkchi@ii ngtbin b i *hrai UnLfllc adfm nh€eng krhgilincg thw i Qui
n"y g©y | Yng ith#kgc ,crh o2 tngk@ nh nghi

V3dywic x8c 't &hbiawchiQur ngtbin bi° n W oflidfm sE1 ~ ¢ lafn ¢hi/Jt
trong t2Ak]dfmo & rh &phih ™ n.

22Noi dung t2nh toS§n

Trong phim vi Jp, i ¥®itt M®p Jthki nnch tli, fw i | igekh pkehu tlitr ng
pho©naqg,bdliuchjtodfm | ° Hinh ® gngsubichop h ®p | fm [ch Ku k Hd chiQu
caoh,chiQu dBhy Wi °n Qi bg Bhg Htih~ nh U ttheb ¢hiQn gd i (HD.

q F-F
I I T I T
1 8y
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E —] r.gn'!.
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-y :—::—:—_:_-:—:—_%-n |
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A £ B —=| w5 b,
F " -

H3 nhDlh. t h®p h"n

Gikhoflng c 8§ dfudfim ( Apv Lr &gilanchiQur ngtbin bi °n ( B) ° hge
ri °pag tch @phWi 2 ¢ Antphh®dgbgifen | © "/, t déddbtbim b iligy adfm |~
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din t2Hbdadbtbim b i camfmotti Wh edbgifm x| 77 i Fohg®hknh t hddglmec | © Gg,
ta c-:

G,=gV = gF, F,).X
(1)

, . .. M
T LQukinbQic adfm t heo m?inl mehbl: H%(B[S]

t a nmct- mennga hcFnthi/t® mHvedbgi a dfFm:

M 2J M M__.h
Wct = max A ct — max o — max
[s] h  [s] [s].2
2
Trong L-:
, e _ql?
Mmax: M1  mmdmnhbt’ gi adfm (H2): M, = 3
Jee: Mt me n g u@nhi/jtczamirbeds gii a dfFm.
q
RrInIIRIIIIIIg
I=1 C
) x L2 L2 J{_Xf rl
M, M

H3 n2hBiu 1 lInt menndlm

M1 men qu@Bnthiftldo amibcdigi adfimx §cnh. t heo m! men qus8n t
tbnb i °prv “Bintt h " RYEI

h
=3, 9, 2/0)]
@)

B qua m! men I Sniveitm® on hr it°an gnlweth® *m men qudm t 2 nh
thi/t Jee c, a mbbcdbdfFm gfn L %@1g™ :s

dq.n’
12

h d.h’
=3 ¥ 2REY AT
(4)
h M h dn
T (2 v -4 J=J, -J 2Ry —=x_ 1
@ vra(A ct t b(2) 5] 2 12
(5) ‘ 3 o
T (B),c-din tRbdbBn bi Vi r foesM
_M ah
® [slh 6
) . .
T@ng, tta nc-t Jpdhntin biFg&Nvtr2 xHIYSEI M:
M, d.h
Fbx: -
[s]h 6
(7)

Kh'i " hg@ h ®pm L €docdihG chiQur ngtbin b ic® nWilit:
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X
G, =gV @ df F)x 4.6 Rl

nFoU= x / L, (6)(7),GysEIl -
G,=49.(F, -F,). &

(8)
Trong Véace hbir °n
Mx: M?! ‘mechadmtlivt r2 x:

49. &
[s]h

M M)

4
M, = g.Lx gx
2 2
Bi/jn " Lv/phlic abiwith ¢ (9) v~ thay:x/L=U v o, ta c-
2
M. = ‘5";5 all-a)=4M, al-a)

¥

T ® w

49. & 4. lg
= (M -M =—=a[M 4:M al
g [S]h ( max X) [ $ h [ max max ( ﬂ
¢ 6,=2 Moy 44 14y
[s]h
(10)
Trong biwi th ¢ (10), ¢ § ¢l ' hg@, LhMmax| © ¢ §¢CL g iMg,i td@g| th-" s

bdc 3ivli U.
H'm Gyc- It W v ctiv.clon hGgm heo U wwmgO:cho b

dG, 4gLM
=29 Ve (1. 85 124 €

da [ 4h
Gili ra a@o-0kai ga=1/2a=1/6.
H"m Ggc -, cclltd a=1/6,c ctwitli @ =1/2 A x/L=1/6.
nQu n”"y c- AugcHgipm tbii b i'rfvnt r 2 ¢@dfm mlitkhofng x =L/ 6 th?3

khn'i "he¢ t Fdgilmd L €€l nnhbl , nglic- ng'hoae t FghsEnd nhbl

Vdy Wkh'i ° hg&fm nh nhbt, tbin bi €h®€s | "Gn hivtr2 difch Ig

x=L/6.

V2pd

DFm t hEenpgh © wltdi nch. | khXu | L=6m, h aifu LI iJttkm p,kchutlitr ng phon
b q, tWmedhhQtbn bi €n§ csfudfm | ~: x=L/ 6=1, 0m.

KYt luBn

T kitqul't 2 nh t o &mkhidhh©hi b ddb gilfm chiQur ngtbin b i °3m ti/j ki m
vdtli u v Imnmh®tr ng ° hg€ ak/tcbl tWin edbH@ tbin - b i camfnmc n °bp ¢ §fuh L
dFm m tkho[ng b3mg 1/6 chiQu d "Xu . K.ha dfm.
Ktquft 2nh t o dyp tapdhf i h hn ‘ter otn?gn hviittkdEm t h®p

Tél UTHAMKHIO

[A]i Hushh Vin -BPnTh ¢’ ng-L ° “rHg SKdjrebl t h @i/t n ©nig
NXBnHQG TRP005CM
[2i Nguy n VEm-PHIMTh NghbKYtcEU t h®p nmEexYxdRyT rd@g
nHGT VA" | in996.
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[3li Phim Vi n-Neuy n Qu an gPhtmi Vi nnLBE€ VL ng-Rbu t +cklp
ki n ¢ [Fn- NXBKHKT-H " i\2006
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LL ACH N THEP KHDNG G

TRENTH THANH VAN
Vién C* klohg @HHHVN

1. uiaVEN m

Ch¥%ng t/hs lpd 8iWactar ix.4 H o iigdndi@eis ph§W10taric1ng c
sfn xubt  v:“thudt , el uv 1JJut guy/t nth cho hai ng " nh,ig pyh§tNg y ot
i n h @ «wlakhoah ¢ v:thudt t h3 _waaingtdhlhulvc ¢ ng ng”y c¢c’ng
n°n quragm hHhnblnhiQulolrvdtli um iv.inh ng t 2 nh’ trrkinlgs Hivt€ “lc@n
 inhan L §mqgnhucfu p h@tc atkioah c-c* ng mghi&ng nhedtlvu §bpn, Li
vdtliu siXhy darbon nanot ublieytruynth Tgyn me Xfdn @yt vvai tr
quantt ngtrongsfnxubt v is'dgca chvn'g & ilso8iwdlio kh§ccsfhms3 vi
xubt  r a ulth®p hge n I’ _dd" ng.n 2kk®nt; _eh htna WE Q chnhh  h “"mg, | €
ph€hng plhishbky né WiloranhiQulodi t h®p k h®ct LnSpagu c@éc LW c h
s dng kh8&8c nhaw] trong th

Trongcu cs ng,tad d~  naggtp c 8k ™ Heng, Jtc himstgi, ckhftlot

t h®p. Tuy nhfichnt/t knh'ton gc éprhp th¥hgtloH t h®ip;t¥h o o ch
ntng.c m2ocdhngs v~ fFwyccachit/tcFnch]tdo WL ach nloi t h®p cmo @h¥% h
nhalyvthItthohim it fniblo Tezhbl ° hge

Th®p khkn ghkig Fe-C c.ach?” mngiCr@ 105%¢tr | ° n. °Ns d @ rof

rng r«i trong c §aq,kifg" tnrh1/4oclslmrm “anggiahtiv] k nayHln naybst ¢ - r

nhiQuloli t h®p "k & % Bupthign t r'tm @ Wycfnphlil achnlodi t h®p "khtng g
n~o cho’ ptvhiz cyhfudl d¢ng | fvbhmQk ht ng [nhn gi

2. CCC TI gU ACGHE NWxALI" W

C- 4 ti°u ch? c¢#fm nghuam’ th@ehmankga bh a vl u.
T2nh nardli e:

T2nh néawdgliubaogm c8&c 612 nhhh,c hl Tc, xhénch K €ong ph, ng
nghim v° c8cl tRhBcchijn® ngugSu atmt lm h $ht® vt'y thedy . T%y Vv~ o
tng il hgs dng m Hta al c §wvQy 2 nblcchchvdtli u kh§c nhaiuw, vz d
vi c8cobalic ttih3 tHh°dacthi°’ b chH;hiwi c8ctcm8ytirong
ng”  nh bl;diu ckhh2 vt liyuphli cc - ‘tn2gn ht nc hm, ra&K mdt lilu cfn
quan fjems 1 tr, QiiL- c¢- nghbpaclnphhit 2mdo chtyd umi®vsi t r
m tsfnphXm y°fwnhiQu t 2 Bth kchh§ ¢ n h duc gdhgt| atchan lpthvdt Ii u th a
m«nblcdfc 8§c tBInh -ch
T2nh c®nmg ngh

T2nh c¥dg [Rhmgchimmt ph@tnsgp c i nlgivrlgbvdtli u L «
chowiét c¢c§c bBlmongmuamh C8c t2nhhéhnmgdhgh t 2 ndhg tl;%ct;2 ke nh

n;ntknhglndgngu, i , n- - rdy vO©OGmt kbl k nhi Glicu ve- t2nh c?tncg
ngh cao t h3 tdo” h@gnd d nd Wth/tlo chiti/}.
T2nh Kinh t
Khi cQuvdnlihii c%*%na man c8c Qt? Ab uwvHhMgvy  t2nh cltng n
3t 2 fhdetrkti mhoJut guyjt nth WiLach nvdtli u. V. ibbtk8 m, ts[nphXm n "~ o
ndgy  ubfntlimt gi &  ih8i nm” tkhguagyi@ln n "~ yFnphiidé Qidh'nh
JutyvQt 2 nh nktng VvéawtlinngWgfmhgi § t h” nhEch @hlUawdgi ut a s
tha m«n c8cQttdrfh mthrg vv ™ [ Agnhhi cd in§phii g HBpmhELh
80 s8&nh tYxtahopk ikmm tmhim v~ C{d)mqjucn‘ﬂchm@ckhi ch
nWL&8nh gi 8§ Jfczhnoh ck8igh hcchtl Fyt°ilbQhc c'kc hc a o',itan g €
s dngch'ti °u CRE, ta c¢-:
(CRE)a= ¥/ (4 . P) Ve
(CRE)e = E1’3/(4.|R/)|cth|I]tcfnkhl,'nLng ngcbinjn dung | n.

th
c |
c 8

Vi elgllhl-ln L h
] -trng h§r|°ng,
P-gi § t2nh lclhtm)ngyn hge
Eim:Lun "N n
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Ta c-:

+ Ue E P
\fd“' u MPa GPa | glcm® | usDikg | (CRE)i | (CRE)E
H p kim 250 70 2.9 2.5 5.47 0.7
nh®m

Composite

polycacbonat- 140 11 1.4 35 55 0.4

s ith ytinh

T blng tr °bh, ihichitwjtchul ¢c cFnkhfnt ng ngbjndidngl n n°m ch
hp kim nh!m"s {CRBe| nc -h renh.

T2nh x« hi!itnyge mt?
Ngo i Jljet§m°y tr °ach nkdhliu It a £nl nggu acn /jnty/@m xl« ih v~ m?t i
t T ®@.Vdtliu Loe@h nphli [ibfo kh!ng ahlitprmnh ngs€dng, khing goy
! phim!ingr-e
33.THEP KHDNG G

Th®p khltmgh ¢ p ki m trPe, crh- schichtyn hl “algcht n m, n
trong c8agmkih§tcr @hau.

Crtm |7 ngpmyRinmtc- Radnhtik|i gagh &a?!nlgmy. h Vm
l“¢ng Cr khtng 2t KHnnil2 %k h"hid @ hyt@p@gs oxy Horal pdo t
m”“ ng, Ltnhg t QmHbc & n - .

C8cHelLtr€eng._ achtuhn®p ckhtng g

+T'c . Ih- aQqbr " n cao

+ ndlo cao hhn

+ mng vb@L cao hhn

+nb n-ng cao hhn

+Ch'ngchu £tn m, n cao hhn

+ ndTodai’ nhit , theptt hhn

+Ph[n_ngt k ®m ftch'm ilodi t h®p austenit)

Ng@ ta chia 'th®p kbisaBg 4o
Th®p k hrantenxitg

Leng Cr trong 121h7&p. n QY%at nt rt3hnghp THoHy: nrg” yr"mMrao g
austenit h-a, thagicav't h@®m.n Gtahgs:a £t m2t ‘kchitipaiu g
nhi t nh€e c8bhnt@éhic-. .Hrigmacdnbp) v~ | " m | ,dnga khtng
LooG(lc- hrign da&&cbon cao)k. dBeWh ¢ mngcl gxu thdt, chi ti/Jt ch'u
nhit nh€© Xapafigxch dbieé&jmn h” mngtatoncaot 0,9-1%.

lod th®p n"yng-£Lnt 2mhn cchao t r ang MEE nms k,h2'k h hreg
Enm, n trongsdoxhit n#ND-lan d, n trong c8cnamthbhkh8&hi N-
X I'T "nhv" ted-nht, T da&mh, twhchul cl v,"c gt t.
C8c loai th®p macievixit: (theo ti°u chu
n€hngng € n€hngng €
Lo4i UNS Lo UNS
403 S40300 420F S44020
410 S41000 422 S42200
414 S41400 431 S43100
416 S41600 440A S44002
416Se S41623 440B S44003
420 S42000 440C S44004
Th®p kh'fentg g
Nei san khoakRcVRY / T 1 KN SW3 ¢ 4/2018 15
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Th®p khlemg ¢r ¢ i a th" nh banghcmitmsay theo | €

+ Nh- ma18%WCr,lodin"y a h2t C. Khi ta t&rfgn M, &ceAl v’ o
tho th" nh aust enl thudkfhiichomiwcn gh "wii. th oy ld€n@ nhiong clng
nghi p dfum .

+ Nh-ma ch7% Cc, d¥eu nhiong ‘cp'shngxubhldNOs, h - & t h
phxmé Th®p n"y kh- h"n

+Nh- matR030% Cr, v3 | €©hng Cr cag oXyw bh#ngao: t2

Th®p khftenrgi trihén- Lgin bao hhn th®p  d&usa@dabi/in nh€eng
dingdTothbp hhn, do L. mwitingi a Rigbifingdingngui . Ch¥%ngWkh'ng t
h-abamg c8&dh xnhi°t nh€e the&p Wha sa@dhibi/Jn dimg dToadu, i.
n, bQrchhng tn _@m, chésntpu e hv " o ‘hn'gm Ar€tnhl” “Itiklhg t h&8Th®p
n"y _ct-2nh Tocao? nh d

C8clil a haggthkerit ( tXhM:d ti°u chu

n€ehngng € n€ehngng €
LoUi UNS LoUi UNS
405
409 S40500 430Fse 543023
429 S40900 434 543400
430 S42900 436 543600
430E S43000 442 544200
S43020 446 S44600
Th®p k hausgnitg
Th®p n~ yacgNil¥c hCr, Loyt h ®p [to2 mgy nidst.
Nhng ©wWnclai nh-m th®p n"y | ":
+T2nhngchtn m, n cUnovinhitokdh §mly, ch¥%ng "horhmrong o~ n
n€ec s!nghbiwne€ hhi M€ h,a v, guénghb®ci dumgomg c8&c dd

Chving ckelng trong psimxgbt n@hi t, pcthn-fa ndg fc phXmé

+ T2 nthcad,d und h” nétr t hpcWloh c §4b h ha c.h

+Kh?t! amirt

+Ch tPonhih,b kh®n@n hl:e@®2mpnhi tluy n, ch"h - a1 b3ng bi/jn ding
dTo dlng ngu, i.

Nh'& Wi

+ dbtiQn , do_aNi. ch

+Khdtigda do W2gh8&dh, phoi kh:- g«y

+Btn m, n ttsotnrg® mp.

Lodi t h®p  ons” g ngn@Qu W1 ~ m giad,

ng S@hngchct ngp,nghiu
thuyr c! ngp,walgio Jn ki %c, c8§c crhq
c

b
gki§eéah xoy d
h

C8cUl a h®p &Whstnhgnigt{nMt)i ° u u
Table 1
AUSTENITIC
STAINLESS STEELS

Equivalent Equivalent
TYPE UNS TYPE UNS
201 S20100 310 S31000
202 S20200 310S S31008
205 S20500 314 S31400
301 S30100 316 S31600
302 S30200 316L S31603
3028 S30215 316F S31620
303 S30300 316N S31651
303Se S30323 317 S31700
304 S30400 3170L S31703
304L S30403 317LMN S31726
302HQ S30430 321 S32100
304N S30451 330 NO8330
305 S30500 347 S34700
308 S30800 348 S34800
30° S30900 384 S38400
30es S30208

k h™austgnitderit
nO©y H~ tlho®p &t G amhil oher it v~ Austcehnuintg cl-° tDWP LgE
t h®p. an "hy TogCr@ 18-28 % v."ah¢ im” Ag®it 59 %.
nHe Vihic alodi t h®p n "bchil cc-cdo mQndib;hffu nh€ khtng c-
‘tn® gia nt t®p fic¥ni tL “Vikaolgpp 3lfnsov. i t h®p a b&ckemi t ; L
tn m, n f{iehodfht Lt r Qukigncii§ p choHochu tn dp, mnrtung vigtn m,n
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hangh'c trongWkk2 daéybombktbt ht h®p  cs” g ngln@Qu trong ctng
nghi/p h -Fa,sfdxubl  t Wué b i
V' i |l oh®p "kbpingx @XtM:¥Y u chu

Table 5

DUPLEX
STAINLESS STEELS

Type/Narme UNS
K 832000
2208 31803
2205 (ni N) S32205
Th®p khhng ngtitpha( t h®p anacteneth i t
L" " pkinca Fe v° Craubienh® hhegCgNithtpm hihét m h ¥A7% ( 1 3
Cr,47% Ni ), ngo”it rw"ic-nighh¥cmhnitge v." nht m.

Lot h®p n "W k- unfivélng nihcatw:fs - WMiJm h " nh gia ctngq
b3mg bi/jndlngngu i vdigtc trting t h8§i im@hng Wh - aQhlbwg c8ch "h-a gi "
v¥%ng tnti€hn gtheh Wt r § mhdlhgihols oxy h- a.

Lodi t h®p nWc]téred cht c m§ yt'it " nr @ikgndhu £ n  GngFm |
c-, dng, bth t€hngcdo (nhenhgt ktha m gh Kmsom tinhit  Ho§ gi ~

ca n- ).
Mt v7i | oaingtVlth ®mh & - @A WI°)u c hu
Table 4
PRECIPITATION HARDENING

STAINLESS STEELS
UNS UNS

$13800 $17400

S$15500 S17700

Ta dngbso s§8ilcat 2cr8c dhbh ®p "daltt ng g

Tc Lh-a@@kT2nh "ngh tKh[ ntng

khi r n m, n b

Austenit Kh?! ng Rbl cao Cao R™n rgu
Duplex Trung b3*n Trung b3 n Rblcao Kh!'!ng
Ferit Trung b3n Trung b3n Trung b3n Kh!ng
Mactenxit C - Trung b3*n Trung b3n T'i v" ra
H-a& ng C- Trung b3n Trung b3n H-a gi "~
ti/lt pha

L™ m o'inhit L™ m o

L, cao L, thbp
Austenit Rbl cao Rbt cao Rblt t Rbl cao
Duplex Trung b3n Thbp Trung b3 n Cao
Ferit Trung b3n Cao Thbb Thbb
Mactenxit Thbp Thbp Thbb Thbb
H-a .ng tit Trung b3 n Thbp Thip Cao
pha

4L ACHN THEP KHDNG G

Th®p kAt nyvdad uk: thudt ¢ - b@Qichhng tn "m, bt cke hcao, t2n
ctng tapdivic gia cuUnptiv. DBd L -Wdnd mg _thdgpc§c tia°u ch
chnvdtliu nh<€ul:ct¢hiith cao, kfnbffog do@nhiQué v achn L %iig | o
t h®p k'htaafry aqu a n/ntb@iwjul sau:

n oo khg8ng &£&n m, n :
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nNoeoy | " ti°W &mA gih8 nth2on levdili k.h 1&g ig;h tknlg'ngh £ n
m, n,aediliutacfn xem/x®mntilng rl€amdri £n m, n b@nhit yfuw c
c avdliu
Ch t 2@ alkdiliu° nhit  ph, ngt mhio vt  thBpi Tas€kith p
t2nhnghtn m bQrodvdtliu |~ m avhach n.
T2nh ct'ngsaghkhi xem x®t hAni tttinthu cém?gtth@bn, tt a
| " Thkhng gi abgcti,nghocnhs3tnh,a nE@Y%e [ h TmphXms
T2nh Jkimhgot i c8c ti °uhtgclzng rt°'nt,m°tuh 3¢ my2éfmchw ari nt r
Lnkhil achn t h®p khKhg/ng ®2 nbjclki 8%t t 6 ®p "k httangktgt ng ch
quan fjomgils nguy®n gli §/7tdoh "m"h c§ihn | @ Tchii phEkim™ ta ¢t
L&ect vic kd®oi ith s[nphXmhaygilm c¢ hi [op ht2r 3pn ghkmm s
T2nhncgth m, n:
Crim pkimto ra th®pt2knhhhgeght @ Wmgn clievhi t2 xyl pm
phim oxytm ngph, t r *@mHb  t h®p, Urign h@mtb Tr omgdy ptlmpe
phi mbnphy§ tvh3isvhindingca oxy tronnggl prphlmmnrfEc@Jo
ra vptcthfov bOmHt t h®p.phim n” Vvi'nt ‘@hng ~Wb[oV tth
trong “mmigi kthMe iy t r onrgg nct-ic .Mv@f@hin t 2 mhg cthn m, n
chot h®p® ingt€aWrt®©ng hcao nlg"mrl € chop tki°m kE&c hnh€ M
Ni , é
LQachynloi t h®p &kht'!ng g
C- @hiut LHo tr€ngt cimbinmgt rt@& m, n b, hhet §,/ nsgu éL
vdy nbin kkvt al cw athhn ch2 nhi x€&8k®proghogng mting.t r €
Tuy nhi®°n, cWthamgh[a ahm@dXnltedachn c 8E It b ®p "tkh2mg r
d, ng sau:
T LoYi304:chngg trong @y drong ng
chng £tn m,n trobtlgucé&hb ,cmh mueh
khgcd L3d)4L(ng1Cthh>p)ecl,'nLknhg nghtn

hc an Hit ding

panst v ch
m, n trngng mti
g r
t b

phgh,
tvm |
HNOsv " 2S84 nhit , £ "“nng, LaphfiN- L€ ¢ s’ d. ng r._ n
c8c b3nh L ng c8c chblt kh2 ho8 |, ng, thil]

thil/JJt b gia d,ng v"™ sin phXm ti°u d¥ng kh§c
vdn huywWn n€ ¢ v° x |T chblt thr[li.

f LoYi 306: ch_a nhiQu Ni -h%nMd oldW @&04t 2 wh ot
m,n t°t hhn 1l o49i 304 LHc bolit nryoynigh®lngtl€

d.ng trong s[n xublt b, t gibly sulfite v3 n-
t r € HpS@a.

f Lo%i317:ch a3-4% Mo v~ °rhg mCrl € aW30h bodi 317ah'ng L n
m, nvl® £tn mpittkhe r

f LY 430: “og CrthBpm hiss®y, ilodi 30%4cs #.®g chofmc§c d
c- yfuu lb/m b-ng cao tmonkghnid Ny r €E s gl ng €
trong ng  nh thectpin wgh ¢nkt ko' ngh tn m, n trong r

t © @ HNOs.

f Lo 410: CngChthtpnhbt@ong3loli thi®pnyght naog nUISI
L¥ec d¥%ng chact cgFuw kc2 mhcadyby v~ t2nh hg&§ng &tn
nhe& v24 . nLY Mhdt trongnm? k hWr, € metro ng

mts mti ' mng<€h-bh kEh§c.
7 Lobdi 2205: We -hbeHi IBi0316& " IFThtkh ngh tn HRhgbp m
hailfn ,Hebit |~ trong mhi mtn€chloride.
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Table 10 PHYSICAL PROPERTIES OF GENERAL PURPOSE STAINLESS STEELS (ANNEALED) (1)
Type 304 | Type 430 Type 410 $13800
Modulus o"lashc tyin To;sg; : V
psix 106 (GPa) 280 (193 290 (200) 290 (200) 294 (203)
Mc;duwus of Elasticity in Torsion ‘
psix 106 (GPa) 125 (86.2)
“D-ensny Ibs/in3 (kg/m3) . 029 (8060) 028 (7780) . 028 (7780) . 028 (7780)
Specific Heat, Blu/lb/F (JkgeK
9.010F '1“.‘1' ‘ 012 (503) 011 (460) 011 (460) 0.11 (460)
Ther .
1 94 (0.113) 151  (0.182) 144 (0.174) 81 (0097)
124 (0.149) 152 (0.183) 166 (0.201 27 (0.15
Mean Coelficient of Tn«jm_z‘ Expansion g
x10-6/F (x10-6/C)
32-212F (0-100C) 96 (173 58 (104) 55 9.9) 59 (106
32-600F (0-315C) 99 (179 31 (110 63 (114) 6.2 2
32-1000F (0-538C) 102 (184) 63 (114) 64 (116) 6.6 )
32-1200F (0-648C) 104 (188) 66 ) 65 117
32-1800F (0.982C) 69 (124)32.1
Melting Point Range F 2550 to 2650 2600 10 2750 2700102790 2560 10 2625
(C) (1398 to 1454) 1427101510 148310 1532) (1404 10 1440
Ta ¢c- blfng g i T 1. a ch n IloUi th®p khing g° cho
Mii tr€ ng LoYi th®p n°n s d, ng
*A|_)|(CI;:_ *C8c¢c |l oli th®p khtng g
sl n ne axit *304 hay 316( n/Ju tr an
: P * 304L hoHc 430
*LoUi 304 | t "t nhblt
* Q .
*ENP% tr€e ng acid ngu, i c - I
s d%ng 316 hay 317
*LoYi 304 c¢c- thw d. ng
v, inmg L,  acid t,i 80%
*H2S04 c. thw d¥%ng 316 hoHc31
Aldehydes LoYi 304
Amines Lodi 316 th€ ng L€ c d
ConhiTt oL 300F ta dY
Aci d b®o 3000500F ta d¥%ng | oUi 3
d %ng m c¢c nhi t L ca
Chblty rXa t ng h [LoUi 316
D€ ¢ phXm LoYdi 316
LoUi 304 th€ ng L€ ¢
X" ph,ng phun, 1o4i 316 th<€ ng
phun.
1 3
Shn xe Ta_d/zng Il oUYi 316 v n
nhi, k m.
Ch t2nh v° |IT t2nh: )
TY%y VA ® yFuchch tlzln_ht,,a$fhph)§m,tas' dngblng ch t2nh,
t2nh ch®p "KW tarchpn IgUi th®p cpmo ph? h
Ta dagbch t2nham't IVIGiitelm@p ¢tk mag: d
1) T2nh c¢c*nmg ngh
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Nh3n chung, Ut rtom@p ci€hkc? ngph@®p austenhcaolng ngh
nht . Tuy nhin°gn’tngt&poamigi t x e mjny/@t hid nngd k2 ch
t h€c asfnphxn Wi achnlodi th®p c¢c- tehh pbhtghngh

2) T2nh UiSBEh®€ad xem x®t sauddlting«samc«khdhd ti°u

“tre°n.

Tél UTHAMKH4GO

1. AdliuhcdlL® CrnaogDendtb[nikhoaah ¢ vithu&e H'i. N
AMiiu vdtli wm i ®Phm Ph", n hBlb[x $i’h ¢ Qu ¢ gia TP HCM.
t he s e-Speaialsiea mdustrmaf notths e f o r

n

3.ADesign guidelines for !
America.

4. 4 Nhg k hm@iki/nh cf ngquanvQt h®p, t h@&pVik hQumang Long, | nox
COMPANY

Ho
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PHhuNG PHJYP VIE CBH, n, NGn CP NG CHUf N U RA THEO CDIO
MEETING OUTCOMES IN CDIO APPROACH OF ACTIVE TEACHING AND LEARNING

Ths. B%i Th' Di u
Ths. Nguy., n Th ™ Xu®©n
Bo min M8yVix&mp @% kh?2

T - mAtt

nAimpi ph™ " ngA@dig pt rgo n gong §idiyct rI”" 1  témovintgyn 8 @ in
gi ain2008-2020 cbaBo GD&nT. YiChhu-a ch " ngo giAgdh Ehaytn min
t heo &EcBhCDIOjd'Y t g hmhi®p hi§ h trmtiQcg | pnch Oa wrg “imyc
H” ngAil Vit Nah ol n t &m'mdicass ©ng tryn g Qi gunc gia, hoi nhBp khu vQe v ~
thY gipi. Ho't orgd'y vyccoagiAng v i ° Bi mhZplAitiQohiéa nhYn"toRcl: Qt h
L't dc c8c miXta Bh tr°n?

Abstract

Improvement of teaching methods in universities is one of the eight key tasks of the Ministry
of Education and Training in the period 2008-2020. Standardizing curriculum, using the CDIO
approach in specialized teaching, integrated teaching for developi n g | ecapaaitye is $hé
direction of the Maritime University of Vietnam to fulfill the mission of the national key school, to
integrate into the region and the world. How will the teaching and learning activities of lecturers and
students be implemented to achieve the objectives set out above?

Keywords: active teaching and learning, CDIO, outcomes
1. Hubh QTU saoph[i chiigt ph€hngUyphv§pchdLl ng?

Tr€ th8chiAghad chuyho c8rcg 4mMm €0 m~ Nmg tafgilph
mHyvbh Qt hu hi¥shgs si nHfu vv ° ea[mblochbl "In® si nHu vi & ndg&p
nhucfu ph®tc at rxid,tdh t h€hmgcthao Nmg I titrémnh ng vbh Qmang
t 2 nbp thigt cfn phligili quy/lt. Vic  § mgd vWw tkria i p h €HAoncgn pGDBIpO ttli™ m
trongnh ng c §chWit@ng cbho h&h v ' Xrchua c¢ch€ebhhdo.t r wWena@
c-Jiguftt L iphfih ¢ -t ha'yi ,L t €hngngtb§k- a "t mGurt gch®n yiira,
c8cYhaopgdldy vc,hph€ehng ph&p LE&nh gi §.

Sau khingcky fii ra ‘net nx ohnigr,igitng vi éddy ve § Whapg 3 (
kht ng ¢, n " moguam fag al m'[i phidy mh$n "tdHow) . CBog gvekrephli
bitth ¢ h” " nh c¢c8&c phlehdihg @ihBp Dlicntdp wih*en hhh e o Joc®c h  t i
CDI owidt ‘Lc®ftqufcamc t iQtau L

nHe tr@angchcehng olot? "@THT) t/pedn €Hd IO ti pl.” Ngzhoh h
[ trong JCtic T chu§eénkimg¥nnhnhlau, ptégathg (¢ me¥i
nhonntkg dp aw” tlic” m hv:img nknthoistn phxm, €& Nia@Much ¢ L~ o
totheo ch<€hng t'mp3nmtebe@nghgvii °n v~ Fnphln h'lc@il°nim cquen v~
trangb c §c phehngngplys pcggdh t 22 phWwch WLBpng ‘lt®c tidu c
ch€ehng tr3nh.

niv i c 8§&n ElhravQmhHuk: nt nglnggiv Frf nx @gg kGhoYic h  blnig oui”
x §c¢n . ph<ehnglngpdiygmpt gd¢ § dhwchiti/t. B i ¢ §rck rk§chst©c h3nh t h” nh
khigifng vi ° n/nmarhg Isi nhg vé 8 nkchc h ™ fimghimh,r 1 " m Qi I " m |

noy Jt° tnh §clhn tih igifngvi °n t'oign nttri€chundgngliwig® nhe& gi
Vin c¢ch kh2 n-‘innayiv¥hn g hkStao tdph@ibh m t ¢ §fy h, WL " ngmhbt vQ
ph<€hng Hyh 8pcchhl ng.

2. Ph<€ehnglp v8gctdl ng

2.1 Ph * ngAgudhyscholgng | ° g3 ?
Pheahg ph8ypch Alchgo Itthudimg r %tn,g  €€d¥%nngiQu  nce Weh'
nhng ph€hng phb8lyhgi §dedgh@ehs8t huycdn2lnrhg,t 2tga t
JAlCrhg 0t rong p h[ydAygeh fm&p "loge d 4nig nvg theta | My,
¢ §i nig hkphatUvgrghtlp L ngch kh*ng d%ng thedo trighugea tr §i
ehng ppépl fgo, ngeivichodk g h-a,cthAcH _lpnhdn
th cca ndkKctc Idf ttrung ph8t & ohyl bhgcnah ntgKectch &k ht ng
ph[i Hp ttrung ph8t buly Ltndga n§&k. c Tuy Wdlyi h° mnthed
ph€hng phi8pg ctimy giilfin |ghhiu hhn, isly £ heo phehng phsgp
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2.2.Hyccholong I = g3 7?2

Thudt ng. fhyc cho Long" L@ Hi p h i Nghiu®° nGi@gco Updi c ( ASHE) b8o c8c
c8c trgfolwhnvOmts ph€ehng Whiggxythictdp t 2c¢hH tr 2¥h cd8c t i
Il uch’rar3m g Wihyc cho Long ", h ¢ sinh ph[i | ~ @ rhhhirdaginghe. H phli U c, vifk,
thfoludn v ' prlOrdi | o8c hewp wiy Weec tdoi .t t¢c8aqm8 tr3nh

hctdp" Hobnt [ Esintiph[i t ham g.inag vc'lomgntei duy cao hhn nhe€ g
tnghp v' L 8hnHctdgéh§L ngo thu iM%t tmee® hiehi-1 kmxaive suy
ngh@nhwg Qthi Lang | © m.

NWL im il®€cc&8chcctho s i nfnphfisdbngsongl im i ¢ 8. V3 8 ahly d
ch"l% c &occlv " h hgl@®vichctdpca sinh vinhn'm& ingc 8y & aglng
vi °Tmong holt rgdidy-hc,cc tmg® p sinh vi°m heeny?2 enholic, ry
trong qu& bhh®&m tii °n crmeealc®®p c - nghrp@iflng vi °nc t2ch ¢
vdnd ng ph<ehnglingpdiysch Logniig nh€eng Gkftgupgsilnsh vi °n ch€a th2c
v¥nquenv il'ih ctdpth, LLng. WN%ilntgh vi@ n kp B n,_ntgr 3p h&8&h ndyfngpdky8 p g i
ch LngWifndfn x©ggdcho sinh vi °ctdpdn@hnmgg, tp hc8abhc,v
t thbp J]i cao.

Nhedywongvic "lm i ph€hnglypbogp dc-hps t 8acc[@glng vi°n v~
sinh vphitm,pnsp nh " _radoby jdgddyv ihodt  rAgh ¢ t hihi umul.

3nHti Wm a8ph€ehmpdh 8pUlhp chl 6 ng.
31.LEginhvi 91 thungt ©m.
Trong ph€ehng hhEpckY L, n. i ste€hngiéna holUt L. ng

song | ch, thw ciLae fkto&tu h, rhgiutAhv 00 c8§c hoUt L, ng h’
ch.,¢c v ¢ch” LYo, th'ng qua L- t, | ¢ kh8m ph8 nh_ng
tp/jnhdn nh_ng kiJn th ¢ L« L€ c gil,'ng Vi °n sdp xJjp.
vi°n tr ¢ tilJlp quan s§t, b n bdc, I m t h?2 nghi m, (
ngho ¢, a m3nh, t. L- ndm L€ ¢ kiph€ehhgcpk&§pnéahgmmr a
th, c, k ntkng L -, khtng rdp theo nh_ng khu!n mOu c-
s8ng t Uo.
DYy theo c8ch n”"y th3 gilng vi°n khtng c¢ch” Lhn giln
h"nh L ng.

32.Ch#%rymgly £ ph * po §tpQyc.

Trong c8c ph€ehng ph&p h ¢ th3 then ch t | ph<€ehn
vi°n cphlLemigs&himtnghguenTchzt@ych3 s&€ tYo cho h’ Il , ng I
ddy n.i | ¢ v n ¢ trong tndp s&8nlLRYgE nhok/Jt°gufblp b
gifng vi°n hi n nay c¢cfn quan tO©m LJn ho(yt L. ng h ¢
chuy Wnt Wy €]Btphlbo nsgngh y t Bphbong

33.Ttng onhgy ¢t Bpsh hGnYh wp pliy t Bpwp §c .

Trong m t | . p h ¢, ph€ehng ph&8p h ¢ tdp h p tgc L
t. 4 LJjn 6 ng¥€ i H ¢ tdp hp t&8c | "m tktng hi u qurl
ph._ ¢ tUp s€&€ xublt hi ' n nhu cfu kJt mm p_ gichang8c HC&
h " p t&8c thing qua thl[o ludn, tranh ludn s€& t hbc LXy
Vi °n t n©ng cao tr3nh L, c.a bfn tho©n m3nh. ni Qu n
th, ¢ tJ sau khi sinh oilf'n ghRki ntghih'p¢ $utt bL" i, ph’
nhon k/Jt h°p v.i h c tdp h' p t&gc.

34.Gi Ang krh® g "1 " mhi &reh™ pndgl rt,x h8fo Ltonlgpipy c

V, vait rl, hg€t hikfitt ch k€, rmgin8§kboW®t ncg B, Ip° @, %iphvi° n
t |l chiJomnhdungh’ tdphl  nigii€ m, ¢ i Rufm_ k:ntnighB jtheo
y° ofa, m! m’ ¢ h3r €khid °In gi [wighh Qi ~“miihth i tQuigian L  u € h ik Jt
b gi [sagchol 4t € chuKftac, &DIO;L” ntghx§b' Pt €hp iy Sgpi [ahgy
Vti éh2§nghi®ochopht p, m, di Vm dungb " gi l,'ﬂ'rgngv ngognT °n
I, pi FTwnigen ph[thleod»o§ho'~Lt ntg h’ cw ginhvi °tag L g’ Tiv'gi %p
sinhv i khic fnhil gsinhv i € i %anhg€, ng.

35 KYhwih §nchi 8bgi Anigvmpti @ 8 ndhi &0 ainhvi ° n.
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Tre, ¢ LOy, gifng vi°n gi. L., c quyQn L8nh gi 8§ h’
gifng vi°n c¢cFn h€ ng dXn sinh vi®°n pugtcht mihwrc 8k:h it
tdp cho blfn th®n m3nh. K: ntng t L&8nh gi & v"™ LS§nh
Il . ¢c ¢cFn thiJJt m" gilng vi°n cfn phl[i tYo c¢ch h,i cho

T. d4y v h ¢ th, L nggsaggldagyvv°nhkbdralg, cLnnl-
tul | ng€ i truyQn LYt ki/fln th_c¢c m’" | " ng€ i he nc
th. c. Tr°n | _p, sinh vi°n hodt L, ng |~ c¢ch2nh, gilng
vi ¢ Lfuanetri c gi° |l °n |, p LW thi/Jt kJ b"i gilng
c,a CDIO, khi th ¢ h"nh ho4Yt L, ng gilng dYy tr°n |,
LW | "m L¥%ng vaiwhuxy%tc8c)lh hgngEn r ytngongc §c hoUt L, ng t3n
hg8o h_c tranh c«i refm r c.a sinh vi®n Gi ng vi*°n
L. € phd4m | "nh nghQ m, i C - khl nktng t ch. c, ch d
di bi/Jn ngo”i tfm d. kiJln c,a gi8o0o vi?®

S
n
4. Tdtm ts ph€ehng plhgedy chi L ng
C
h

rblt nhi Qu ph€ehng ph8p gilng ddy ch_, L,  ng, son

I in hoUt v~° La dUng h-a c8c h3nh th.c¢c gilng dly, t

t bt m t nvg iphp8hp€hgi Fng dYy <ch, L.  ng c¥ng v, i c8c | i

L€ ¢c s d,ng ph” bifJgn t4i c8c tr<€ ng LYi h c ti°n t]i
BAngl.T- mdit c§c ph “Angy ychi§gng g i

T°n phe ) c, .
T phsgp M t t-m tdt| L i ch choc n

Gi Yap sinh vi°n h'ActiveLdgning)h, L. ng (

1. n.ng n«o GV n°u vbin LQ cfn T€ duy s8ng
(Brainstorming) quy L  nh th" i i am Gi [i ph&pbh-
SV I "m vi ¢ ¢c8& nh
nhanh c8c T t€ ng
2. Chia sT GV n°u vbin LQ cfn Chblu tr %aé /lgi a
c Huphink i quy L nh th® i gilan T€ duy suy x
pair i share) SV I "m vi ¢ theo i criticafthinking)
v’ tr3nh b y T kbgan
3. T" ch.c GV t° c¢ch.c |, p h K: ntng | " m
t dp thhemochuXn b c8ctrllpi m jnh-m
(Group-based M i nh-m nhdn m t K: ntngidipao
learning) tdp v° c¥%ng hhip' n8§c
4. b9y h ¢ GVx©y d. ng dAvbin L X8c L  nh v~
tr°n vblnguan LJn n_ hi cdung dybbhQ
(Problem- SV L€ ¢ giao gil li nQ xublt pch&op
baseq tr°m chk 8 nhm- h.oHc Trao L i, ph
learning) b=ng trong he 1|

5. Ph€hng p GV chuXn b° #dAk ch T€ duy suy x
| .

L-ng vaidung |li°n gbhano. LJn ([pi criticafthinking)
(Role- play M t s~ SV L€ ¢ p Nhdn bifJt vQ
teaching) th ¢ hi'  n Ak ch blfnk: ntn§ivl, tbs§
L-ng vai tr kh8n glc, a blf@n
gi §.
Gi wup sinh vi®°n h Expegrieatialtlearfiing) nghi  m (
6. D4y h' ¢ GV chuXn b n i d Ldp thgatr
qgua | " m h" c. K: ntng -thi K
(Project-based SV L€ ¢ giao th, Cckha
learning) ch s° c¢c& mh®m. ho Hc K: ntng giao
vi Jt

K: ntngtthoh
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Nghi °n
h u” nCagse (
study)

c GV
n, i
sSv L€
c 8

Xx©y d,
dung d4dy
c giao
mih©m. h o Hc

L J]n h

ng fAcase

gi [i

nQ
h,
L nh

r

C

t 2

cp&hct pg i
€ ngtvte
nh

a
I

ML ph, n

(Simulations)

g d. m1

K:
K:
k h [so8§ t

n
n

Im* a h
t h’

tng
tng

t h,
8nh

C

hi
I 9i

Giao th' /] L

c8c

tr i
b -

ao

H t dp °
v, €, ng
(Service
Learning)

c I i

bin
Cc,
t

LQ

L

C. ,
thhcclL€ c

hoHct a8 cC

h
c.

n

Q

t’L, g c
nguy ,n gti if
L

a ¢C

nti’
h o

Vai
v, i
Nhdn
anmcnh c8c
n Ha m
su'lt i

C

. tr,
ng

X «
bi ft
th" ich

L™

ng

m

L€

t3m hi Wu

MT¥%y v-©

('~ u-cl-: QkYhhup 2 hove
khisYding ph " ng

n«o

v

écl

“nni - vm

3

-C8c
khoAng 307 4 0

ph™ -
sinh

vi °n)

0 ce8¢hci&c2 d¢h Umamigoihncg € W2 tt HemiaiQu

ph™-
p h&ip t i quhg “hnul la ngtthoi sY din g

h hn

ng g h &ploticionQiingiAng d'y
ph -

v 2

d

ngongp h § p

L

n @ng d’ly 8hp Logg chi L' t hi€u quA Lni vpi

cpp byc | 2 tai, chgng

Trong

q u §W khai gifmchdUyt aDIO, vbh QK h -

k hidn

lc §cg gvi °n

saoch nl a

Lece ph€hnglngt®p pgiz hh bdgvhi

c § ¥n Elhraitheo CDIO.

nWgili quy/tvbh Qh " y [nggiv Fr° nichiu

y Fuwc, thWc, at ngm, ¢

ti °Xou féra u

(m c

4)

@cheton g C Drih.Ong v

2 ¢ h Gimengtgn d

p h €hn grngdhy§ p

gi

5. KJJt ludn

Khi

Am Ve krhiai

c h€ehndg

t h&oh CDT rosautkbi i nnghi p is€

LGt

‘lce c8athkg

c 8§

nhPn, c:ickanég]n ttkioi sfn phxm,

quy

t rth” ngh

v

h

c ¥%2n gikinth c
t2ch k-
ntng.
L €cm t

chuy®°n

NWcen Ws Hi n g

ngtaqiih , L n gtdy

cing

th? p (intedrated learning). H ¢ tdp

Waul Li cho wih®m rsgi rki®ip ¢ il rmhltki/jnth c,v ah ck:
B ®&ph igian h ctdp , Qulguantr n g
ph€hnglngdtg pv gtidhm i Widnd. ng ‘L€i

| [i

€ui tghi an nh

g h
€ng kht

nHagnth © mQ mikb

ch€ehng

t it. Gijig dily T vi'chtdpyd a

t

r

o

n

c8c

ph€hng

hcch Lng
t
ph€hng
¢, thwgiln g

re°n.

(active

Quh §cp-. ngntbthudn [
v E phni h 9 linh hott

v

c§c

vdy , i L ngl [rceg cv fari ni c@dp hubh

gi Yp
k h-
ph€hng

lieghirnm i (negX p evr”i etnrt i atgilil emh ipbhgP. o | v
QC- pmehng InyldY pli tg

m

s’iench Lvnig® nwlihghi m, m i
khtn

.nginf @ gt i T@Xvnv " bi t
p h § pingtdilyacrag ngfungh .t rCPon h
v

viingic 8 cnkng

ph€fgddyphs§p

gi

ch, L ngcfn thi/}t

terkebdt FUUL qu §

t r@ ginhv iL® .

t

Tél UTHAMKHUO

[I]Nguyn Th'Mmh Whng "fipYpgTRBEc hy Ghithi um ts ph€hng
ph8dngg¥yclit/in gi %p s'icidochvli Aig Winghti m, %L c § ¥ Elhraitheo
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CDI O, Trung t@@[iNghiPhhG8g WPhex WMH A7genH Kbba h
nhiingdin cQu cGiaTp.HCM

[2] https://en.wikipedia.org/wiki/Active learning

[ 3] Ph%ng’ rghHyotBpPHuEb con g ingi ph™ * n
trong nH KHTN H Pth[élkhes,h ¢ #A T2 nthnggh t
thfn WhcdnH Hoa SHCK, 2008

[ 4] Ngh T, “ng ph8nmtronggidpgd'y c8c c huyRtmB,Aafgp  nh k
ch2 pW &H&CN, L1 (10): 114-125, 2008.

yh 8viyc céntiyn t’ i
d

g
e uy, ph€hng phsgp

Nei san khoakRcVRY / T 1 KN SW3 ¢ 4/2018 25


https://en.wikipedia.org/wiki/Active_learning

CHé O, MG NGEMNEé NHPL TRNG 1/4/2018

XAY D- NG Kege HOYCH GI NG DYY CHI TleT MDN H
netU RA THEO Hh, NG Tl eP CxN CDI O

Ths. B%i Th" Di wu
Ths.Phdm Th' Y]
Bo min M8yVix&mp @% kh?2

T - mAtt

X0y dO®Ong kY ho  ch giAng d'y chi tiYt mtn hyc LS8pP
I O cho c¢c8c mtn hyc chuy®°n ng"nh khtng chi L"n giA
n | pp LMot rngy ori Lh'ytc em™ c¢1n phAi thQ hién L1y LO

oi hyc mot c8ch chi tighng vignc&htgyg,ychic8h h@®E hn
hat) myngghBaphA t 'y mh¥Yn 'toh ( How) , L § @QyiAiguy¥g dca8 sao L

t i ° uvaccturtn bl cr a yetkivnthéc, kint ng, otHo'§iol§ c hGagidng c

°rm lpmd o8kko Ltoncgy bplpygi Biphvi tmbonhgyc tBp, L7 0o s©u ki

é@qo
I o

<= C
(@]

o0 CAm h8ng t2ch cQc hyc s8Bmg, tkh" ichdByimhXmitinn, Q3
o dung kiYn th6éc b"i gi Ang th"nh kW nkng v~ th§gi
hQ@c hi én, gi Ai guyYt VvEn LX vX chuy®n m'n trong tfF
hi kYt th®¥Zmmin thyc,wcn moc ti°u chu’Yn LlTu ra cua m?
§p 6ng nhu clu thQc tiV¥Yn cbva x« hoi.

TY kh- a:

1. Hwbh Q

Saukhibds t ay cwiwo kvhiai ng©¢Che&hng Horclan INgl '@h€ethiig c hi
hcphfn v~ t hmts Kiihithfot cbp tmgbpVin JicbhpB min ch¥%ng t 1
nhdnthby c §c W aw’ né3 ndntohgvic xO©mgndidungmc ti°u, €CnR v~ !
dung k/JhoYch gifngddyc,a c §[mgGivi °n ¢, n kh&§8c thhngahiet,. c®8kg lte s
d¥n c8chhihh c8c ' ibhuithfo ch@mnhbt . C8c[nvihmd¥nh quy tr3nh v’
c§8§chcthichint Ph, ng W  oh®a r »hWW#Hog ,I'cas th'ngnhbt v “dnftihu
troﬂngvfc X Oy g Q¢€hng Jchhdphfni cho [m§cvigftnr chh "ot morhg t o" n
tr .

1.1. KJJholUch gifng dYy chiti/t m? ® H h e ag tivj@cdn CDIO

1.1.1.KYho' chgiAngd'y | = g3 ?

fi Rholch gifngdly 7 JJhobchddy v cghmt miIatromgmthc kIng Gii °n
ph, t r 8 c h = os€ phlithi/tk/jc § c Uth olydldy v cchot ngtufnhoHot ng bJjth c)( t i
ca mi'm mML- [pthwhin LTeXchb[ntiwikhaimc ti,fudumgcb ph®hng
ph&p v~ phd@hnegk/ttqal L §nh gi § themE€niR ¢

1.1.2. Mic L 2 alviécdBp kYho' ch giAngd'y

-Gi ¥wWpmblos ph'ih pnhp nh " _nacolyirngdiyv iholdt rhh cc agilng
vi°n v’ sinfhgvivEAmSIinTcgli®© gi an d inhl Hnfi ovc mv/n |t
gilngdYytrongh ¢ k 3 .

-Gi Yafn@ivi °n v sinhcwih? nt 2ecbh§iicn b py sig. g t

-Gi ugngi v.ingdnglinhhodt v~ Uilga cd§c phehng  @difBgpddy h3nh t
trongm t b ciWith §Wktmting v, st@ Ymhh L

-Gi %p sinh’pic®ot kg ht he.ah€phRn c

1. 2. Uhimowdi®d ng k/holch gilng dYy hi uqul?

Tr.€ khiptPnrg IvilingpBimiuth i g ifant | kA’ i[nggao cho
% ‘lc€c§c ti°u ch?2 sau:

-Y°ufuca bQkJ/jnth cckinkng, .t h§gi L

-Nidungc't | »ifn W b

-Miquanh ¢ ab” i ni" yb'vc wvi @k/psauk

-T9 c¢. hHhmhr ngki/jnth c

-C8c Uholg ch2nh hterong gi

-Vai _tagiflngc vi°n t tomg d&¢8&c ho

-Thi gi anp pth%n h nghold  th

-n8png c8cfunhi aocknkgh8c _ ahsiunk vi °n

-S dngph€ehnuggifngddyh tr

-n8&§nh gd¢ §hiwi b 'ai ncdiec (. t-rofg-saugi h c)

-n&§nh gi'® tt2rcomgh d&whsc t r3nh d
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c

-n8&nh [gi/g8sacg dly
-Thu h¥ mringtrcpkhuyn kh2 ddhhvtranh cho sinh vi®°n
noy Jt° ehithScl n "Lvigifing vi°n no " m-itrcchungngliwnig® nh& gi
Vin ch kh2 n-"innayiv nghiEki Lhi d¥n chiti/t vQc § ¢ h ¢ i h n, i dung
n"y.
2. Minh h a bfng k/]JhoYch gifng ddy t €hngv.i c¢c8c CnR t haeoNhDI O
t r 6y
Blng 1. KYho chgiAngd 'y (mfucba PnT Ndng) tr
GiAngd'y trppn (1 Tyt t hBpykiomt t r a pwgdim BTL, nAMH)
y . oL CnR d . S B"i LS§
N, IDUNG GIGiNGDyY | S tift Holt  tigdly v''c .
1] 2] phfn (Gx.x) [4] gi § X
[3] [5]
Ch€hng 1 2
11 D'y:
Hyc v lpp:
Hycunh™
1.2 D'y:
Hyc v Ipp:
Hycunh™
1.3 D'y:
Hyc v Ipp:
Hycunh " :
Blng 2. V2 0 ™inh hyakYho' chgiAngd'y 1 #c'tiongthyc phln CNCT MNC
(C* mghéchYto m8y noOmy chuy
N. | DUNG o CnR Holt , tigdYdy v "c[4 B
" . S tiflt phfn L8&nh
GIiNG Dy Y 2] (GX.X) . . . . i 8§
[1] : Holt  tig dly Holt  tigh c 9
(3] (5]
Ch€ehng 1.
khgimndh
bfncca ctng 2
ngh ch/]tlo
m§y
11.Qu§ t -Tr3nh/ju cle|Tr °pp: |
sAxuB v~ side vQqug§ t|-SV chv T
qusg tr3 sfn xubt v’ |s 8§t
clngéng tr3nh ctn
-nkb ¢ @u: hp
bits kh§c -Cs§c SVite
ca qus8 fnrlhic aGV
05 Gl11 |xubt v~°  qu X1(%)
clng Tgh
- GV nhdn x ®@f
coOullticasSv|tnh":
v: ‘thlLg&p |-nc v[litrc
c©uyichi
ch€ehng 1
i u gilng dly
12.C8c -Tr3nhfju cle|Tr °pp: |
th”  nhn p slide vQc 8¢ t|-SV chvw T
cla qu 8§ phfnca qu§
ctngéng Gl.1 ctng ngh |-SvVng itheo
10 -Ph©n 4 nhnh-m
' G4.1(%)
G4.2 - Giao BTN1, | -SV hott | riy
BTN2 (*) nh-m
nh-m X3 (*)
-GV quan,
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Il "mcgia nh

\; t h” nh

trong nh-|-nldin nh-
-GV IBY tinh thFn | T b " i _ ctlp€
xung phong hokHo X1
ch"'nh nhT

b i
-GVnhdn X®t{tnh":

L&§nh J/gqug |-nc v[lTitrc
cOuyichi
ch€ehng 1
i ugilng dly

- ChuXn b BTN,
BTN2 (*)

Chv t-lGZc H:, G4. 1, G'4u.cluXpl Fi cr8ac ‘nk{michhi8 t X n‘gn g’ Yic hi
m! nych _
-X1, X3 2 "hicrgfc 8k h L gmit @i 8 Xdo ngn glYic hmiyd) i h
-BTN1, BTN2u Ic§ckdgm hidungc a c¢ § cdpb 1 e@hwhi n trong b[ng

3
BAng 3. Noi dundgpb”i t
TT | Bé | xPT N, | DUNG CnR
1 | BTN1 Th chin gia o!nonfatni tv™ mbQmHur G1.1,G1.2
Tr°nt mm&ry ¢ W thhc 2, chi®@ t h?ntnh
viotmv®™ 2 nguly°n hekcm@cs mhaa§c
ph€hng §n?
2 | BTN2 Chochit/t gi a c¢?* ngvnh e sShdéingntEn gia G1.1,G1.2
ctng:
-X®n HA
-Tinbde ¢  nf€kf2Znh
-X®n R

-Tin t B o nf€kfdnh
-Ti ntinhbde ¢ - nt€kf2nh
B

A
f1 f 2

c—

L

Vicldp k/JhoYch gifngddy nh€ WhidAnrbhhhmdumg Vi rg8ly o
he,”"ngthi L&pg ‘k¥c tZphcdéot kegnthi,tdo c Hchdsi nh ‘vd fign s
k Q

®p it giWarmhkki/nth c,v ahckinktnig8png Cn& mlm h
3. KJt ludn
Ni dung b“rn Qkublon, tmup h€hng . Bgk/] ho@h gifthg dly chitit m? n
hc(mic 10 tXrcoh aqvglYichiiciphln)i L Sgchuxn fi r a t, meetidjp cAn€EDIO.
Trongphdm vi b~ i b8§o nc¢ .y Wgihi tinugn ttphFn n cdang k/] hobch gifng dYy
ca mim M ch¥%ng t!ichin. vPh®lamg §rm ®Qxublc hcip gt Ybtphi

hay kh¥%ng,phWMtt hay thea h"y Hialh gc. Tuy chimi °br ik hi
b§8o n"y cH Yum@nigt indgr@ ham gia v J/n Mchégng- p:T kit ph€hng

nhet  khi, n}g@¢€thn g Jchhciphfh i t h e ngtiffp€dn CDI O \w'u ynhieao Nh ™
tr o
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NGHI g NU CPHhuNG CNhODTHINGCUNGCIP NHI agu LI

DI METHYL ETHER ( DNME)X4CHOESEL

INVESTIGATING OPTIMAL METHOD THE DIMETHYL ETHER (DME) FUEL
SUPPLY SYSTEMS FOR DIESEL ENGINE

TS.NGUYWN LAN HhTHNS, L& RH PHhuNG

Trong “imyc H™ mig/iétiam

T- mA:tDi met hyl Et heir n(hBEMEDh, dYili - &nod v~ Xo -M nCini p hdg
LQsYding c¢bnog Lc~ di eseodtsntBMEE cckhhé&uepi bin hdu® ndileis €lh

phAl  t RikYtcHlI oig c¢* c hw, Mhiée HKthnnhg nhéue n Bl'i b&8o 6m”

ph™ * nogni §néuhndgcungcB n h EwsWdoh g DME oogito di esel .
TYkh- Bt met hylonEt fkté r e thgnsge In, héu.°> n 1 i

Abstract: Dimethyl Ether (DME) is a friendly environment fuel, easy to liquefy and suitable for use
in diesel engines. DME has some different properties compared to diesel fuel, so that it needs to
modify the engine, especially the fuel system, to be suitable for DME fuel. This paper presents to
investigate the best fuel supply system when using DME for diesel engine.

Keywords: Dimethyl Ether, diesel engine, fuel supply system.

1. MyEh X
VitNam,vic nghiu®ngdeng xtng csiviih dh e’sce | L «sd tjoén

ch diesel "lvangNa&a othift.” o h

mvk]rhukyhchQ§quahV§tnhiLi"sinth VtrBnhngpldc Lech2 nh
° "duy C¥%mgc vt i °ufngFiipbf@ han ni nhngrgifm il €@nt ing rve
§t huyvQEu'nt mgu'yusim Ici-¢ wghiusndmg DME | " muchohi °n | i
g

h
n o
y

h

n c
nghi

p h

DME c¢- cénly’ @ hihs-OCHs, [ pchith u c h k ht hrgl mhwk,h 2t
dei §pl sw't nlnti "mng€ Dimethyl et hG €r I{Nphg) Kk sg
trongt nhi °n MphYntngh pt kht2nhn&8um , t haotodh8h uch sirh,

than b ¥, chbt th[i | ©m ‘g hnib™eh, ng n \gc cCy tdp th a thli trong r. ng, nguy°n i u
sinh kh"i,  khRiz! n gghi p, dFu nHag phJ]thli, k hrietane tdn thut c8c qu§ tre nxh | TthEl
th[i ét h tuagu8 e nkhta.

Tuy nhi°n, . dloh DME)tIG -n b chh-casoni nh'iudieselh P n "mu

chuywt “Lh th'ng nhiusangsl d ngDMEcfnidpthomm ts b phdnph tF v" [ph
t ha'yik/tcbbm ts chitittrongh thng nhiu°Bri il ib 8rog mi"°yn pch €hn g

€u’ th'ngcungcbh nhiwsndhg DME sHoch diesel.
22T2rchB | T 0 ahtd DMEl |

p h

8§n t

DME [pchBth u ch kh'ng m_ e, hca tiL:-O€Ht(th3 nhAnt) ,
“ding khek 8@ sw't nthii "mng© DME h@ag Ivichta trong b3nh c-

sublt 7 b dm10 Har [1].

H3 nhCHL .t r Y%c¢YDdEh ©n  t

Sonhi *mDMEWV, i n hiiutlieseltruyQnthng, cs €©m noS@Mi nhe
-hu Wi
+T T h"mdg hydr o/nc §¢ o pCds nh ;t h

+Nhit £t jaDMEthbp n°n DME bay h'ki pnhhuann hv “koh it, alo@ g

Lng ch;

S

t

au:
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+ DME khimgl|l tC€mkrong vpth'om’ itg® * xy cao [inrng ph §t
qus8 tr3nh ch§8yithardrbith ;t h” nh mu
+ h" dm WP kKhtng &-h Iveu chBwfn hthsulfate, gifrh '  mh i
mt i ° ngr €
-Nh'& \ini
+ V3 DME *cxhy trom@dnptmbthbpt hhn idbesel ,[icangebp p h
mt "h€ nhiuPm hiM gl stlg ch Khing L
+ DME  ah tthibp v~ t2nh b?ti t rfrk nkg®m  m Alue, m Hign knli
m, nQm-b ¢ § c/jtchuyWwr _tigc ah th'ngcungcbp nhiwn | i
3.C8c ¥yluu cA bivpihéthnngcungcB n hiétt DME i
H thhngcungcbp nhid nDME t €ming th ng cungcbp n hi ¢ diesel, i
h€eng doblt 2hntac ahDME kh&8c dgh ehsreg nwhHiuDME i ¢ .tsm
y°uwucri°ng nhe€:
-Lut!ny dtur @ " wnDME® ttlinlgi t, hggi |
-Phli [nibl[o (k2 n kh2t v’ 'r KkrhHin’gnDMEi s
4. MotsnhéthnngcungcB nhiénDME orhgp d° diesel
4.1. Hé thnng cung cBP DME Inh ph6d¢ hwp v Ydimg NiQdouyl tr3EIl§hg su
(common rail)
nWkhde ph,cvic h-a hhiingtngtn WE€ngIDEth ab h-a hHimh do
h€engcanhit , Lng ch/tkhtihce chutigr ehmhWk@h pb i r2t nb3:nh N
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NUMERICAL SIMULATION OF PERFORMANCE AND EXHAUST EMISSIONS
OF A MARINE MAIN ENGINE USING HEAVY FUEL OIL DURING THE WHOLE
VOYAGE

Thuy Chu Van'-2, Huong Nguyen Lan?, Nho Luong Cong?,

1Queensland University of Technology
2Vietnam Maritime University

Abstract: In this study, the performance and exhaust emissions of the marine main engine (ME) of
a large cargo vessel operating on the east coast of Australia by numerical thermodynamic
simulation were investigated. The simulation were validated using on-board measurements of the
ME conducted in October and November 2015 on a large cargo ship cruising between Ports of
Brisbane, Gladstone and Newcastle. The commercial engine modelling/design software, AVL
Boost, was used with special adaptation to marine engines and Heavy Fuel Oil (HFO). All
measurements here carried out on the ME at different engine speeds and loads when the ship
experienced different working conditions such as manoeuvring near port areas and cruising at sea.
Specific engine parameters including in-cylinder mean and peak pressure, power, exhaust
temperature and turbocharger boost were investigated. A good agreement between experimental
and numerical results was observed for engine emissions of NOxand soot at higher engine speed
conditions. The capacity of AVL Boost for marine engine simulation is evaluated, including
prediction on the engine performance and emissions under different engine working conditions
where they cannot be measured in the experiment.

Keywords: exhaust emissions, AVL Boost, Heavy Fuel Oil, performance

1 Introduction

Shipping is considered one of the most fuel efficient means of transportation [1], it
accounts for over 90% of world trade by some 90,000 marine vessels [2]. However, exhaust
emissions from ships have a negative impact on environment and consequently on human health
[3-10] and have become of global concern over the last decade [11]. To make the matters worse,
these ships also burn low quality Heavy Fuel Oil (HFO) owing to its economic benefit [5]. HFO is
the main fuel for around 95% of 2-stroke low-speed large-power marine main engine and
approximately 70% of 4-stroke medium-speed engines [1]. HFO combustion results in different
compounds like sulphates, organic carbon (OC), black carbon (BC), ash and heavy metals in
emitted particles [3, 7, 12], most which result in high toxicity risks [6]. In particular, shipping-related
fine particle (PM2s) emissions alone can account for nearly 60,000 cardiopulmonary and lung
cancer deaths each year [10]. Quantitative and qualitative research on ship emissions are needed
for a deeper understanding for law makers and regulators [1], and becoming more important [8].

Based on a review of the literature related to ship emissions, on-board measurement
studies are essential to investigate realistic emission factors, but a very limited number of such
studies have been undertaken [8, 13]. This may be due to ship emission measurements being an
extremely complex task that needs the participation of a wide range of collaborators and modern
instrumentations. An alternative way for ship emission research has been undertaken recently by
using numerical simulation tools such as AVL Boost. Boost is able to simulate a wide variety of
engines including 4-stroke, 2-stroke, spark or auto-ignited types, ranging from small capacity
engines up to large engines for marine engines [14]. However, in the existing literature, there are a
limited number of simulation studies on marine large-power engines [15, 16].

This paper will develop an approach for HFO to be modelled using AVL Boost, and
investigate the engine performance and emissions from a two-stroke, low-speed, large-output
marine main engine using HFO at different engine load conditions. Results are validated against
experimental data collected from on-board ship emission measurements campaign.

2 On-board ship emission measurement campaign and numerical simulation
2.1 Ship emission measurement campaign

The measurements were performed in October and November 2015 on two large cargo
ships (called Vessel | and Vessel Il) at Port of Brisbane, Gladstone, and Newcastle. The work was
a collaboration of the Australian Maritime College (AMC), Queensland University of Technology
(QUT), and the Maine Maritime Academy (MMA) and funded by the International Association of
Maritime Universities (IAMU).
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The first on-board measurement was performed on Vessel | from 26 to 31t of October,
2015 when she was sailing from Port of Brisbane to Port of Gladstone. The second measurement
was conducted on Vessel Il from 03tto 06" of November, 2015 in her passage from Gladstone to
Newcastle. All measurements have been carried out on both main and auxiliary engines of the two
ships for different operating ship conditions, experienced at berth, manoeuvring, and at sea. The
on-board measurement values presented in this paper for validating numerical simulation were
from the main engine of Vessel Il. The detail of on-board ship emission measurement results, the
experimental methodology, and instrumentation can be found in the previous study [14].
2.2 Marine main engine model

The modelled engine is a 2-stroke low-speed large-output marine main diesel engine used
on a large bulk carrier using HFO. This engine was built in 2002 and complies with IMO Tier 1
standard for NOx regulation. The specifications of the engine are presented in Table 1. According to
the engine structure and specifications, 1 1-D working process simulation model that is illustrated in
Figure 1, was created by using AVL Boost v2014.1.

Table 1 Technical parameters of the main engine

Parameter Value

Name Man B&W 6S50MC
Number of cylinders 6

Bore x stroke (mm) 500 x 1910

Output (kW) 6,880

Rated speed (RPM) 102

BMEP (MPa) 1.8

Fire order 1-5-3-4-2-6

Build year 2002

In Fig. 1, SB1 and SB2 are the inlet and outlet boundaries; TC1 is the turbine and compressor
(charger) respectively; COL1 is the turbo-charged air cooler; C1 though C6 represent six cylinders of
the engine; VP1 though VP6 represent the scavenging ports (intake ports); PL1 is a scavenging air
receiver; PL2 is an exhaust gas manifold and MP1 though MP8 are measurement points.

sB2

Fig. 1 One-dimensional (1-D) model of the marine main engine
3 Results and discussion

The model was validated by means of comparison between simulation results and
measurement values as presented in Figure 2. The measured values were obtained as the main
engine was running at 93.3 RPM and 5426.8 kW load (around 78.8% maximum continuous rate
(MCR)), while the ship was at sea. A reasonable agreement between experimental and numerical
values is found and presented in Fig. 2.
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Fig. 2 Comparison of experimental and numerical values for maximum and indicated mean
effective pressure for cylinders for the engine running at 93.3 RPM and 5426.8 kW load

The average deviation is around 1.7% for the maximum pressure. Measured maximum
pressure for cylinders 4 and 5 are significantly lower most likely indicating the need for adjustment
of the unit injectors on these cylinders. The variation between these cylinders and those at a higher
pressure is within the normal operating limits of low speed marine diesel engines. Variation in the
numerical maximum pressures for cylinders 1 through 6 is found in Figure 1 and caused by
pressure variations in the inlet manifold which are modelled as 1 dimensional pipe flow using the
Euler equation. The average deviation for IMEP is nearly 13.5%. This is most likely due to non-
realistic engine parameters in the configuration file for the numerical model. Inlet and exhaust port
configurations and wall roughnesses had to be estimated in the model and may not be completely
realistic. Given that marine main diesel engine directly drives the propeller shaft and propeller, thus
the engine is working at speed characteristics. On-board measurements were carried out at
different engine speeds, so the AVL model was also tested with a wide range of speed modes.

A comparison of experimental and numerical engine performance results is presented in
Fig. 3. The general shape of both the experimental measurements and numerical results are
similar. There is a greater deviation at 65 RPM from the power curve. The reason is not clearly
understood, but given the data was taken on an actual ship at sea, conditions such as sea state,
current wind and heading could significantly affect the power and could explain this anomaly.

—— Numerical data
7000 + Experimental data

6000 4

a

o

o

o
1

4000

30004

2000

Engine power (kW)

1000

0 20 40 60 80 100
Engine speed (RPM)

Fig. 1 Comparison between experimental and numerical values of engine power at its
different speeds

Figure 5 shows a comparison between the measured and predicted NOx emissions for the
marine main engine fuelled HFO, running at different engine speeds. Emission factors of NOx
observed in Figure 5 satisfy the NOx requirements of IMO Tier | for all cases. Owing to engine
safety reason, NOx emission factor at the maximum engine speed was not obtained, but it can be
predicted by using AVL Boost simulation.
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Fig. 2 Comparison for NOx emissions with the engine running at different speeds; all cases
comply with the NOy limit of IMO Tier | regulations

Finally, soot emissions for both measurement and simulation at the different engine speeds
are shown in Fig. 6. At higher engine speeds the agreement is good. At low speeds around 15%
difference was observed. Soot emissions in on-board measurements were higher than that of
simulation results at all engine speed modes. The simple modelling assumptions for predicting soot
are clearly working well in this case.
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Fig. 3 Comparison for soot emissions with the engine running at different speeds
4 Conclusions

In this paper, a 2-stroke low-speed large-power main engine installed in a large bulk carrier
was numerically modelled by using the first law of thermodynamics-based AVL Boost tool in order
to obtain and predict engine performance and emissions. HFO was characterized, and then set-up
into the simulation. Results were validated against on-board ship emission measurement campaign
data with reasonable agreement for engine parameters and good agreement for emission
parameters. Through this application, AVL Boost can offer prediction of engine performance and
emissions under a wide range of engine working conditions in which the experimental
measurements cannot be obtained such as at the maximum engine load or engine speed.
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NGHI aNUWNH HINGC A THDNGCIBNG NGEHN nNHCM
BpMnT KHI GI A CDNG TH#HMEG® MAYSBING B
STUDY OF EFFECT OF TECHNOLOGICAL PARAMETERS ON THE SURFACE
ROUGHNESS WHEN MACHINING SUS304 STEEL PARTS BY USING CNC

LATHE
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ViEnC* k- MW?ong “ithyc H™ rAgviéHNam
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T 50G. KYtqUAL a niguamhégima t hfhayng éwg lot h § X mbt coa chitivt.

TYKkh- - Bh&8nXKmM ; Gi aénc CINC;t iTh®p Khhomgngéngh

Abstract: In this article, some experiments were carried out. The research aimed at the effect of
technological parameters on the surface roughness when produced sus304 steel by using CNC i

50G lathe. The results mainly indicate the relationship between the technological parameters and
the surface roughness.

Keywords: Surface roughness, CNC lathe, Stainless Steel, technological parameters.
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bamg m8y,6 K-ongl Mit «i@0oy o
ti ph, ng nt hcch nkgh?i &ih 2 nh
tr®glbUhlic Ctngpnghii N
Dochitift gi a c %tchigi/tl "L bnm
gln n°midvitr3nh gif@g ct
L€cthchinb3ingtay. Sau §n |

H3 n hM8lyénNhBt bAn KNC -50G
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| " m c §avtis 2t hmagihilc § ¢
1 n‘gg aschf] L, cdb (vdn t ¢ cdb,
chdy dao) kh§8c /itrsduau.
khi gia c¢t!n'gc (Lh®buhb[aR )
qufnt’i ‘lcelea Wi Lo L
3. 4NH HINGC AT C .nCdT
31 Thtngt 2 'mglyi ag c?
Do nghiu® ntb cn g mbb G H3 n2bMiu sau khi gi a
Lec sau khi [mible ,db¥ - -nmgg L
c.achitit caaodychvy¥® w nghui °n ¢
“ch/L gia ct!ng dni nthdgphlicc ©awcti/nb @ ao Qu~ s &phfecnh . Thtng
st hz "~mglh&hwhi n° blng 3.

_,_,_
=y

°

o

BAng 1: Trtthr?g émg lyii a c ! Bhgnck hihxdwy L

Th2 ’‘mgh B(enfrt:]’/]”f‘?"n g) Chiu s @umm) | Vdnt ccds(m/ ph
Th2 "mdh i 0,1 0,5 150
Thz 'm@h i 0,1 0,5 200
Thz "mgh i 0.1 0.5 230
Th2 “mgh i 0.1 0.5 250

32KNtquft h2 'mghic ph©n t2ch

KtqufLo, h&nmbbt c & tmh2m nlg@thwhi ntrongbln g 2 ‘vchiwiie
b g” th miquanh gia  lhh&m dntfcosth (h3nhil).

Nh3n v~™ o hWhHrig Ikhi tubimtacedst 150m/ ph | °n 26 ®m/ ph t h-
clng titng, ¢tuyhanwkBhngWw LSnonk aigd, st bihdlhgddox[yra
I i . Heitv. i qu§ digrtvdilhu ct h®p SUSBO®2Whbn@QiidTlo v~ kh- gi a
ctng [nhnmgEs as bijndingdTo fichbl °hghQmHy gi a & mKhité b
cdb t tng ‘Ingmhi tttrty€n cho€hiti/t clng titngditcod MNheggthe L mh
nhit “Ihg@ruyQr v~ oJfftc ki’ tgi vgi dmh I'ngx, abi/jn ding dTo dfn” n “nh.

BAng 2o:n hrif nKmiMk hi tNwaBgtndcAt

Th2 mghi Th2 ‘nmgthi|] Th2 nmgzhi|] Th2 nghi| Th2 ‘nygdhi
V. (m/p 150 200 230 250

Ra (mm) 0,78 0,9 1,6 0,86

Rz (mm) 4,7 4,9 6,8 5,2

Trong tm2nnyghkhit ct, Keyrongphtmvit 150- 250 m/ plmit “migh 3
cald® dao |~ khing cdvdtifudimgS 8304 i W mdabve vdnt ¢ cao,
g-cm’i daolh ch¥n'gc tpah otih ud @y g P & ©i xodn {nHadphoi ti/p  x Yac
imtb  terc®@daonh/n b - nHy, cYginh t ). Do sinh ra phdi’lc€©@y m"
°md*n il ccds t hiat 12t , t i ° unglipno, nctnngglnhl € m nrg itrog
tdh3 mibtic qigdQOmMHb gia cinhg €°ngc tlekdhygchd® nh th " nh phoi

\A
|
qus§
dO©y c .ngDod WBi-"hgdQmrb gi a c ! ngclighi nng L€
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H3 nh"n&: umgcbavBntnc Y nh XmMb

Nh ngnhdn x®t [t rem2 gh v3 sao m" 'tnt odivg fdmua8t cttiorgnh t h?2
drit 150- 250 m/ p h¥et- nnyg" flhhfuynh@ k h 1 n g WUXE man trdng kho[ng cbp
L b- ngpbxX7. Nh€eng t roe3odm/phitanpdnihby c - L tbi/jnvQLl b - n gab®
mhibchit/t gi a ‘ocn® ntg® KWi yWicBcgifih t h2 c hivdntcattd nv kK " m dtheo v
lfugia cinéglib”cv T2 rmod nYn tpthonh tl " Hp hkohi§cd @yr,onny qu§ t
nghim tr°n m8y CNC bkdu'nngvTptboic hntwWphoi 4d©Oy ht ' mh vc w
chitsf v~ ccb@mkvegi a ctng.

T kiaqult h2 “mgwiloludh t r ° Wnhenthby rAng khicdbv, ivdntc L« qua V¥%ng

& dao

knhht fhgenhiQu /i Ry,
vdnt ccdtV.Vicl ach n

t h? wdpt scdb

dngc (knfnktn@nnhit,khfntng |~
ti cuxpgaum8y CNC m”

wygmuvn gifm Rzt a

Vv
m m§t

trong

Fhh x g Qi RRcFnh rdt ‘Lece

khing mgnvit&ctiitng s
t %y vt lou reb ngi au'cbQng,
g u §ngtsTI3 'nhcwii a

t u
clr

4. 4NH HINGC, A [ INGCHYY DAO
41 Thingthl2 ‘mglyi a ctng
Nh€ L« nghphfm tcveing ks V=230m/ phhg nQmbbs | nhHl,
dovdy' t h2 "m@grhh ‘g a ‘Inggchtly dajp bhh&§mmbb gia cditadby khi ¢
vdntccds V=230m/ pQu¥ts @~ teliWaifgmm hl' nh nghi, B#n dao s€
L €c t h atwngphlm vi0,07 - 0,35mm (cdbtinh). _
BAng 3: Trhtthreg émsg lyii a c ! noggck'lyi tlhxy L
; . B © c ti/jn dao . .
Th2 ‘nnghi (mm/ v, ng) ChiQu s @(mm) Vdnt ccdb( m/ ph
Th2 "mgh i 0,07 0,5 230
Thz ‘mghi 01 0.5 230
Th2 "mghi 0.15 0.5 230
Th2 m@hi 0,2 0,5 230
Thz "m@hi 0,25 0,5 230
Th?2 mdL® i 0,5 0,5 230
Th2 'mgh i 0.35 0.5 230
42 K/tquft h2 'mghi° ph©n t2ch
BAng do:n hiEnKmiM  k hi AitvBnatiyc cAt
T.;h ’ TN 5 TN 6 TN 7 TN 8 TN 9 TN 10 TN 11
nghi m
S (mm/v) 0,07 0,1 0,15 0,2 0,25 0,3 0,35
Ra (mm) 0,47 1,55 0,88 1,79 2,61 3,44 4,66
Rz (mm) 3,1 6,5 4,3 7,8 10,2 13,7 20,6
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