


# &

RIRGIE FLR RWHEZ I L PIERF R FRREDEREL LR FFRA
A FBAF PRI MR AP DR R A RGBT FRESEY
(Deep Transfer Learning) & * /% 3R 8% 1% 7B f £ R 2 » # * (Generative Adversarial
Network, GAN)H-4] A fichy ¥ 4 (Data augmentation) » A&JZ % SRe3 4% 77 R #icdp 7 XA 4E S
VRRABSBEY S FRAAEERERES G R 2 B S A
B o Adhe AL RA - (D)F SR 2 Bdpjc b BT S MEE LEEE ) B
30 kgw #EAS 2 B IR E A G P SRR R > F R K 4% 1% TR E 12
pm F R 3 FEIE R iR R4 e 2 e R B ¢ 30kgw g2 A5 B Ve B S TE R B
2500 £ FH > § ?“ W PR 500 £ > & 90T L R (Source domain) % Pk 3e (Target
domain) ek : ()4 B LA 47 2 4R 5 DB M2 ¢ R AT 4R B R 2 07
ﬂ%@i@%ﬁ’ﬁﬁ%ﬁﬂﬁ%&ﬁﬁﬁéi@ﬂ’ﬁﬁ@%ﬁﬁ?ﬁﬁ&ﬁ’%ﬁ
ThiR 53¢ & enf il 4F & (Ball pass frequency)t » ¥ §  BiEAEA £ > TIIEEREPE 5 R
RAAF AL R R % Q) EIp A HAlE 2 TR 1 e GAN ZE MR 0 7 500
130 kgw £ A5 f % 4%IRHE TR RUEL 0 VA 2 S H R 2y B Y Rde 4% TR IR
BB 2 A 3 R AEL > (8 A W B A 45 e #: (Convolutional Neural Network,
CNN) ~ % k& g +# (Multilayer Perceptron, MLP) £ 4& *T - & # “ (eXtreme Gradient
Boosting, XGBoost) % = f& 4 #F #o3] vt dfcdE ~ 4 = B i dp B 3 oA B S5 (4):8
BEYRAE 2 2 RN BRI RARTE R L R0 12 CNN H3) f
5 1845 ¥ %A T W 4o - if e i (Adaptation layer) > 3R 5 S 4 [ FEYE 0 LR F IE N2 F AT

P B R B RS R R SR By e 2R E RS s o L

S oo ST GAN A4 & hlidi X ¢ 90 UL @ Bidp B~ GAN 2
N R AR (5 AR 4R A T 99.5% % BB 5 Ardk B enid i b E R0 R Bk

BFEFE 98.6% 0 B BB R E 04T % 7§ A KRB E PR Y TR

MeE: | 2 SHARE FREBEY - B A RRAE BT F - TR



Abstract

As an important component of precision machines and machin tools, it is important to
monitor the preloads of ball screws, and its preload degradation or backlash exists will affect
the positioning accuracy. In order to address this issue, This study propose a small sample size
augmentation technique and Deep Transfer Learning (DTL) method for ball screw preload
condition monitoring, the Generative Adversarial Network (GAN) model to deal with ball
screw preload data shortage problem, a deep learning-based domain adaptation method to
improve the pre-training model accuracy for different loading conditions of the ball screw
feeding system. The scope of this study is divided into four parts - (1) Experimental planning
and data collection: The ball screw feeding system is operated at constant speed, and the
vibration signals of two different load are collected(30 kgw weight and ball screw load
module)for three types of preload states (4%, 1% preload and 12 pm backlash), the 30 kgw
weight load collects 2500 data for individual preload states and ball screw load module collects
500 data, as source domain and target domain data respectively; (2) Analysis of vibration
signals: The relationship between individual preload states and ball screw vibration was
investigated by spectrum and envelope analysis, analyze the characteristic frequencies and
causes of vibration signals,when the preload degradation or backlash exists, in addition to the
ball pass frequency caused by ball impact there are several sideband components, i.e., the
amplitude modulation phenomenon caused by ball impact when the ball screw is running; (3)
Data augmentation model building: To investigate the performance of the GAN framework, the
model is trained using 500 datas the 30 kgw weights load of 4% ball screw preload vibration
signal,and created the generated dataset. We find original the 30 kgw weights load of 4% preload
vibration signal features and used to create artificial simulated signals, and then three
classification models were used to compare the performance of the data augmentation

method ,These models are Convolutional Neural Network (CNN), Multilayer Perceptron (MLP)



and eXtreme Gradient Boosting (XGBoost); (4) Deep transfer learning model building: Propose
a domain adaptation transfer method to solve the problem of old and new data bias, use the
CNN model as the transfer object to fine-tune and add an adaptation layer, calculate the distance
between two distributions. Compare the effects of polynomial and Gaussian kernel functions
on the stability and accuracy of the model, and then the validity of the transfer learning model
is verified by using the dimension reduction method. From the results, the data generated by
the proposed GAN model does not contain all signal features. However, the accuracy of the
model is improved to 99.5% after the dataset be augmented by blending the generated data; the
accuracy of the domain adaptation method reaches 98.6% for source domain and 94.7% for
target domain, which can effectively classify the ball screw preload states in the source and
target domains.
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