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1.Introduction About the NSRRC

T—
Iceland A fetieios 8 e
United  Sweden arse
Kingdom
9 Fintand
Netherondz 0
Lawia betra
Poland
Crechin
o Russia
"aly - Giraine
Seia ;
Bulgaria # -
Tmisla scksen i
ech R Kazakhstan
Turkey Georgla eaket N
Azerbaijan i
Mongolla
tibya s Uzbokistan
Tara
Turkmenistan s
Jordon Irag eeira ol
Egypt Tajikistan iz
4 Japan ' :
Iran "
" Afghanistan SouthKorea
llowses ozt
. £
Chad el China
Saidvabie Pakistan ., 0.,
o Unitsd s [,
Suda hed N
Central el
African: Eire2 oman ehaian 'r nsl Synchvoto ¢
Radiation Research.
Republic Yemen 2 Taichung City
South Sudan iad dlndia Bangladesh Taiwan
2 F
Eopian 7 Myanmar o Kzog Ems vev
(Burma) =
a0s |
bRC
s Bl Lz
Ko Thailand .
s
Nafati b Phil Y r
i o FEnLy o tu u e S e
Tanzania -
SriLanka iy
Zambla Dasian

Mol
Malaysia ¥ o)
Kl L Tadnan City

Mozambique o

Kachshung
Oy

Indonesia

NSRRC : National Synchrotron Radiation Research Center



Talwan Light Source Taiwan Photon Source

\ TLS : Taiwan Light Source TPS : Taiwan Photon Source




The Structure of Storage Ring Beam Position
Monitor (BPM), and Corrector Magnet in FOFE

[?

(a)BPM, (b) fast corrector magnet, (c)dipole magnet, (d)quadrupole magnet, (e)sextupole magnet



The FCPS employs the full-bridge topology with the rate
current/voltage of *10A/ x50V

y -

AY] 8; Ly

_|Muagnet
b Ly

: ' Ry

Lﬁ
1k

Shunt

Basic Circuit Configuration of a Full-Bridge FCPS



angular Carrier Signal; Vg and Vg, v are the </
Signals for the positive and Negative Bridge C

Key Waveforms of the Full-Bridge FCPS Operational Modes of the Proposed FCPS
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MOSFETs’ Temperatures Measured by an Infrared
Thermography

90.9 C for S,
operated at
output

67.5 C for S,

operated at
high

frequency

frequency

B 168.6 C for S,
operated at operated at
high 1 ' ' g output
frequency ‘ frequency

86.9 C for S,

04/01/2017 e=1.00 BG=-00 T1=100% ! £=1.00 BG=-0.0 T=100% |

Measured Temperatures of MOSFETS S and S, while MOSFETSs S, and S, and MOSFETSs S; and
S, operated at output frequency and high frequency, respectively.
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Indicates the Acceleration Factors of MOSFETS S, and S,
Are Greatly High Than the Factors of MOSFETS S; and S,
Due to the Exponential Acceleration Factor Function

? ;S MOSFET Temperatures
; of $3&S, ™
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Acceleration Factors w.r.t. Actual Use Temperatures for HPWM
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2. Upgrade the Fast Corrector Power Supply Project

MPWMS and Temperatures for MPWMS and Temperatures for
MOSFETs S; and S, MOSFETSs S; and S,




The Acceleration Factors w.r.t. Actual Use
Temperatures of MOSFETS for MPWMS
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Implemented FCPS prototype and example of the PWM
signals of the Proposed MPWMS for the MOSFETS S, and S

The time Intervals T, and T, can be adjusted according to the actual
/J requirements and are set as 125 s in the following experiments
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Lists the MOSFETSs’ Temperatures for the Different /
Operational Conditions and the Estimated Failure Rates f
the Components Used in the Implemented FCPS Prota

Temperatures while MOSFETs S; and S, and MOSFETs Sz and S, Component Failure Rate (per million hours)
operated at output frequency and high frequency, respectively. MOSFETs S; — S4(78.6 C) 1.701
Sy S, S3 Sy Low-pass Filter Inductance 0.038
90.9C 87.2C 67.9C 68.6 C L1, Li '
Temperatures while MOSFETs S; and S; and MOSFETs Sz and S, Low-pass Filter Capacitance C; 0.87
operated at high frequency and output frequency, respectively. \oltage Sensor 0.56

St S, S3 S4 Current Sensor 0.5
67.5C 69.3C 89.3C 86.9 C Gate Drive 1.0

MOSFETs’ Temperatures under Estimated Failure Rates for Components
Different Operational Modes Used in the Implemented FCPS
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Measurement 15 hours: 5 ppm drift
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Jutput Current Ripple for F

i 1 i 1
800 1000 1200 1400
Frequency (HZ)

Frequency: from 0 Hz to 1.6k Hz




Output Sine Wave Current

Change of Switching Frequencies of the MOSFET
Pairs between High frequency and Output frequency

Vst (S1)y= 40 Kllz ‘ \:1.\| (S1)- 5 Hz
Vess(S3)= § Hz Visy (83)= 40 kHz

Vas: (SO

Vess (S3)

Output f
CurrentE®} | | f

| [ No\Disturbance inthe | = |
("npul Current ) M=y

(Vasi, Vasz: 20V/div; Output Current: 5A/div; Time: 200ms/div)

;3 The output current has no current distortion due to
O positive and negative conversion
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4. Future Work

(et Joch Hinkow [irp

Maguet ciient

sattn [ o
L
B fom frwnom
" fom [, J kbt
bt 1000 a0
st 0G0 i oo i [
‘: Tty

Dini Wb O T
LTI CTT T i
Glay! i T b T

s ik - =
d AT I PN Dut e rit [
Dy
RS-132 poct e wolabdh 1) [T ]
of
Yot E el
:adnl\mﬂ gAY
)
b fily
i i o B
ety ) i
S

b eiepeny gk e B Yoo Hasfliadi

g Mo Bw Ny amR

I B T ]

i Nion Biln S 0 1171
ageim | i !
im0 2R 4

g

b

LR ERE T

Duwital HOOR 3

Tghun v v
| -

[hyngsa. oy,

The advanced virtual mstrument control panel for DRC-BM-V1 card(RS-232 mterface)
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Selected New Power MOSFETSs

IXYS IXFK180N15P IXYS IXFK250N10P
Vdss : 150V Vdss © 100V ‘
Current : 180A Current : 250A N\

rds(on) : 11mQ rds(on) : 6.5mQ

Change all Power MOSFETSs : Conduction Loss reduce 0.45w
(Output Currnt : 10A)



. A FCPS prototype rated as T10A/50 V controlled by
HPWM and MPWMS was implemented.

. The MOSFETSs’ temperatures of the FCPS controlled by
the HPWM and the proposed MPWMS.

. The reliability indices under different PWM controls can
then be assessed.

. We can be observed that the reliability of FCPS using the
proposed MPWMS can be effectively improved.

Page 16




4

For More Formulas and Details Calculations Please Refe -
to the Journal be Published by NIMA £

Nuclear Inst. and Methods in Physics Research, A 896 (2018) 53-59

Reliability Assessment and Improvement for a Fast Corrector Power
Supply In TPS

Kuo-Bin Liu, Chen-Yao Liu *, Bao-Sheng Wang, Yong Seng Wong
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