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Abstract 
This paper evaluates the vibration condition of the cool-

ing water pump system at the Taiwan Photon Source 
(TPS). The utility systems have been operating continu-
ously since TPS commenced operations in 2014. Predictive 
maintenance based on vibration levels and spectrum anal-
ysis has become increasingly important, particularly for 
water pump systems that must run without interruption. A 
vibration monitoring system was initially implemented in 
2017 and subsequently upgraded in 2023. Through vibra-
tion testing conducted over several months and years, is-
sues such as component abrasion and misalignment were 
identified in the cooling water pumps. The recorded data 
revealed irregular increases in vibration levels, exceeding 
the ISO 10816 standard. Spectrum analysis provided de-
tailed insight into the condition of the pump systems. 
Based on these evaluations, necessary repairs and mainte-
nance were carried out. Regular vibration inspections and 
daily data acquisition enabled the utility systems to prevent 
malfunctions for periods exceeding one month. The data 
acquisition system for vibration analysis allowed sufficient 
lead time for predictive maintenance, helping to prevent 
unexpected shutdowns. 

INTRODUCTION 
The utility systems at the TPS have been operating con-

tinuously for several years. Key rotating machinery—in-
cluding motors, pumps, chillers, and air handling units 
(AHUs)—must run without interruption to ensure the sta-
ble operation of the synchrotron accelerator. As such, vi-
bration inspection has become a critical component of the 
facility’s preventive maintenance strategy [1]. In 2004, Ar-
gonne National Laboratory (ANL) conducted studies on 
mechanical vibration control systems and defined specifi-
cations for rotating machinery in accelerator facilities [2]. 
Later, in 2007, Taiwan Light Source (TLS) investigated 
water-induced vibrations and vibration propagation 
through piping systems [3]. The ISO 10816 standard, 
which was developed for in-situ vibration measurements, 
provides guidelines for evaluating industrial machinery 
with power ratings above 15 kW and rotational speeds be-
tween 120 and 15,000 rpm [4]. 

Based on operational experience at TLS, the same vibra-
tion amplitude criteria and spectrum characteristics were 
applied to TPS utility systems. Initial measurements re-
vealed that deionized water (DIW) pump systems exhib-
ited higher vibration amplitudes, often exceeding ISO 

10816 thresholds [5]. A rapid increase in vibration levels 
over a short period indicated mechanical failure in the CU 
DIW system. This issue was traced to a broken inertial pad, 
which was subsequently replaced with a more robust one. 
Continuous vibration monitoring enabled early detec-
tion—more than a month before failure occurred—allow-
ing for timely maintenance [6]. In 2017, the cooling water 
pump system exhibited vibration velocities exceeding 
7.2 mm/s. As a result, the motor and pump were disassem-
bled, the bearings were replaced and realignment was per-
formed [7]. To ensure accurate diagnosis and analysis, ISO 
18436-2 Category II outlines the training, experience, and 
examination requirements for personnel conducting condi-
tion monitoring using vibration analysis [8]. 

DATA ACQUISITION SYSTEM 
The original Phoenix GM3 data acquisition system for 

the TPS water pump system, developed by Prowave Engi-
neering Corporation, was upgraded to the Phoenix GM4 
model in 2023. The system utilizes an 80-channel signal 
acquisition unit, powered by the PW 747 DAQ module. It 
offers a bandwidth of 20 kHz and a sampling rate of 
51.2 kS/s, with a 24-bit resolution. Data transmission is 
carried out via Ethernet. 

The vibration monitoring system was implemented on 
various subsystems, including the deionized water pumps, 
the first and second-stage ice water pumps, the heat pump 
and chiller, as well as the hot and cold water pump systems. 
Vibration sensors were mounted in the horizontal direction 
on the motor side and at a 45-degree angle in the vertical 
direction on the pump side, as illustrated in Fig. 1 for the 
cooling water pump configuration. All 80 channels of data 
are transmitted to a PC server, where the original vibration 
acceleration waveforms are stored as raw data for further 
analysis. 

 
Figure 1: Sensor mounting locations on the motor and 
pump sides of the CWP-1 cooling water pump system. 

Vibration accelerators 
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INTERNATIONAL VIBRATION STAND-
ARDS - ISO 10816 

The ISO 10816 vibration standard, initially released in 
1995 and revised in 2009, provides guidelines for evaluat-
ing vibration severity in situ for industrial machinery with 
power ratings above 15 kW and rotational speeds between 
120 and 1,500 rpm. For machines operating above 
600 rpm, the applicable vibration measurement frequency 
range is 10 to 1,000 Hz. 

The cooling water pump systems at TPS operate at a full 
power output of 110 kW, with a maximum rotational speed 
of 1,750 rpm and a flow rate of 954.5 m³/h. The motor pro-
vides a lift head of 29 meters to supply cooling water to the 
cooling tower. The pump systems are installed on flexible 
foundations with damping spring supports to reduce vibra-
tion transmission. 

According to ISO 10816, if the vibration velocity ampli-
tude measured at any non-rotating point exceeds 11.2 mm/s 
(r.m.s.), it indicates potential damage to the system. Vibra-
tion levels in the range of 7.1 to 11.2 mm/s should be con-
sidered a warning zone, and long-term operation under 
these conditions is not recommended. 

VCAT-II INTERMEDIATE VIBRATION 
ANALYST ISO 18436-2 CATEGORY II 

ISO 18436-2 Category II defines the training, relevant 
experience, and examination requirements for personnel 
involved in condition monitoring and machine diagnostics 
using vibration analysis (VA). Certification or a declara-
tion of conformity to ISO 18436-2:2014, in accordance 
with ISO 18436-1, serves as formal recognition that an in-
dividual is qualified to perform vibration measurements 
and analysis for machinery condition monitoring and diag-
nostics using various types of vibration measurement 
equipment. 

The author obtained VCAT-II certification in 2023 and 
applied the corresponding methodologies to analyze vibra-
tion spectra, thereby assessing and verifying the opera-
tional condition of the system. 

VIBRATION MEASUREMENT RESULTS 
The Phoenix GM4 data acquisition system continuously 

recorded raw vibration data on a daily basis and enabled 
frequency spectrum analysis. This system effectively 
tracked vibration trends and variations at specific measure-
ment points. Depending on operational requirements, both 
acceleration and velocity data across different frequency 
bands were recorded. There are four cooling water pump 
(CWP) systems at TPS responsible for supplying cooling 
water to the cooling tower. At any given time, two of the 
four units were switched to operate. 

CWP-1 Cooling Water Pump System 
The first cooling water pump system (CWP-1) provides 

cooling water to the cooling tower. For past several years, 
its operating frequency was fixed at 50 Hz, consistent with 
the electrical supply frequency. Despite multiple mainte-

nance and repair efforts, the vibration level consistently ex-
ceeded 15 mm/s. According to ISO 10816-3, this level in-
dicates potential mechanical damage and unsuitability for 
continuous operation. Further spectrum analysis revealed 
that the dominant vibration component occurred at the 1X 
frequency, suggesting unbalance. As outlined in ISO 
18436-2 Category II, such unbalance could be attributed to 
factors including mass imbalance or structural looseness. 

Figure 2 presents vibration data for CWP-1 over the past 
year. When the operating frequency was increased from 
50 Hz to 55 Hz, the vibration level significantly de-
creased—from over 15 mm/s to below 6.0 mm/s. Con-
versely, reverting the frequency back to 50 Hz caused the 
vibration level to rise again. In both cases, the 1X fre-
quency remained the dominant component in the vibration 
spectrum, indicating a resonant condition near 50 Hz. For 
a four-pole motor, this corresponds to a mechanical reso-
nance around 25 Hz. 

 
Figure 2: Vibration data of the CWP-1 system over the past 
year, measured in the horizontal direction on the motor 
side. 

Improvement Resonance for CWP-1 
Spectrum analysis revealed that resonance in the CWP-

1 system significantly contributed to elevated vibration 
levels, affecting the overall system performance. Pro-
longed high-level vibrations can reduce the lifespan of the 
bearings on both the pump and motor sides. In addition, 
long-term operation under resonant conditions compro-
mises the structural stability of the entire system. To ad-
dress this issue, the primary improvement strategy focused 
on reinforcing the structure and shifting the system’s natu-
ral frequency away from the excitation frequency (i.e., in-
creasing the resonance frequency). 

Figure 3 illustrates the structural reinforcements imple-
mented for the CWP-1 system. The cooling water pump is 
mounted on a T-shaped concrete foundation, which con-
tains several structurally weak points—particularly be-
tween the motor and pump sides, as well as between the 
inlet and outlet pipelines. To enhance structural integrity 
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and vibration isolation, several pieces of high-stiffness rub-
ber were inserted between the foundation and the ground. 
These rubber elements were strategically positioned: on 
both sides of the vibration-damping springs, in the central 
section of the base, and along its edges. The addition of 
these rubber elements not only reduces vibration transmis-
sion to the ground but also reinforces the overall stiffness 
of the foundation, thereby shifting the resonance frequency 
and mitigating the adverse effects of resonance. 

 
Figure 3: Strengthened structure of the CWP-1 system, 
with hard rubber installed between the concrete basement 
and the ground. 

Improvement Results for CWP-1 
Figure 4 presents the results following the structural re-

inforcement of the CWP-1 system. After implementing the 
improvements, the vibration level at 50 Hz operation was 
significantly reduced—from 17.3 mm/s to 2.6 mm/s. This 
indicates a substantial decrease in the 1X frequency com-
ponent, which had previously dominated the vibration 
spectrum. Even when the system operates near the reso-
nance frequency (approximately 25 Hz), the overall vibra-
tion level remains below 4.5 mm/s. This falls well within 
the acceptable range defined by ISO 10816-3, indicating 
that the system now operates safely and reliably across var-
ious operating frequencies. The current vibration perfor-
mance demonstrates that the CWP-1 system has reached a 

stable operational condition, with resonance effects effec-
tively mitigated through structural enhancement. 

 
Figure 4: Vibration improvement results for the CWP-1 
system after structural reinforcement. 

CONCLUSIONS AND DISCUSSIONS 
The vibration monitoring and inspection system for the 

cooling water pump systems has been in operation for sev-
eral years. Long-term observations indicate that operating 
frequency significantly influences both vibration levels 
and spectral characteristics. The measurement results pro-
vide critical insights into the condition of the system, al-
lowing operators to determine whether the equipment is 
functioning properly. Furthermore, the system offers suffi-
cient lead time for predictive maintenance, enabling proac-
tive intervention before failures occur. Although notable 
improvements have been achieved—particularly for the 
CWP-1 system—some issues persist in the ice water 
pumps and other deionized and cooling water pump sys-
tems. Overall, the integration of regular vibration inspec-
tions and daily data acquisition plays a key role in main-
taining system stability and preventing unexpected mal-
functions in the utility systems. 
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