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Chuong 1
Gidi thiéu

Chladni 1& mét chuong trinh phéan tich modal: ti dt liéu dao dong do dudgc, néd xéc dinh céc dac
trung modal clia két cAu — tan sb riéng, hé sé cdn, dang mode — va so sanh chiing v6i mo6 hinh
phan tit hitu han. Tén chuong trinh dit theo Ernst Chladni (1756-1827), ngudi dau tién lam cho
dang dao déng “nhin thiy dugc” bing cat ric trén tAm kim loai.

Chladni chia phén tich modal thanh ba buéc tach bach:

1. xt ly tin hiéu: dua dit liéu do vé dang lam viéc clia chuong trinh, lam sach va gén vi trf do;

2. nhan dang hé (system identification): wdc lugng mét mo6 hinh todn hoc ctia hé tur dir lieu —
phé PSD*/FRF (phi tham s6) hoiic cdc m6 hinh khong gian trang théi/da thitc & nhiéu bac
(tham s6);

3. phan tich modal: rit cdc mode vat Iy tit m6 hinh da nhan dang (biéu d6 6n dinh, peak
picking).

Sy phan biét gitta nhin dang hé va phan tich modal dugc gitt ca trong giao dién 1an trong cac
ham: mo6t mo6 hinh duge nhan dang mot lan va c¢é thé duge “doc” bang nhiéu cach chon mode
khac nhau.

1.1 CAc loai phan tich

Loai bo duge Phuong phéap trong Chladni
OMA (vAn hanh, output- chi dap tng PSD* + PP/FDD, SSI-data, SSI-cov (/ref),
only) pLSCF
EMA (thuc nghiém, input- luc va dap tng FRF (H1) + PP/CMIF, pLSCF tat dinh
output)
OMAX (két hop) I + kich thich moi  CSI (SSI c6 diu vao do)

trudng

1.2 Dy an, mo hinh FE va giao dién
e Dy 4n: moi cong trinh 1a mot thu muc tu chita, c6 thong tin cong trinh, ban vé, lich st, dit
lieu, két qua va logfile.py; xuat/nhap thanh mot file ZIP.

« Mb hinh FE: nhap mé6 hinh OpenSeesPy/Tcl dé c6 hinh hoc va dang mode FE (so MAC),
hoac mo6 phoéng di liéu do.

e Giao dién desktop chay offline, song ngit Anh/Viét, giao dién sdng/t6i.



1.3 Tai liéu lién quan

Céc case study dugc viét thanh tutorial riéng trong D: \Working\NCREP\Examples: z24/ (cau Z24,
9 setup, hai tru). Bai toan kiém chting khung cit 4 tang c6 san duéi dang project mau (chuong 6).



Chuong 2

Bit dau

2.1 Yéu cau va cai dat

Chay tit ma nguon, Chladni dung dudc trén Windows (da thit trén Windows 11) va Linux. Can
uv (quan ly Python) va Node.js (chi dé build giao dién mot 1an). Python 3.12 dudc uv tu cai;
OpenSeesPy hién chi hd trg ban nay. Ctia s6 desktop dung Qt 6 (PySide6), dugc uv sync cai
cung cac thu vién khac. Trén Mac Apple Silicon c¢é thé ding ban déng géi san (muc 2.3), khong
can cai gi thém.

cd D:\Working\NCREP\Chladni

uv sync # mdi trudng Python + thu vién
cd web && npm install &% npm run build # build giao dién (mdét 1lén)

cd ..

2.2 Khdéi dong

uv run chladni desktop tmg dung trong ctia s6 riéng, chay offline

uv run chladni serve cung giao dién, mé trong trinh duyét (http:
//localhost:8000)

uv run python tao 16i tat Chladni trén Desktop va Start Menu

scripts/install_shortcut.py

Céc 1énh phéi chay trong thu muc Chladni; tt noi khéc dung uv run -directory <dudng
d&n>\Chladni chladni desktop. Céc project dudc luwu trong Chladni\projects; bién moi
truong CHLADNI_PROJECTS chuyén chting sang thu muc khéc.

2.3 Ung dung doc lap trén macOS

Bén macOS (Apple Silicon, arm64) da chita san Python, giao dién, cita s6 Qt va cc thu vién
tinh toan: ngudi diing khong can Python, Node.js, uv hay ma nguon. M4 file Chladni-<phién
ban>-arm64.dmg va kéo Chladni vao Applications. Kiém tra file tai vé bang checksum SHA-256
trong SHA256SUMS.

o Dit liéu: project, hd so ngudi ding, bo tham s6 hiéu chinh, két qui va log nam trong
~/Library/Application Support/Chladni/. Thu muc nay dugc gitt nguyén khi thay
bén tmg dung mdéi. Bién CHLADNI_HOME chuyén toan bo dit liéu sang thu muc khic,
CHLADNI_PROJECTS chi chuyén cic project.

« Chuyén project tit ban chay méa ngudn: project cit khong dugce chép tu dong; xuit ZIP
& trang Projects roi Import trong tng dung.


http://localhost:8000
http://localhost:8000

e Project mau: di kém @ng dung va chay offline.

« Ky sb: ban dung chi c¢é chit ky ad-hoc, chua duge Apple notarize. Lan dau mé, macOS
c6 thé chin tmg dung; khi d6 vao System Settings — Privacy & Security va chon Open
Anyway.

¢ Khi khéng mé dudc: xem desktop.log trong thu muc dit licu.
Céch build ban nay va quy trinh phat hanh qua GitLab CI ¢6 trong docs/STANDALONE_MACOS .md.

2.4 H6 so ngudi dung, ding nhap va ding xuit

Chladni 1 tng dung chay trén mdy, khong c6 tai khoan trén méay chi: mdi ngudi ding c6 mot hd
s6 cuc bd (tén, don vi, e-mail va cai dat riéng), khong can mat khau. Lan dau mé tng dung,
man hinh chao yéu cau tao hd so; sau d6 chon ho so dé vao. Dang xuat (menu tai khoan & géc
dudi thanh trai) quay lai man hinh chao dé ngusi khac ding mdy. Céc du 4n ding chung cho moi
ho so trén may.

Menu tai khoén: Account settings (Ctrl+,): ngon ngit (English/Tiéng Viét — thuit ngit nhu
MAC, PSD, SSI giit nguyén), giao dién (bén bang mau Catppuccin, theo hé théng hogc ¢ dinh;
14 mau nhan), tén va don vi; chuyén nhanh ngén ngit va giao dién sing/t6i; Sign out.

2.5 Trg gitp, phim tit va bang lénh

« Help (thanh trai, kém s6 phién ban): huéng dan trong tng dung, s tay niy (md bang trinh
doc PDF ctia mdy), phim tit, bang lénh, What’s new (nhat ky thay déi — tu hién mot
lan sau moi lan cap nhat), Report a problem (trang bao 16i ctia du 4n) va About Chladni
(phién ban, ban dung, phién ban céc thu vién tinh todn, thu muc du én).

« Bang Iénh (Ctrl+K, hoic 6 Search or jump to... dusi 6 chon project): gd dé tim trang,
project hodic thao téc (ddi ngon ngit, giao dién, an/hién Explorer, dang xuat. .. ), khéng can
g6 dau; miii tén dé chon, Enter dé thuc hién.

o Phim t&t: ? md danh sich day du.



Chuong 3

CAu tric va quy udc

3.1 CAu tric chuong trinh

src/chladni/workbench/ 16i phén tich: cdc muc, xit Iy tin hi¢u (signals), nhan dang hé
(ident, emax), phan tich modal (modal), ché do batch (batch)

src/chladni/project/ dy 4n, hinh hoc, m6 hinh FE, xuit két qua (CSV, UFF), dang
mode trén hinh hoc

src/chladni/api/ mdy chi FastAPI (giao dién goi qua /api/...)

web/ giao dién React

Céc thuit todn nhan dang dung pyOMA2 [2] (SSI, pLSCF, FDD) va ma riéng ctia Chladni
(PSD*, H1, pLSCF tat dinh, tiéu chi én dinh, MP/MPD, ghép setup); mé hinh FE dung
OpenSeesPy [3].

3.2 Cac muc va ngudn goc
Mbi bude phan tich tao ra moét muc (item) duge luu trong project va hién & Project explorer

(hinh 3.1). Mdi muc biét né duge tao tit muc nao (nguodn goc); xéa moét muc thi moi muc sinh ra
ti né ciing bi xoda.

file do
CSV - XLSX - MAT"P9"" Raw data Clonveft Converted [rocesProcessed + DOFs
Parquet - WAV raw converted processed
TDMS - UFF

Identify

Global mode set’ombine Mode set Pick| Identified model
set:<key> set:<key> model

Hinh 3.1: Cac muc ctia mot project va thao tac tao ra ching.

Muc N6i dung

Raw data tin hiéu nhu da ghi (V, counts hoiic don vi vat 1y), doc mot lan vao
dinh dang ndi bo

Converted signals  tin hiéu lam viéc: SI, nhan, loai dai lugng cia timg kénh

Processed signals  sau tién xi 1y; mdi kénh gén nit, huéng, ¢ tham chiéu

Identified models PSD™/FRF, hogc cuc clia moi bac md hinh

Mode sets cac mode da chon: f, &, o, ¢, MPC, MP, MPD, bac




3.3 Dinh dang dit liéu do dudc hé trg

Moi file 14 mot setup; moi ¢ot (hodc mdi track) 14 mot kénh.

Bang 3.1: Dinh dang file do nhap dugc (Import files, hoac kéo file vao trang/Explorer).

buoi file

Quy téc doc

.csv .txt .dat .asc

.xlsx
.parquet .pq

.mat

.wav

.tdms

uff .unv

bang vin ban; dau phan cach , ; tab hodc khoang trang (tu nhan); dau
thap phan chdm hoic phay; dong bat dau bang # 14 chd thich; hang
tiéu dé tiy chon (c6 thi tén cot thanh tén kénh, khéng c6 thi CH1, CH2,
...); cOt thoi gian tuy chon (tén t, time, time [s], time_s, ... hoac
cot dau c6 bude déu) — ¢6 cot nay thi f, duge tinh tu dong

Excel: sheet dau tién, cling quy tic nhu bang vin ban

bang s6 Apache Parquet, doc truc tiép (khong qua CSV); tén cot 1a tén
kénh, gitt nguyén thit tu cot va moi mau. Cot thoi gian tliy chon (tinh
bang gidy, cling cdc tén nhu bang van ban, & vi trf bat ky) cho fs; v6i
file c6 cot tén 0, 1, ... hodc £0, f1, ... (do cong cu chuyén doi
tao ra), cot dau chi dugc coi 1a thai gian khi né bit dau tit 0 va ting
déu. Yéu cau chat hon bang van ban: moi cot phai 1a s6 thuc, khong
c6 6 trong/NaN /vo cuc, tén cot khong trung, nhiéu nhit mot cot thoi
gian va cOt nay phai ting déu (sai léech < 0,1%). fs nhap tay (néu co)
dugc vu tién hon fg tinh tr ¢4t thoi gian

MATLAB v5-v7.2 va v7.3 (HDF5): bién data (hodic ma tran sé 16n
nhat), kénh x mau hay mau x kénh déu dugc; bién fs néu cé; mot
mang chudi ciing s6 phan ti v6i s6 kénh (vi du labels, labelshulp)
duge dung lam tén kénh; file chuan bi cho MACEC doc dugce truc tiép
WAV PCM hosc float, mdi track mdt kénh, f, doc tit file; sé nguyén
PCM dudc chia ve 41 (nhan lai v6i toan thang ctia thiét bi § bude
Convert)

LabVIEW TDMS: moi kénh s6 ctia moi group (tén group/kénh khi cé
nhiéu group); fs tit thudc tinh wf_increment (hoiic fs, SampleRate);
cac kénh khéc do dai bi bé qua (c6 ghi chi)

Universal File, dataset 58 (ban ghi thoi gian, ASCII hoac nhi phan
58b): mdi dataset mot kénh, tén theo nit va huéng ddp tng (vi du 10Z),
fs = 1/At cia truc hoanh

Khi file khong c6 thong tin fs (bdng khong c6 cot thai gian, .mat khong cé £s), phai nhap fs
trong 6 fs truée khi import. File nhi phan khac bi tit chdi kém thong bao; hay xuat ching sang
mdt trong céc dinh dang trén bang phan mém thu dit liéu.

Trong quy trinh dy &n OMA (khai bdo kénh theo setup), file Parquet duge ghép theo tén kénh
néu file c6 du cac cot tring tén; néu khong, cic cot dit liéu dau tién duge lay theo thit tu kénh

clia setup.

3.4 Import va Convert — dinh dang lam viéc caa Chladni

Import doc file do mot lan duy nhat va luu né vao project & dinh dang noi bo (file nén data.npz
trong thut muc clia muc: ma tran sé thie mau x kénh va fs). Tit d6 moi thao téc doc thang mang
s6 nay — khong phan tich lai CSV hay Excel, khong phu thuoc file gbc con hay mat.

Convert dua tin hiéu tho vé tin hiéu lam viéc chuan ma moi budc sau diing: mdi kénh c6
nhan, loai dai lugng va gia tri theo don vi SI. Nho dé:

e moi kénh ciing mo6t hé don vi: dang mode, phé va do thi so sanh duge véi nhau;



« loai dai lugng gitip chuong trinh tu chon vai tro ciia kénh (gia toc/van toc/chuyén vi 1a
output, luc 1a input cia EMA/OMAX) va ghi diung don vi trén truc;

« nhan kénh (vi du 5%, 203T) dugc dung xuyén sudt: bang DOF, ghép theo nhin, logfile.
Véi mdi kénh, hé s6 chuyén doi 1a

i+ kgni ) ) o S
Tg = xgg'iAgh ks, A = 10448/20 néy khuéch dai tinh bang dB, (3.1)

v6i S 1a do nhay (don vi ghi trén mot don vi vat 1y, vi du V/g), A 1a khuéch dai, kgp; doi don vi
ghi (V=1,mV = 1073, nV = 1079, counts = 1) va kg d6i don vi vat ly sang SI (bang 3.2). Khi
dit liéu da & don vi vat 1y, dé trong Recorded in: chi kg dude ap dung.

Béang 3.2: Don vi vat Iy va don vi SI tuong ting.

bai lugng Pon vi nhap Pon vi lam viéc
gia toc (acc) m/s?, g, mm/s? gal m/s?

van toc (vel) m/s, mm/s m/s

chuyén vi (disp) m, mm, pm m

luc (force) N, kN, Ibf N

bién dang (strain) pue E

khéc (other) - nhu da ghi

Piém mau chot

Dang mode OMA khong c6 ty 1& tuyét doi, nén véi dit liéu gia tdc da cting don vi (du khong
16 13 m/s? hay g) chi can chon dai lugng acc va dé don vi gbe. Bang chuyén ddi chi bat budc
dung khi cac kénh c6 d6 nhay khac nhau, khi can bién do that, hodc khi c6 luc do.

3.5 Hinh hoc

Hinh hoc gom bén bang; mdi bang nhép truc tiép, dan tit Excel, hodc import tit file:

Béang Cot Ghi chu

Nodes id, x, y, z nit do va cdc diém can dé vé két ciu

Lines id, n1, n2, group doan thing (dam)

Surfaces id, n1, n2, n3, group tam gidc (tém t gidc chia thanh 2 tam
giac)

Slave DOFs slave, slave_dir, master, ugir(slave) = >~ factor - uqj, (master)

master_dir, factor

File nhap: CSV/TXT (c6 hodc khong cé tiéu dé) va file .asc cia MACEC: grid (node x
y z), beam (n1 n2), surface (n1 n2 n3, nit thit ba bang 0 14 dam) va slave (master mx my mz
slave sx sy sz: huéng master 1 véc-to don vi, hudng slave da nhan hé sb; véc-to slave bang 0
nghia 14 nit dig yén). Hodc import mot mo hinh OpenSeesPy (.py) / Tecl (.tcl): nit, phan
t va dang mode FE dugc doc tit mo6 hinh.

3.6 Bac tyu do do (DOF) va hudéng

Ma3i kénh ciia tin hiéu processed dugc gin mét ntt hinh hoc, mot huéng va ¢ tham chiéu.
Huéng nhin cic dang: x, v, z, -x, -y, -z; mdt véc-td a, b, c (dudc chuan héa); hodc hai géc:
6 (phuong vi trong mat phang xy, tinh tit ) va ¢ (gbc nang so véi mit phang xy), véc-to



(cospcosf, cospsinf, sinp). Bang DOF nhip tit CSV ¢6 cic cot label, node, dir, ref (tuy
chon theta, phi), ghép theo nhan kénh.

Kénh tham chiéu (Ref.) 13 kénh cé mit (ciing nit, cting huéng) & moi setup; chiing dudc
dung cho SSI/ref va dé ghép cac setup.

3.7 Thu muc project

projects/<slug>/
project.json tén, mdé td, thong tin céng trinh, lich st
drawings/ bdn vé, tai lidu dinh kém
geometry/ nodes.csv lines.csv surfaces.csv slaves.csv (+ model.py, fe_modal.npz)
items/<id>/ item.json (mdé td, ngudn gbc, théng sb) + data.npz (madng sb)
results/<key>/ bd mode: run.json, modes.npz (<method>__Fn, __Xi, __Phi, ...), dofs.csv
presets/conversion/  bang chuyén d3i da luu presets/dofs/ bang DOF d& luu
logfile.py nhit ky thao tac, chay lai dudc

Dt liéu trong data.npz:

raw /converted /processed data (mau x kénh), fs

mo6 hinh tham sb Fn, Xi (cuc x béc), Phi (cuc x bac x output), orders, tuy
chon Fn_std, Xi_std, sv

md hinh phi tham s freq, S (tan s6 x output x tham chiéu/input), auto, std,
coh

3.8 Logfile va ché db batch

Khi moét thao tac dugce thuc hién trén giao dién, mot dong lénh tuong Gng dugce ghi vao logfile.py
cua project, vi du:

from chladni.workbench import batch as wb

p = wb.open_project(’frame-4-storey’)

wb.process(p, item=’converted-001’, ops=[{’op’: ’offset’, ’params’: {}}])

wb.ssi(p, item=’processed-002’, method=’dat’, i=34, ordmin=2, ordmax=60, step=2,
uncertainty=True)

wb.pick_poles(p, model=’model-002’, picks=[{’i’: 0, ’j’: 24}, ...])

Logfile cho biét chinh xdc da lam gi, cho phép lam lai toan bd phan tich ma khéng can giao dién,
va 1a mau dé viét script phan tich (chuong 5).



Chuong 4
Giao dién

4.1 Bb cuc

« Thanh trai: chon project; cic budc theo ba tang phan tich — Geometry; Signal processing
(Convert, Process & DOFs); System identification; Modal analysis; Results (List modes, Mode
shapes, Compare modes). Cham xanh: budc da c6 két qua.

+ Project explorer (bén phai, 4n/hién bang nit géc trén): cdc muc theo nhém. Bam dé
chon; Ctrl4+bam chon thém; Shift+bam chon dai; bAm dtp hoic Enter mé ding trang; kéo
muc vao trang dé ding né; kéo file tit may vao dé import; chudt phai: déi tén (F2), xem
nguon goc, tai ve, xéa (Delete). Chon tit hai bo mode trd 1én hién niit Combine setups. Nt
Logfile m& nhat ky.

« MBoi trang lam viéc trén muc dang chon & Explorer (hodc muc méi nhat cling loai), c6 thé
déi bang 6 chon & dau trang.

@ Chladni
Choose a project

?

z Z24 stage 01 Simple building demo

[ All projects

Help

@ Thang

Hinh 4.1: Trang Projects: mdi thé 13 mot project, thanh tién dd cho nim budc.

10



4.2 Projects va téng quan project

New project tao project trong hodc tit mau: 4-storey shear frame — benchmark (chuwong 6), Example
— declared geometry (nha 2 tang, dit liéu volt c6 do nhay), Evample — OpenSeesPy model (khung

3D). Menu “...” ctia thé: xuat ZIP, xéa; Import nhap project tit ZIP. Trang tong quan ciia project
chita thong tin cong trinh, ban vé (kéo tha PDF/anh/DWG...), lich si va tién do.

4.3 Geometry

Geometry

Hinh 4.2: Trang Geometry: bang nit (trdi), khung 3D (phai), thong ké.

Bén tab Nodes, Lines, Surfaces, Slave DOFs; moéi tab c¢6 Import CSV (nhan ca file .asc),
Template (CSV mau), Add row; dan tir Excel vao 6 bat ky. Save geometry ki¢m tra 16i (ntit

tring, nit khong ton tai, huéng slave sai). Nt Import OpenSeesPy model chay mot script mo
hinh va liy ntt, phan t, mode FE. Node labels hién s6 nit trong 3D.

11



4.4 Convert

@ Chisdni = Project exploner

MAGES tubarial 1—

Convert
M Tt et = camver

Setup 1-framedatamat 4 Ch L] X, import files

*hysical unit

Quick look (raw)

Ml

Hinh 4.3: Trang Convert: muc raw dang chon, bang chuyén déi, xem nhanh tin hiéu tho.

1. Import files (hoic kéo file): xem bang 3.1. O fs: 0 = 14y t file.

2. Chon mot hodc nhiéu muc raw (nhiéu setup cling phan cting duge chuyén déi mot 1an; moi
setup gitt tén kénh ctia minh). Cdc muc dudc chon phai c¢é cling s6 kénh.

3. Dién bang: Label, Quantity, Recorded in, Physical unit, Sensitivity, Amplification, dB.
Bulk edit gdn mdt gia tri cho cdc dong da chon. Save as. .. /Load: preset conversion factors.

4. Convert tao cac muc Converted signals.

Quick look (raw) cho xem Time, PSD, Autocorrelation, Spectrogram, Statistics. Khi project ¢
mo6 hinh FE, thé Simulate from the FE model tao dit liéu mo6 phéng (kém DOF) véi thai lugng,
fs, hé s6 can va nhiéu cho trude.

12



4.5 Process & DOFs

@ Chiladni

= MACEC tutarial 1-_

Process & DOFs

= Project explorer

B Save processed signal

Hinh 4.4: Tab Process: danh sach thao tac, lich st, xem trudc két qua.

Tab Process: thém thao tdc biang Add operation hoic cic nit nhanh, kéo dé déi thi tu,
bat /tat, chinh tham s6; mot sd thao tac cé thé chi 4p dung cho vai kénh. Két qua hién ttc thi
(Before/After/Both); Save processed signal 4p dung cho moi muc dang chon.

Béng 4.1: C4c thao téc tién xit 1.

Thao tac

Tham sb

Téc dung

Delete channel(s)
Crop time window
Remove offset (mean)
Detrend

Remove spikes
Butterworth filter
Notch filter

Decimate

Resample

Taper (Tukey)
Integrate / Differentiate
Scale

kénh
bat dau, két thic [s]

bac da thic

ngudng ko, noi suy/cat

loai, fiow, fnigh, béc, zero-phase
fo, Q, sb6 hoa tan

hé sb ¢

loai kénh héng

git mot doan ban ghi

trur gia tri trung binh

b6 troi

bé diém bat thuong

loc théng thap/cao/dai/chan
b6 nhiéu dién luwéi, may

loc chéng chong phd rdi gidm f;
lay mau lai (dong bo cic setup)
lam mém hai dau

gia tdc <+ van téc < chuyén vi
nhan moi kénh
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Process & DOFs

4 MACEC tutarial 1-

Measured DOFs

Hinh 4.5: Tab DOFs: nit, huéng, tham chiéu ciia ting kénh; 3D cac DOF do.

Tab DOFs: nhap niit, huéng, tham chiéu; From labels doc nhan kiéu 5X, 203-y; Import CSV
doc bang label, node, dir, ref; Copy from... liy tit muc khac; Save as.../Load preset;
Save DOFs. Khung 3D vé miii tén theo huéng do, tham chiéu mau do.

4.6 System identification

f- Chiladni = Project explorer

System identification

tutarial 1-_

EE@

La; System idenification

Hinh 4.6: Trang System identification: chon kénh, loai phan tich, phuong phap va thong sb.
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1. Chon tin hiéu processed. Béang Select channels: Outputs, References, Inputs (mic dinh:
kénh Iirc 1 input, cac kénh con lai 1a output; cd tham chiéu 14y tit bAng DOF).

2. Analysis type tu gdi y: stochastic (khdng cé luc), deterministic hoac combined.
3. Chon phuong phap va théng s6 (bang 4.2); Resolution info cho biét Af, kich thudc Hankel,

béc t6i da. Calculate chay nén va tao mot muc Identified model.

Bang 4.2: Phuong phap nhan dang va thong so.

Phuong phéap Thong s6

Nonparametric - PSD*  periodogram: Number of data blocks Ny, Time window parameter
m (git Np/m tré dau: {t phuong sai hon, do phan gidi tho hon);
correlogram: Number of time lags

Nonparametric — FRF  sb khéi; H; = Gqufml, kém coherence

(1)

SSI data-driven / covariance-driven; reference-based (chi dung kénh tham
chiéu); half the number of block rows i (nit suggest); System orders
min:step:max; Estimate covariances (4o bat dinh, s6 khdi). Bac tdi
da tu giGi han bdi i - nyer

pLSCF operational (PSD) hoic deterministic (FRF): bac da thitc ti da, do
dai doan, dai tan

CSI i, bdc (can it nhat mot kénh le)

4.7 Modal analysis

r. Chiladni = Project sxplorer

Modal analysis

M MACEC tutarial 1-..

3 Stabilization diagram

Ll Modal analysis

Hinh 4.7: Biéu d6 6n dinh (trai), Mode information va dang mode trén mit phing phitc (phai).

M5 hinh tham sé — biéu dé én dinh. Mdi cuc duge danh dau theo so sanh v6i bac ngay dudi:
@ on dinh (tan sb, can va dang mode), v (tan s6 + dang mode), d (tan s6 4 can), £ (chi tan s6),
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- cuc mdi. Criteria (bang 4.3) — Apply. Show all modes hién ca cyc vi pham tiéu chi ciing; Show
PSD+ phti tong PSD. Ré chudt: Mode information; bAm: chon/bd cic, dang mode hién trén mit
phing phiic (mode thuc: cc vée-to trén mot dudng théng). Nén chon cac mode & cung mdt bac.
Phim Delete bo cuc vita chon; Save tao Mode set.

Béng 4.3: Tiéu chi 6n dinh va gia tri mac dinh.

Tiéu chi Y nghia Mic dinh
Af sai khéc tan sb gitta hai béc lién tiép 1%
A& sai khac hé s6 can 5%
AMAC 1 — MAC gitta dang mode hai bac 2%
Emins Emax khodng hé s6 can (tiéu chi cting) 0-20%
MPC min modal phase collinearity tbi thiéu 0
MP max, MPD max mean phase, mean phase deviation téi da 90°

0f Max, o¢ max dd léch chuan t6i da (khi cé udc lugng bat dinh) tat

Mob hinh phi tham sb. Peak picking trén ANPSD (trung binh cdc PSD da chuan héa) hodc
CMIF/FDD trén céc gia tri ky di (chon SV thtt miy cho mode gan nhau); ré chudt xem MPC,
bam dé chon (tu bat dinh lan can).

Combine setups: chon cdc bo mode ctia ting setup (Explorer hodc thé Combine setups),
dung sai tan s6. Cac DOF chung (cling nit, ciing huéng) dung dé dua ting setup veé cling tj 1& va
pha (binh phuong t6i thiéu phiic); dang mode toan cuc chita moi DOF; f va ¢ liy trung binh kém
dd léch chuan. Céc bd mode c6 ciing DOF (do lap) dugc ldy trung binh.

4.8 Results

= Project exploner

List modes 224 stage 01 - global modes

724 stage 01 - plobal mades

i List modes

Hinh 4.8: List modes: nguon gbc, bang mode, xuat két qua.

List modes: f, o, &, o¢, MPC, MP, MPD, bac (gia tri dang ngo t6 mau cam); bang DOF; Export:
modes.csv, UFF, ZIP, stabmodes.mat (tuong thich MACEC), sao chép sang Excel. Chon nhiéu
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b6 mode dé so tan so va can canh nhau.

Mode shapes

Hinh 4.9: Mode shapes: hoat hinh 3D trén hinh hoc.
Mode shapes: hoat hinh 3D (bién do, mat nhin 3D/XY/XZ/YZ, nit khong do diing yén hodc

ndi suy, phit mode FE), céc tab DOF va d6 phttc. Chuyén vi ciia nit duge dung tit cdc huéng do
(binh phuong t6i thiéu), sau d6 4p phuong trinh slave.
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@ Chiadni

p MACECttorial 1

Compare modes

f MAC matrix

Hinh 4.10: Compare modes: ma tran MAC, cap mode, cidp mode 3D.

Compare modes: chon phuong phap A va dbi tugng so sénh B (mé hinh FE, phuong phép khéc
ctia cung bo mode, hodc mot bo mode khiac — MAC trén ciac DOF chung); thém/bét cdc bang:
ma tran MAC, cip mode, cip mode 3D, so sanh tan s6, AutoMAC, hé sb can.

Béng 4.4: Céc file xuat.

modes.csv béang mode

dofs.csv DOF do (nit, véc-td huéng, setup, tham chiéu)

<method>/mode_shapes_dofs.csv ¢ ciia tung DOF: phan thuc, 40, bién do, pha

<method>/mode_shapes_nodes.csv chuyén vi ug, Uy, u, cla tung nit hinh hoc

<method>/modes.uff Universal File Format: dataset 15 (nit), 82 (duong),
55 (mode) — doc dugce bang ARTeMIS, MEscope, pyuff

<method>/mode_k_f.html hoat hinh m& bang trinh duyét

stabmodes.mat dinh dang két qua tuong thich MACEC (£, xi, m, mpc,

mp, mpd, node_num)
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Chuong 5

Danh muc ham (ché d6 batch)

Module chladni.workbench.batch c6 cung cac thao tac nhu giao dién. Moi ham nhan project
trude (két qué clia open_project) va trd vé id clia muc mdi. Chay script tit thu muc Chladni:

uv run python script.py.

Ham

Mo ta

open_project (slug)
import_file(p, path,
fs=None, setup=None)
simulate(p, rows, duration,
fs, damping, noise_pct,
seed)

convert(p, item, rows,
name=None)

process(p, item, ops,
name=None)

set_dofs(p, item, rows)
nonparametric(p, item,
outputs, refs, inputs,
method=’per’|’cor’, blocks,
m, lags)

ssi(p, item,

method=’dat’|’cov’, outputs,

refs, i, ordmin, ordmax,
step, uncertainty, blocks)
plscf(p, item, outputs,
inputs, ordmax, nxseg,
method_SD, pov, f_lo, f_hi)
csi(p, item, outputs,
inputs, i, ordmin, ordmax,
step)

pick_poles(p, model, picks)
pick_peaks(p, model, fregs,
method="PP’ | ’FDD’, sv)
combine(p, sets, name,
freq_tol)

mé project theo tén thu muc
doc mot file do (muc 3.3) — raw

dit liétu mo6 phdéng tt m6 hinh FE — raw 4 converted

bang chuyén doi: moéi dong label, quantity, raw_unit,
unit, sensitivity, amplification, db — converted

danh sich thao tac {op, enabled, params} (bang 4.1; op:
delete, crop, offset, detrend, despike, filter, notch,
decimate, resample, taper, integrate, differentiate,
scale) — processed

moi kénh {node, dir, ref, theta?, phi?}

PSD™ hodc FRF — model

SSI — model

pLSCF — model
CSI — model
picks = [{i: cuc, j: chi sb bac}] — bd mode

chon vach tan s6 trén mé hinh phi tham s6 — bd mode

ghép cac bo mode ctia nhiéu setup — bd mode toan cuc
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Céac ham tinh toan dung duge doc lap:

signals.factors(rows) hé s6 chuyén doi, dai lugng, don vi SI ciia ting kénh
signals.apply_ops(ds, ops) ap dung thao tdc 1én mét tin hiéu (khéng luu)
ident.psd_plus(x, fs, PSD™ (periodogram/correlogram)

outputs, refs, method,
blocks, m, lags)

ident.suggest_i(ds, n_out, gdi ¥ ¢ cho SSI

n_ref)

emax.hl(y, u, fs, blocks) FRF H1 va coherence
emax.plscf_det(freq, H, fs, pLSCF tat dinh

orders)

modal.stabilization(arr, mé 6n dinh ctia moi cuc
Criteria(...))

modal.mpc(phi), chi s6 chat lugng dang mode

modal .mp_mpd (phi),

modal .mac_vec(a, b)

modal.anpsd(arr), ANPSD, gié tri ky di CMIF
modal.cmif (arr, info)

5.1 Vidu

from chladni.workbench import batch as wb

p = wb.open_project("my-bridge")
raw = wb.import_file(p, path="D:/data/setupl.csv", £s=200)
conv = wb.convert(p, item=raw, rows=[
{"label": "1V", "quantity": "acc", "raw_unit": "V", "unit": "g",
"sensitivity": 1.0, "amplification": 1, "db": Falsel}, ...])
proc = wb.process(p, item=conv, ops=[
{"op": "detrend", "params": {"order": 1}},
{"op": "filter", "params": {"btype": "bandpass", "f_low": 0.5, "f_high": 30}},
{"op": "decimate", "params": {"q": 2}}1)
wb.set_dofs(p, item=proc, rows=[{"node": 1, "dir": "z", "ref": True}, ...])
model = wb.ssi(p, item=proc, method="cov", i=40, ordmin=2, ordmax=60, step=2)
modes = wb.pick_poles(p, model=model, picks=[{"i": 3, "j": 25}, {"i": 7, "j": 25}])

Script hoan chinh cho mét trudng hgp that: Examples/z24/scripts/z24_analysis.py.
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Chuong 6

Vi du kiém ching

6.1 Khung cit 4 ting

Project mau 4-storey shear frame — benchmark dung dit liéu, hinh hoc va4 md hinh chinh x4c cong
b6 trong bai 1 ciia s6 tay MACEC [1]: nha cit 4 bac tu do, m = 2kg/tang, hai cot k = 2500 N/m,
C = K/1000, fs = 50 Hz, 8192 mau.

Bang 6.1: Tan s6 [Hz]: nghiém chinh xdc, MACEC (s6 tay, bang 4.1) va Chladni (SSI-data i = 34,
chon G bac 48).

Mode Chinh xd4c MACEC SSI-data MACEC pLSCF Chladni SSI-data

1 2,764 2,769 £ 0,009 2,768 2,769
2 7,958 7,932 £ 0,039 7,921 7,936
3 12,192 12,185 +£ 0,248 12,162 12,185
4 14,956 15,030 £ 0,272 14,965 15,027

Hé s6 can & bac 48: Chladni 0,81 / 1,91 / 3,49 / 5,40 %, MACEC 0,81 / 1,93 / 3,65 / 5,50 %,
chinh xéc 0,87 / 2,50 / 3,83 / 4,70 %. MAC gitta dang mode ctia Chladni va cia MACEC > 0,999;
v6i dang mode chinh x4c > 0,997. Chi tiét: case study Khung cdt 4 tang trong tmg dung.

6.2 Hé 2 bac tu do cé luc do (EMA/OMAX)

) L e 5 —2] .. 6000 —2000 X
Vi du 1 cia so tay MACEC: M = diag(2,2), C = [_2 5 ], K= [_2000 6000 |’ luc ngau
nhién & ca hai bac tu do, gia téc do & f, = 100 Hz véi 1 % nhiéu.

Bang 6.2: Kiém chting EMA/OMAX.
Ji [Hz] &1 [7)] fo [He] &2 [70]
Chinh xéac 7,1176 1,677 10,0658 2,767
H1 + pLSCF tat dinh (N = 16384) 7,118-7,120 1,72-1,73 10,059-10,067 2,78-2,82
CSI (N = 8192, i = 10) 7,1176 1,676 10,0658 2,766

MAC vé6i dang mode chinh x4c > 0,9999 cho ci hai phuong phép. Hé s6 can ctia pLSCF léch
khoang 3% do ro phd (ctta s6 Hann); véi ban ghi ngin (8192 mau, 16 khéi) sai s6 nay 1én t6i
khoang 14 %.

Céc kiém chitng trén chay tu dong trong bo test (uv run pytest).
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Phu luc A

Théng bio 16i thudng gap

Thoéng bao

Cach xit Iy

no time column — enter the sampling
frequency

no ’fs’ variable in the file

unsupported binary file

Parquet has no time column — enter the
sampling frequency

Parquet time column is mot wuniformly
sampled

Parquet has multiple time columns
Parquet measurement columns must be
numeric

Parquet contains missing or mnon-finite
samples

Parquet channel names must be nonempty
and unique

N conversion rows for M channels

Nodes not in the geometry for channel(s) . ..

Reference channels must be among the

outputs

CSI needs at least one input (force) channel
. changes the sampling — apply it to all

channels

has no DOF in common with the previous

setups

FEigenvalue analysis failed (import mé hinh)

nhap fs khi import

nhap fs, hodc luu £s cung di liéu trong file .mat
xuat sang CSV, XLSX, Parquet, MAT, WAV,
TDMS hoac UFF 58

nhap fs khi import

lay mau lai dit liéu theo bude déu trude khi import

gitt lai ding mét ¢t thoi gian (gidy)

bd hodc chuyén sang sb cac cdt vin ban, bool, sb
phtic

stta cac 6 trong, NaN hodc vo cuc trong file

dat tén riéng cho ting cot

cac muc dugde chon ¢ s6 kénh khéc nhau: chuyén
d6i theo nhém

sai s6 nit trong bang DOF, hodc hinh hoc da ddi
bé ¢& tham chiéu & kénh khong phai output

dat dai lugng force cho kénh lyc & buée Convert
decimate /resample/crop phai 4p dung cho moi
kénh

céc setup can it nhat mot DOF tham chiéu chung
(cung nut, hudng)

mod hinh thiéu khéi lugng hodc thiéu gbi
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Phu luc B
Viét tit

ANPSD
CMIF

CSI

DOF

EMA / OMA / OMAX

FDD
FRF
MAC / MPC / MP / MPD

pLSCF

PP

PSD*

SSI-data / SSI-cov (/ref)

UFF

averaged normalized power spectral density

complex mode indication function

combined deterministic-stochastic subspace identification

degree of freedom — bac tu do

experimental / operational / operational with exogenous inputs
modal analysis

frequency domain decomposition

frequency response function

modal assurance criterion / modal phase collinearity / mean phase
/ mean phase deviation

poly-reference least squares complex frequency-domain

peak picking

positive power spectral density

data-/covariance-driven  stochastic = subspace identification
(reference-based)

universal file format
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