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CHAN POAN PONG CO DIEZEN
BANG PHUONG PHAP TACH HAT MAI MON
KIM LOAI KHOI DAU BOI TRON
PA QUA SU DUNG

© TRAN THI HA

TOM TAT:

Ferrograph 1a mot loai phan tich hat mai trong dau di qua sir dung, qua d6 c6 thé nghién ciru
d6 mai mon trén cac bo phan chiu ma sat thong qua phan tich cac hat trong dau boi tron. N6 ¢6
thé dugc sir dung dé chan doan céc 15i xay ra trén dong co diezen. Bai bao nay cong bd két qua
phan tich, chan doan dong co diezen bang phuong phap tach hat mai mon kim loai khoi dau boi
tron dd qua sir dung, tir d6 két luan phuong phap Ferrograph khong chi duoc dung dé chan doan
tinh trang mai mon cuia dong co diezen, ma con dugc tmg dung dé chan doan nhing hé thng
duoc boi tron khac, nhu: hé théng thuy I, hop giam tbe, cac tuabin 16n cia nha may dién...
ma khong can phai théo roi timg chi tiét. M& rong hon, phuong phap nay con co thé duoc g
dung dé chan doan tinh trang hoat dong ctia nhiing thiét bi dugc boi tron bing md va céc loai

chat boi tron long khac.

Tiwr khoa: Ferrograph, Ferrogram, Ferroscope.

1. bit van dé

Nhitng hat mai mang theo trong dau bi tron da
qua st dung chtta dung nhitng thong tin quan trong
vé diéu kién hoat dong cua dong co diezen. Nho hinh
dang hat mai, thanh phan cac hat mai, sy phin b vé
kich thude, mau séc va né‘ing dd cua chung, co6 thé du
doan duoc tinh chat mai mon ciia cip ma sat trong
dong co, tinh trang dong co dé co nhitng bién phap
xu 1y kip thoi tranh x4y ra nhiing hong hoc nang.
Thong thudng, bién phap c6 thé duoc dwa ra mot
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cach kip thoi ma khong can phai thao roi timg chi
tiét cuia dong co.
2. Phuong phap nghién ciru

2.1. Thiét bi dé phén tich Ferrograph:

May Ferrograph: May Ferrograph nham tach cac
hat mai mon ra khoi chét bdi tron (Hinh 1)

Ferroscope TFX-X1: Ferroscope TFX-X1: gdbm
kinh hién vi quang hoc ludng sic L2020 va bo diéu
khién (Hinh 2).

Do tac dong cua tu truong, cac hat mai mon co
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Hinh 1: May phan tich
Ferrograph

tinh chat tir tw n6 sap xép thanh hang doc theo dudong
sic tir truong voi nhitng hat 1on ling dong trén
duong vao cua Ferrogram (Hinh 3). Cac hat khong
c6 tinh chit tir duge phan bd mdt cach ngﬁu nhién
doc theo Ferrogram.

2. 2. Cdc hat mai mon va nguén goc ciia chiing

2.2.1. Hinh thdi cdc dang mai mon chii yéu va cdc
hat mai mon twong ing tir cdc chi tiét chiu ma sdt
trong dong co diezen.

C6 6 dang hat mai mon phé bién trong dong co

Hinh 2: Ferroscope

Hinh 3: Phén bé cac hat
mai frén Ferrogram
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diezen, nhitng hat mai nay c6 thé 1a hat c6 tir tinh va
hat khong c¢6 tir tinh. Nhitng hat ¢6 tir tinh 1a nhiing
hat bi gitr lai khi chay qua tir truong cua nam cham
va sip xép theo dudng stic cua tir truong, con nhimng
hat khong cé tur tinh thi dinh vi khong theo duong
strc cua tir truong. C6 thé chia cac dang hat mai mon
theo cac nhom sau day: Hat mai & ché do dong co
hoat dong binh thuong; Hat mai mon cit; Hat mai
mon hinh cau; Mon truot khdc liét; Hat mai mon bac
16t; Hat mai mon banh rang.

Bang 1. Bang tham khédo mét sé vat liéu cac chi 1iét chiu ma sat trong Pong co diezen (4)

Kim loai Chi tiét chiu ma sat trong Pong co’ diezen

Fe Lét xi lanh, xéc mang, banh rang, truc khuyu, truc cam, banh rang bom dau, hé théng
truyén déng xu pap, chét piston

Cr Xéc méng, xu pap xa, |&p ma trén truc, chi tiét ché tao béng hop kim thép khong gi

Al Pittdng, bac tuabin tang ap, bac ¢b truc chinh, cac bac truc cam, bac 16t déng co, Iép ma
trén xu pap, canh tan nhiét trén két lam mat, bac trén bom cao ap, cac bo phan trén phan
nap xi lanh.

Ni L&p thAm trén xu pap, hop kim thép tir truc khuyu déng co, banh réng cta déng co
diezen hoat ddng & ché dd tai nang. Vat lieu thAm trén bac 16t dong co, canh tuabin téng
ap va mot vai hop kim trong cac bo phan 1am bang thép khéng gi.

Cu Hé théng lam mat dau nhon, bac dau to va dau nhé thanh truyén, bac tuabin tang ap, phu
gia dau béi tron

Pb Bac dau to dau nhé thanh truyén...

Sn Bac d4u to nhé thanh truyén, 16p hop kim dwoc tdi thAm trén bac dau to thanh truyén
(hop kim 3 kim loai)

Cr Xéc méang, 6ng 16t xi lanh

Ag Trong mét vai loai bac 16t déng co’ dung béng hop kim dac biét, bac 16t tuabin tang ap va
mot vai chi tiét cé téc do trwot cao.
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2.2.2. Céc kim logi tach ra tir céc chi tiét dong co

Khi phan tach cac hat mai mon trong dau boi tron
dong co diézen phat hién duogc 16 loai hat do qua
trinh boi tron khong binh thudng.

- Hat khéng tir tinh mau trdng

- Hat hop kim dong

- Hat hop kim Ba bit

- Cac dang nhiém ban: Hat bui than; Soi Amiang;
chat liéu lam loc

- Bién chat ciia san pham dau béi tron va Polyme
do ma sat: Cac hat mai mon do an mon; Polyme do
ma sat; Molybdenum disulfide (MoS2)

- Hat tir tinh: Thép hop kim cao; Thép hop kim
thap; Thép hop kim trung binh; Oxit sat; Oxit sdt
den; Oxit sat do; Cdc oxit lan kim loai

Cin cir vao nhimg hat mai mon bat thuong tim
thiy thong qua phuong phap Ferrograph két hop
cung bang vat liéu mot sb chi tiét chju ma sat trong
dong co co thé dua ra két luan hu hong (Bang 1).

3. Két qua va thao luin

3.1. Xe 6 t6 HINO lip dpng co EH 700

Xe 6 t6 HINO lap dong co EH 700 bi s6i nudc
lam mat va c6 nhiing bot khi 16n trong két lam mat
ndi 1én tai nap két 1am mat. Pong co da dugc dimg
va lay mau dau kiém tra do nghi van zoidng mit may
d3 bi chay va thdi théng giita duong nude 1am mat
va budng chdy. Sau khi kiém tra cho thdy c6 hién
tugng nude lam mat lot vao dau boi tron dong co va
khi dua 1én phéan tich trén Ferrogram phat hién co
mot s6 hat mai mon dang oxit sit den va kém theo 1a

Hinh 6: C8 truc khuyu déng co
bi mai xuéc nghiém trong
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Hinh 5: Hat mai oxit
sat den

Hinh 4: Hat mai oxit
sat dé

oxit sit do. Viéc xuit hién oxit sit do va oxit sit den
chinh do hi¢én twong boi tron kém & céac chi tiét do
nude 1lam mat lot vao diu boi tron 1am mat tinh chét
boi tron ctia dau nhon. Nguyén nhan cha yéu cua
hién tugng ndi trén do van hﬁng nhiét sau mot thoi
gian lam vi¢c 1au dai bi mo ra hoan toan va ket cung
lai [am cho nudc lam mat chi luu thong trong két lam
mat ma khong qua 16¢ may, hién tuong nay kéo dai
lam chay zoang mat may. Kém theo hién tuong nay
1a nude 1am mat da lot vao dau boi tron, 1am mat tinh
chat bbi tron ciia dau, ting kha nang tiép xiic giita
céc chi tiét ma sat.

Céc hat mai mon oxit sit d6 va oxit sit den dugc
tim thay trong mau dau.

Nhirng hat mai oxit sat ¢ (Hinh 4) 16 rang sinh
ra boi su tiép xGic mai mon nhu chung biéu hién,
nhu vay néu ca khi khong c6 hodc co oxit sit do
dang da tinh thé ciing chtng to sy tiép xic mai mon
boi tron kém.

Céc hat mai oxit sat den xudt hién thanh dam co

Hinh 7: Bac I6t déng co bi
chdy déo
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cum v&i nhau v6i bé mat xu xi va co nhitng chdm
nhd mau xanh hodc cam gin véi gidi han dudi do
phan giai ctua kinh quang hoc (Hinh 5).

3.2. Dong co xe KOMATSU

Khi thao roi bac 16t dong co (ké ca cac cd dau to
thanh truyén va cb tryc chinh) thiy c6 hién twong
mai xudc nghiém trong, mot s6 bac 16t con ¢6 hién
tuong chdy déo nhu trén Hinh 6, Hinh 7.

Sau khi mau dau duge phén tich bang Ferrograph
thé hién rd nét nhét 1a cac oxit Pb/Sn, thdm chi thiy
ca hop kim ddng chimg to bac 16t nay di mon dén
hop kim nén. Trong nhimg hong hoc bac truc quan
sat trén Ferrogram, hat hgp kim di”)ng 1a dic biét dé
nhan biét tim thay cung véi cac hat oxit Pb/Sn. V&
cAu tao bac 16t 6, c6 mot 16p mang mong kim loai
babit bao boc hop kim dong, két qua 13 c6 mot cudng
d6 moi cao nhd hop kim dong nhung lai c6 nhing
tinh chat bé mit mong muén cta hop kim babit.
Céac bac céu tao theo cach nay khi tim dugc hang
loat hop kim ddng thi kha chic chéin 1a bac di bj hu
hai nghiém trong (bac bi 16t). Ddi chiéu cac nguyén
nhén ciing nhu hién tugng xay ra trén bé mit bac 16t
cho thay, tai diy khong c6 su bdi tron can thiét trong
thoi gian dai, nguyén nhan chu yéu do tic dudong dau
boi tron ddi véi bac va tryc.

Trudc khi bac 16t bi mai xudc nghiém trong, co
Xuét hién hat mai mon cit thé hién trén Ferrogram
khi phong dai 1én 640 lan.

Hat mai mon oxit Pb/Sn nay duoc quan sat & do

Hinh 8: Hat mai cdt

r

It

Hinh 9: Hat mai mon oxit Pb/
Sn trudc khi xi ly nhiét

phong dai thap trude khi xir Iy nhiét. Mau dugc lay
& trong dau boi tron dong co trén xe KOMATSU sau
khi chay dugc 197 gio.

Hinh 8, 9, 10 thé hién hat hop kim babit mau den
do bi oxy hoa xen 1an mau d6 ctia cac hat hop kim
ddng. Trong trudong hop nay bac 16t § truc dau to
thanh truyén dong co da bi hu hai nang do tic duong
dau boi tron gay ra hién tugng chay bac, trudc khi d6
céc bac thiéu dau di bi oxy hod nghiém trong.

Nhirng hiéu biét vé thiét ké bac trong may méc
dang khao sat 1a can thiét dé thuc hién viée phéan tich
va danh gia viéc mai mon dua dén két qua chan doan
mot cach chinh xac. Quan sat cac hat babit sau moi
lan xtr 1y nhiét, ddc biét nhitng hat oxit Pb/Sn thay c6
nhitng chim nhiéu mau. (Hinh 11)

Thuong cac hat mai loai nay c¢6 dang cuc nhung
d6i khi chiing phang c6 cac mép tron khi d6 dugc
hiéu 1 di x4y ra sy néng chay mot phan. Khi can
phan biét giira hop kim chi thiéc va hop kim sit
trén Ferrogram chi can xtr Iy nhiét cho Ferrogram
& khoang nhiét do dau tién (330°C). Cha y khi xt 1y
nhiét ciia hat mai Pb/Sn & khoang nhiét d6 dang 1€
céc hat nay phai chdy ra nhung do stic cing bé mat
n6 kéo vao nhau tao thanh qua cau va khi d6 né trg
nén bi oxy hoa nhiéu hon va trén bé mit xuét hién
céc chim mau. Piéu nay 1a do ai Iyc 16n cta cac hop
kim Pb/Sn v6i O, ¢ nhi¢t do cao va n6 la mot phﬁn
cua nguyén nhan tai sao mot lugng Pb duoc nong
chay trong 10 thi ¢6 viy duoc tao nén trén bé mat.

Hinh 10: Hat mai mon hop
kim babit
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Hinh 11: Hat mai mon oxit
Pb/Sn sau khi xa ly nhiét
(quan sat & dé phéng
dai 1008 1én sau khi xu Iy
nhiét é 330°C)

3.3. Mo boi tron MDS trén 4 Mooay o xe 6 to
Chorus- HYUNDAI 24 :

Mau md dugce dem phan tich trén ferrograph (pha
mau md can sir dung dung méi Hecxan va Toluen).
Phat hién ra trén Ferrogram Xuét hién nhitng hat
MoS2. Nhu di biét trudec MoS2 dugce st dung nhu 1a
chat 1am phu gia trong diu va m& bbi tron cho nhiing
noi yéu cAu c6 nhiét do va tai trong cao. Pay thuc sy
14 cht boi tron rén hiéu qua vi chiu dugc tai trong
cao khi mang tai va cuong d¢ cat thap, day chinh 1a
nguyén nhan truot ciia chiing.

Hinh 12 thé hién hat mai MoS2 dién hinh. Chung
c6 mau d6 sim tach biét voi mau tring, bong lang
ctia kim loai khong bi tir tinh. Hat mai MoS2 dé bi
nhim 14n v6i kim loai khong tir tinh vi ching can
tr¢ 4nh sang nhu hat mai kim loai mac du MoS2 la
mot hop chéat. MoS2 dugc mé ta nhur hop chat ban
kim loai vi tinh chit kim loai cua chiung. Ngoai hat
MoS2, tac gia con phat hién ra hat mai mon cia oxit
kim loai den. Pidu nay chi ra c6 su qua nhiét trong
sudt qua trinh van hanh hoac cé thé chi ra do thiéu
dau bdi tron. Cac hat oxit kim loai den cang thé hién
13 rang c6 su pha hoai nghiém trong ciia bé mat chi
tiét.

Cang it oxit 1an kim loai cing nhu it hat mai ling
dong thanh chudi, chung s& khong chi ra hu hai sép
xay ra. Tuy nhién, khi c6 mét oxit kim loai den thé
hién c6 sy mai mon khong binh thuong ciia chi tiét
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Hinh 12 : Hat mai Mos,

Hinh 13 : Hat mai oxit kim
logi den

chiu ma sat.

Nhiing oxit kim loai den c6 mau xdm mo, ngugc
lai nhitng hat mai mon co sat théng thuong thi tring
va sang choi

Trén cung mot hinh 4nh sau khi Ferrogram duogc
xtr Iy nhiét & khoang nhiét d6 dau tién dé nhan dién
ra hop kim chtra sit. Sau khi xtr Iy nhiét mau cua oxit
kim loai den van khong doi trong khi d6 nhiing hat
mai kim loai tr do chuyén sang mau xanh hoic vang
rom tuy thudc vao kim loai.

Nguyén nhan lam hu hong 6 bi ké trén do lip rép
khong dung & cac chi tiét boi tron bang md. Véi luc
xiét qua cang va do tai trong tap trung cao lam cho
kha ning boi tron ddi v6i vong bi ngoai kém dan
dén hién twong chay vong bi phia ngoai ciia banh
xe. Nhitng nguoi sua chita thiét bi can phai dac biét
quan tam khi ldp rap cac chi tiét dugc bdi tron bang
md.

4. Két luin

Phuong phap Ferrograph khong chi dugc dung
dé chan doan tinh trang mai mon ctia dong co Diezen
no6i riéng ma phuong phap con duoc tng dung dé
chin doan nhing hé théng dugc bdi tron khac nhu:
hé thdng thiy lyc, hop giam tdc, cac tuabin 16n cua
nha may dién... ma khong can phai thao roi timg chi
tiét. Mo rong hon, c6 thé ing dung dé chian doan
tinh trang hoat dong cua nhing thiét bi dwoc boi tron
bang md va cac loai chét bdi tron 16ng khacm
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DIAGNOSIS OF DIEZEN ENGINE BY METHOD
SEPARATE METAL WEAR PARTICLES FROM USED
LUBRICANT OIL

® Misc. TRAN THI HA
Department of Science and Technology, University of Economics -
Technology for Industries

ABSTRACT:

Ferrography is a type of wear particle analysis in used oil, through which the wear on friction-
bearing components can be studied by analyzing the particles in the lubricating oil. It can be used
to diagnose faults occurring in diesel engines. This paper publishes the results of the analysis
and diagnosis of diesel engines using the method of separating metal wear particles from used
lubricating oil. It concludes that the Ferrograph method is not only used to diagnose the wear
condition of diesel engines but can also be applied to diagnose other lubricated systems such as
hydraulic systems, gearboxes, and large turbines in power plants without needing to disassemble
each component. Furthermore, this method can be extended to diagnose the operating condition
of equipment lubricated with grease and other liquid lubricants.

Keywords: Ferrography, Ferrogram, Ferroscope.
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