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Abstract

Failure prediction and health management (Prognostic and Health Management, PHM)
is widely used in various professional fields, such as military, aerospace and other fields, and
is often used in industry to detect possible signs of equipment failure and confirm Causes,
establish equipment aging models and predict their service life, understand their health status
and plan for future directions.

In this experiment, the M5Stack C Plus is used to sense the screw of the robotic arm
machine and measure the stability of the screw during travel. The WI-FI function is used to
transmit data and PuTTy, MATLAB and other software are used for data transmission and
calculation analysis. In this experiment, several precision measurementsare made on the
running screw back and forth, and the values are collected and analyzed visually, which can
predict the health status of the machine and improve it. Al technology can be used to further
predict and improve the operating reliability of the system. Reduce system maintenance costs
and improve maintenance accuracy.
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(% 3-2 PuTTy 74 @% )

(B 3-3 FHREL CSVAL 4p TRE)

(B 3-4 CSVA4%*® 2 acceleration 7 #* )

itz -~ AP IR

lH

E t+E‘//\”). >

oo
= / f(z) e ™ dg ¢ BESEH - ¢ ¥
oC

(B 4-1 &= FHx Fe)

ge)

f(z) = / (&) ™ dt ¢ AEEEE - ¢ NESF AR, -
— 00

(B 4-2 &= Fagie pris)
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P Bseows  MeGIGN  xeeesn  wc Am wew  wewv o commens

(B 5-2 BrckE ¥F32F)

o X
(B 5-3 &45 COM & 7]3#)
X

| B EFEHE - USB Composite Device
; TEMAESEHEN?
|
|
| = IRSIEHEEL
|
|
|
|
|
i
!
t e

(R 5-4 & 45 s 425 )
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HEERR X

ERORLRRENRAMNENRE -

1222work

arduino code
ArduSpreadsheet.1.1

CDM v2.12.36.4 WHQL Certified
CP210x_VCP_Windows
D10S7¢ §:2022/12/17 ":‘“’5‘4
M5Burner-v3-beta-win-x64

| M5Plus_WiFi_1

| M5Stack-master

|

EHREE: CDM v2.12.36.4 WHQL Certified

(F—%-] H-5H {& * T ;\] I E’ﬁ,5§:§:’ ﬁi;\‘>

Previous Releases

Terms of Service ¢

5y dewnicseing the software from this page. specited

(B 5-6 % % Arduino IDE )

¥ a@masE 100 %
Dark (Arduino) v
v | (REEH M)

sit com/dlpackage_esp32_index json

(B 5-7 B kx Preference RE_F eyt
https://dl. espressif.com/dl/package esp32_index. json > & B B o )

IR #&
Bt
RE#FH
EEE
SOHAF
SOSAK

WiFi101 / WiFiNINA Bl B 5 2E
£ SSLARIET

FFR#R - "M5Stick-C"
BEARRES

Core Debug Level
Erase All Flash Before Sketch Upload

Partition Scheme

Upload Speed

R/ES
RROISERE

(B 5-8 Bz 2 45 3| B % 4 (boards))
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HRREEE Ctrl + Shift + B

Arduino AVR Boards
esp32
M5Stack

(B 5-9 B e & 45 3B % 4 ¢ 7 E (boards manager))

FRIREES

Mega £5obU, ATQUINO Leonarao & 1 H, AGamui
Circuit Playground, Arduino Mega ADK, Arduino
Robot Control

esp32 by Espressif Systems

(] 5-10 ¥ 45 esp32)

RIE/RE
EfE

EREEZLE
SHCEFN B
BRI

SRE R
aARE
AT

(B 5-11 R4 )

EEE.

I ZIP EE...

Arduino_Builtin
ArduinoOTA

BluetoothSerial
DNSServer

(M5-124 B 3mR)
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M5StickCPlus by M5Stack

See more on http//M5Stack.com
Library for M5StickC Plus development kit

porv] (==

(®] 5-13 4% M5StackCPlus * 7 §%)

eI~ FTHAH

AR SR FATT AEANFT RTRE- e A4 B EIRE L LT
L PHM 2 245 F L - AR % * Python #4718 %2 4=é WAV 42 * Wave
EEEFAYT 0 FEP-4AM 2 channels ~ sampwidth ~ framerate % 4p B T4 >
Tl CSV AR 58 = W i& gk o

.....

(] 6-2 WAVE 4 47 2. Python #2376 44 7 & 42)
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(B 6-3 WAVE & 47285 1 csv #%)

mean mu std VAR pdf rawdata
01 accX| -0.0375| 0.08660.0075 | 1x100 double | 55%1 double
02 accX -0.0300 | 0.0842|0.0071 1%100 double | 52x1 double
'03 accX -0.0201 0.1076|0.0116 1=100 double |74x1 double
|01 accy| 0.0740| 0.0548/0.0030 1x100 double | 55%1 double
|02 accy 0.1331] 0.0388/0.0015 1100 double | 521 double
03 accY| 0.1362| 0.1397|0.0195 1x100 double | 74x1 double
|01 accz 1.0404 0.0834/0.0070 1%100 double | 55%1 double
|02 accz| 1.0479| 0.0630/0.0040 1100 double | 521 double
|03 accz| 1.0441| 0.2167|0.0470 | 1%100 double | 74x1 double

(B 6-4 M5 Stack 2 & £ E1 8Tl %)

itdist(slide_rail @1.accX, "Normal’
paramci (pd)

fitdist(slide rail @1.accY, 'Normal®
paranci(pd)

itdist(slide_rail 0l.accZ, 'Normal’
aramci(pd)

fitdist(slide_rail 02.accX,’
)

itdist(slide_rail @2.accY,’
aramci(pd)

itdist(slide_rail 02.accZ, 'Normal’
aramci(pd)

itdist(slide_rail @3.accX,’
aramci(pd)

itdist(slide_rail @3.accY, ‘No
aramci(pd)

itdist(slide_rail 03.accz,
)

(B 6-5 MATLAB # f&~ fw ™ 2= 95% 1% #f % ¥ 3-8 4255 78)

Normal distribution Normal distribution Normal distribution
0374545 [ -8.0148413] mu 3 4 0.00655765] 2 ©.0201351  [-8.8450717, ©.00480146]
0.0866072 8 15, ©.106636] 3 [e. 518, ©.128439]

0.8729 - N -08.08609 0.8729
-0.8140 & -9.0140 0.1867

Normal distributi Normal distribution Normal distribution
[0.8591875, ©.8888125] mu = ©.133077 L , ©.143874] 136216 5 .168585]
.0547925 [0.8461279, ©.8674958] sigma = 0.0387824

283250150 gLt si RELES .16672]

ciy2 =
-0.8609  ©.0729 -0.8609  ©.0729
-0.8140  ©.1067 -0.0140  ©.1067

ciy3 =
-9.8609 0.8729
-0.0140 0.1067

tio
Normal distribution Normal distribution 5o
mu 1.04936 . B mu 1.84788 .83034, 1.06543] Normal dxftrlbgtmn e :
sigma = 0.083377 [0.6701921, ©.102707] sigma = 0.0630075  [0.052833, @.8781373] _mu 1.e4405 [0.993852, 1.09426]
cizt sigma = 0.216687 [0.186526, ©.258574]

-6.6669  0.6729 B ool aza ciz3 =
-0.6140  0.1067 9.0140  ©.1067 -0.0609  ©.6729
-.0140  0.1067

(B 6-6 MATLAB = =tiplok 2 9D% 4 % A3+ 5 %)
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