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This document provides reference specifications of Gemini PSU Power Shelf
for Open Compute Rack power distribution.  It includes Electrical, Safety compliance, Environmental, Mechanical and Control Specifications. It also includes supplemental
Specification, such as power supply system redundancy, connector configuration, and signal timing.
 The design specifics described herein are not intended to support all possible Open Compute system configurations. 
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Overview
The Gemini PSU Power Shelf is a 2OU, 12.5VDC 15kW Open Compute Rack Power Supply.  This PSU houses (6) 3kW power modules which can be configured as 15kW N+1 or 9kW 2N for higher redundancy.  The integrated ATS allows for dual AC feed for the 15kW N+1 configuration.  Independent lithium ion battery shelves can be added for in-rack back up, with expansion up to 2 shelves for extended runtime.  The integrated RMC module allows direct interfacing with PSU modules, rack sensors, fan control, battery shelves (BBS) and host interface. It can be configured to operate in programmable constant-current mode to enable power peak shaving and support and control multiple battery shelves.   The power shelf can operate in stand-alone mode during RMC failure or temporary loss of communication.  
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General
	PARAMETER
	DESCRIPTION

	Input Range
	3-Phase, 5 Wire, 380/400 /415VAC 

	AC Inlet Configuration
	Single input or dual input with Integrated Automatic Transfer Switch

	Redundant Configuration
	Single input path 3-Phase feed: 15kW N+1, 12kW N+2 or 9kW N+3
Dual input path:   15kW N+1 (with ATS) or 9kW 3+3 double redundancy w/o ATS

	Integrated RMC Module
	Direct Interface to PSU Modules, Fan Controller, Rack Sensor and Host Interface

	Rated Power
	15kW (5+1 configuration with ATS)

	
	9kW (3+3 Configuration without ATS)

	Efficiency
	Meet 80 Plus Platinum Energy Efficiency Standard 

	Output Connection
	1 set of output blades for 12V DC output

	+12VSB Standby Output
	60W (Standby output 12.5V/5A)

	BBS Interface
	Dual BBS Interface for Backup and Grid Peak Shaving

	RMC Power module Interface
	3-Channels I2C PMBus (CH1: PSU Modules, CH2: BBS1 Shelf, CH3: BBS2 Shelf)

	Dimensions (W×H×D)
	534.3×93×650mm (overall: 534.3×93×889.5)



Connectors
	description
	type
	manufacture
	mpn

	Input Connector
	3-phase input (2pcs)
	Molex
	042820-5223

	BBS External Interface 
	16pin / 1pcs
	Molex
	501876-1640

	BBS Interface for Extended Runtime
	RJ45 / 1pcs
	Molex
	043202-8113

	FAN and Sensor Backplane Interface
	 30pin / 2pcs
	Molex
	501876-3040

	+12VSB / BGND
	4Pin / 1pcs
	Molex
	172316-1104
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[bookmark: _Toc503807820]15kW N+1 Dual Input Power Shelf Configuration

This Power Shelf configuration provides dual input and 5+1 PSU redundancy through the integrated Automatic Transfer Switch (ATS) and it’s shown in Fig1. The ATS module is removable for easy assembly and maintenance. 
The 380/400/415Vac 3ɸ input is connected to the Molex backplane connector with a rating of 600Vac/50A per terminal. 
The Power Shelf also integrates hot-swappable RMC module, the RMC module provides interface with the PSU modules, battery shelves, rack sensors, rack fan controller(s) and host interface.

[image: ]
Figure 1: Gemini 15kW 5+1 Power Shelf Block Diagram
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Power shelf can be also configurated for dual input with 3+3 PSU redundancy. 
For 380/400/415Vac 3ɸ inputs the Molex backplane connector (42820-5223) are provided with a rating of 600Vac/50A per terminal.  The connection block diagram is presented in Fig.2.
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Figure 2: Gemini 9kW 3+3 Power Shelf Block Diagram
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	PARAMETEr
	DESCRIPTION/Condition
	Min
	nom
	max
	unit

	Input connector J64 & J65
	
	
	
	
	

	AC Input Configuration
AC Nominal Input Voltage
	3ɸ 5-Wire
Line to Line input
	
	
400
	
	VAC

	AC Input Voltage Range
	
	312
	
	456
	VAC

	Max Input Current
	Per line
	
	
	17
	Arms

	Input Frequency
	
	47
	50/60
	63
	Hz
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	PARAMETEr
	DESCRIPTION/Condition
	Min
	nom
	max
	unit

	
	
	
	
	
	

	Under-Voltage Protection
	Line to Line input
	300
	
	
	VAC

	Inrush Current Limiting
	
	
	
	150
	%

	Overload Shutdown Protection
	
	
	
	≥ 110
	%

	Other Protections
	OVP, OTP, Short Circuit
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	PARAMETEr
	DESCRIPTION/Condition
	Min
	nom
	max
	unit

	
	
	
	
	
	

	Power Factor
	≥ 20% Load
	>0.96
	0.97
	
	

	
	≥ 50% to 100% Load
	>0.98
	0.99
	
	

	THD
	≥ 30% Load
	
	
	< 8
	%

	
	≥ 50% Load
	
	
	< 6
	%

	
	≥ 80% Load
	
	
	< 5
	%

	
	100% Load
	
	
	< 5
	%
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	PARAMETEr
	DESCRIPTION/Condition
	Min
	nom
	max
	unit

	
	
	
	
	
	

	Efficiency
	 20% Load
	
	
	>90
	%

	
	 50% Load
	
	
	94
	%

	
	 80% Load
	
	
	94
	%

	
	100% Load
	
	
	>91
	%
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	PARAMETEr
	DESCRIPTION/Condition
	Min
	nom
	max
	unit

	
	
	
	
	
	

	Efficiency
	 20% Load
	
	
	94
	%

	
	 50% Load
	
	
	94
	%

	
	 80% Load
	
	
	93.5
	%

	
	100% Load
	
	
	   93
	%
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	PARAMETEr
	DESCRIPTION/Condition
	Min
	nom
	max
	unit

	Main Output Busbar
	
	
	
	
	

	Nominal Output Voltage
	
	
	12.5
	
	VDC

	Output Voltage Regulation
	
	-2
	
	2
	% 

	Nominal Output Power 1
	3+3 configuration, Ta<45°C
	
	9000
	
	W

	Nominal Output Power 2
	5+1 configuration, Ta<45°C
	
	15000
	
	W

	Nominal Output Current 1
	3+3 configuration, Ta<45°C
	
	720
	
	ADC

	Nominal Output Current 2
	5+1 configuration, Ta<45°C
	
	1200
	
	ADC

	Output Ripple voltage
	
	
	
	120
	mV

	Dynamic Load Regulation
	
	
	+-3%
	
	%

	PSU Module Current Sharing Tolerance
	> 40% Load
	
	5
	
	%

	Response Time
	
	
	
	<500
	uS

	Output Voltage Temperature Coefficient 
	
	
	
	0.02
	%/°C

	Shelf Busbar Voltage Drop
	1200A Load @ 60°C
	
	
	17
	mV

	Overload Capability
	LED warning signal, Output voltage Regulated.
	
	
	 110
	%
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	PARAMETEr
	DESCRIPTION/Condition
	Min
	nom
	max
	unit

	
	
	
	
	
	

	Start-Up Time
	PS_ON to Output Voltage Regulation
	
	
	50
	mS

	Hold-Up Time
	100% Load
	12
	
	
	mS

	Output Voltage Overshoot
	Turn-On and Turn-Off
	
	
	<10
	%

	Dynamic Response time
	10% -90% Load Transient
	
	
	<500
	uS
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[bookmark: _Toc503807831]BBS1 Power shelf Interface

	BBS1 Interface
	DESCRIPTION/Condition

	
	

	BBS_On
	RMC Signal to BBS Shelf for ON/OFF control

	BBS_PWOK
	BBS Signal to RMC to indicate Main 12V output is within regulated range during Battery backup mode.

	BBS_Present
	BBS Shelf signal to RMC to indicate the BBS is connected to RMC interface port.

	BBS_AC_Good
	RMC Signal to BBS Shelf to indicate that the AC input voltage is within range to enable BBS Charging mode and utility peak shaving function.

	BBS_Alert
	BBS Shelf Signal to RMC to indicate Fault conditions such as OVP, OCP, OTP.

	PMBus CLK2
	RMC PMBus I2C Channel2 Clock signal for PMBus protocol data transfer.

	PMBus SDA2
	RMC PMBus I2C Channel2 Data signal for PMBus protocol data transfer
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	BBS2 Interface
	DESCRIPTION/Condition

	
	

	BBS_On
	RMC Signal to BBS Shelf for ON/OFF control

	BBS_PWOK
	BBS Signal to RMC to indicate Main 12V output is within regulated range during Battery backup mode.

	BBS_Present
	BBS Shelf signal to RMC to indicate the BBS is connected to RMC interface port.

	BBS_AC_Good
	RMC Signal to BBS Shelf to indicate that the AC input voltage is within range to enable BBS Charging mode and utility peak shaving function.

	BBS_Alert
	BBS Shelf Signal to RMC to indicate Fault conditions such as OVP, OCP, OTP.

	PMBus CLK3
	RMC PMBus I2C Channel3 Clock signal for PMBus protocol data transfer.

	PMBus SDA3
	RMC PMBus I2C Channel3 Data signal for PMBus protocol data transfer

	
	



[bookmark: _Toc503807833]Fan and Sensor Interface


	Rack Fan and sensor Interface
	DESCRIPTION/Condition

	
	

	PWM
	10-Channels Interface for Fan Speed Control

	TACH
	10-Channels Interface for Fan Speed and Fault Monitoring

	I2C
	10-Channels for I2C compatible sensor interface

	Digital I/O
	Control input/output for fan and sensor alarm and control signal

	+12VSB
	Power supply voltage for sensor signal conditioning circuit.
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· PSU Hot-Swap 0-100% Load Condition
· PSU Hot-Swap during RMC Online Communication
· RMC Hot-Swap during PSU Operation
· Replaceable ATS module.
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	PARAMETEr
	DESCRIPTION/Condition
	Min
	nom
	max
	unit

	
	
	
	
	
	

	AC Input Configuration
AC Nominal Input Voltage
	1PH 3-Wire (L-N-G)
Line to Neutral input 
	
	
240
	
	VAC

	AC Input Voltage Range
	
	180
	
	264
	VAC

	Max Input Current
	
	
	
	17
	Arms

	Input Frequency
	
	47
	50/60
	63
	Hz

	
	
	
	
	
	


[bookmark: _Toc503807837]PSU Module Input Protection

	PARAMETEr
	DESCRIPTION/Condition
	Min
	nom
	max
	unit

	
	
	
	
	
	

	Under-Voltage Protection
	Line to Line input
	
	175
	
	VAC

	Inrush Current Limiting
	
	
	
	<150
	%

	Overload Protection
	
	
	
	≥ 110
	%

	Other Protections
	OVP, Short Circuit, OTP
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	PARAMETEr
	DESCRIPTION/Condition
	Min
	nom
	max
	unit

	
	
	
	
	
	

	Power Factor
	≥ 20% Load
	>0.96
	0.97
	
	

	
	≥ 50% to 100% Load
	>0.98
	0.99
	
	

	THD
	≥ 30% Load
	
	
	<8
	%

	
	≥ 50% Load
	
	
	<6
	%

	
	≥ 80% Load
	
	
	<5
	%

	
	100% Load
	
	
	<5
	%
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	PARAMETEr
	DESCRIPTION/Condition
	Min
	nom
	max
	unit

	
	
	
	
	
	

	Nominal Output Voltage
	
	
	12.5
	
	VDC

	Output Voltage Regulation
	
	-1
	
	+1
	% 

	Nominal Output Power 
	Ta<45°C
	
	3000
	
	W

	Output Ripple voltage
	
	
	
	120
	mV

	Dynamic Load Regulation
	
	-3
	
	+3
	%

	Load Sharing Unbalanced
	50% Load
	
	5
	
	%

	Response Time
	
	
	
	<500
	uS

	Output Voltage Temperature Coefficient 
	
	
	
	0.02
	%/°C
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	PARAMETEr
	DESCRIPTION/Condition
	Min
	nom
	max
	unit

	
	
	
	
	
	

	Start-Up Time
	PS_ON to Output Voltage Regulation
	
	
	50
	mS

	Hold-Up Time
	100% Load
	12
	
	
	mS

	Output Voltage Overshoot
	Turn-On and Turn-Off
	
	
	<10
	%

	Dynamic Response time
	10% -90% Load Transient
	
	
	<500
	uS
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	PARAMETEr
	DESCRIPTION/Condition
	Min
	nom
	max
	unit

	
	
	
	
	
	

	Efficiency
	≥ 20% Load
	
	93
	
	%

	
	≥ 40% Load
	
	94.3
	
	%

	
	≥ 60% Load
	
	93.5
	
	%

	
	≥ 80% Load
	
	92.6
	
	%

	
	100% Load
	
	91.5
	
	%




[bookmark: _Toc503807842]PSU Module External Control Interface

	PARAMETEr
	DESCRIPTION/Condition

	
	

	PS_On
	Power On/Off Signal from RMC

	PWOK
	PSU Signal to RMC to indicate +12V output is within Regulating range

	Alert
	PSU Signal to RMC to indicate Fault condition
	
	
	
	

	Present
	PSU signal to RMC to indicate PSU is connected to the Powershelf

	Vin_Ok
	PSU Signal to RMC to indicate AC Input voltage is within range.

	A2, A1, A0
	PSU PMBus address for RMC communication

	CLK, SDA
	I2C/PMBus Interface to RMC Module
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	PARAMETEr
	DESCRIPTION/Condition

	
	

	AC OK
	Green: LED ON, AC Input is within range 

	DC_OK
	Yellow: LED ON, DC Output voltage is within range

	FAULT
	Red: LED ON, Fault condition (OVP, OCP, OTP, UVP, Fan Failure)
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	PARAMETEr
	DESCRIPTION/Condition
	Min
	nom
	max
	unit

	
	
	
	
	
	

	MTBF
	45C/100% Load
	250,000
	
	
	Hrs

	Diode/Mosfet De-rating
	100% Load
	
	
	85
	%

	Bulk Cap Voltage De-rating
	Maximum Input Voltage
	
	
	90
	%

	Temperature De-Rating
	100% Load
	
	
	85
	%

	HALT Low Temperature
	
	
	
	-30
	°C

	HALT High Temperature
	
	
	
	70
	°C

	HALT Vibration 
	
	
	
	35
	G
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	PARAMETEr
	DESCRIPTION/Condition
	Min
	nom
	max
	unit

	
	
	
	
	
	

	AC Input Configuration
AC Nominal Input Voltage
	3ɸ 5-Wire
Line to Line input
	
	
400
	
	VAC

	AC Input Voltage Range
	
	300
	
	456
	VAC

	Max Input Current
	Per line
	
	
	17
	Arms

	Input Frequency
	
	47
	50/60
	63
	Hz

	ATS Transfer Time
	
	
	8
	<10
	ms
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Rack Management Controller (RMC) module is designed to integrate directly into OCP Power Shelf, providing interfaces for monitoring and control of PSU modules, associated battery shelves, rack sensors and controls and datacenter management applications. 
The RMC module communicates to the induvial PSU modules via PMBus/I2C Channel 1 using PMBus 1.2 protocol and RMC simple signaling for PSU controls.
The RMC communicates to the BBS1 shelf via PMBus/I2C Channel 2 and BBS2 Shelf via PMBus/I2C Channel 3 using PMBus 1.2 protocol and RMC simple signaling for BBS controls.

RMC Interface to PSU Module:

· PSON: RMC Signal to PSU module for PSU ON/OFF control
· PWOK: PSU Signal to RMC to indicate Main 12.5V output is within regulated range.
· PSU_Present: PSU module signal to RMC to indicate the PSU module is inserted in the PSU Shelf slot.
· PSU_VinOK: PSU Signal to RMC to indicate that the AC input voltage is within range.
· PSU_Alert: PSU Signal to RMC to indicate Fault conditions such as OVP, OCP, OTP.
· PMBus CLK1: RMC clock signal for PMBus protocol data transfer
· PMBus SDA1: RMC/PSU data signal for PMBus/I2C data transfer. 

RMC Interface to BBS Shelf:

· BBS_ON: RMC Signal to BBS Shelf for ON/OFF control
· BBS_PWOK: BBS Signal to RMC to indicate Main 12V output is within regulated range during Battery backup mode.
· BBS_Present: BBS Shelf signal to RMC to indicate the BBS is connected to RMC interface port.
· BBS_AC_Good: RMC Signal to BBS Shelf to indicate that the AC input voltage is within range to enable BBS Charging mode and utility peak shaving function.
· PSU_Alert: BBS Shelf Signal to RMC to indicate Fault conditions such as OVP, OCP, OTP.
· PMBus CLK2: RMC clock signal for PMBus protocol data transfer to BBS1 Shelf.
· PMBus SDA2: RMC/BBS1 data signal for PMBus/I2C data transfer to BBS1 Shelf. 
· PMBus CLK3: RMC clock signal for PMBus protocol data transfer to BBS2 Shelf.
· PMBus SDA3: RMC/BBS2 data signal for PMBus/I2C data transfer to BBS2 Shelf. 

[bookmark: _Toc500854008][bookmark: _Toc503807848]RMC PSU Status Features

· Input and output voltage 
· Input and output current 
· Fan speed 
· PSU protection log information 
· Ambient temperature 
· FRU information (such as Manufacturer and Product Name, Part/Model/SN & Revision
[bookmark: _Toc503807849]RMC Software Interface

	PARAMETEr
	DESCRIPTION/Condition

	
	
	
	
	
	

	Linux
	AMI Linux distribution for the iBMC 
	
	
	
	

	IPMI
	AMI MegaRAC IPMI 2.0 
	
	
	
	

	DCMI
	DCMI 1.5 subset
	
	
	
	

	CLI
	DMTF SM-CLP (AMI implementation) 
	
	
	
	

	CLI Command set baseline 
	CLI specification, v1.0 2012/5/6 
	
	
	
	

	PMBus 
	PMBus specification Part II - Command Language, Rev 1.2, 2019-09 
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	PARAMETEr
	DESCRIPTION/Condition
	Min
	nom
	max
	unit

	
	
	
	
	
	

	Operating Ambient Temperature
	
	0
	
	50
	°C

	Storage Temperature
	
	-40
	
	85
	°C

	Operating Relative Humidity
	Non-Condensing
	10
	
	90
	%

	Storage Relative Humidity
	Non-Condensing
	10
	
	95
	%

	Operating altitude 
	No De-rating
	
	
	2000
	m

	Operating vibration 
	0.5 g acceleration   ion, 1.5 mm amplitude, 5 to 500 Hz, 10 sweeps at 1 octave/minute for each of the three axes 

	Non-operating vibration 
	1.0 g acceleration, 3/0mm amplitude, 5 to 500 Hz, 10 sweeps at 1 octave/minute for each of the three axes. 
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	PARAMETEr
	DESCRIPTION/Condition
	Min
	nom
	max
	unit

	
	
	
	
	
	

	Open Computing 
	Open Compute Open Rack Standard V1.1 Open Compute Project Open Hardware Management Proposed Specification for Remote Machine Management Version 1.01 2/25/2014 

	PMBus 
	Part I – General Requirements, Transport and Electrical Interface, Rev 1.2., 2010-09-06 Part II – Command Language, Rev 1.2., 2010-09-06 

	IPMI 
	Intelligent Platform Management Interface (IPMI 2.0) 

	DMTF/CLP 
	DMTF Server Management Command Line (SM CLP) Specification (DSP0214, v1.0.2) 

	SNMP/PET 
	Platform Event Trap Specification, v1.0, revision 1.00 

	DCMI 
	Data Center Management Interface specification version 1.5
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	Parameter
	description / condition
	criterion

	Agency Approvals
	Approved to the latest revisions/amendments of the following standards: (pending)
UL 60950-1 Second Edition
CAN/CSA-C22.2 No. 60950-1-07 Second Edition
IEC 60950-1:2005
EN 60950-1:2006
	Approved by
independent body
(see CE Declaration)
(pending)

	Insulation
	Input (L/N) to case (PE)
Input (L/N) to output
Output to case (PE)
	Basic
Reinforced
Functional

	Creepage / Clearance
	Primary (L/N) to protective earth (PE)
Primary to secondary
	

	Electrical Strength Test
	Input to case
Input to output (tested by manufacturer only)
	Min. 2121Vdc
Min. 4242Vdc

	Max. Leakage Current
	AC input voltage of TBD VAC, line frequency of 50Hz and a
temperature of 25°C.
	TBD A

	Conducted Emission
	EN55022 / CISPR 22: 0.15 … 30 MHz, QP and AVG
	Class A

	Radiated Emission
	EN55022 / CISPR 22: 30 MHz … 1 GHz, QP
	Class A

	Harmonic Emissions
(per module)
	IEC61000-3-2, Vin = 115/230 VAC, 50 Hz, 100% Load
	Class A

	Acoustical Noise
	Sound power statistical declaration (ISO 9296, ISO 7779, IS9295) @50% load
	60 dBA

	AC Flicker
	IEC / EN 61000-3-3, dmax < 3.3%
	

	ESD Contact Discharge
	IEC / EN 61000-4-2, ±8 kV, 25+25 discharges per test point
(metallic case, LEDs, connector body)
	A

	ESD Air Discharge
	IEC / EN 61000-4-2, ±15 kV, 25+25 discharge per test point
(user accessible surfaces)
	A

	Radiated Electromagnetic Field
	IEC / EN 61000-4-3, 10 V/m, 1 kHz/80% Amplitude Modulation,
1 μs Pulse Modulation, 10 kHz…2 GHz
	A

	Burst
	IEC / EN 61000-4-4, level 3
AC port ±2 kV, 1 minute
DC port ±1 kV, 1 minute
	A

	Surge
	IEC / EN 61000-4-5
Line to earth: level 3, ±2 kV
Line to line: level 2, ±1 kV
	A

	RF Conducted Immunity
	IEC/EN 61000-4-6, Level 3, 10 Vrms, CW, 0.1 … 80 MHz
	A
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	PARAMETEr
	DESCRIPTION/Condition
	Min
	nom
	max
	unit

	Operating Temperature
	@ full load, up to 4000 m:
@ full load, up to 1800 m:
@ 75% load, up to 1800 m:
	-5
-5
-5
	
	+35
+45
+55
	°C

	Non-Operating Temperature
	
	-40
	
	+70
	°C

	Humidity
	Operating: @ at 40 °C, non-condensing
Non-Operating: non-condensing
	7
5
	
	93
95
	%RH

	Altitude
	Operation:
Non-Operation:
	
	
	4000
13000
	m

	Shock
	Operating: 11ms half-sine shocks in Z axis 10+ve, 10-ve
Non-Operating: 11ms half-sine shocks in Z axis 10+ve, 10-ve
	
	5
30
	
	g

	Vibration
	Operating: 0.2g rms random
Non-Operation: 1g rms random
	5
	
	500
	Hz

	Acoustic Noise Emissions
	@ normal operation, and 50% load sharing fan speed
	
	
	70
7000
	dBA
rpm

	Cooling
	When equipped with operating PSUs
	
	
	50
	Pa



[bookmark: _Toc503807854]Mechanical Specifications
	PARAMETEr
	

	Rack Unit
	2OU

	Dimensions (W×H×D)
	534.3×93×650mm (overall: 534.3×93×889.5)
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	description
	type
	manufacture
	mpn

	Input Connector
	3-phase input (2pcs)
	Molex
	042820-5223

	BBS External Interface 
	16pin / 1pcs
	Molex
	501876-1640

	BBS Interface for Extended Runtime
	RJ45 / 1pcs
	Molex
	043202-8113

	FAN and Sensor Backplane Interface
	 30pin / 2pcs
	Molex
	501876-3040

	+12VSB / BGND
	4Pin / 1pcs
	Molex
	172316-1104



0. [bookmark: _Toc503807856]Shelf Busbar Specs

	PARAMETEr
	DESCRIPTION/Condition
	Min
	nom
	max
	unit

	
	
	
	
	
	

	Voltage at point of connection to bus bar
	Shelf output voltage at no load.
	
	12.5

	
	Vdc

	Busbar current Density
	
	
	
	3.5
	A/mm²

	Bus bar material
	copper with nickel plating.
	
	CC100

	Bus bar maximum Current
	
	
	
	1200
	Adc

	Bus bar maximum voltage drop
	Voltage drop with respect to the location of the PSU module to the shelf bus bar
	
	
	40
	mV

	Bus bar maximum power dissipation
	Power loss with respect to the location of the PSU module to the shelf bus bar
	
	
	40
	Watts

	Shelf Internal Bus bar Temperature
	40C Ambient Temperature
	
	
	70
	°C
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