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Analysis of fatigue characteristics of small samples

based on the principle of sample information aggregation
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Abstract: In order to guide the fatigue test of small samples and find the best fitting method of S-N curve
under small samples, an improved classical sample information aggregation method is proposed. Based on
the consistency of the fatigue life probability quantiles of the specimens under different stress levels, data
sharing and fusion methods are adopted to realize the application of sample data information aggregation
under different stress levels. According to the linear relationship between stress and fatigue life, the
improved sample information aggregation method is used to parameterize and gradually search the average
fatigue life under each stress level in the small sample data to obtain the optimal value of fatigue life under
different stress levels. The least squares method is used to fit the S-N curve. The fatigue characteristics of
the S-N curve are compared and analyzed with different stress levels as the benchmark. The comparison

and analysis results show that the maximum relative error of the curves fitted with the improved method

W EH2020-10-13 ML HRHEH:2020-11-18
BES B R\ G AR50 H (2018 YFB2001605) .
Supported by National Key Research and Development Plan (2018 YFB2001605).
YEZ B A XV Bh (1994—) , B PR L AP SE AR, LA T5 ) ik #8423l . (E-maiD kun_liu@cqu.edu.cn,
BEEE . AT B THERKRFHR . L4 R, (E-mail) wankai_shi@ cqu.edu.cn,



48 TR K FFHK % 45 &

and the traditional group method is less than 5%, and the range of predicted fatigue life error is the
smallest, which shows that the improved method promotes the reliability of fatigue analysis of small
samples.
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Fig. 1 Schematic diagram of consistency of fatigue life probability quantile
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Fig. 2 Schematic diagram of equivalent life conversion

7 AT LASEBUAS [ B 3 7K ST 98 57 73 iy B8 22 1) B AH L5 A 8 /N RE A R8s 25 A e e il 5 O 2 R
FEA R Y A R G BRS8N o X/ INREAS B E 47 5 i 23 A0 2 Bl T, BE R TR AR B
8 ol P8R R Ry 1 20 A SR A TS

2 ETHEAGEEREAEMNZH

R B R R A A R SR AR R R S R SRR X TN TR B T B A R Y S
P BES AT B BN BAH AR 55 P-S-N 1 28 E 7K B 55 T S 4 25 O 1 m] DAAE— 2B el .y T 57 7 i B
F8 B TP K, 2% G 0 TR 9% 5 A7 i B9 L B 22 B R T O vk R BEAE h E S S SRS B R,
MELABR DRI 55 S-N M2k RS B P . 2 S AR AS {5 B SR A D7 3k v o A 2 BRI LA i 7 g K 7 Dy o A 1T e
VAWRE— 25 R 3 77 D BEESU A ) S-N il A Af

1 ¢ UL V5 G i 9 55 I R IBUR BB S-N il 2R, — e = A BRI 4 G 1K P B — SO 1K TR 2= A
HEAT 10 AECH B9 55 5URE . X TF/NBEAS I B0, 2838 X 8 SRR A A SR 5 1k AT 1 Wkt L T L ) — 10 B 5 i Y



50 TR K FFHK % 45 &

LR R AT AR KR B9 55 Fam ¥E . SR 9% 55 77 o B 5000 0 — SR S5 A (5 B R A2 R B, E AT
AN 1S T3 7K 98 55 7 i KA 00 55 300, T K A AN /N RE AR BIOHE 5 8RB S R RE A B SR AT A0 A . AR AN TR R
IKFTT B /INRE A 57 1 06 KA 1) o 13 ) 7K R BEAT S0, A5 80UG AT LA B KRR A9 55 5 i BHE O H A
A E R Y SN g B . MR IR G U5 16 R 55 A 55 3k I ) KT A A 7 i 2 (8 0 AR G R 25 8 54 )
N 1K T 9% 57 a3 (e . Bk RT .

D BERE 4 G Iy A 4798 55 im0 o B B — B v I 3 K7 R R AT RAEA S, 5 10 498 55 10K L i
SRS R 55 i n, ., (r=1~10) , Hifth 3 Zeny Jy K F R BT /INREAIR B8 L &M 5 A4~ (8 3 45 9 953K
55 I e kA IR I 57 FF 8 e (1 =1~5) .

) XFIERERY 4 G FT KT R B 55 5 A 0 AR o 25 4 S CO ST T 85 R i R 261060000 H oy . HE
KO TR T 9% 57 F A IIE &, .

z (1., 7/:‘/')2
&j: =l mfl ’ (4)

:7§hf, (5)

J i=1

K oy, Homy S3BIREE § FEE R BB TIKF T AR
36D S s, G Iy A% ST 47 20 73 i 45 6 K000 Dhy 2 v T LA T A 0 A N g AP R
55 73 i B {E B

pe=p; ki (s; —s4), (6)

A8 b TS AS B B4 98 57 75 i S L R ARHE2ZEARA (D) B s R g KT 98 55 7 i B0 ) s, HEAME

I 3R BEAT B e s il A2 5 ASSFR00E 55 73 A o K Bk — SN g KT A5 BRI 57 5 i R0 5 D
IR B 57 AR Am HEATIR AL 43 B0 AT LA B 15 AN 57 7 A B  TH I IR G S 1007 AR am e o

, ("h-z*#k)gjJF

Ny, — o
k

5) HH N ) 55 9% 57 Ffw Z A A M O R A0 C6) nT A, O T A B b E A7 A5 200, 28 o 3% A0 18 R Y T
FE kAl BARITEEN S AWHE b =0.k, =k +2m 22K Am=0.000 1, RIEH—1 b, EHiTHEHIRA TGS 5
fir Y S s, BN SR B 2, R R OB BB E TR BRI AT LR 3E R (6)
TR 25 AN 7K B 9% 57 75w YE L i AR do D IR LA SN 2k,

#z
Hi

BT ik Y LA R S KO R E R, SN IR RLA R

DAARPER (DO HK G IR A 1 R0 KPR 957 5 BIE 0 5440 1K T 9% 55 % 4w 19 65
HEZE 6 (m=1~4) s RGO AT AR ) AT 998 55 w8 MH o, (h=2~4),

26K 2.3, 4J§zr”jjwwijj# WEERCEIEE 1 9N S K L LSS 2 9 1 R ] AR 4 =X (98

552 N KV % 55 T A A5 AR AR RS K T AR BN SR 55 T nly snbnsnbyantysnls
[F) B AT AAS B4 3, 4%U“j37k¥1<£xﬁz% ﬁj‘%’]jﬂns ',

NI 2,3, 4 Gy 1K AERE W 55 A o S 58 1 GO Tk T B9 55 B AT IR A R R TR
W A S5 9% 55 7 i B B ME el s TESRIR B R I 55 B An B o) 555 1 N )T B9 55 A M o0 AOAEXNS IR 25
FEARE 20 (10> 18 T30 L BRI £, (.

PR AR Bl $ R AT AAS B 3 ANASTRIE F1 7K T Y &, (B AR A C6) AT LIS T3 304 2, 3,4 W S KFEF
TEIARFF A EIE peo s prs o pen s 05 B B/ TR R R RN 1 Bz g 1 KSR 1 9% 55 5 dn B HE AT 615 8 S-N
(S

Mo 7

< 0.000 1, (€D




% 4 x| LR T RS B R E R AT R T A AT 51

n'., _ ) o + s €D

’
P (10)
Ha

O A AR R AR T 1 9 B BRI 3 AR P TR

ANEEABAR
(X-x-%-x)
1
HERER HEREAXN
oplm=1-4) FHE
@ﬁlz‘:‘{ﬁ
(n —n)o FHarBE ~=—1
ni= U.' Lep, By = poth{syts)
HHREREHEMmN WH 5 p WARRT
I ) (FERUE 6 REANETE
ﬂ:ﬁﬁnlyi ‘I::"#ZFX—FE(J A= ”'_, o -
TG FHfn, )

INBEAR X w5
il B2 )
P w,(m=1~4)

FI BN T A
HS-Nith 2%

B3 ESEHUHLBARER

Fig. 3 Fatigue characteristic curve fitting flowchart
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Tablel Gear bending fatigue life data under various stress levels

ANTRE A3 7K 51 476 1 75 iy B

75
1 257 MPa 1 083 MPa 967 MPa 909 MPa
1 5705 18 798 43 964 83 719
2 7 100 23 482 73 853 92 539

3 8 582 27 268 74 499 103 451




52 TR K FFHK % 45 &

&R 1

AR IR A1 K AR 75 i

J¥ 5

1 257 MPa 1 083 MPa 967 MPa 909 MPa
4 9 061 27 881 74 923 108 996
5 9 372 32 298 80 281 112 025
6 9 660 32 396 99 169 135 153
7 10 206 33 649 100 381 137 748
8 10 639 35 706 110 762 141 758
9 10 831 37 262 112 958 152 200
10 12 705 38 018 122 373 184 410

R T A IEARRAIE LG B SN 5 58 R A T LA ORI N 23T, 58 5 XA 6] B 7KSF Sy 25 1 41
G B S-N MRIEAT T X, o300 AR R T R 1 G0 71D K ARRE 3 B 4 Gi I3 2K LA K v 8] 67
5 3 G0 I 7K B e, 04T S-N 2485 % bE 43 A, S TE £ M J7 25 09 AT A7 Pk DL K TR ANRE AR RS T
o RERL VR ey R
3.1 INEFEAHEEERSW

FRAE R 1 v B34 0 il 55 A5 A BE , 76 SR UE N 17K 7 T e B8 4% 57 A5 i (10 A Ei) , HoAth 1 g K F-
T REMLEEER 5 9% 95 A g L AL e R 3 LB . AR S-N ZRnE 4~6 FTR .

Pl 4 Sk L i B 7 7K 7 S R AR 8 el i IS R RE AR VR R O 1 AR G A 1 A e 2 A AE R Ty
e X BEALIE LAY 3 AUECHE Ay UG I S-N . NI AT LU A X T 2 MURE A R AR O kL el ik IS Y
FEAAE BRETNIEAG A S-N 2 5 1% 8 U4l 1 0 42030 . ek Ja 09 J7 s 36 0 0 il 2 5 4% 40 i 4l
RAERPR AR R 22 20 910 0.410% ,4.300% ,2.050 % , #% HE I B9 A8 XF 5% 22 43 9 K 0.017%.,0.620% ,
0.620%,

321 oS T 2 AT T 327 e
— Wk — Mk — sk
o 31 —— BRI . 2T — LGN 2 T T Rk
Z &
5 3.0} ‘ Eb 30} N 2 50l
— &0
'; 29} _’g 29} ) -E 29 \
\ & ; &
281 28 L \ 28+
2.7 I I L | 2.7 I I L | 2.7 1 I I 1
3 4 5 6 7 3 4 5 6 7 3 4 5 6 7
TER B Lg N TEHR B Lg N TEA KB Lg N
(a) 141 FHALER (b) SE2L BEHL IR (c) 53 FEYLEER

B4 UE1REAKEAEEMNS-N BHEBE

Fig. 4 S-N curve fitting based on the first-level stress level
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Fig. 5 S-N curve fitting based on the fourth-level stress level
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Fig. 6 S-N curve fitting based on the third-level stress level
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Fig. 7 Predicted fatigue life distribution interval
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