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Nature Frequency Tracking System for the Electromagnetic
Resonance Fatigue Crack Propagation Test

GAO Hong-li, ZHANG Li-bin, JJANG Wei, ZHOU Yin
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Hangzhou 310014 ,Zhejiang, China)

Abstract. A nature frequency tracking system based on the crack on-line measurement is established to
ensure the stability of test load in the resonance fatigue crack propagation test, and its applied method
which is an improved adaptive hill climbing nature frequency tracking method for crack length on-line
measuring is proposed. First, the designed crack on-line measuring system is used to acquire the crack
length, the related nature frequency is calculated according to the theoretical relationship between crack
length and nature frequency, and then the theoretical nature frequency value is set as an original frequen-
cy point to track the accurate nature frequency. The accurate nature frequency near the original frequency
point can be obtained by applying the proposed nature frequency tracking method. A vibrating system
mathematical model with two degrees of freedom and double mass and a sample stiffness model are estab-
lished, and the law of nature frequency changing with crack length is theoretically obtained and verified

by experiment. The experimental results show that the nature frequency tracking accuracy is 0. 3 Hz, the
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tracking time is 3. 5 s, the proposed method has the higher tracking accuracy, faster tracking speed , and

more stable and reliable tracking process compared with the general hill climbing nature frequency track-

ing method. It can meet the resonance fatigue crack propagation test requirements.

Key words: technology of instrument and meter; electro magnetic resonance; fatigue crack propagation

test; nature frequency tracking; vibrating system; fatigue crack; on-line measurment
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Fig.1 Block diagram of nature frequency tracking system



898 2 X & %K

934

KGIFET AL, th T RIFERE FAE RS ik
PERRAE I SEEG I 32 7 SN S A AR (] 0 b 1A
BT R 2E REBUR ST 1R 25 S R B R v Bk
DX 3 S | R 90 [ A A0 3R 58 1 R L S A = ]
FETE—E W22 M, B H 2R Ge A R B
SR IR ER R AG A, SR S5 FERN AR (22 4 /T T X
S PN R FH 1 7 R TR L 348 2R R oK o A Ao
., HTRGKEELNE E AL 5y 248y
i S0 [ A AR BR R PR A 7 I AN 2 TR AR E
AR TEZARAT R T BT UR 8 A - AW R,
B CCD ., Bk | EIECRE R RE MGG I FE A
BL EUGCR AR A 4 K st R R 2 31 A
AL, 8 2o G A BE9% 57 2L a0 BT R P 1T
SN 57 B B AR AR AE TR HL N I R ST
AR 1 R SR L 2R 45 [ G 4R
FRYSAE, Al BT ARG DSP 4% il #5381k RS232 # F3E i)
TR T A i ok R I 20 228 for i R 1L, 76 SR BB 3 /N X
S PN R FH A 7 A TR L 348 2R 3R K o T A Ao
A, B MR B AR 2R A58 3k RS232 £ @ IHFE K ik 4
AL DSP #5625, DSP 256l % & A AR 1E 5% 3 45
L IR A, 5 B ATL LA AT S5 4R 3, [R] B 28 i 1%
TSR ERMT IS5 2 DSP 6l 2% P, a8 il £ X
B ARG IR IR R R 25 AT EAL, MR R

| Lapmm i s |

FOLPLIM T RS232 R RS
YRR 25 DS il %5

Y
DSP F 1B A AT A T
RAMBIIE 1 DR R L) m
1 %
DSP Fhl 25K Sl A0 5 R ) B
SRR (145 | (1 g
5
[ bl AR PR AR pa
v %
LRI BRI AL (%, DSP
P B ALT T A T K B
#l
EAHLH R R A I, Gl
YRR 7R R B BRI

AT F Z 0 A iR

B2 A AR IR R AR

Fig.2  Flow chart of nature frequency tracking method

TR MU AR R T ) — A AR R B
BB A RN

2 BElEHERBRIY REUAEHAR

2.1 BEERNESFRENSAE TERE

PLG-100 7= 4505 57 10 WL A Fit 4l e 57 5
B FWALEY, EHLEA AN 3 (a) Fras, EEMAER
TIRLAE AR TR AL Be8s . C(T) il |
TIHE ARG BEE  FR S MR P
B BRI RN AL S TRERZZATHLA |
PR SR L A, e — S b e B ) A% R
5 ANEPUARAR R, o) — il ad B Je B 3k 2 T AR
AL, REERTE R 2 A TR b R Gk LR I A
ST |, Pk IR S AN T AR S AR
TRERZZ R W] A7 A ] BT, R R SR A T 7™ A ) A 5%
PRIVERHE TAE & LA sl PR3l , 78 IR I s iR
AATIMEFR 2 A T S0 S 7= A 0 57 2R
I, 58 B 55 8 J S8, MoshRiit i
T AL iR B SR AT HILAL TR ER 22 FL ARG 20 P 1 3
IR E , R G TIR S LR AT, o R i R ALK
S B 5 A% LA I8 5 TR BR 2 AL WU Bl 22 B AE L
2R R SRR R S i TR S TAE GRS
By, LA ok S SRR (0 S LA B 4
2.2 BEERNESIERS RZGER

P T V65 A1 O 57 1K 9 LR 3y 2% 4 A 2R A
3(b) Frzn, o — = A i = B 38 4k 5 R
Ge, T omy O IR TR B 45 P R A E R R
Bl ym, y FARBUR, (6 TAEG RGBTk AR
& ik e AR ym, ARSI R m, AL
BRJTUE s myg ARl HL AL 48 AT 14 SR B A oF
Pagfar Iz 5¢ AR 2 R G R G , mg .m, .mg W H
VER— RIS 5 by AR 2R GE S BE 5 &y O 2
PRILFEMJEE 5 ey R A R E 5 g 9 DR 5858 I 2
H T REARBLEE mg \m, smyg (BT S IE R T RGH
BRI my o, TR SR FE NI &, ZOL /N T 5
GILE NI, K 3 (b) Frm RGR S, B AL
JEAIRS TR AL LT 0, 78 F AL 40t i Ik
BNEAZ BN HAS T 2% 18 2R R v SR DX i (14155
DT, RGN —LMARS RS, HIEFI R G dkshid
o7 B BT 32 /B JE 1, I 4 S Btk — 20 fi Ak
m, =my,m, =m k, =2k, k, =2k, +k, , HE 3(c) T
AN AL E H XS B R g IR 5 AL e S
RSN RGN I AR P, AR IR my 38
¥ sx, WBEB m, BN ¢, .0, WRGHIER



557

FL B A IR O 57 240 o [ AT R R B AR 4 899

B F, RREHAR T

IIZ'_E// TGRS
|
; FIeH

|k
-
| |
|
- B
AL
" fLalin
R TR

= DRIREE

T

i
w1

\

L1

ZZHT

ERETET
J7IIIT [
o

M

{a) HLBRES o i

(a) Mechanical structure

(b) RFNFRGRILY

(b) Vibrating system model

F, my (

L] ]
H s
F m, l

(© IRBNALI L
() Vibrating system dynamic model
3 BEOE IR TR S R 5
Fig.3 Vibrating system for electromagnetic

resonance fatigue test

2.3 EHEFRYYREIBPEFHRERHTHRE
RSRAHIRE 55 280" R o A v [T A R il B0
FEMIEALIE R | B SR BT i S i 4R 3 2R G A
RS RSN 7 AR SR A AR A I
G2, PRI I M JEE AR TR SR 3 P38 A 2 £

RIEIYIER , DT 5 1 [ A 900 24 B SR S0 1 22
e
2.3.1  [EA AR I E B G

WRIEIE 3 () Frzs RGESh AR, dy A= i —
TET R GRS G I R

[ml 0}{5&1} {cl+c2 —ch{icl}

+ +
0 m,]lx, -¢ ¢ Ilx,

k, +k, —k7(x, -F,

{ —k, k, }{xz}:{ F, }’ ()
K. F, =Fsin(owt) , F HHEBEHIR IR, 0 HHE

LR T
ZYERIE H A iRl ko 75 e

N R e MR

(2)

X X, .
{ }:{X }sm(wt+qo), (3)

X 2
X, X, Al m, om, B %, x, JR1E,
B BN (2) 30, 2 RZEAT900 0, 15 &
GERRFIE T FE N

Aofr

—ky, k- m @

Alw) =

2
ky, —m,w -k,

mymyw* — [ k,m, +k,(m, +m,) Jo* +kk, =0.
4)
B by =2k, + ks A (4) 2 SRIAE R GE— B[4
AW o, FIRPFNIE by ZECFRRBH

o 1 2kymy +hsmy +ky (my +m,y)

175 m,m,
1 [2k4m2 +hsmy +ky(m, +m,) 12 8k,k, +4ksk,
2 m,m, - mm,
(5)
2.3.2 MR RTTE

Ui, A% 55 2 e se s rh i T
AL PR L PRAR R T B v B sl g 57 2
OIS LY R, A 4 FroR BT QL LH .
W B .d ¥Rt R ~F o SR 55 248010 5 5052 148
R, ROV PR i RLAE T RSO, PO PRI
FEIRAE L B2, AR I E 25 32 1 R AR L
A T 2L @, A U)K ) B R f Al F
AT AN 4 (a) T 7s R FR S AR AR AL, 15
TESZAT p YRR 97 RS o 8T RE , JERER



900 2 X & %K

934

JIARTE )T B TR A b 2 W A e BV AR
ST AN /N B R B g A e X
PR S 12 BFFext 4 aniEl 4 (b) firzs , R 3
P12 BE T /M B e AR NI T
(5)x:
kszl/[ 3La 3+4W23(%)3],(6)
BEW (1 - ) BEH
Kb, B Rl 1 b k) gk B, AR — R R
206 GPa, = HHASECS LANE 4 Fs X% T C(T)
tiEIR W =50 mm, L =20 mm, H =30 mm, B =
12. 5 mm.

D
)
T

L
7

(a) XTRRERF R R

(a) Calculaling model of canlilever beam stillness

w
4‘1—>‘
¥y
g oA -
=
! L]

y
() LR BRI TR AR
(b) Simplilied calculaling model of stiffness cantilever beam
B4 Fehifiidfr e s ZE RS
Fig.4 C(T) sample stiffness cantilever

beam calculating model

2.3.3 [BABRMAMLKECR

H = A 57 IR BT F A . m, =280. 4 kg,
m, =520.25 kg, k, =4.98 x 10° N/m, k, =3.16 x
10° N/m 34 RS R bs o B B P A 1 IRE, 4 )
TEFH 4584 A2 (5) 2R (6) AR 9% 55 M ay Jg it
PR [EA SR RGO R N S PR, T8
T A A 2R S e ik A b A AR Y AR Ak
FRAE, s A AR SRS R ey R B
R T 420 T 380 28 80 R i 1) L 5, DT v T A
BRI 2L800 Y R Z G0 0 [ A AR BRI, 2

gy e 20 mm W, [ 4G 50K M 126. 4 Hz FEAEF]
102. 6 Hz, JF- Ui B Be [E 6 4R b 24 a0y e Ar fe 12
oY R 8 mm A2 A7 [ ARASA I,

130

10 12 14 16 18 20

0 2 4 6 8
FLy K )Y fmm
El5 BRSSO AR 2

Fig.5 The change of nature frequency with the crack length

3 ETRgKEEZNENE G M ERRER

#iE

P57 MY SIS IR IS #E 1F 72 4k 3 5L 50 4%
A AP S 3 b 98 57 80 A AW i e | i
AR G0 AT TR, N BRI R G A AR 1 e
iR L% 97 M EUK R R G R PR s AR | AR i [
AT A ARG R B — RST B R S
FRERAE P AR B R BR R R AG R, SR 5 SR [
AT AR R SR SR 2508, I EH KT
2 Hz BOE MR BRI 220 20% , W 22 A7)
T2 Hz B SR IR R M 20 K R 22 (819 30% ifif LK
T0. 5 Hz, IWEHE P AR SC 40 25 R BEA B I R I
LR IB T e SR8 R 7 ), AT &R 3 20 R A
SEGER R R R AT T 3 M B IR IR R
Fis o o, IR < fy <f UEBIAR R Ty ) IE B, W ) 7
R RIS K AR S HTHE R 3 25, 1R £, > £, > f,
VLR R T AR S, A2 SE I T 4R 56 1 248 &— )
A R B A0 4 1 T 4 SR FH TR A 28 K I O ) 45
FCWURNESS 1 2H 48 2 W) g Y0 I o) ) 2 s AL 3 204
AN JFIEH 70% , Q05 £, <1 £, < f 01k 388 )
Jri B, DA A K Ak 2 A i R R AT T
ML < £ f > f IR BRI BT R 5
A AR A ARAR (1] f (B, R SR /N A5 B [l
NG VR BB RS A0 K IR (E 29 R iR 9 24
B 20% 1 oK F0.2 Hz, R ke, HERX
I A IS A I 20 4 R R S Y 70% T HLOR T
0.2 Hz, —HRNHIL £, < £,100 £, > f, B, PORE 8 By B



557

FL B A IR O 57 240 o [ AT R R B AR 4 901

PR B/INI AR RS T b 5 18 B s S T
PO, 24 1, < ST fy > f IS0 — 25 4% 2R IR, DA T fi

| WHEIR ST 2B E IR RIRB A

RG] FEPEE— s . R G EAG SR R R vk
e 6 Frs,

BB ERERAL L I

R ] A A BRI EE
KESKEAIFEWEHE

!

B I [ A i

AH A A B B0 4 (L

ARFIAT S ) 72 (H A
AYGIREAE N 221

BB
|
AR
J7 1)
ek

Y
GERG |5
REARIH f

{
TORIRE 2
RIRATHCE f

HURIREE 3

WIS, B |
I

* |
PR |
TAERIER /, &

1 )
7132 WM 1107 A e IEJ
SMA IR 2 i
SEAE Heti HOE /5 =

!
R RE 3
TSIRIEHE £

F<h<h;
f<h
WERTE

fi<h<h

Nt

ARG Ss | fepes,.

S>fs

Sash,

f<h<h Si<h

f2fs

BURIRERE 4 20,
RAEARIE R £

N

HIEIR M ERER 2 15,
13 WA Sk

K6 T 28I I LI T L5 A 40 R R

Fig.6 The improved adaptive hill climbing nature frequency tracking method based on crack length on-line measuring

4 KERERSHW

NEAT A SLIR AT 5T, #ES7 T AN 7 R e
SR S 55 480 R S0 [ AT AR MR R G S e
V-6, Sk E Sy & 7 Frs, R S50E 4T S A
K8 i, HriR I LR LI PLG-100 iR
B 57 L, SRR R L B NL AR T AE ™= 1Y

K7 s Ry
Fig.7 Experiment platform

PCI-1014 EMERE R, 8k SONY 35 mm & £ 58
35, CCD 2k XC-XTS0CE 75577 B & | e Mol 3 315 1 45
AR CCD 18155k, 73 HE 724 123K x 568 14
K, A R RS T LMK DSP £ i R4 o Hr
KAGZ KRG, B R A% 008 2 TMS320F281
H5 R A TMS320F2812 15 5 R 4E A
Ao EG R AR 5 B IF & T /5 0 IMAQ-VI-
SION, Jil Z PR ER A5 5 43 A1 Ak 3 38 iR R I & F

o meames

Ll

ER2E

(10000 |
3

ol 2l
it

K8 o7 R S R G T A
Fig.8 Working interface of fatigue crack progagation

test system



902 2 X & %K

934

BR CIET., Rk CT Kbk, ik kak
HUR B AST  SEH B AR G A R 50 55 R
R OC AR A FRIS 7Hr 0 UE S 56 S 55 R Jr [T A7
AR R R S
4.1 REEFAHMERSREFZFRUKEERSFTEIE

N

I A B SR B 7 1 D SR R S e VI D5 ik I T
H—tt A AN R T RSO R FE 18 7 B
S He 2R G0 b X AN () B0 RST B3 AR AT 405K
B, SRATET XS B RSO I R GE R [ A5 SHe [
AT B Ry B AR N | AN R A 55 BB i S
6 e P A PR LN RN B 2R B (X
IR TR) AT B, AT SR P e o A0 S T 52 1 9 A 4 R
ARICINTEAR LI, ARG A A B {E A
6528 R EM RN 9 s, SL s 5o
AT R < FR G T A A0 A B VR (i A N {1 i BB R
T A S KRB LB A IR R T B
TR, 2 i 32 2 R N IR 3 R GEAE i A A
HhZ0m T AnTE 3 (a) B TAE G RPEEgk 2 6] T AR
BRI Z IR T 34RO AR S, ib
A PIARAR A B0 1 12 S AT, 38 122 5 AT R B O B
KA AEHSTH o 200 T 3L AT RN , 55 51t
e TAEG B (I A TR 22, S b 0 ] — R A
FERPAEBEAT T 2R, LR A R H A R A )
S, FRGE A AR B (R N S 36 14 i KAl 22
3.1 Hz. FEARBIE T HUS TR A ER M, X 7E R
PRI, AT X Sk Y B AR LUME TE 5 1 A
APRAY R AW BOEN, RS 1 X T A 2 A7 5
WA AR A T AT AR I B A ER T AR

130.0
127.5
125.0
122.5
120.0
117.5
115.0
1125
110.0
107.5
105.0
102.5 ; :

—
--- A

4 A5/ He

1 1 e
0 4 8 12 16 20
R L /mm

K9 RGEEARBISEMN RS R KR
Fig.9 The change of theoretical and experiment nature

frequency values with crack length

4.2 EBMERRERTIE
FR P T A RIS o0, B A% 97 A R &R
S5 W) [ A5 SR AN W AR, QSR e e £ 2

B, MIABERE 2R GEHY A SR A RBOT R AR
SRS R R P B ME L3 A B N AT T AR
ABRER . SCHRTERTEESZ R SEH-F- 5 BRI BRIAE L
VEFIAR SCHIT R H 7 15 0 9 55 R 808 R S50 1Y) 8] A5
WA HEAT T BRER 70 R e i i v I A58 55 L
7 AN [R] RS B [ A 91 25 ) R B {1 R R B T
FEFI 4.1 35 TN Y SEBR 2R G A R AT
B, AR T A A AR A R R 22, LTSI 6 R i
R PR RGECRFEAN 0.5 s, fSCHR 45 T L
B SRA SOE A AR BRI 4 0. 3 Hz, BR
ERITAN 3.5 s, Fl—BICLLIEAR LU, BREZ RS BE o
BER G RRASE AT AR ARGF b R T 7 R R S
Ky ER
F1 FREESRT R G E AR R
Tab.1 Nature frequency tracking experiment data
AWK/ mm
0 4.0 8.0 12.0

16.0 20.0

PR E(E/Hz  128.4 127.1 125.1 120.3 114.3 105.4

el ffige,/H,  128.1 127.5 125.7 120.8 114.0 104.9
AR PHIH/Hz 128.6 127.2 125.4 120.2 113.8 105.2

ARSI SR
N 0.2 0.1 02 03 02 0.2

(2= 14,/ Hz

€ L 32451 2%
0.3 04 04 0.5 05 0.5

{8/ Hz

ek iRgEnE/s 6.0 40 65 7.5 50 6.5
AT RN E/s 1.0 2.5 3.5 2.0 1.5 2.5

5 #ig

ARSI R 55 Ha RS R G h
— W H TR IR B R GE, A T ARIEE 57 RS
PRk AR rh SR A Aar AR R, DATTT PR IR S5 50 45
(VR P R T S | 06 20T S B BER P TSR A0 R
BN R G A, SR EEST T LRGSR
P57 B RS A WORERER R G0, PR T T
SLLCAE LN i R 20 20K A5G 1 3l I PR [ A Ao
BRI Tk W BT 9T 22 Gu B A5 R RN T AR S EE S HE
M A DK 456 [ 2 PR A 0% R R 0
25 A AT ALK B G R B TR 7 AT
T ISR AT, TR 1 A A R R RS
7 0.3 Hz, BREEEFE] N 3.5 s, Fl— MG 1L AH L, IR
RN R R BB R AR T AR ARG b 2 T
MY RSLIGER . T HFFE R N T T
Tl IR 57 M A R SL g R4 I KPR R
BricAT4E R FW . BT I 32 G0 ARG 1 1 S IR iR 5K



557

FL B A IR O 57 240 o [ AT R R B AR 4

903

57 BB e S B BT e ik AR v AT 4 R Y R
B R GURA TARAE IR X, DULP- /N RE 4
Re R GRS, % T Al 2548 1) 1 4 U 55 24 a0
JRSEI R, BRI A SR B T A PR B R 4
B AT kB R] O PR BAT i B 58 A
P EL B R I

5% ik ( References)

RAORE DA I AT BB, 45, s R EPLi i i GH4133B
BRI S REY AT BT [ 1], AU TR 244, 2010, 35
(18):55-65.

ZHAO Rong-guo, LUO Xi-yan, REN Lu-lu. Research on fatigue
crack propagation behavior of GH4133B superalloy used in turbine
disk of aero-engine [ J]. Journal of Mechanical Engineering,
2010,35(18) :55 —65. (in Chinese)

XTSI, bl & 4, S e, LY12CZ LCACS 454 4 Bt i 55 4
SUYREHERTIE[ )] A 24,1993 ,27(3) 2215 -218.

LIU Xiu-li, LU Fu-mei, WU Xiao-feng. A study on statistical na-
ture of fatigue crack growing for the LY12CZ and LC4CS alloys a-
luminum|[ J]. Acta Aeronautica Et Astronautica Sinica, 199327
(3):215 -218. (in Chinese)

GB/T 6398—2000 < Jm 4 Hh i 55 240 e 1 AR 40 Ty ok
[S]. dbmt: FEIZ B AR WE & ,2001.

GB/T 6398—2000 Standard test method for fatigue crack growth
rates of metallic materials[ S]. BeiJing: State Quality Supervision
Bureau,2001. (in Chinese)

Nishijima, Satoshi. Improved method for threshold crack propaga-
tion testing on an eletromagnatic resonance type machine [ J].
Journal of Testing & Evaluation, 1993,11(3) ;193 -201.

AU, AR, CT st =2y 57 sy R BB T]. 3158
1 2011, (BT 1) 233 - 36.

DAI Peng, FENG Miao-lin. Numerical simulation of 3D fatigue
crack growth of CT specimens[J]. Chinese Journal of Computa-
tional Mechanics,2011,(S1) :33 —36. (in Chinese)

Noroozi A H , Glinka G, Lambert S. Prediction of fatigue crack

[10]

[11]

[12]

[13]

growth under constant amplitude loading and a single overload
based on elasto-plastic crack tip stresses and strains[J]. Engi-
neering Fracture Mechanics, 2008, 75 188 —206.

Nishijima, Satoshi. Improved method for threshold crack propaga-
tion testing on an electromagnetic resonance type machine [ J].
Journal of Testing & Evaluation, 1993,11(3) :193 -201.

HKYe. mAE KIS AR DL AN BTV T
K ,2009.

ZHANG Ni. Study on dynamic characteristics of high-frequency fa-
tigue tester[ D ]. Hangzhou: Zhejiang University of Technology,
2009. (in Chinese)

NG SRR VAR, S5, mdiupe O I B LR 3 R g0 Bl g 2
P[], TSR, 2010,50(2) :13 - 15.

SUN Lei, JI Zhan-guo, YIN Ting-lin. Dynamic analysis of electro-
magnetic resonance fatigue testing machines [ J]. Engineering &
Test, 2010,50(2) :13 —15. (in Chinese)

Zhu Wu, Zhang Jiamin. Fuzzy control on automatic frequency

tracking of ultrasonic vibration system with high power and high

quality factor [ J]. Journal of Harbin Institute of Technology,

2009,16(2) ;275 —-278.

HRE,BEFS M3 BTN A SR 50 | SRR

BE[]. AEATRLEER , 2004,20(2) 25 -29.

CAO Qun, LI Xiu-zhen, SHANG Fei. Automatic frequency
tracking based on fuzzy self-optimizing control approach[ J]. Life
Science Instruments, 2004,20(2) :25 =29. (in Chinese)

GAO Hong-li, SHEN Shan-shan, YUN Yan. Fatigue crack
length real time measurement method based on camera automati-
cally tracking and positioning[ C] // Proceedings of the 3nd Inter-
national Conference on Mechanical and Electronics Engineering,
Hefei, China: IEEE, 2011.:1031 —1038.

JAUAT, LI, SEF, AF. BT BR Sk B B R E L (Y 9%
SPRECELMN T LTS [ AL T AR 2011, (11)
1302 - 1306.

ZHOU Jian-xing, GAO Hong-li, QI Zi-cheng, et al. Study on
on-line measurement method of fatigue crack length based on
camera automatically tracking and positioning [ J]. China Me-

chanical Engineering, 2011, (11):1302 —1306. (in Chinese)



