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* Interoperability is a requirement for industry to deploy quickly

« Stable and defined 800 VDC bus behavior

» Scalable power for different generations and use cases
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 Where do we put energy storage and what are requirements?
» Rack input electrical interface

* What distribution impedance can be supported?

» Rack startup negotiation

* Grounding

* Protection
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800 VDC

L]

Busway AC Losses

(500 Hz Corner Freq.) 110 Hz
@ Rack Local 1 ms holdup (SSCB) 1 1.51 per week
______ 0 ms holdup (MCCB) 20 1.51 per week
37.5 0.510 Hz
@ ________ 195 0.310Hz
Rectifier DPP + Idle GPU 75 +0.5,-110 Hz

EDPP +Idle Rack 39 ~ +0.5,-110 Hz 1
Low Voltage Ridethrough 250 1.52 per year
Idle 1 second 1000 0.80.1 Hz

0s holdup - gen backup 60000 1.52 per year
0s holdup - gen backup 90000 1.52 per year
Large Load Ramp Rate 1 per week
Intra-minute volatility Continuous
Oscillations Continuous
Harmonics Continuous
Grid outage - 2 hours 7.2M) 1.52 per year

(SST + ESS)

ESS
(Optional)

Increase busway and breaker
current requirements by 11%
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Reduce by ~44% @ 1kHz
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Rack Behavior — DCDC Power Shelf

Input Impedance

Parameter 0 |Unit__lValue
kw926
kw713 e
kw 20,0

kw 1235

kKW 95.0 Ooutput to Input Transfer Function
kw266
kw95 .
Alus 0.6

Input Capacitance uF/kw 26

Magnitude (dB)
H ° 3 B
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IEC61000-4-5

> KV differential TVS clamping on inductive load

dump during fault clearance

Unclamped Inductive Load

800 VDC Time Voltage Withstand Curve Ve

2000
L=1mH
2 | \
1800
No clamp diode,
no snubber AS=5A
///
E Brancumen _— 1600
DuT —
Pulse generator slope=V_DD/ L -
il 6v.0ss =300 1400 Prohibited
v.os e (Potential Damage)
Current shunt Drain-source v DD \W
—_ T 1200
t 100 A & g
Q1000
0
© 900V
-
IEC61000-4-5-S R i = o
-4-5 — Surge Requirements - . .
3
o
£ s00 I I
4 ! | |
10 [\ Mrnaratisar .
09 g ;g 400 Normal Operation | Possibld Loss of Output
! ! l Np Damage
I : | |
P T S /R : 200
03 H—{A :/ E i
01 | E i 0
00 . : t 1.00E-06 1.00E-05 1.00E-04 1.00E-03 1.00E+00 1.00E+01
0 |0L0 30% max { t T ! 30% max
T —L .
Time (s)
Front time: T,=1.67xT=1.2ps +30% Front time: T, = 8us = 20%
Time to half-value: T, = 50ps + 20% Time to half-value: T = 20ps + 20% SSCBor N - feed
2N feed + MCCB MCCB
3ms 20 ms
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| — Vm2:Measured voltage : C=100uF/kW — Vm2:Measured voltage : C=50uf/kW

Vm2:Measured voltage : C=26uF/kW — Vm2:Measured voltage : C=5uF/kW
— Vm2:Measured voltage : C=12uF/kW Magnitude
830_6 — Vm3:Measured voltage : Zout: L=320uH, R=45mOhm Vm3:Measured voltage : Cin = 2uF
- — Vm3:Measured voltage : Cin = 20uF — Vm3:Measured voltage : Cin = 390uF
s 120- .
820 AN v
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Rel
800- = 60
| 3 40
790~ / 2 20-
—— =
o o— T
-20-
770~ _AD-
Phase
Am1:Measured current : C=100uF/kw — Am1:Measured current : C=50uF/kW — Vm3:Measured voltage : Zout: L=320uH, R=45mOhm Vm3:Measured voltage : Cin = 2uF
Am1:Measured current : C=26uF/kW — Am1:Measured current : C=5uF/kW - — Vm3:Measured voltage : Cin = 20uF — Vm3:Measured voltage : Cin = 390uF
— Am1:Measured current : C=12uF/kW [m] |
30- . R
2
a5 50~
=
20~ E
T
15- e
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. : uF/kW 26
Distribution WF/kW | 12/@62.4 uH distribution
Minimums uH 250 Per 125A/800V whip
uH 5/Per 1 MW block
Hz 500
Vm2:Measured voltage : L=500uH, R=0.07250hm Vm2:Measured voltage : L=1000uH, R=0.14490hm
- Vm2:Measured voltage : L=1500uH, R=0.21740hm l’{ — Vm2:Measured voltage : L=2200uH, R=0.31880hm 300
& i
| 820- r II'I" i |
) I\ ’. | 250 100, 243
= HA fl | A E
| 1\~ VNo~=| s200
20 \.-"f \ i a0
f =
i f B
| 700 : | =150
= Am1:Measured current : L=500uH, R=0.07250hm Am1:Measured current : L=1000uH, R=0.14490hm | g
— Am1:Measured current : L=1500uH, R=0.21740hm — Am1:Measured current : L=2200uH, R=0.31830hm >
& =
o b | 00
e [\ 2 Second Order
[ = Y § Effects!
5 | 50
i 10- |‘
| . ‘ . . . \ Pt . . | . ‘ _ . 0 20 40 60 80 100 120
0.09 0.101 on 012 013 0.14 O:I]iﬁhfs 0.16 oar 018 019 020 021 022 CapaCItance [“F/kW]
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Lumped L/R Ratio is what

ic i 6000A Busduct Run: 6’ (Vertical) + 32’ + 80’ =118’ 125A Power Whip Length: 23’
is important for model 12504 Busway Rum: 48

N+N Cabled non-coax
Distribution Type A B c c (= N e
e O e
min max min max min max min max min max . i j ] 1
Bus Duct 6000A |m 0 0 0 0 34.1 24.4 32.5 0 0
Busway 1250A |m 0 0 1 8 3.7 14.6 0 0 0 0 . =i [l—rt B
Whip Length 125A |m 1.5 3.1 10.7 17.7 5.2 7.0 5.2 5.2 30.5 84.0 ! i Lr./f/
m s 3.1 1317/ 25.7 8.8 55.8 29.6 37.7 30.5 84.0 : | At 1 - ”’,_,
13 ) b |
/.// T
-
HH/m r i O e -
lumped min max min max min max min max min max o &F
Inductance Bus Duct 0.077 0 0 ] 0 0 3 1.878 2.505 0 0 i o I
Inductance Busway 0.060 0 0| 0.060| 0.477| 0.218 0.872 0 0 0 0 t
Inductance Cable 0.377 0.5655| 1.150| 4.036| 6.666| 1.954 2.644 1.960( 1.960| 11.494| 31.681
Total Inductance uH 0.566| 1.150| 4.095| 7.143| 2.172 6.145 3.838| 4.465| 11.494| 31.681
mQ/m
send min max min max min max min max min max =
Resistance Bus Duct 0.006 0.000| 0.000| 0.000{ 0.000{ 0.000 0.382 0.273| 0.364 0.000| 0.000
Resistance Busway 0.027 0.000| 0.000| 0.054| 0.429| 0.196 0.784 0.000| 0.000 0.000| 0.000
Resistance Cable 0.521 1.563| 3.178]11.154| 18.426| 5.401 7.307 5.418| 5.418| 31.768| 87.563 ~
Total Resistance mQ 1.563 3.178)11.208| 18.854 8.474 5.692 5.783| 31.768| B7.563
Voltage Drop 0.0 0.0 0.0 0.0 0.0 2.3 1.6 2.2 XY -
Voltage Drop 2.0 4.0 13.9 23.0 6.8 9.1 6.8 6.8 39.7| 1095 ReqUIreS Separate
Voltage Drop 0.2 0.4 14 2.4 0.7 11 0.7 0.7 4.0 10.9
Voltage Drop Total 2.1 44| 153 254 7.5 12.5 9.1 9.7 43.7| 120 g rou nd bond for ha rd
tied ground
Dist Losses Total 6000 0.0 0.0 0.0 0.0 0.0 13767.8| 9834.1|13116.3 0.0 0.0
Dist Losses Total 1250 0.0 0.0/ 83.8/ 670.0f 306.4| 122586 0.0 0.0 0.0 0.0
Dist Losses Total 125 24.4 49.7| 174.3| 287.9 84.4 114.2 84.7 84.7 496.4| 1368.2
Dist Losses Total 1172.3| 2383.6/8767.9/17035.2| 5521.2| 25130.8| 13897.9(17180.1| 23826.2|65672.3 La rg e r Wl re g a u g e
Dist Efficiency 100.0%| 100.0%| 99.8% 99.6%| 99.9%| 99.5% 99.7%| 99.6%| 99.5%| 98.7%

required
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» Simulation is the first step

« Small signal stability check w/ distribution impedance
* Large signal distribution check
« Stability margin check

« DCTime / Voltage withstand curve check at load

 Single component validation

 Single SST Module
« DC/DC Power Shelf

» Simulated max designed distribution impedance

* Pilot builds and system bringup
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Tapbax / Seurce Connector

Cirult sreaker  Comtactar
PWR_POS —~ o PWR_POS PWR_POS

Entry Module

e

PWR_RTN PWR RTN PWR_RTN

PE pE PE

u SIGNAL_L -~
©
A HL Switch ShortPin
—L ) SIGNAL_2
It

meu NTC_1

HVIL

RCD Thermistor
IMD

AFCI -‘ NTC 2

R S

ocp 1

OTP - Liquid Infet, Outlet

lcd me Mo 77

Input Voltage

800 VDC +5%

Insulation Monitoring Device

Greater than TBD Q

High Voltage Interlock Engaged
Liquid Inlet Temperature <45°C
Liquid Outlet Temperature <85°C
Connector Temperature <TBD °C

Over Temperature Protection (Any)

Arc Fault Current Interruption

Residual Current Monitoring

Greater than TBD mA
imbalance

Insulation Monitoring Device

Greater than TBD Q

Break in High Voltage Interlock

Current Backfeed

negative current for more
than 100 us

Time

10 seconds with a minimum
of 1024 steps

Modbus command

TBD

Modbus command

TBD

OCP
GLOBAL

Tapbox Connection T

——

Tapbox ’
Connector
Startup
Qutput Off
TurnOnCriren:/f ’/ / \\"\ ‘\\
{ [ \ \
Walk In Timer I

TurnOnCriteria
Remote On

Fault or Remote Off

Manual Reset

Ouput On
[

Overcurrent

Tripped

Scaling Innovation for the Al Era.
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Category Protective Clothing Incident Energy

E 0 No melting, Flammable Materials 0.0 - 1.2 cal/cm?
E1| — arc with Weight >= 4.5 oz/sq yd ' S
a? + d?
1 Arc-rated FR Shirt & Pants >1.2 - 4.0 cal/cm?
2 Arc-rated FR Shirt & Pants >4.0 - 8.0 cal/cm?

Arc-rated FR Shirt & Pants & Arc >8.0 - 25.0 cal/cm?

Flash Suit

4 Arc-ratec.i FR Shirt & Pants & Arc 525.0 - 40.0 cal /cm?
Flash Suit

DANGEROUS! No FR Category Found >40.0 - 999.0 cal /cm?

PPE CATEGORIES — based on 2012 NFPA 70E
(no Cat 0 in 20195)
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Duration of current flow ¢ (ms)

A
10000 | ¥ \
Ca "_)'(") ‘,‘? \
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P i
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OCP
GLOBAL
SUMMIT

Main Feed

Solid Grounding

Reinforced Isolation

Priman, Seconda
a 800 VDC y | v
3 PWRPOS 1
' B ov ' ‘ pe/oc 54V or12v
O RC pwmam 1 d

41—— PE

77

'
Sround Bond ' Ground Bond

High Side and Low Side

o |
Ground Band | Ground Bond

+ Simpler grounding implementaticn

- Controlled ground-fault current through return conductor
* IMD + RCM support fault detection

« Less balanced voltage profile than HRMG

High Side and Low Side

Floating/Ungrounded

Reinforced Isolation

Primary | Secondary

- BoOVDC
B ewnpos 0

(=) | ov H og/oc
i Ru PWR_RTH ) /
T T

I
I
I
|
|
|
|
Ground Bond

High Side and Low Side

54Vaor

o=

Ground Bond

12v

Tapbox / Branch

High Side

High Side and Low Side

High Side and Low Side

Compute Rack

High Side

High Side - IMD for return fault

High Side and Low Side

Protection Requirements

Ground Bonding Reliant (< 7 mQ)
Residual Current Monitor (RCM)
2*RCM/Breaker current PE < 2.5V

Insulation Monitoring Device (IMD)
Residual Current Monitor (RCM)

Insulation Monitoring Device (IMD)

Incident Energy High Resistor Controlled Very Low
Detection Simple Difficult Difficult
Fault Transient Overvoltage |[Low Medium High
Leakage Current High Low Very Low

(Galvanic Corrosion)

Limits maximum busway to about 26m
7 mQ from rack to source

Provision for grounding bolts on rack and

busway

Signal integrity / noise

2026

=

Max Iy = 6.3kA

10 20 50 100 200 500 10002000 5000 10000
Body current i, (mA)
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« Update DC Voltage Withstand curve to allow for SSCB / IEC Surge

« Standardize on rack startup sequence and checks

* Minimum filter requirements

* Small signal and large signal modeling is required to ensure stability
* Open models should be published with specifications

* Impedance vs. frequency plots for cables and busways and inductance will be
limiting factor for dynamic loads
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