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TOM TAT

Gidi han méi ciia xéc-mdang piston la mot trong nhitng thong sé quan trong quyét dinh dé
tin cay va tuéi tho cia dong co xe xich chuyén dung. Trong diéu kién lam viéc thuc té, xéc-mang
chiu tdac dong déng thoi cua tai trong co hoc, nhiét do cao va moi truong ma sdt khdc nghiét, dan
dén qud trinh suy giam bén moi phirc tap. Cdc phwong phdp thir nghiém truyén thong thuong yéu
cau thoi gian dai, chi phi 16m va chiea phan dnh day di diéu kién khai théc thuce té. Vi vay, viéc dp
dung thir nghiém tang cueong nham rit ngdn thoi gian xdc dinh giéi han méi dang tré thanh huwdng
nghién ciru can thiét. Phwong phdp nay cho phép ting cuwong qud trinh tich lity hu hong théng qua
viéc tang tdi, tan sé hodc dieu kién lam viéc twong dwong. Tuy nhién, viéc lya chon ché do tang
cwong phit hop can dam bao tinh twong dong vé co ché phd hiy so véi diéu kién thuce té. Bai bdo
phan tich co s6 khoa hoc ciia thir nghiém ting cuwong trong danh gid do bén mdi xéc-mang piston.
Trén co so do lwa chon phuwong phap thir nghiém tang cwong hop ly. Phuwong phap Locati la mot
ky thudt thur nghiém tang cuong duoc su dung dé xac dinh gioi han moi cua cac chi tiét mot cach
nhanh chéng, thwdng chi can mét mau thir duy nhdt. Phuwong phdp nay thay thé viéc thir nghiém
bién dg cé dinh truyén thong bang cdch tang tdi trong theo tu"ng bdc cho dén khi mau bi huw hong.
Két qua nghién civu gop phan ndng cao do tin cdy ciia cdc chi tiét trong qud trinh khai thac.

Tir khoa: Xe xich chuyén dung; Thir nghiém tang cuong; Tudi tho; Bén méi; Xéc-mang pit-
tong, Phuong phap Locati; Hu hong.

ABSTRACT

The fatigue limit of piston rings is one of the key parameters governing the reliability and
service life of engines used in specialized tracked vehicles. Under actual operating conditions,
piston rings are subjected simultaneously to cyclic mechanical loading, elevated temperatures, and
severe frictional environments, resulting in complex fatigue damage accumulation and progressive
degradation of mechanical properties. Conventional fatigue testing methods generally require a
large number of specimens, long testing durations, and considerable experimental costs, while their
ability to reproduce real service conditions remains limited. To overcome these limitations, this study
investigates the scientific basis of accelerated testing for evaluating the fatigue strength of piston
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rings. Based on an analysis of loading characteristics and fatigue failure mechanisms, an appropriate
accelerated testing approach is selected to ensure similarity between laboratory testing conditions
and actual operating environments. The Locati method is identified as a suitable accelerated fatigue
testing technique due to its capability to rapidly determine the fatigue limit by applying incrementally
increasing load levels until specimen failure occurs. Compared with conventional constant-amplitude
fatigue tests, the Locati method significantly reduces testing time, specimen consumption, and
experimental costs. The results demonstrate that the proposed accelerated testing approach can
effectively determine the fatigue limit of piston rings while maintaining the representativeness of fatigue
failure mechanisms. The findings contribute to improving the reliability of fatigue life assessment and
provide a scientific basis for condition monitoring, durability evaluation, and maintenance planning
of engines employed in specialized tracked vehicles.

Keywords: Specialized tracked vehicle; Accelerated testing; Service life; Fatigue strength;

Piston ring; Locati method,; Failure.

1. PAT VAN PE

Xéc-ming piston 13 chi tiét lam viéc
trong diéu kién tai trong co hoc va nhiét do thay
dbi theo chu ky, chiu tac dong dong thoi cua
ap suét khi chay, luc quan tinh va ma sat véi
thanh xi lanh. Pdi véi dong co xe xich chuyén
dung, ché @6 lam viéc thuong xuyén thay doi,
tai trong l6n va diéu kién khai thac khic nghiét
lam gia ting nguy co xuat hién cac vét nirt moi
trén xéc-mang. Su phd huy do mdi cua xéc-
ming c6 thé ddn dén giam do kin budng chay,
tang tiéu hao dau bdi tron, suy giam cong sut
dong co va gay hu hong thir cip cho nhom
piston — xi lanh. Vi vay, viéc xdc dinh chinh
xéc gi6i han bén méi ctia xéc-mang piston co y
nghia quan trong trong danh gia do tin cay, du
béo tudi tho 1am viée va xay dung céac giai phap
nang cao do bén cho dong co xe xich chuyén
dung.

Céc phuong phap truyén théng nhu
Velera ¢ dién yéu cau sé lwong mau 16n (=20
mau), khdi luong cong viée cao (100%) du cho
d6 chinh xéc cao (sai s6 ~0%), ddn dén chi phi
va thoi gian thir nghiém 16n. Phuong phéap Pro
¢6 cai thién vé khoi lugng cong viéc (10-19%)
nhung van giit s6 mau cao, nén hiéu qua chua

thuc sy tdi wu. Nguoc lai, cac phuong phap
tang cuong nhu Enomoto, Locati cho phép
giam sb lugng miu (3-6 mau) va khdi luong
cong viée (=4-5%), song lam gia ting sai s xac
dinh. Cu thé nhu Enomoto c6 sai s6 10-20%,
han ché kha ning Gmg dung thuc té. Trong khi
do6, phuong phap Locati duy tri sai s6 & mirc
thap hon (3-10%) voi sé lwong mau giam va
khdi luong thir nghiém nho. Do d6, xét trén su
cén bang gitta d6 chinh xac va hi¢u qua kinh té,
phuong phéap Locati dugc xem 1a lya chon hop
ly cho xé4c dinh gidi han bén moi trong cac bai
toan k¥ thuat img dung.

2.COSOLY THUYET CUAPHUONG PHAP

Phuong phap Locati dua trén gia thuyét
cong tuyén tinh hu hong moi ca chi tiét. O mot
mtc tai nhat dinh o, trong mau thtr hodc chi tiét
s& hinh thanh mot phan hu hong nhét dinh, ty 16
v6i s6 chu ky tai n. da trai qua. Pha hity do moi
cua chi tiét xay ra khi tong cac dai luong hu
hong tuwong d6i tai cac muc Gmg suit thay d6i
khac nhau dat téi gia tri bing mot.

r

ni —
zﬁ_l (1)

i=1
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Trong d6: i 1a s6 bac tai; N, la s6 chu ky
tai tng v6i thoi diém mau bi pha huy

Phu:ong phap Locati cho phép xac dinh
o, dya trén két qua thir ciia mot mau hodc mot
ch1 tiét dudi ché do tai bién thién ting dan theo
tung bac.

Téng hu hong twong ddi Zi tich
i=1 i

lity trong mau dén thoi diém pha hay duoc tinh
toan. Trong d6 xéac dinh ba gia tri tong theo ba
duong cong moi quy udc: mot dudong tuong ing
v6i d6 bén dy kién 16n nhat, mot duong tuong
mg v6i d6 bén du kién nho nhat, va dudng thi
ba la gia tri trung binh gitra hai duong trén. Céac
duong cong nay co6 hinh dang tuong tu duong
cong moi ldy tir tai liéu tham khao, hodc co
thé duoc xac lap bang thuc nghiém trén mot
s6 lwong mau nho. Tir ba gia tri tong hu hong
tuong ddi thu duoc, xay dung quan hé (2) thong
qua ndi suy do thi ctia quan hé nay sé& xac dinh
duoc gia tri thuc cua giéi han bén moi, twong
g vai diéu kién theo gia thuyét tich liy tuyén
tinh hu hong.

2%:ﬂm) @)

1

Phuong phép Locati 1a phuong phap
kiém tra nhanh va c6 thé 4p dung khi can danh
gia nhanh sy thay ddi d6 bén moi cuia mau hodc
chi tiét do anh huong cta cac yéu té nhu thay
ddi tinh chat kim loai, cong ngh¢ ché tao, hinh
dang chi tiét. Phuong phap c6 thé bo sung dang
ké cho cac phuong phap kiém tra tinh dan hoi
clia xéc-mang trong dong co ddt trong hién
dang duoc ap dung tai cac nha may. Viéc kiém
chung kha nang 4p dung phuong phap Locati
va lya chon ché do thu nghlem tang cuong
dugc tién hanh trén cic mau cat ra tir xéc- mang
pit-tong cua dong co STDF cua xe xich chuyén

dung. Mau thir c6 dang mot cung tron véi goc &
tam 55°, chiéu day 2,5 mm. Vat liéu xéc-ming
la thép 65G, d¢ ciing HRC = 19-27. Cac thu
nghiém dugc thuc hién trén bé rung dién dong
kiéu EDV-2 & nhiét do +20°C. So d6 khdi cua
bé thir rung (hinh 1).

el

Hinh 1. So do khéi ciia bé thir rung dién dong:
1 - Thiét bi do tan sé; 2 - Thiét bi do dich chuyén
KM-6; 3 - Bo chinh luu; 4 - Bo kich thich dao
dong dién dong EDV-2; 5 - Bé khuéch dai.

Bién d dao dong ciia mau duoc do theo
bién d6 chuyén vi ¢ dau tu do bang thudc do
KM-6; s6 chu ky tai dugc ghi nhén béng tan sb
ké. Mau thtr duoc kep trén bé rung bang d6 ga
chuyén dung, giita cdc bé mit mai phing véi
khoéa luc d3 hiéu chuin & md-men 1,5 kgf.m.
Chiéu dai phﬁn kep ctia mau 1a 40 mm va duoc
kiém tra khi lap dat bang thudc chuyen dung
Mau thir chiu tai udn chu ky va g suat tai tiét
dién nguy hiém ctia miu (tai vi tri kep) c6 thé
duoc xac dinh theo cong thuce (3).

2
G, = M, _4qf” 3)
w. 2w
Trong do, M, 1a mé-men ubn tai tiét dién
nguy hiém ctia mau, kgf m; W.1a mé-men chong
uén theo tryc cua tiét dién, cm3 q 14 tai phan bd,

kgf/em; 112 chiéu dai kep cia mau, cm.

Gid tri q dugc xac dinh tir biéu thuc do
vong ciia mau:

_8.fEJ

; “4)
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Trong d6: f1a d6 vong cua dam, cm; E
la mo-dun dan hoi doc, kgf/cm?; J 1a mo-men
quan tinh tiét dién, cm*.

Nhu vdy, bang cach 4n dinh do vong
clia mau trong qua trinh thir c6 thé xac dinh
duoc g1a tri Ung suat twong ung tai tiét dién
nguy h1em Pé xac dinh o, theo phuong phap
Locati can phai xac dinh trlmc ba dudng cong
moi quy ude cua vat liéu chi tiét. Thi nghiém
duoc tién hanh qua hai giai doan:

Giai doan 1: Xac lap duong cong bén
moi thye nghiém ciia mau xéc-ming bang cac
phép thir dai han trén sé lwong méu 16n (35
mau) v6i co s¢ thir N = 107 chu ky;

Giai doan 2: Xac dinh 6 bang phuong
phap Locati.

Mirc tai ban ddu ctua mau trong thir
nghiém tang cuong theo phuong phap Locati
duoc chon 1a 24,8 kgf/mm? vi sau giai doan 1
da thu dugc gia tri 6 | = 27 & 3 kgf/mm?®.

Téai duogc tang theo ting bac vadi cung
mot s6 chu ky & mdi bac va qua trinh thir tiép
tuc cho dén khi mau bi pha huy. Budc ting ing
suét giira hai bac ké tiép 1a 2 kgf/mm>

Thoi lugng thir tai moi bac 1a 10° chu ky
twong ung voi tc do gia tai 2.10°° kgf/ (mm?2.
chu ky). Viéc dém chu ky dugc tién hanh cho
t6i khi xuat hién vét nit moi, hién tuong nay
duoc xac dinh thong qua su giam bién do dao
dong va su suy giam tan sd cong huong cia
mau c6 gia tri 1100-1150 Hz trong qué trinh
thur.

3. KET QUA
Dua trén cac dudng cong moi quy udc

va gian do tai, ta tinh dugc tong hu hong tuong
doi cia mau cho dén khi ph4 huy (Bang 1).

cr.kgfr‘mrnz T\ \\

N, 10° chu ki

02 04071 2 34 7 10

Hinh 2. Két qua thir nghiém méi cia cac vong
piston:
1, 2, 3 - Cac vi tri bién va vi tri trung binh cua cdc
dwong cong moi gia dinh (giai doan 1),
4 - Biéu do tdi ciia mau thir (giai doan 2).

Bing phuong phép noi suy do thi tir cac
dir liéu thu dugc, xac dinh mérc Gng suat sao
cho tong hu hong tuong ddi bang 1. Dé thuc
hién diéu do, 1ap d6 thi biéu dién mbi quan hé
giita tong hu hong tuong ddi cia mot trong ba
dudng cong méi quy wdc va gidi han bén moi
tuong g vaéi tung duong cong (hinh 3).

*a
, |
1 A
\-\......HG
L
oL [ 11l | |
20 24 28  okgf/mm?

Hinh 3. Xac dinh noi suy gioi han bén méi ciia mau.:
a, b, ¢ lan lwot bc%ng o, 24,27 va 30 kgf/mm?.

Gia tri ung suit 27,3 kgf/mm? tuong

{mg véi diéu kién ﬁl”—’ _1. Trén dd thi (hinh
i=l N,

3) ¢ tong cong c6 6 mau duoc thir, két qua

dugc trinh bay trong bang 2.
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Bdng 1. Tong mire huw hong twong doi ciia mot trong cdc mau trong thir nghiém ting cuong

(n=10° chu ky).

v B Pudng cong 1 Pudng cong 2 Pudng cong 3
ll(lgf/srl:litlzc, (0, = 24 kgf/mm?) (o, = 30 kgf/mm?) (o, =27 kgf/mm?®)
& N n N n/N N n/N

24,8 5,62¢10° 0,018 ) 0 o0 0
26,8 2,692109 0,037 o0 0 1107 0,01
28,8 1,710° 0,059 ) 0 4,22¢10° 0,024
30,8 1,1910¢ 0,084 6,6810° 0,015 2,67°10° 0,037
32,8 8,5¢10° 0,12 4,27+10° 0,023 1,86°10° 0,054
34,8 6,77°10° 0,15 3,23¢10°¢ 0,031 1,29+10¢ 0,077
36,8 5,62:10° 0,18 2,51-10¢ 0,04 1,17510° 0,085
38,8 4,27.10° 0,234 2,04+10° 0,049 9,43¢10° 0,106
40,8 3,9810° 0,251 1,7+10° 0,059 8,31-10° 0,12
42,8 3,3110° 0,302 1,5¢10° 0,067 7,0710° 0,14
44.8 2,82¢10° 0,355 1,32¢10° 0,076 6,31-10° 0,16
46,8 2,51-10° 0,398 1,19+10° 0,084 5,37-10° 0,186
48,8 2,1310° 0,230 1,0710¢ 0,046 5,01¢10° 0,098
Téng

hu hong

i n, 2,41 0,49 1,1

i=1 Ni

Bdng 2. Két qua thi nghiém méi ting cueong ciia cdc mau vong gang piston

S6 hiéu miu Ung suit ¢ theo phwong phap D sai 1éch so véi 6 = 27 kgf/mm?,
Locati, kgf/mm? %
1 25,4 -5,9
2 26,4 2,2
3 26,4 2,2
4 24,7 -8,5
5 26,2 -2,9
6 27,3 +1,5
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Do 1éch trung binh cua cac gia tri gidi
han bén méi thu dugc theo phwong phap Locati
so voi gia tri o | = 27 kgf/mm?* xac dinh béng
thtr dai han 1a + 3,8%.

4. KET LUAN

Két qua nghién ctru cho thdy phuong
phép Locati 1a mot cong cu hi¢u qua trong danh
gia nhanh gi6i han bén moi ciia chi tiét co khi,
dic biét trong didu kién can rat ngan thoi gian
thir nghi€ém. Thong qua viéc st dung cac duong
cong moi quy udc két hop véi gian dd tai, co
thé x4c dinh tong hu hong twong ddi va noi suy
dé tim gia tri Ung suat gidi han twong Gmg véi
trang thai pha huy. Phuong phap cho phép xay
dung méi quan hé rd rang gitta mac hu hong
tich lity va gidi han bén moi, tir d6 hd tro phan
tich va du bao tudi tho chi tiét. Két qua so sanh
cho thiy d¢ léch trung binh ciia gidi han bén
moi xac dinh theo phuong phap Locati so voi
trong qua trinh khai thac khoang +3,8%. Ngoai
ra, phuong phép c6 thé duoc sir dung nhu mot
cong cu hd trg cho cac thir nghiém kiém tra
tinh dan hdi ciia xéc-ming trong dong co dot
trong, gbp phan nang cao hiéu qua danh gia
chat lugng va tudi tho chi tiét.«»
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