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Abstract
This year marks the 15th run of RHIC (Relativistic 

Heavy Ion Collider) operations. The reliability of 
superconducting magnet power supplies is one of the 
essential factors in the entire accelerator complex. 
Besides maintaining existing power supplies and their 
associated equipment, newly designed systems are also 
required based on the physicist’s latest requirements. [1] 
A bipolar power supply was required for this year’s main 
quadrupole trim power supply. This paper will explain the 
design, prototype, testing, installation and operation of 
this recently installed power supply system.

INTRODUCTION
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Figure 1: RHIC main quadrupole bus.

The existing quadrupole trim power supply (qtrim) was 
a unipolar power supply [2]. The power supply is 
connected in the middle of main quadruple magnet bus 
(Figure 1). The original qtrim power supply was a 
unipolar SCR type power supply. The accelerator 
physicist’s required this new power supply to ramp up 
and down with bipolar capability. In order to keep the
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option of changing back to unipolar power supply setup in 
the future, it was decided to install a new power supply 
setup in an adjacent location.

DESIGN CONFIGURATION
System Consideration

We did not use the original AC power feed so we could 
easily revert back to the original unipolar power supply 
configuration if it was necessary. We have 2 qtrim power 
supplies installed and operating, one for blue ring and one 
for yellow ring. Both of them are 40 V 300A unipolar 
SCR type power supplies. The new system is output +/- 
300A maximum current at 40V. However we don’t need 
40V based on our operational experience. A DC power 
supply that has 22V maximum output voltage was chosen. 
See maximum voltage required for ramp up in Table 1. 
As of the time of this writing the p.s. has been running at 
only a maximum of +10A during the second half of run 
15 it will be operated at +130A. The voltage on the p.s. 
has been checked during a shutoff but this was only at 
10A. [3]
Table 1: b-qtrim-ps Maximum Voltage Requirement 
During Ramp Up

Ramp
Name

Operating 
Current (A)

Vmax (V)
^^Ioperating,
calculated

Vmax (V) 
@300A, 

calculated

Au14-v0 138.3 7.33 10.52

pp13-v2 183.6 8.56 10.86

pp13-v4 201 8.8 10.75

Au104 171 7.95 10.5

System Integration
The system is integrated in Figure 2 with all major 

components. Two DC power supplies [4] are connected in 
parallel for a maximum of +/-22V and +/-300A. Two h- 
bridge bipolar amplifiers are connected in parallel to 
make up the bipolar output stage, and each H-bridge 
amplifier is rated for +/-160A @ +/-25V [5].

AC Compartment
The main purpose of AC compartment is to pass the 3 

phase 208Vac into the rack and distribute the AC into 4 
different AC outputs: 2 outputs for DC power supplies, 2 
outputs for the H-bridge Amplifier and 1 output for the 
control chassis 110Vac power. Also, the AC compartment 
interfaces with the control chassis to receive contactor 
ON command and it sends the contactor ON status back 
to control chassis. See figure 3 for rear panel view.
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Figure 2: System integration of bipolar qtrim PS system.
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Figure 3: AC compartment rear panel layout.

Control Chassis
The control chassis is designed to interface between the 

RHIC system, DC unipolar power supplies, H-Bridge 
Amplifiers and AC Compartment. The control chassis 
interfaces to the Multiplexed Analog to Digital Converter 
(MADC), DC Current Transformer (DCCT), 4-20mA 
current readback to the quench detector and Node Card 
chassis (for p.s. digital commands). The control chassis 
also provides signal paths between the DC power 
supplies’ and H-Bridge Amplifier’s. An in-house 
designed isolation amplifier board was utilized to isolate 
the voltage setpoint, output voltage readback, output 
current readback and DC power supply’s current limit 
setpoint. Another in-house designed circuit board is used 
to provide the DC power supply’s current limit 
adjustment. An interface board was also designed to 
receive the interlock signals from both parallel DC power

supplies. Figure 4 is showing a partial view of inside of 
control chassis.

Figure 4: Assembled control chassis (partial view).



TESTING
Testing for the new setup included local and remote 

operation tests. There were also error tests, bandwidth 
tests as well as shutoff tests that had to be performed 
before we could use the setup for operation in the ring. 
Figure 5 is showing 2 DC power supplies and 2 h-bridge 
output stages are in parallel connection to producing - 
300A at output current.
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Figure 5: Bench testing with negative output current.

The tests performed included: on/off/stby, ramping the 
supply in both polarities, error functionality, and shutoffs. 
To perform the error tests, errors were simulated and 
confirmed to annunciate. The shutoff tests consisted of 
running the p.s. to low current, 30A (10%), and high 
current, 300A (max), then tripping the p.s. from the ON 
state to the STBY state. This was accomplished by either 
creating a DC overcurrent or by sending an OFF 
command or by tripping the interlocks between Quench 
Protection Assembly (QPA) and the power supply. The 
resulting current and voltage waveforms were recorded on 
an oscilloscope. These waveforms are critical because 
they show if the p.s. system and QPA are working 
properly during a shutoff. The shutoff tests were done 
with the supply on a short and on an inductive load. The 
output voltage ripple measurement is shown in figure 6.

Remote tests were done with the supply installed at its 
location for the run. The same tests were performed as the 
local tests but this time using remote functionality. The 
remote testes were done to be sure the analog and digital 
readbacks were all working properly. After all tests were 
completed the p.s. supply ran for a one week heat run to 
test the reliability over a long time period which is what 
would happen during a real RHIC run.
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Figure 6: Output voltage ripple measurement.

CONCLUSION
The bipolar qtrim power supply system has been 

designed, constructed, tested, installed and commissioned 
prior to RHIC run 15. The system has been performing 
smoothly so far and should continue operate until the end 
of Run 15. More will be learned when the p.s. runs at 
higher currents.
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