SYE6014 {EJk 2 fZRESSiC
1B SR AT S S R R

TEMFMIR - v2 2FFhR

FREKRDITMARAEERER R EIEERIERK: STNHEERE, BEHKE, RESHER. MR
LUBRFIEIE. 1E5e2fE, IRNZSgE—s: BEBTEARMA. AFAERNRE. ATARERED
RIZIARIR, ARSI AIREILESE.

FREHEZLER: LA 200 kHz FE—NIHHARINRIKE HER], (ERETEY 58.55 ps, BHEEL] 5124
m/s; JIRREBELSHAIME So HiZ, B. Steel () SXBAHBEMS. HRMEEFERFMRE, X+
SLIREBFE— R, XEREMHEUREHAISTIO T, R B AN IR ESE.

EHFIiE

o WIRFGE: FEF 1-6 T, € "BE—EE BRI XEMEGER, BIRES 7-9 DB E.
o HEHCHF: ERES 7. 8. 13, 1475, FHESLRY CSV HURIEHEMEESIHRE,

o HEEER: 5% 15 TRRERR, It EIIESEEKIE.

o XBFLORAMEIL 19, B "AHAT | EXRETEEL.

{ENVEK
WMEEX: FIAFEHMERE THRESRES, HEMHAR PZT ZiEH time of flight (f61&RfE) , BXHR
STERI R H TS ELETF A. Aluminum, B. Steel 352 C. Neither, H4AHEE S,

XNEICSETIEGMLAR? HETEHEE Lecture 119 "IEE+AHEZE" . Lecture 4 B9 Lamb S
TN, LAR DAS XA Hilbert 84 0EHISEMZ. ERNEMEAYERRE, SR ARE CHElE—
ZINrEE ENRY. RIERZFIMAISE, FRERRRIHXIER.,
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[RRAZREPELF

THEHRIEZ PDF 5 1-2 WAVFIES, FHIENE,; BRER. 1M HRITSEIEMNES.
English (J&X) :

SYE 6014 Asset and Maintenance Management — Homework #2

As demonstrated in the classroom, ultrasonic guided wave signals at different actuation frequencies
were collected from the metal strip using the equipment shown in Fig. 1.

The goal of this homework is to calculate the time of flight of guided waves propagating from one
PZT sensor to another by analyzing the acquired signals, and to determine the material of the metal
strip based on the dispersion curves. The possible options are:

A. Aluminum B. Steel C. Neither
Please include your reasoning and calculations in your answer.
You may use the following information:

e Ultrasonic guided wave signals in the attachment, sampled at 80 MHz with actuation frequencies
ranging from 100 to 1000 kHz.

e Thickness of the metal strip specimen is Tmm.
e The distance between the two PZT sensors is 0.3 m.
e Dispersion curves of the aluminum plate (Figure 2).
e Dispersion curves of the steel plate (Figure 3).

HRZEE:

SYE 6014 Asset and Maintenance Management, gl 2
IMREETR, FIEERE 1 RS, NEBRERE T AR THEESRES.

RRELHBER: BEDTREZNES, TESRN—R PZT (EREEEEEIZ— R time of flight (&Rt
B) , KBTI EBRIMER, EERE:

A. 48 B. §X C. Wm&EEIE

BESRPE LIRS ITEERE.

AILAMSERLATMER:

BHEFIBESIRES: KR 80 MHz, EFNSHER 100-1000 kHz;

ERFHFEE 1 mm;

R PZT {£Rest8EE 0.3 m;

PR SINRATERZ (B 2. B 3) .
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1 SeiRiESCISERTA

SWRLWETER PZT, PZT E2RINESWE: MREREY, SHEHEF-EHEEs
RN ETIAS SR,

1. Actuator GMEIEE. BEIK) | MA—NRHRE, ILSBRIRD,

2. EWME: BRI SR ERIE 4k,

3. Sensor (IR : BAIBHLTY, ETHRMERES,

4 RERG: WECRES. BKES, W CSV.

E—17T

FEERIA - [ERRAZE - EBTRERER - ZURERZ - BRI

XRBEIESFIIR Lecture 4 55 24-25 TARYEFRRBEIRD. SIEERE. NEBI=1MER. Lecture 3 #iE7T "&
SN ERRER" ;| NEARRBEERE, FAOEEEBAETHTE.

CHSHRME
== FEINMHALE BEBE
PR PZT RYjalEE L 0.3 m, B 300 mm FFERE = IEE / AdiE
EEKEEd 1T mm  FAFEEEER fd
SREFSRER f, 80 MHz Bt AFSHapETE
SIS f 100-1000 kHz, #5F§ 100 kHz —H SBEEHEE EXIR—MIE
%5 KA 7EER. M. EEEEAEZEEAT

#IEE: Signals_1V_25dB 80Mhz.zip, B MIEREZE—{D Actuator.csv FI—{7 Sensor.csv; AR
BH4EE 32768 MEERFEAR,

“¥ATHE" HRB%KE €idXMS? TOF (Time of Flight) 2 "{&HEFERT" AUBMANLE. (EBIRENMHE:
ERENRREESENTEMEMLR, BREBAFSEKTFHEIZ—L,

A 1 BHAZBAR? WEERELSE "IEE = EE < iE" . (Rl 1 ERNEE, SNEERERRVE, FERS
k., BHIEEE, AAFNEIEMAIRBEREE, TEMEL 1 B9 4500 m/s EERNERMATESIR, FRESEARE

%O
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2 R EMRAMNEFR

R ERI PSR A

EHERE: BiEh, REGHK. NHRIEE: ERSREFFRNZBESHAEEN, AR "IERE"
AR "RIER" . CSV BiREAZIRBEENERER, MUSEC—REI—WIRE, NMERRIEHER
TRBIART

IREXRRBZINZIESE, AERTRBMNSBEEER—MEFRE—ME. RERTEI/ELEX
KR, FTLA "BRKIESRRSTENARIK" FFAMAL

SRS R)HA
SR f RREIIRINS IR, B4 Hz, B T RRR—RFBES A, WEENEE

T=1/f

LA 200 kHz #9f3: f = 200000 Hz, FFLAT = 1/200000 s = 5 ps, ZELRATANELER, EERAELE 25
Hs,

=173 ax FEERRE

kHz Tk 200 kHz = 0.2 MHz = 200000 Hz
MHz PL7i344 80 MHz = 80000000 Hz

ms T 1ms=103s

us = Tus=10%s; 1000 ys = 1 ms
m/ms KE=RD 1 m/ms = 1000 m/s = 1 km/s

RESRERESRZA T ABAA? ABIRRAR "KABRDZIR | KRR XREEVIERSD
X" R $MESMME—T, BEUERME 100 ii—RWEEAMET. ERIE 80 MHz RAFZRS R
SRR ESTANE, MEMEIET .

200 kHz SNBSS VH#A? 80 MHz + 200 kHz = 400 &/ BHl, FANEHEY 2000 &, REEHBE, N
KEFHA TSRS, (SESRTaIEEREIXE A,

BIKHTE

I A R=E LAEMERALRZERIEERS., MRE—RERSE, A = o/f, TRXERANZEHEERE c,. Lecture
4 55 33 RGBT AR BRI —, ARENEREERENE, MU T —HrIEEE cg.
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3 Bt AcBARESHARER

R EHENSIE

ERINEEAR, 5L, THINRA. KEEEEPASORER, BRZEEARIMERETN, RIS
(guided wave) ., Lecture 4 55 16-18 TWN4ERY Lamb waves (=8il) FEHF—,

E—HRIRBESHFZ MRS (mode) |, A EARREMRN SN —F U E—REZZA LR H A B ARENAZ

T BEBHANRIENAN, RiREREE.

* So: ERMMIRMES. EARLSHIPIECER, BEERA, BRI,

* Ao: REMRMES, EATEERRE, BEED (EERREXRERCEEUR.

* S, % EEMIES. BELESMH. FEEG S EE fd £9 1.5 MHzmm LILEAHIR, MATEERE

0.1-1.0 MHz-mm, RTLAARERE(EEIGREIRI B MR Si.

PAERIEXR R RS AR HEAIIESTRE, #—iERE, (DELARINITEE .

HEESEHER
—NREARSEEERARVNKE, SNEEEE—EERISRARIRNICE, XHME8LE (envelope) .

HEE c, HAE MEMABEERE —LI—NRIEEB SR, BEE cg BAENES RENEREE,
Lecture 4 8 19 WX TIXAIME, HEEH cg = dw/dk (FHEHR & FREE) .

A AFBAEBEE? FANURINSRE—ERENE SEERENREIE, MBS 2 RINHEHRS
& "Group Velocity” . FTLAZIREREER ERORERATZI, MAREFER DA REEIRYINRIERIR.

" BHARR? E—MES, MEAR, EREELSAR. —MENTAESMEE—/N\BIRND, £E
aRXE. L. BERIEGTHERINZIRSE, ESRETELERILENN, EHABRETEAEREIRZ
twic.

FREARIXRFIRRIT

IERIFR: SSEREESERMRINERKE, RENEERE. SRR, ReSR—1ESHIHELL
BoRipEFL. MRRIIK, SRKEN, BT ERIONECERNE, &EEH "W |, I
BMSIE,
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4 BB 7T iR R

{&iE— BEEFRLAEHERE
Lecture 1 55 31 TWA—RIEREAS. B—RIBUCRIrERE: EE = MERERER / RLSIREIESHE

HE. XEBRIER—MEAI:

TOF=t,—t, cg=L/TOF

irh t, RERENSENZ, t RERRIGRENSEMZ. REXRBERNEX, FEICH RS

&

fkiE— BR5HmEEHE

{Delay and Sum Algorithm) 55 9 TIF Hilbert transform IEEVE4; 55 16 TUHIRRLS HMRERLE
t off = 2 us, EBEEEER 18 pus, ERZBEREIUER 2 + 18 = 20 pus, RiTk, HEIENE
YRIETE 20 ps, A 2 us AEREHERTE 18 s,

ICRPRYURKATZ) = FRISERIZ] + (BT A)

&iE= S oSSR

Lecture 4 55 31-32 TUHESCEIRIKEARA So. [REIRIFA Ao, BIERIEBD IR ILFRRET. BasehIiiE
2 SERENIFIS, BREDRBMIZ. BRETA—MWIF, ETrZIXRErEEREER.

DAS fIEEBMLEE R AFERIR? DAS MIRRIEHER, KRR "Iz~ —RlEE" B, EE[R
HIESREREESEENREKE, ATENEMR PZT ZENEREERE, REHKR 0.3 m, XBEREREKNSZMZ
XMAEE, MERIEER, BASIE Sensor i Actuator 2458 “1RIGIEE" .

EBINEEMEL A Hilbert? Homework #2 BiTFRBIEERE. AEICRKARNASNEETE, KEHO
BYEREERR, HREERZEN. FansERAFTLL, REECMANEIIEEKESBE.

TOF S5iERiZIiARIEEEERA? Lecture 4 55 30 WO BIRZR T ETIE(AY TOF FIETEHERIZIARZ]. FFITE
HAILAB—FIRRI 22K, BEMEEREN, ERFESEECKENEEEN, SEEXA—HMIIA
RZ=.
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5 FIEFENEHLe

TERIEEEE/ELSE 2 T 8. AAN, BB ESTEATEERR So. LBE Ao

6 T T T 6
5 L

m )
£ £
£ E4f
= =
3 83
g g
Sot Sot
o o
O o

1 1

0 L 1 L 0 1 L 1

0 0.5 1 1.5 2 0 0.5 1 1.5 2
Frequency-Thickness(MHz:mm) Frequency-Thickness(MHz-mm)
Figure 2 81 Figure 3 ¥tk

F 200 kHz {f§—iR5=EiEE

1. 5B, MHz: 200 kHz = 0.2 MHz,

2. kLEE: fd=0.2MHz x 1T mm = 0.2 MHzemm,

3. fEE#kR 0.2, M LS So FHEL, BRAIEEEHRE.,

4.4M29 5.15 m/ms, $8£Y 5.34 m/ms, X2EGIEH, RER/NELEREGIE.
5. SCUEEHHEERL m/ms BEEER: 5124 m/s = 5.124 m/ms,

AT ARERE? Lamb FANAERE, BURTIRKSIREENKRR, TERAMWER fd EAREE. FRERER
EERIEEIE—KE L. A8 d=1mm, HELf (MHz) 5fd (MHzmm) BE—XREXRIGTS1E.
WRIRER 2 mm, 200 kHz £ x = 0.4,

B ALAEIZR Lecture 4 BIE]? Lecture 4 5 20, 32 TIAYRGIEIEIEIRES 1/4 inch, EMSFSARAR
B, FETLUER, BEMRMNEE RIS B,

BISEHBSEHR? HTENRE, FAECREENREE R PRI T L, EFABREESINGLUESER, IE
XRE# 5.15, 534, GREHEFINERAERHIIHEEEE.
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6 I CSV HFEEAIIEH
$—2 EWRENIEIE

FHIfER 1-2_200kHz_Actuator.csv 5 1-2_200kHz_Sensor.csv: E—EEIHIER, —ME&kST. — Moz
K, XHRNBR—BTIEE, HAA2 "$S—7IfE. ETFBE" NRFIER, ENSRK—FIRZERH.

B8 RigBEFEFRIRIEENE

At=1/f;=1/(80 X 10%) s = 0.0125 ps = 12.5 ns

MATLAB HHEAGREM 1 FFIA. BIEE—MERRIZIER 0:
t(n) = (n—1)/fs; LApsFRAT, t(n)=(n—1)x0.0125

f5Ianss 1000 PrEXSiz 999 x 0.0125 = 12.4875 ps; &fg— MEARTE 409.5875 us, M 32768 NEHEERR
TN NICREKER 409.6 ys—HE EFE— P RHEFIER.

B=F ElEERRE

PRIFEBREEECHIYE: a<— a - mean(a), s < s - mean(s), IEELEFEZZTMHL, FFRENEXA,
FERNMYEBEIRK, AN T EREM R EERERES.

ST KL

E, = |hilbert(a)|, E. = |hilbert(s)|

MATLAB Y hilbert JREIfEHES, abs BURKHGEIES. BN, S&HIIRREERRZINEOIYE
RICER, BRI ARREHFEEMNHE, SIEE "AIMCEAERREEN" NARMET.

P AFEIZEN abs(s) BIRK(E? abs(s) JIERFFR Lk, SNVNVEHRIESIAE; Hilbert BEMAREE
REGRSSEMN, EHARBHRE—MRHEUTR. =R, RE—BEE, 8KKIAER, XA REEEEm
iHBRAT,

B—RERE, SRSERNMAREFE? SRIELSRENBEBENE—EREE, Bt - t FRERIR
iH. XEARIRRIZE: MR MEELAR—REMEREE, BRRARERIRIBEERTELE.
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7 EEL(ESHIEMTRE

I3—{LIRE

I3—{tiEE

F—1EIRE

-1.0 1

1.0 1

0.5 A

0.0

-0.5 A

— RHRES (3—)

— i
0 5 10 15 20 25 30 35
103RET8E) / ps
E LR |
I8 71.0375 ps :
1
1
H
1
i
1
1
| — BWEES (SEBE—)
i — e
50 55 60 65 70 75 80
ICRESIE / ps
e, RSN T
‘ FEEEENLERAE | O B
ey
N | ALV I A
I | I I | | [
|| =~} | T
VAT v ‘ A
“H|“\UHH!I\\H !
o EKIER (2R
FR S HEED
0 50 100 150 200 250 300

1CRAE] / ps

F—IEE: BRKERESIEE 12.4875 ps, SHEHA 200 kHz BKifei0£] 12.5 ps RIIRSEMS.

FBTIEE: HRELSSMNE, £ 55-80 ps LHME—MAIFPARHIMIKE. REXTMEORKEBEE, 5
71.0375 ps. TG FERERER, SEHHE So RIEHIXK.

B=IEE: RURTERRNIZMNEtE—NRE, JLFRBEEREEE, EAAEN 0.3 m ERFMEIENE
BiK, ZHERE / BitE. ERGEEERRNINEHNFEEN, MAEBRERXIEBAEERSZRA.

BORTAELFRA? SEEBFICR, HHBRRSRELNNRINIMO S, BE—RGFEAE. XART

—PNREAIXIAE. 200 kHz A3 55-80 ps. BAZRERIEEERIE, IEEAREGELR

EfREIeENS

#, EARN "RERN" EIHELHRRT.

ZIEFEISER—, BATIMMESEESS, NHSEREEFEZAIRENBE. 3—HAmIERZ.
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8 EflEiZitHE 200 kHz

& 1 BEHAMERGIE
SEHAEIGEGITE Hilbert 48, MESEEONRIE, B3

2 MATLAB HHEF RS ioREZ
RETEERIE n, = 1000 t, = 12.4875 ps
BEKNRIREaKIE n, = 5684 t. = 71.0375 ps

SR 2 HHRSEIE BRI

TOF =t, —t, =71.0375 — 12.4875 = 58.55 ps

R ERAEAEREX:

An = 5684 — 1000 = 4684
TOF = 4684 X 0.0125 pis = 58.55 pis

XNMEEES "R5IM 0F2M 1 IR X, RERNRSIRE—MARRES.
208 3 48 ps Rk s

58.55 ps = 58.55 X 107¢ s = 0.00005855 s

SR 4 AHIESIRIARIE

cg=0.3m/0.00005855 s
=5123.83m/s~ 5124 m/s = 5.124 m/ms

—NE@EISE: IEEEAHTM 0.3 m, TOF A us Bt, ¢g (m/ms) = 300/ TOF (us) . FAZRISZITE
f1; AEZ 0.3 EiERRLA 58.55, HIBEERIRE m/s.

P AFREEERZA 71.0375 ps? XNMHZIESE "AFIREHOE 124875 ps” Aw%. EEMERRSEEN
4223 m/s, BBERE—XIER DAS fl@ t_off RIER.

A AFRERIERS 0.6 m? AREAIR—R PZT 25 —R PZT MERERE, BEME 03 m, RE "A—HRk
K. E—HRMFEREL" AOBKPENRER, FHRECEREERHE.

5123.83 BXABMILRBELD? SRERFREHEE AMEREIMHEERS 0.01 m/s BB, SEINLE
18529 5.12 km/s Bt T, ZEEU/INLRN T IZXIREFFFNERAL,

SYE6014 - Homework 2 -v2 | 10/18



9 BitRERAEMH

£ fd = 0.2 MHzemm &, LUEE— So 185

POE BEENE SFXENRXR

SENRRE 5124 m/ms  RNEMHHTEE

R ENMIR So 515m/ms  EIFif, REFEHITELIE 045%
R EEIR So 534 m/ms  {RE, REFEETELE 4.0%

R |35l - BhLGiEEy| / HIZRiEd] x 100% itH. EERERIR, XEEDERERIFERRIT, 76883
RESTRENEEE.

SIEREER: (REBRE 5 40 - FHIRR: 200 kHz b

5.4 — S0

i
[\S)
X|
X
;
@
5l
=3
n w 5]
[\ w w
0] o «

1%] w
£ £
5 5
by # 520
# i

48 X x x 5.15 +—

X X X ® s ~—
X — §3 S0
4.6 5109 __ S0
@ 200 kHz 35 5.124

5

.05 T T T T T T T T
0.100 0125 0150 0.175 0200 0225 0250 0.275 0.300

0.2 0.4 0.6 0.8 1.0
SE x BEE / MHz-mm

SR x EE / MHzzmm
WelLARIESR, BERMMRISHFEHFRHE RS E -
e iN: 0.3 m + 295147 m/s = 58.3 ps,
e H: 0.3 m + 295339 m/s = 56.2 ps,
o ZRSC: 58.55 ps, FHRAMIN.
{ENLEEICTRIN : 1% B. Steel, FETAXEETEHHARNREI S, RE. EEEIEFNM B INEHZE HAVRIET
Bt. SMBREIRNERERE, MUAEER "MEMEHSNTEESR" | EAESH "B SHERE M
P AFEARLESEFAFMEREEE C? LNEUFASTINESRE. RETH. EBREEMUERENS
M, FrAEERA “UENSR" M "HEERNSR" 2E—[E%E. 200 kHz F9EHREE5NYES, HREELEK

FERBENELI—BICREF B, BEX/LIMEN, FRLMERMH—OSE. Eik C, BB iAlE
REZE—HR, FHATGERSR SRMIEERRI A EA1T,
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10 B—PMRESZHENA—E

500 kHz Z=2EERNBERBE—IX
EEEMNTPERE, B0 58-69 us: &5IE 5.3125 ps, #EUIIE 65.0875 ps,

TOF = 65.0875 — 5.3125 =59.775 pus
cg=300/59.775=5.019 m/ms

RS f-d = 0.5 MHz-mm, [REERSNHR So 29 5.11 m/ms, $8#x2Y 5.29 m/ms; SCIWRERSAN, (BREER
54 1.7%.

500 kHz: BfIE 65.0875 ps, TOF 59.7750 ps

14 RES
— 2

EE

[EERII—{n

50 5'5 6|0 6|5 7b 7'5 sb BIS 9b
ICRATE / ps
700 kHz: BEI# 67.0000 pys, TOF 63.0000 ps

1 BES
— 2

BE

FEEBIE—{Ll
<
-

1
1
I
I
1
1
\ ~ \ | | '\ / \ 7

N TN B Dy N P W R ~ N VLV \ N\ /

VN )\ N \ [ [

:\J N \ / \/ \/oN | | \/
1
1
1
1
1

50 55 60 65 70 75 80 85 %
ICRAS[A) / ps
700 kHz Jft A A geRgid

EREE—RE: &57I& 4.000 ps, #EUglLE 67.000 ps, 18 TOF = 63.000 ps, cg ~ 4.762 m/ms; THNEHZA
5.06. fBHRZR2Y 5.23, FER{MAETILN, EXHRIHRELS 5.8%., "SEiAN" 1 "SIEHMS" | &8
B2 A RINMHELS.

500 kHz BT AR BEOEEERIT] 80 us? F4 73 ps HIOEE— M EEENE%KIE. BO—BHEHETT—NKE,
EFasits— g, NENSEHNET. ZEE LEEFERKE, EFIEZERH—R.

RARIN T RSRAFAAE? £Hlik 200 kHz, EERACHISMMAIEMREESZHEE, B5RE L 200
kHz BRSBTS L, 500 kHz ARERESITE. T—HoBERER SR H— AR A EAIE
& A RERENSIEN A EERFNHES &,
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11 £ENEIER

TEAFKIEHE. X198, Hilbert @EIFNLER. (& 100 kHz 4b, HWENTRESFERABIED; =5
REBRBERNSEIHE, MERRFUEE.

f/kHz EI950 / ps t./ us t./us TOF / ps cg / m/ms
100 BEAEM — — — TEEHMRT
200 55-80 12.4875 71.0375 58.5500 5.124
300 57-74 8.5000 71.1125 62.6125 4791
400 58-73 6.4500 68.8875 62.4375 4.805
500 58-69 5.3125 65.0875 59.7750 5.019
600 58-75 4.5375 68.7875 64.2500 4.669
700 58-75 4.0000 67.0000 63.0000 4.762
800 58-75 3.6250 66.8000 63.1750 4.749
900 58-75 3.0875 65.7875 62.7000 4.785
1000 58-75 2.8000 66.0750 63.2750 4.741
YRR ENZ B

200 kHz: FRIZRIREIRBEHNFIRHIR, EEHMES; BEFICRHEGLNEREBRIR, LA AEERE
RISSEZ T2,

300, 400 kHz: FEREARSREHIN, BERIASEM, EREREREITE, Hilbert IREEERICR
ER, ERAEITAeERE RN, XMARFAMERRE. EIMEY, iTERCERVEBMIRRARREH
TR,

600-900 kHz: BER(RSSEESNERIE, FHAERERKMRHR. REE—EEXAREERREL®, &
BELANESRERRERINAEER, FRCERIERNML L,

1000 kHz: BEZIRIHMIBNIEESS, RLHNOES, BUMETATSE. 100 kHz: A5 |INFRHRIRAYR]
BTN EAHREFEEMNRE—SHEIE— IS So 87, FUB=.

BEEE—ER Ao 13? R, REEFEKREIR. ZEE 1 mm REJMS(GE, 200 kHz B Ao FRITLITE 143
146 ps ZK; FTLAXEREIREL) 95 ps B5RE, FEEENER "FMKRE" BMIAER A XMTHEERA®
SRR G RIS, FRNRIKBISERMHAIE. BREIIESREDIEN, L5 —0 "RERKEESKE
—THRE" HisF.
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12 HARRICRBE—ES

100 kHz

200 kHz

] o
= 2
ES) )
T T
&I o
-1 -11
Adig) / ps B8 / ps
300 kHz 400 kHz
14 1 1
i ol
% M H”‘H‘ l ‘” ‘ ‘“\l\u\ ‘ ||| % | I
Al | “\
T 0 I\ ‘\ ‘ w“ H‘ |'”"\“ \h ‘ H T 04 | ‘”“\H ‘IH“H ‘\‘\ H‘ ‘M
= i “ H HRAREE \“ “\ | & LA LR IR Il il ” ‘l
\‘H | | "‘ H‘ il i M ‘\” ‘ LH RIS | Il
14 ‘ -“ ‘ y 1 ’\“‘L ,J ‘M“ | ’ ‘lt | d
AdiEl / ps 18 / ps
500 kHz 600 kHz
14
i i
% % | ““ |
i ‘I‘ il it (e
£ "_E 0 "\‘M ‘“H\“Mu”,
r H \||
-1 !
18] / ps Ff(8) / ps
700 kHz 800 kHz
1 14
a o
= e ¥ (i i A
Lot o ™ 1o n
= IR s
! I |
-1 -1
18 / ps B8 / ps
900 kHz 1000 kHz
11 11
a o
L N
kS S
T 0 4 e T 0+ L‘ A
o oo
| ‘|‘
-1 4 -1 4
0 25 50 75 100 125 150 175 200 0 25 50 75 100 125 150 175 200
A1 / s Frffa) / ps

REZFERKES, BEeEER, LBENEFECKANRSEREE. BEESEI—, BHRAER

0-220 ps KIEER (JREAICRIKEY 409.6 ps)
EfE—HEE.

MERHNERENEBIRE. IBEEMRR, FTERART
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13 f MATLAB ECSIEH!

BRI —INERATR ST SHEA CSV #idE, S TEHRBHRY dataDir BREES IR F1E1T. hilbert 3
2 Signal Processing Toolbox; tBa]FEMNAY FFT J5iEkE4R.

clear; clc;

dataDir = './signals';

fs = 80e6; % 80 MHz, ER{i9 Hz

L =0.3; % PIEREERIAIE, BAfI9 m

a = readmatrix(fullfile(dataDir,'1-2_200kHz_Actuator.csv'));
s = readmatrix(fullfile(dataDir, '1-2_200kHz_Sensor.csv'));
a=a(:);s=s(:); % —TREAGE S~

a = a-mean(a); s = s-mean(s);

t = (@:numel(a)-1)'/fs*le6; % BiE)H, EA(I9 us

Ea = abs(hilbert(a));

Es = abs(hilbert(s));

wa = find(t>=0 & t<=50); % B{EAgIpKT

[~,3] = max(Ea(wa));

ia = wa(3); % BORMEREEICRES|
wr = find(t>=55 & t<=80); % SLEE, BHEaMIKE
[~,3] = max(Es(wr));

ir = wr(3);

ta = t(ia); tr = t(ir);

TOF_us = tr-ta;

cg = L/(TOF_us*le-6); % RFVEEK m/s
fprintf('ta=%.4f us, tr=%.4f us\n',ta,tr);
fprintf('TOF=%.4f us, cg=%.3f m/s\n',TOF_us,cg);

subplot(2,1,1);

plot(t,a,t,Ea); xlim([@ 35]); grid on;

xlabel('Time (us)'); legend('Actuator’, 'Envelope');
subplot(2,1,2);

plot(t,s,t,Es); xlim([50 82]); grid on;
ylim(1.25%max(Es(wr))*[-1 1]); % MARK, BHREFEEERE

xlabel('Time (us)'); legend('Sensor', 'Envelope');
W15Z%! ta = 12.4875 ps, tr = 71.0375 pus, TOF = 58.5500 ps, cg = 5123.826 m/s,

[~53] = max(...) EMHA? nax —XRREIRAEMEHMNE. XEA ~ ZEEE, RBUE ). T8 REE
ARRIFS, 05 ir = we(]) REIRICRES|, FEEEEIERRIATEL.

EITEE— B TIE? A%, EEMRELESETHEARE— 8. BURAWEIENNS, EFAFEENR
RIS ATFIRF.
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14 HHEPRLEENBERE

1 %k BHER

[BJEE 0.3 m, S, IEEZ] 5000 m/s, FERTAMINFE 60 ps L. ANREH 0.06 ps. 60 ms HJLFAIE, 7t
EBEBMEN. X—SREAFIMBEERN, FAREEIEELEIEFEER 60 ys.

2 RS REFDHEELINERE

REFERRARA 0.0125 us, BF—NRER, HERWR)N. TEK EEEET MBSO, E—P AR,
ZHEHMZ 1-3 us, AT RIEFEPR.

IEES L ElRE. iREAAKRT, |8c|/c = |8TOF|/TOF, TOF = 58.55 us T, 1 pus MASEIRELNS 1.7% RIEE
iRZ; M 200 kHz TRMRIEMRIE So FRLT TOF RELY 2.1 ps, ATLA, IEIERIYIIRIKIELL NS BR T UL
BEES.

3 BiNEEORERE

i€ 200 kHz RIEC/NERS) (RIIRRAMEZIBIRKE) , BfRENSEREL 71 us. EREAMN. ERH
BEIFILE, KRREEERAREKRES Y. BIERE TRELEM AN ENSR.

4 [BiRTLAHEIMER, (BRRE

i AR RBRTHIMNIIRE, FEieRA8s tAER, EREHaNKIAETIRE. WRAT,
MBCFAE. M. BETEN, URIEKAIERIENC. ERBIERERER, HENREMEGSEMN; &
EfFAB AT LERITK.

5 WRFREFRTRG
HoEMAEINELE, FTESKREEE. ARESEFSIEEREENER. LRENEEEIRNER

ZEX. HEICRAFEEN—H, HiRBEECERERAZNEMEENBFERL. EEISEMER,
AL ERERIAEE, M "IERE « EREE" RIEE, ATlBEEEMIEREIIEINE.

THEARXNMER? ZiCERMMLINERENEE— TOF: HZERSHAERESN, BiaEhEERRE+HO

RAEGHE, A 500 kHz TBEE—EME, ERNREEMIRIRE. HHR Python BRI FFT 8485
SciPy Hilbert &48RI—21t. XEIERIMREREFMITE, LREEASHNAMHEEHASREILEXR.
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15 HXEESE SPGB

TEXRAUS R SRR FRESE. BB LRECERESESREKE, FRBERER
HYEHE.

Suggested solution

The time of flight was estimated from the difference between the envelope-peak times of the
actuator signal and the first identifiable mechanical wave packet in the sensor signal. Both signals
were demeaned before calculating their analytic-signal envelopes. The near-synchronous electrical
response and later wave packets were excluded from the direct-arrival time window.

For the 200 kHz measurement, the actuator-envelope peak occurs at 12.4875 ys. The sensor-
envelope peak in the 55-80 ps window occurs at 71.0375 ps. Therefore,

TOF =71.0375 — 12.4875 = 58.55 ps,
cg=0.3/(58.55 x 107°) ~ 5124 m/s = 5.124 m/ms.

For the 1 mm thick strip, the frequency-thickness product is 0.2 MHz:-mm. The measured early
packet is interpreted as the S, direct-arrival candidate. At this frequency-thickness product, the
supplied So group-velocity curves give approximately 5.15 m/ms for steel and 5.34 m/ms for
aluminum. The measured value is closer to steel.

As a cross-check, the 500 kHz early packet gives a TOF of 59.775 ps and a group velocity of
approximately 5.019 m/ms, again closer to the supplied steel curve. Thus, B. Steel is the best-
supported choice among the supplied candidates. Some other frequencies show appreciable
deviations from both ideal curves, and several records contain saturation or weak and overlapping
arrivals. The result should therefore be described as an experimental best match, rather than an
exact agreement at every frequency.

B-BERATA

F—EB: ZAFE. 55 "BESRIE. K£XYE. HRENNREIE" | BIAZIERERIZEPERRTE,
BB HuSKitE. BNREHZ). BEEE. 0.3 m IEEMBRARESERIHE,

SE=E: SSREMZLLE:. SBA fd = 0.2 MHzmm, A So X So, IBNFNIERSEEIRE—H5IHE.

BHER: THECHRIBIEREE. St B, B—MIRNER, FEHERSEFIEENS. BRET
IR, B2 T HMEERIIER.
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16 1FEERERS MG

ATA—R PZT £—iR, H—RaiEIRZE

—IXHAMEREREES MES, RESRERFIOARE, RERNBIIAZLR. SRR SMESEE
—ig, BEEBALASERSR, R "SINAE" JAEESHATE, RBESRAIN. BT
At AR RSTESBIAMIH

ARSI AILLRY, $EAIINERREAE 200 kHz THGRRD. MHEVESAIIER—SRE TRUEHEFIE L, tLalRE

HEHXEAEIEE

AEEALXNES, RIBERRAEE. ERHEE. B, B, ESMREaeX. 42BN
1V, 25dB AEREFMHIER, FRRBIMRIIERESR. A#LL TOF AE, ERIVETHHERKIEE
ESEIER TSl

EEJE Rayleigh-Lamb FHi2MLiZ—iENG

AFEE, Lecture 4 55 18 TURA T HZLAVIEICKIR, (FIEEEE TRAMEIINEREE., FaRs. 1#EiH
SERFNMMERIFEE. B SHERICHZIAES I \MHEEESE], SBEHIREEKIEINXL(RIZ.

== =R

%3 1: 400 kHz, [EE 1 mm, 7EE SRR MELTR?
&%: 400 kHz = 0.4 MHz, fd = 0.4 MHzemm,

53 2: REFELEUE S ps. BUE 65 ps. BEES 0.3 m, KEE.
Z=: TOF = 60 ps; cg = 0.3/(60x107°) = 5000 m/s, HEEIEZ 65 us X, HERETSENZ.

%3] 3: F—LIRAIMRUERESIES 0.2 m, KB 10 us #E| 50 s, SEEITIEER 27
BE: NRENECRESZBNERERE, B 0.2m; TOF =40 us, &EE3J 5000 m/s, RESLFRIEEZHHT
EiREY, FEERIEEERZE.

FoMnE: (REEEEEIRE "AHTARPXME" | FHIRYTRK HAFRS - HEECEE BN E -
i XEE. RETER "W, BMER. BEEEEEMRFLRT.
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