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Topology: Dual Ring Bus

In response to a Request for Information from the Office of Naval Research regarding electrical
architectures to be considered in an architecture evaluation study for two candidate hull forms
including a 10,000 ton destroyer-sized vessel and a 5,000 ton frigate-sized vessel, the Design
Laboratory of the MIT Sea Grant College Program proposes a dual ring bus topology as
described in the following.

Brief Topology Description

The dual ring bus topology shown in Figure 1 consists of two separate ring buses: one for
propulsion and one for all other loads. The propulsion bus is a short ring that extends from zone
2 through zone 4 and provides power to the propulsion motors. The mission bus runs throughout
the length of the ship and provides power to all mission and hotel loads. The small gas turbine
generators are connected to the mission bus, and the large gas turbine generators are connected to
both the mission and propulsion bus; the amount of power sent to each bus is driven by the load
demand. A cross-connect between the buses allows propulsion power to be provided by the
small gas turbine generators if no large gas turbine generators are on line.

Each vital load is connected to both the port and starboard sides of the ring. There are redundant
power conversion modules for each zone and for each major mission load.



Figure 1: Top Level Block Diagram of Dual Ring Bus Topology for 10,000 ton Threshold Variant Ship
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Dual ring with low-voltage bus variant

The dual ring bus with low-voltage bus topology, shown in Figure 2, is very similar to the dual
ring bus topology described above. The difference is that a low voltage bus runs the length of
the ship on both port and starboard sides. Instead of having two zonal power conversion
modules in each zone, redundancy is provided through connectivity to the zonal power
conversion modules in other zones. Thus, there are four zonal converters instead of eight.



Figure 2: Top Level Block Diagram of Dual Ring Topology with Low Voltage Bus for 10,000 ton Threshold
Variant Ship
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Architecture Advantages and Disadvantages

The dual ring bus topology reduces the maximum power level on each bus, so that the full
installed power of the vessel is not required to be transmitted throughout the ship. This reduces
the size of each bus and the breakers or disconnects associated with the main bus, at the expense
of adding cable length (an additional bus and the cross connects) and additional breakers or
disconnects. Separating the propulsion loads from the mission and hotel loads reduces the
complexity of each bus, which improves reliability while maintaining flexibility. Improvements
to safety and power transmission issues may be seen as well.

The ring bus topology inherently provides two sources of power to every load (from both
forward and aft); this robustness is increased by linking the vital loads to the ring buses on both
the port and starboard sides of the ship and providing redundant converters for zonal and mission
loads, also on both sides of the ship. The mission bus and redundant converters are separated
transversely and vertically for reduced vulnerability. The cross connects between the mission
and propulsion buses provide yet another path for power flow.



It would be interesting to investigate the filtering requirements of this topology in more detail.
For example, the propulsion bus is connected only to the motors and the two large generators, so
it may be possible to allow this bus to operate with reduced filtering since the equipment
connected to the bus might be resilient to harmonics. If this were allowed, the cross connects to
the mission bus would need to be filtered. In an ac application, it may be feasible to allow the
bus frequency to vary.

Protection/Reconfiguration Philosophy

This topology features a ring configuration for the main distribution bus which provides two
alternate feeds for each vital load and each mission load. The ring-tie allows bow and stern cross
connects if needed. In addition, the propulsion bus is a ring configuration with cross connects
that can bring power in from the mission bus.

All vital loads are connected to the distribution buses via an automatic bus transfer (ABT) that
automatically shifts power from one bus to the other in case of loss of power from one side. The
control system limits total power drawn from any bus as described in the following section, thus
avoiding overloading the remaining operational generator(s).

Control Philosophy

Since the installed power is less than the aggregate total load, the load must be controlled at all
times to avoid exceeding the power supply. We recommend a supervisory fully-redundant
control system using a concept similar to smart grid technology in which the power distribution
is controlled through the control of the load levels. This control system must maintain
essentially real-time status of load demand and power generation, even in the face of disruptions
up to and including combat damage. Detailed discussion of the control philosophy in damage
scenarios is not addressed herein. When the plant is operated in split-plant mode, the control
system manages power for each bus (port and starboard) independently.

For normal operations, all loads except propulsion will be allowed to draw full power; note that
this means non-vital loads will be able to draw full power as well. The maximum propulsion
load allowed will be limited to the amount of generation capacity on line minus the active
mission and hotel load; as equipment is operated, the available maximum propulsion load will
fluctuate. The propulsion load may of course take any value less than the maximum allowed at
any point in time; in other words, the ship may always go slower than maximum speed available.
Operating all loads at maximum power and taking distribution losses into account leaves
approximately 26 MW available for propulsion with all generators on line. Using a speed-power
curve for a representative 10000 ton destroyer, 26 MW of propulsion power allows the ship to
maintain approximately 25 knots in speed.

An alternative restricted maneuvering mode must be available in which propulsion power takes
priority over other loads. In this scenario, the remaining loads must be prioritized and limits set
that allow full propulsion power.



During an emergent event such as a fault or other casualty, non-vital loads will be shed;
however, non-vital loads are only 3% of the installed power, so shedding these loads will have
little impact on overall powering and further action must be taken. Propulsion power will be
limited, and a scenario must be developed to potentially limit other loads as required. Examples
could include limiting repetition rate for pulse weapon firing or instantiating a lower power mode
for radar operations.

An additional consideration is that a minimum allowable propulsion upper limit must be in place
to allow the ship to maintain steerageway. This minimum upper limit could come into play in
casualty events, but also during operations with less than maximum power on line.

Concept of Operations

1. Battle Condition. The ship operating in battle condition will have all generators running
and on line in a split plant configuration. This configuration will be achieved by opening
breakers forward and aft on both the propulsion and mission buses such that the port side
motors and generators and the zonal and mission loads in zones 2 and 4 are connected to
the port bus and the remaining equipment is connected to the starboard bus. The breakers
that would be open in this configuration are colored red in the top level block diagram.

2. Single Generator Operations. The energy storage module has sufficient capacity to
provide 2.5 MW of power for 3 minutes, which should be sufficient time to start a
standby generator, even allowing for a misfire. Therefore, single generator operations
will be allowed when the ship is in a threat-free environment. For single generator
operations, all breakers are closed in both the ring and mission buses. Assuming the
single generator is one of the main generators, the breakers in the cross connects will be
open as the generator will be connected to both buses simultaneously.

Implementation details
Medium voltage dc implementation details:

In the medium-voltage dc version, power is generated as variable frequency ac using high-speed
generators operating at the most economical speed for the load. Power is rectified at the source
and is distributed throughout the ship at 9.3 kVdc. The propulsion motor drives and the pulse
weapon are powered via a variable frequency ac drive which can accept dc bus voltage without
conversion. The remaining major mission loads require a 1 kVdc voltage input, so a dc-dc
converter is required for each major load. We assume that all in-zone loads are 450Vac 60 Hz,
so the power is transformed and inverted at the entry to each zone, then distributed individually
to each in-zone load at 450 Vac 60 Hz.

All switches on the dc side of the bus are dc disconnects; when power must be interrupted, power
flow is controlled through the associated power electronics equipment and the disconnect is used
for isolation. AC breakers are provided within the ac portions of the distribution system and
between the generators and associated rectifiers.



Medium voltage 240 Hz. ac implementation details:

Power is generated at 240 Hz ac using high-speed generators and is distributed throughout the
ship at 6.9 kV. The major mission loads and propulsion motor drives require a dc voltage input,
so power is transformed and rectified for each major load. We assume that all in-zone loads are
450Vac 60 Hz, so the power is converted and transformed at the entry to each zone.

Medium voltage 60 Hz. ac implementation details:

Power is generated at 60 Hz ac using conventional generators and is distributed throughout the
ship at 6.9 kV. The major mission loads and propulsion motor drives require a dc voltage input,
so power is rectified for each major load. We assume that all in-zone loads are 450Vac 60 Hz,
so the power is transformed at the entry to each zone.

Ship variant details:

Top-level block diagrams and detailed equipment lists for all variants are included below. In
addition, detailed one-line diagrams of the 10,000 ton threshold variant in MVDC, HFAC and
MVAC are provided.
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5,000 ton ship - "IPS 60 Hz Dual Ring” variant
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5,000 ton ship - “IPS 240 Hz Dual Ring" variant

A48 (8 [4lal | | [£de [l | Vo] el Teel=leeleaf] | Tl [l o mnmrrrﬁﬂ alels | [sls] (8] |slls|alofsf [3] f2lsle
CSREEEEEREREE S R R H W E R E R alxl= |3lala] (3l muuu.m_u_m_ A3l | 121s] 18] 12lals]sls
24 | |= sls| |8 A" als sl (85 : elals elsls| [5 g ® 8 mm
a3l | |8 33 (3 (e | R (e | LE LLEEEEE P RREEE R ERE mmmm_m_._m"_ slafs| | [al3] 8] |s|s{s|se 3
jii3 atal (5[ [alalal [ | [l2ls] [\alsl | (<lsl [5ls! (elalalalalale| T| | |-lalsl [zl (sl Lelalalalelal £ | [-1alal | |<lz] 5] (allelals w
A 11 e o 2 e (e e 2 e e e B e
: AT HA AR A A DA A A AR A B A
s HH §\8(8 (2|28 |§[5|§| LR mea HHI
z LLEREREEE ) HEIH ki AEEHEEE mnggum CHEREHERERBEHE ER gml HEEHE! Jmmmg S
gl (8] (88l | [ | |elee] [sele [eele (sl [ellalealele] ] | [selo] |sfele] ¢ [es(ealele] | || [olee] el e [ellelee] |] | [elee
2131 |4 |4« e m“_u o138 (el [<lsl<lel<l s slulel (<1319 |9 |<l%|e[<14ly] suly| 4313 of [afelsfsls ¢l4ly
815l (3 [8(8(] 215(2) 133131 [ARE] (318 [31R1%{=12 53 LEEREEEREREEEREE {EE B HEH
3 15(5212 32 33 iH
il it i bl ] (it
oo | o ot 1] el B )| e
El2 L] 4 | g ] |
mm_., i u:_ m m.“ mmm. H ::_u_mu i mm... u:m_m_m H _..,_ mwm w_ FHEEE LR
m R ITE] mm EAEIEIEIEAE LS m EIETEIE R IR m R IEAR LS
- 338 3 = | 23|18 3 R %3i8 2 "
b || m_ il || i (2|8
] Byl || | Al Wl [ [H ][ il A
” m_m m_ m_m_ m_ m_m_
- n - . F




5,000 ton ship - "IPS dc Dual Itlnl" varlant
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5,000 ton ship - "IPS 60 Hz Dual Ring LV Bus” variant
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&0 Hz Breakers generators .00 AL G300 A8 1 1 50 200 1 oo 25
60 HE Breakers LY biis S.00 aC 450 5415 1 1 50 200 2 o 50
60 Hz Breakers rmssion bus TA0 Al 500 7] 1 1 50 00 4 ol 150
TOTAL POMNE 1 1¥ 3 £ 861
Z211 Baoited wilal 1.12
2 Hioted neon-wital .48
Total Hotel Load 1.0 Transformer 1-63 AL 450 404 300 1 098 o4 L] 1 6.0 4433
211 Mission lnad (1] &0 Hz Filter 040 AC-DC 1000 4100 ] 1 1 0.5 ] 2 L6 B0
Rectifier AC-DC Al AC-DC 1000 ans 740 1 098 3133 a.67 2 02 172
Transformer nA43 AL 0 Erel F300 1 038 044 0.6 2 1.3 1385
Propuliion Load 175 Maotar X145 Al 900 1784 SI00 .85 096
wEn I.z8 OC-AC (] nn 9300 1 098 1.4 132 1 15.8 £,839
Ractifier AC-DC i2.33 AC-DC 5300 2401 G300 1 038 3.33 667 1 &7 3.345
2
Povner Generation 4 RR4A5H GTG 450 aC 500 410 LaS 036 Oty 0.102 1 11400 £8,058
n LMRS00 GTiS nm AL B0 143 oes bss (i EE] 0.4 1 TILE8 | 476580
60 Hz Breakers loads 5.00 AC G900 418 1 1 50 200 4 ol 100
60 Hz Breakers propulsion 15,00 ac G900 i rl 1 1 150 200 1 ol 135
50 Hz Breakers generators 00 AL G500 418 1 1 I50 200 1 oo 23
0 Hz Breakers Eenerators 5,00 aC G500 2092 1 1 50 200 2 02 250
60 Hr Breakers i ssinn bus 7.50 AC 6900 628 1 1 50 200 4 i 150
60 Hr Breakers propulsion bus | 35,00 ac 500 paric] 1 1 250 200 F 03 350
&0 Hz Breakers LV bus 500 AL 450 G215 1 1 50 200 4 ol 100
&0 H Breakers CIOnss. Conaeeck 12.00 aC G500 100K 1 1 250 200 2 Ll 1340
| TOTAL ZOMNE 2 9%.9 S TTT
I3l Hoted vital 1.36
s W) Hotel nan-wital 0.24
| Total Hotel Load 1.60 Transiormmes 245 &ac 450 3142 G900 1 .98 041 .6 1 S 4,082
faLa Mission bpad LE &0 Hz Filter oAaD ALC-DC 1000 A0 70 1 1 0.3 1 4 1.6 B0
Ractifier AC-DC 041 AC-DC 1000 AR Tk 1 038 3.33 667 2 2 12
Transiormmes b4z ac a0 15 G900 1 .98 L4 .6 2 19 1388
3 Powner Generation i LWVEZS00 QTG 6,74 AL 6500 153 0.8% .36 O35 Q.04 1 Tri56 476,550
60 H Breakers loads 500 ac 6500 418 1 1 50 200 4 o1 100
&0 Hr Breakers storage 500 AL f500 418 1 1 0 200 1 0.0 i
&0 H Breakers geEnerators 5,00 AC G5 Fatshd 1 1 50 200 i 02 50
&0 Hz Breakers rulssion s 7.50 AC 900 628 1 1 250 200 4 (5 150
60 Hr Breakers propulsion bus | 35.00 Al RS0 pari] 1 1 I50 200 i 03 350
&0 Hz Breakers LV bus 5.00 A 450 215 1 1 50 200 4 ol 100
50 Hz Breakers CIOES OOnsect B0 Al G500 GiE3 1 1 I50 200 F 0Ll 50
|TOTAL TONE 3 0.0 484,007
za11 Hotel vital .68
T Hotel non-wital 0.12
| Todal Hotel Load 0.5 Transformer A5 aC 3142 G300 1 38 044 6 1 5.6 4,082
Propulsion Load 175 Motor J1.4% AC B00 1734 Ho00 LES -
VED I1.58 DC-AC H500 R 9300 1 038 1.4 3.2 1 15.6 E.B3%
Rectifier AC-DC 12,33 AC-DC 3300 2401 G300 1 38 3.33 6.67 1 &7 1,348
4
Poweer Generation 3 RR4300 GTG 430 AL 6500 a0 08s| 038 0043 8.102 1 13400 | 48,058
G0 HI Breakers loads S0 aC G500 418 1 1 250 200 4 1 10
60 Hr Breakers propulsion 25,00 AC BS08 pun. ] i 1 X500 200 i ol 15
60 H1 Breakers fenerators 300 AC B500 418 1 1 5 00 1 L] 23
&0 HI Breakers TSSA0n DS 750 AC 6500 (] 1 1 250 200 d 0.1 150
60 H Breakers LY bus 500 ac 450 6215 1 1 250 200 2 o 50
&0 Hr Breakers propulsion bus | 35,00 A G500 paori] i i Fb 200 2 K] 350
|TOTAL FOME 4 1425 63,127
GRAND TOTAL | Loms |114380
Cabla mmilsison s 600 AL G300 502 4, T8
Ali Lable propulsion bus | 33.00 ac 00 IP6L G401
Cable L& bus 5,00 AL 450 6415 17 280
Cable crogs connect | 1200 AC 6500 1004 b
Total 'Eahl-wqilhl. 29,069
Total Weight Including Cable 1,172,960
Total GTG Weight 10697,334
Total PCM Weight 43,157
Total Breaker/Disconnect Welght 3,400
Total Calle Weight 29,069
Total Weight 1,172,960




5,000 ton ship - "IPS 240 Hz Dual Ring LV Bus” variant

w m Ingut i
v LD Type W w E‘m WA Vipe H_! i air vt 'H'QE PF | ifficimncy | Mvafmi h'u'A."ll M Volume W
(vl a] v} MvASmE | VA kg m* kg
falhg rioted vital o7
| Eug Hotal nan-wital 0.3
Tatal Hotel Load 100 2400 Hr Filter 2.6 AC 430 el A0 1 1 1 L7 1 1.6 1486
Convanar A-AC 2065 AL A5 4 480 1 0.98 1.35 .25 1 20 1,179
Transfarmer LTL AC 480 1X56 500 1 0.98 L4l 0.6 1 6.2 4,512
fr. B Missian load 0.2 240 Hr Filtesr 1] AC-DC 100G 200 FLn] 1 1 1 LS 2 4 124
3 Rectifier AC.DC 020 AC-DC 2000 204 a0 1 0.98 FEE| 667 2 0.1 &1
Transfarmar 021 AL 40 182 8500 | 1 0.58 £44 .8 2 [ 854
Poweer Genaration L] RRASD0 High Spead GTG 4. &G 00 410 L85 0,96 0.o71 0165 1 904 0,006
240 Hi Breakers lnads 500 aC ] 418 1 i 00 160 L] Ll 125
240 Hr Breakers generatan 300 AC E300 418 1 1 00 180 1 0.03 1
60 Hz Breakers LV b 3.0 AL 430 B418 1 1 Eﬂ' 00 2 0.0 50
340 HT Braakers MilEsson bus 750 AC 00 (] 1 1 JO 16} & 0l 183
TEITAL SCHNE 1 189 6,075
a1l mnted vital 112
IAl} el nan-wital 44
Totsl Hotel Load Lk 20 Hr Filtesr Lily &C 430 1356 480 1 1 1 LS L 1,486
Converter AC-AC 145 AL 430 1404 480 1 .58 L35 .25 1 .0 1,17
Transfarmar in AL 480 2% | eso0 | 1 0.58 044 0.8 1 62 512
fr k] Missian load R 2l Hr Filtes .40 C-DC 1000 A w0 1 1 1 L5 2 0B 457
Riectifier AC-DC D41 AC-DC 1000 A0S a0 1 0.98 3.33 .67 2 0.2 12
Tranatarmsr 42 ac 740 125 00 098 .44 0.6 2 L9 1,388
Prapulsian Load 17.5 Maotor 2148 \C 6900 | 174 | #S00 |03 | 0.9
WD 11,88 DC-AL B300 1831 S 1 o.98 1.4 3.2 1 1.4 6,539
z Rectifiar AC-DC 11.33 AC-DC 1000 12330 50 1 0.98 1.33 667 1 BT 3,348
Poveer Genaration L] 4500 High Speed GTG 490 e 00 410 (L85 .96 G071 o169 i 0.0 i, 006
il LMWZ500 High Speed GTG 25,74 e GO0 1153 .85 .46 a7 0127 1 765 202,640
240 Hr Breakery luil 5.00 AL &300 418 1 1 Pl 1l 4+ ol 123
2400 H Breakers pmp-ul!lﬂn 5.0 A 00 0 1 1 0 160 1 0.1 156
20 Wi Bréakers PENEraans 500 i 00 A18 1 1 100 16 1 (i ¥
20} MT Breakers gEneralon 5.00 aC 00 a2 1 1 200 160 2 0.3 113
240 Wi Breskers T Sds0n Bus 150 aC G800 ¥ ] 1 1 200 16D 4 2 188
240 Hr Breakers propultionbys | 35,00 AL cali 2979 1 i ] 160 2 0.4 418
B0 Hz Breakar LY bus 3.00 AC 430 E=L15 1 1 P JH 4 0l 100
240 H Braskers Cross connect 13.00 AT 00 1004 1 1 JH el 2 ol 150
TOTAL 2OMNE 2 4r.a HI!E_N_
pa N Hoted vital L36
Il Hotel non-wital 024
Tatal Hotel Load 1.60 240 Hr Filter 140 A A5 079 480 1 1 1 L5 1 14 1in
Converter AC-AC 2.45 AL 450 342 480 1 0.58 L33 125 1 18 1,088
1I'hll'ivlll:lﬂ'l'!ll_r 450 AL 430 00 G500 1 .58 44 .6 1 &7 4,165
I3 Missian lodd 0.4 200 Hz Filtes 40 A&C-0 1000 400 0 1 1 1 L7 2 [ 457
Rectifier AC-DC 0.l AC-O 1000 408 FA0 1 0.98 1.13 667 2 0.2 12
Trandlarmer .42 ac T 335 [ 1 098 [ 0.6 2 1.9 1,388
3
Power Genaration n LMI300 High Speed GTG B AL 6900 | s 083 | 08 007 0.117 1 367.65 | 202,640
240 HI Bréakers lnans 3.0 e 300 a8 1 1 100 1o} A 0.l 123
2400 Wz Brégiers slarage 5.00 A 00 A18 1 1 200 jioi] 1 X n
240 M Breaiers generalan 25.00 aC (0] g 1 1 200 1l 2 (N ] 113
2400 He Breakers rilssson bus 7.50 AC 500 628 1 b 200 160 4 L] 188
240 Hr Breakery propuliion bus | 35.00 AC ] X9 1 1 00 150 2 0.4 438
Iﬂﬂl!_rlli-ll‘l LY bus .00 AL 430 BALY 1 1 Il 00 4 ol 100
140 HE Breakers EFOSS connact HiHH A 500 669 1 1 0 1) 2 0l 100
TOTAL POME 3 il J‘Ihl“
Iml Wit vital (.68
ZaLY Hotel non-vital o012
Tatsl Hotel Load .80 240 Hr Filter 1al ac A58 ELery] 480 1 1 1 LTS 1 14 1Lin
Carnvertar AC-AL 148 AL 430 1142 480 1 0,58 135 125 1 L8 1,088 |
Transtarmar 150 AL 480 Rl L 1 0.98 044 0.6 1 57 4,165
Propislshon Load 1.5 Mot 2145 e 00 1 0 | 0LBS .96
WD 21.88 DC-aL G900 1831 SO0 1 0.98 1.4 32 1 154 i, 839
a Rectifier AC-DC 22.13 AC-DC S0 2t ] 1 .98 333 [X.7) &7 3,348
Ponvllr Ganaration 4 mm-:l Gra 490 AC G300 410 OLAS 0,596 0.071 0.16%9 1 5.0 9,00
200 Hr Bréakers lnads 5.00 W 00 A18 1 1 200 160 i 0.1 125
140 W Dreakers propulsion 25.00 e 00 pli;r 1 1 200 1l 1 Ll 156
2400 Hr Breakers gEneralars 5.00 A S0 A18 1 1 200 160 1 o0 u
240 Hr Breakers i bus 50 AC E300 68 1 1 00 180 4 0.2 isa
60 Hz Breakor LY b 31HE AL 430 G418 1 1 Eﬂ' g 2 oo ki
240 Hr Braakars propubuion bus 35.00 AC B500 1929 1 1 JOi 1 ) 0.4 413
TOTAL ZOME 4 .7 45,414
[oranD TomaL | Logsn | 541,654
Cable milsison bus .00 AL aa00 so2 4,740
- Cable propubsienbus | 33,00 AL B300 Il 6,401
Cable LV baus 5.0 A A5 =15 17,380
Cable EF oS connect 12.00 &C 00 100 Gl
Total Cabite Welght 9,069
Total Welght inchuding Cable S11, 103
492297
52,056
4175
29,068




5,000 ton ship - "IPS dc Dual Ring LV Bus" variant

Outpit | Dutpst | Input Al
il e bl - o eialy oo ool Mot Mk woits | cument | voits | 1| Wfiiclency | Muijmd | kuAjeg | Quentitg] T o
[¥] [A] [v] MvASm T | WA L" |
T otal wital o7
Tl Hptal nom.vital 0.3
Total Hatel Load 100 Irverter 285 | pc.ac | 4m0 M4 | o | 1 oLan 0.75 1.3 1 ¥ 1,709
zaul Missian load [¥] Convarter DC-DC 020 | pcbc | 1000 | a4 o | 2 (1] ag 2 i s 4
i Power Generation | 4 ARAS00 High Spesd GTG as | ac | eso | aw 085 | o9e | oo | oiee 1| ess | 29008 |
Bectifier AC-OC .80 AC-0C 9300 517 G900 1 090 1.3 87 1 L 13
Digconnacty loads 5,00 B 9300 538 1 1 180 50 A .1 il
D o ety ganerators 5.1 Do 300 538 1 1 180 50 1 .03 ]
240 W Braakars ganeraton 5.00 AL 00 W18 1 1 Fle ) (L 1 (L] 1l
B0 b Braskars LW bus 5.00 AL 430 (o hk] 1 1 30 i) 2 0.0 30
Discannaciy misgion bus .50 = 500 L) 1 1 1m0 () L 0.2 &
TOTAL IDH_I 1 LR ] !ﬁ
Il Hotal vital 142
pi¥] Hotal nan-vital 0.8
Total Hotel Load 1.60 Irverter 283 OC-aC W50 MM aino 1 098 0.75 L3 1 35 L TEs
frit] Migsian load n4 Comvartar DC-DC 041 0c-pe o A0R anno 1 nan n.s i 2 o8 Ll
mpdilmlud 175 Maoter d1.45 AL L] 17 L] LYt oan
v net | pooac | esoo | 1mm | wwo | 1 [T 14 13 1 130 6,119
Povar Generation | 4 HR4500 Wigh Spesd GTG 4.9 AL e | aw o | 096 oonn | oie 1 o0 | 2000 |
Rectifier AC-DC as0 | acoc | wwo | sa7 | esoo | 3 | oo FET 867 1 14 720
2 i LBAES00 High Spaed GTG B AL 6900 | 2180 0,85 0498 o.o? 0.137 1 B6T.88 | 204
Rectifier AC-OC 1531 | acpc | sao | 2ma | esoo | 3 0.9 3.3 .67 1 16| amm
Disconnacts. lonity 5,00 [ 300 538 1 1 180 650 4 0.1 L}
Dipconnacty propulsion 300 (29 9300 2608 1 1 180 30 1 .1 L
Digcannacts gEneraton 5.0 oo %00 258 1 1 im0 50 1 0.0 ]
240 Hr Dreakar goneratorn .00 AL 00 1R 1 1 o 160 1 ouna il
Disonnects generator m00 | oc w300 | zeon 1 1 180 a0 2 .l bl
240 H Beaakary generatorn #oo | ac w00 | a2 1 1 i 160 1 0.11 1M
Disannacts misaacn bus 7.30 Be a0 | moo i i 180 ] 4 0.1 a0
Disconnacts proputiéon bus | 1500 0C 300 176 1 1 180 550 2 0.4 108
B0 W Breskers LY bus 5,00 AL Asd 8415 i 1 o 00 4 0.1 1]
Disconnacty crom ponnedt 12.00 DL 300 1200 1 1 180 50 2 a1 37
TOTAL FONE 2 7.1 I"I“_
T3l Hotal wital 148
T Hptal nam.vital .34
Total Hatel Load 1.60 Irverter 245 | DoAC | 450 141 | w0 | 1 (1] 0.75 13 1 il 1603
Zad Mission load (] Convarter DC-DC G041 | DCpc | 1000 | a0a sae | 1 (1] ag 2 2 as a0
Power Ganeration | 21 LMES00 High Speed GTG s | ac | esoo | 2m 085 | 098 007 | 0417 1| ss7es | Jozsa0
Rectilier AC-DC 331 | AC-DC 300 LI 900 1 0.0 3.0 667 1 1.8 LT
a
Digconnacty loads 5,00 (2o 9300 558 1 1 180 30 A .1 il
Diggannecty Hlarage 5.0 (9 %00 38 1 1 1m0 50 1 0.0 ]
[ilpcannacty goneraton 15.00 = 500 26H0 1 1 1m0 0 2 .0 T
240 Hi Diraakars gensratars =00 | ac T 1 1 o 160 1 £.13 134
Disconnacts iAo b 7.30 BC w0 | s 1 1 1m0 0 4 ai a0
Dilseonnacts propulsion bus | 13.00 14 FH00 FELE] 1 1 fL0 B 2 a4 108
B0 Wz raakors LY bus 5.00 AL a0 o415 1 1 140 0 4 ai 130
Nuﬂmﬂ Crass connedt ﬂ_.d.ﬂ BE ihﬂ_ 1290 1 1 180 50 2 ﬂ._.'l 57
TaTAL JONE 1 w07 |0
| ZaLl ot wital 0.68
T4 Hotal non-vital a.13
Total H_g'lll Laad (=N [+] IFverter 248 OC-AC A5 1142 Sino 1 L] ] 0.7% 1.5 | 1.3 1,613
P'I'IEHMLDH ir3 Moter 4145 AL 00 1714 G000 (X L] R
v nel | peac | esoo | s | swo | 1 (1] 14 1 1 15.6 119
4 Power Ganeration | 4 ARAS00 High Spesd GTG as | ac | eso | aw 085 | o9d | oo | oiee 1| eaoa | 29,008
Riectifier AC-OC .80 AC-0C 300 517 900 1 090 .33 87 1 L TH
Dipconnacts lIoads 5,00 (oo 9500 538 1 1 180 30 A .1 il
Digannacty prapuson 45.00 nc 00 ELll 1 1 il 50 1 0.1 a
240 Hr Braakars fanerator 5.00 AL 00 418 1 1 e (L2 1 0.0y L)
Distannacty milsson bus 750 [+ A00 L] 1 1 180 (5] L] 0.2 &0
00 W raakors LY bus 5.00 AL a0 o415 1 1 10 F i an 50
Dilsonnacts w 15.00 [+14 1500 FELE] 1 1 180 50 2 a4 108
TOTAL ZONE 4 .1 18,500
[aaanDToTAL | 11k | 53186
Cable T8 S0 B .00 [ 5300 5 LA0S
AlL Cabla propulsson bus | 13,00 [ 2300 1548 126
E.!bli LW Bug 5.00 AL A% Hl_!- 17280
Cabla LTORE EOANEC 1300 [£9 300 1200 A13
Tatal Cable Walght ELLTEN
Total Wakght including Cabile S, 010
wtal GTG Welght LR 1
Total PCM Wight 11,224
otal Breakes Dl sconect Welght 1,665
Total Cable Welght 24,627
Total Wiakght S, ALY
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10,000 ton ship - “Threshold 60 Hz Dual Ring” variant
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10000 ton Threshold Dual Ring 240 Hz AC




10,000 ton ship - "Threshold 240 Hz Dual

Ring" variant

Dutpat | Ouitpuat At Axuumel
EE by - Sy MVA | Tee | s | cument | voite |5V Tiiieney ] MvAimS | Svidan | Geentit
vl ) V] MRS | Wi [
1L Hatel vetal 6,65
12 | Hotel non-vital | 0.0%
Totad Hotel Load .00 240 My Filter T.00 AL A50 81 w80 1 1 1 L75 P
Convamar AC-AC T.14 AL A50 F164 &80 1 0,58 1.3 115 2
Tranaformer 7.2 AC 480 gre7 | emoo | 1 0,98 [XT b 2
Misgion boad 5.6 Converter VFD AC-AC 5,71 AC A8 ™ wine | 1 .98 1.35 .28 ]
Trarsformer [¥T] AC 180 [T &00 | 1 0.9 [ i 2
Powar 08 neration 4 RR4S00 High Spead 70 4.50 AC 00 | 4o ons | 0.8 0.071 o109 1
240 it Wirwakors 7.50 AL 1900 08 1 1 200 160 a4
240 hz raakars 5.00 AC 0900 | a1s 1 1 100 160 i
240 2 Wirwakors 1000 AL oo | w0 3 1 200 e 4
TOTAL FONE 1
Hatel vital 1.6
Hotel non-vital 04
Total Hotel Load 4,00 240 Wt Filter 4.00 AC a50 [T 480 1 1 1 175 2 457
Converner AC-AL A4.08 AL 50 517 a0 1 0,58 1.3 PR} 2 1620
Toanafarmer 416 AC 480 son | éso | 1 0.98 044 a6 2 13,
Migsion osd L3 240 Mg Filter L50 AC-DC 10660 FELi] a0 1 1 1 1.75 2 7
Rectilier AC-DC 155 AL~ 1000 251 Té0 1 0,58 3.3 &b7 2
Tranafarmar 2.60 AL an 051 (20 1 0.5 0, 0.8 ] ™
Propulliicdn Loed il Maobos 3M AL 6900 153 G900 | 0LES 0,96
ViD .28 | DC-AC B0 Fit 1) 300 1 0,98 L4 X2 1
Ractifier AC-DC .80 | AC-DC L) 26T HH00 1 0.5 5,53 A7 i T
Powiar D@ RETaTian 4 RRAS00 High Spawd TG 490 AL 00 | a0 o8s | 0.9 0.071 0.16% 1 9.0
Y LMZI00+ High Speed GT0 10.64 AL 1900 | 24 oas | o 0400 | 0729 1 7.1
240 h lreakars 5.00 AL 0900 | s 1 1 00 180 4 0.1
240 Rz Braakars .00 AL 0900 | Jo3 1 1 200 160 1 0.1
240 bz liraakers 5.00 Aac 00 | 4um 1 1 00 180 1 [
240 Rz Drwakars 18.00 AL 00 | 299 1 1 200 180 2 0.4
240 bz lireakers [ AC B0 | 3 1 1 100 180 4 [T
240 2 Drwakery 15.00 AL 8900 | 929 1 1 00 180 1
140 bz lroakers 1.00 AL 0900 nes 1 1 00 160 2
TOTAL ZONE 2
3L Hatel vital 187
AL Hotel non-wital 0,43
[Tatad Hotel Load 4.0 240 ME Filter 4.0 AL A0 5517 L] 1 i L75 2
Converer AC-AL am | ac 450 | sea | a0 | 1 | o Lx FET] 2
Trangfarmar A48 AL AR 5585 E900 1 0,548 0.4 0.6 2
Mision bosd 1.5 240 Mz Filter .50 AL D 1000 paiii] T 1 1 1 1L.75 2 2,
Rectifier AC-DC .33 AL-D 100 81 40 1 0% 3.3 L1 2 ]
Trangfarmar 2.60 AL o 031 G900 1 0.58 044 a.8 2
Powier deravation | 23 LM2500+ High Speed 610 064 AL 0900 | I%64 ons | o o400 | 078 1
40 2 Wraakars 5.00 AL B0 | 48 1 1 ] 150 a
240 h liroakers 5.00 At o0 | ame 1 1 100 180 i
340 Nz lireakars 15.00 AL 8300 | 3929 1 1 00 180 2
340 h Wrwakars 10,00 AC ghon | 110 i [ 100 180 4
240 Pz lireakors 15,00 AL 8900 | 929 1 1 100 80 2
340 h lreakors .60 AC [ [ i i 00 160 1
TOTAL ZONE )
2401 Hatel vital 193
L2 Hatel non-vital 0,45
Totsl Wotel Load 2.40 240 Mg Filter .80 AL AS0 3 a0 1 | 1 LTS 1
Convarmar AC-AC 145 AC a50 3142 480 1 0,98 1.35 T F]
Transfarmer 1.50 19 ABD 300d G000 1 0,548 044 0.8 1
LY MiAsion boad 1 240 My Filter 1.00 - 1000 1000 a0 1 1 1 LTS 2
Rsctifier AC-DC 102 | ac-pc | 000 [ aez0 70 i 0,9 3,33 (YT ]
Trandfarmer 1.04 AL o L1F] 00 1 0.5 0. a.§ 2
Propulien Losd n Mt o 5.7 AL 900 | 2139 | eo00 |oms| o
VaD 38 | DCAC | 6eon | xisT | sao0 | 1 .58 id ¥ i
Ractifier AC-DC 0 | acoc | wioo | ass1 | esoo | 1 0.9 113 0.0 1
240 e reakars 5.00 AC Moo | 418 1 1 200 1800 4 0.4
340 hz lirakurs 13.00 AL g0 | Joad % 1 300 180 1 81
240 hz lireakars 1000 AL weo | 10 1 1 200 180 4 0.8
340 bz lirwakurs 15,00 AL pico | 3 1 1 300 160 2 [X]
AL ZONE 4 540.)
[aranD TOTAL 5165 | 304,100
Cable 200 | ac | e00 | 2ex7
Cable 1300 AC 00 | 1761
C-l_Hl 100 AL B0 BES
Total Cabile Weight
Total Weghtncuding able
Total GTG Wakght
Total POM Waeight
Taital Brahien/Disiannict Walght
Total Cable Welght
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10,000 ton ship - "Threshold de Dual Ring" variant

Output | Cutput Inpul Aaiimned
Type MW Eﬂ-lllll'lllll Use WA Trpe Valis l:!'r“ ".I!h. [ Efflcheney | MVAImE | VA kg M Volume
[v] [A] ] At | kvadig m? kg
2111 Hatel wital .65
2Ll Hatel nor-wital 6,35
Total Hotel Load 1,00 Inverter LU OC-AL A0 164 5300 1 0.94 .73 1.5 2 150 4,524
ZIL] Mission load 5.6 Convarter ¥FD DC-AC 3.71 DAL 4160 T3 300 1 0.58 1.4 1.2 2 8.3 1,578
1 Power Ganeraton i RRASDO Migh Speed GTG .50 s 00 10 .85 0,56 0,071 0, 169 1 69.0 9,006
Rectfier AC-DC 4.80 AC-DC 500 51T ] 1 098 333 .67 1 L4 T3
Duisconnedts loads 7.50 oc 300 BOE 1 1 180 650 4 0.2 46
[usconnects generalorn 5,00 oc 9300 538 1 1 180 G50 1 0.03 8
240 hx Breakers genaratory 5,00 AL 900 418 1 1 200 160/ 1 .03 E1
Mo mission bus B0.00 0 300 1226 1 1 180 50 4 0.7 185
TOTAL JONE 1 LT 44,001
i1 Hotel wital 1.6
2213 Hotel nor-vital O
Total Hote| Load i, 00 IPWETIEr a.08 DC-AL A50 5207 EELCH 1 .98 0,75 1.5 2 10.9 5,442
k] Mission load 15 Converter DC-OC 235 OC-DE 1000 F=L1] 5300 1 0.98 X i 2 57 2,581
Propulsion Load 11 Motor 4. 14 AL A0 J153 500 RS .96
Va0 26,40 DC-AC &S00 2197 S0 1 .58 1.4 1.2 1 1R A, 206
Power Ganerathon L) RRASDD Migh Speed GTG a4.90 AL Y a410 0.AS 0.9 0071 0,169 1 9.0 49,006
FEctifier AC-DE a4, 80 AC-DC SN0 517 G500 1 .98 L1 6,67 1 14 TH
2 F=] LhA2500+ High Speed GTG 3064 AC G 564 L] 0.98 0,408 0,729 1 751 42,0048
Rectifier AC-DC 30,02 AC-DE 9300 108 6900 1 .94 333 6.67 1 4.0 a,501
[HECammBY loads 5,00 o G300 33 1 1 1B LL1] 4 ol 11
[Hsconnes propulsion 2500 Be 3300 J6RA 1 1 180 H50 1 .1 H
[HECOMMEeEs generaton 5.00 o 9300 518 1 1 180 B50 1 o B
240 hy Breakers REnEralong 5.00 AT M) 418 1 1 200 16 1 .03 3
[MaLanRmens gEneralon &5,00 o pilii] 1763 1 1 180 B50 2 3.4 108
240 hs Breakers generalory 35,00 AL GIHHD 29 1 1 200 1o0i 1 0.4 FEL]
Dusconnects mission bus 30.00 be 300 1226 1 1 180 G50 4 a7 105
BHuconnedts propulsion bus | 35,00 o 300 763 ] i 1RO G50 ] 0.4 pie]
[nconnects LTOAR commpek &.00 nc F300 Al 1 1 180 l.l.g 2 0.1 Fi)
TOTAL FONE 2 1914 91,405
ZaL1 Haotal wital 3.87
Z3L2 Halal nor-vital 0.43
Total Wotel Losd 4,30 IPvErEr 4.9 DC-AL a50 5629 300 1 .98 0,75 1.5 2 1.7 5,850
23L3 Missian load 15 Converler DC-OC 255 OE-DE 1000 1851 G300 1 .98 0.9 2 F] 5.7 1,551
o] LM2500+ High Spead GTG 30,54 AC H900 | reed 0Bs | 094 0.408 0,729 1 .1 42,008
5 Racufiar AC-DC .02 AL-DC A3 1228 500 1 .38 333 &.67 1 5.0 4,01
NsConneds loads 5.00 0 300 53 1 1 180 650 4 ol 3
[MECOmmEEE Storage 5.00 i plii] 534 1 1 180 B50 1 oo B
Drisconnects BEneralor 35,00 oe 500 1763 1 1 180 650 Fl o4 108
240 hi Breakers & i A5,00 AC EO00 Pl 1 1 200 L 1 0.18 219
Dscornects mission bus 0,00 e 300 frrl] 1 1 180 a5 4 a7 1]
Dusconrects propulsion bus | 35,00 <[ 300 I3 1 1 180 650 Fl 0.4 108
[HECannens CTOEE COmnect .00 e I A 1 1 180 G5 7 0.1 T4
TOTAL ZONE 3 1083 4,611
4Ll Hatel wital 1.52
242 Hatel Aar-vitsl 048
Total Hotel Load 2,40 IFvErer 245 DC-AL 450 3142 $300 1 .98 0,75 15 2 6.5 3,265
2aL3 Mission load 1 Converter DC-OC Lo bC-DE 1000 1020 9300 1 0.98 0.9 2 2 .3 1,020
4 Propulsion Load Fil Mator 25,14 AL ] 153 00 | D.BS 0.94
WED 2620 DC- AL &S00 187 5300 1 .38 1.4 5.2 1 18.8 B, 208
DHscommects loads .00 o S0 538 1 i 180 A5 L [ i1
Drigconinects propulson 25,00 e 500 Fil] 1 1 180 A5 1 a1 EL]
Dscornects midsion bug 50,00 be S0 1228 1 1 180 50 A a7 165
[scornects propulsion bus | 35,00 e 300 1763 1 1 LHO A5 2 04 108
TOTAL ZONE 4 M9 12,854
[sRann TOTAL arny | doanm0
Cakle mision bus 29,00 o S50 1118 2,629
BLL Calile propulsian bus 53,00 oc S 1548 5,157
Cable CNOs8 comnect £.00 e 9300 L] L]
Talal Cabile Weight M, 046
Total Walght Including Cabla 30,056
142064
(LI F]
2,005
o, 0
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10,000 ton ship - "Threshold 60 Hz Dual Ring LV Bus" variant

Duitput | Dutput | Inpot Assumed =
[ 7.0 4] Type TV Euripmant MVA Typs Volume | Weight
- Volts | Cwrrenl | Volts PE | Efficiency | MVASmE | EVA kg | Cnsaniihy
vl (4] v MVASm | ivAig ' kg
i Hotel witad [ A
iz Hotel nom-vital L]
| Total Moted Losd F.00 Transiorrmes 1122 450 laand G300 1 .98 s LG 2 510 A7.415
falk] Migsion inad 58 Comwerter WFD AC-AC 7 AL 4160 3 41860 1 .58 135 .55 . a5 5073
Transfommas 5.53 Al L1650 BOS 300 1 058 i L6 2 5 19,436
Power Gencraion 4 RRASO0 GTG 4.50 AL 900 410 0.85 .36 043 010 1 1140 4. 353
it Hr Breakers toads 138 Al G500 ¥ ] 1 1 50 o] 4 0.1 150
&0 Hi Bregkers EENEr#Ors 5.00 AL 300 415 1 1 IS 200 1 (X =]
Gl HE Brediars LY bus 15.00 ac 450 19245 1 1 50 200 2 b1 150
&l Hr Breakers rmassson bus. 30,00 AL 300 510 1 1 50 200 4 0.3 00
TOTAL FOME 1 Mo F 110,514
pr. by wotel wtal 1.5
fr ¥ Hotel non-vital 0.4
| Total Hotel Load .00 Transformes 1.2z AL £50 1401 300 1 0L58 Lkl X 2 5L0 37415
In3 Mdspiaon load 23 80 Hz Filter 130 AL -DC 1000 300 720 1 1 03 1 i .o 3,000
Rectifier AL-DC 155 AC-DC 1000 1551 T} 1 .58 133 667 2 L5 T&
Transformer 160 al T 2031 300 1 LS8 L L] 2 118 8677
Propuksion Load il Moior 5.1 00 1153 @00 | 0.85 096
WD po ¥ DC-AC 00 a7 S300 i 58 14 3 1 188 B, 206
Rectrfigr AC-OC 26,80 AC-OC S300 1551 &300 1 038 333 .57 1 8.0 a7
Frowrer Generabon 4 REASO0 GTG A4.50 Al 00 410 OS5 .56 Ouletd 0103 1 1140 4R, 058
I3 LMJS00+ GTG .54 AL 300 T3 OES 096 0185 0.33% 1 1647 33,973
6l HE Breakers oy 5.00 Al &300 418 1 1 50 200 4 ol 100
&l Hy Breaiers propulsion .00 AL 900 Pl 1 1 150 200 I 0.1 15
60 Hi Breders EEnEritors 3.50 AL G300 415 1 1 IS 200 1 .0 5
&) Hie Breakers FEnErEiOn 35.00 AL 00 pore] i 1 50 o] 2 0.3 150
60 Hi Breakers TSAgn bus 30.00 A 5500 510 1 1 0 200 - 03 500
6 Hz Bregiers proputsion bus 35.00 aC 300 389 1 1 5 200 2 0.3 350
i Hr Breaisrs L bus 15.00 AC 450 19045 1 1 50 a 4 [ ] 300
&0 Hy Bregkers TOSE Connact BLO0G AL 500 BEF 1 1 0 200 2 ol 80
TOTAL JTONE 2 Wi4 | Ma
peal Hotel wtal A7
&L Hotel non-wital oa3
Total Moted Load 430 Transiormes 6B &L 450 2 300 1 058 Lo (1] 2 31 22,789
I3LF Mbisgaon load B0 Hz Filter .58 AC- 1000 1306 T 1 1 0.5 1 i 18.9 F.000
Bactifier AC-DC 155 AC-DC 1060 1551 T 1 .98 113 667 2 1.5 T
Transfommer 180 AL i a1 H500 1 .58 o.4a O F 1LE BAETT
Proniner GEnNErElion 5 LS00 GTG J062 Al G300 1564 0.5 0L9%6 D_186 [ 1 1647 93,579
6l Hi Breduers boads 5.00 A G300 418 1 1 IS5 200 4 01 pie
6 HE Breansry Slofage 5.00 AL 00 £18 i 1 50 200 1 0.0 I5
&0 Hr Breabers FEnerTior .00 AL &S00 =5 1 1 a1 X0 3 03 350
&0 Hz Bregiers PIESSECN DS F0.00 [N 300 510 1 1 ] 2 4 05 S0
6 Hr Breghsrs propulsion bus | 35.00 Al 00 po b ] 1 1 150 200 2 (%] 150
&0 Hz Breakers LW bus 1.56 [ o505 &3 1 | 50 200 4 o1 136
&0 Hz Bregiers OO Donnadt 200 AL 300 L) 1 1 50 206 P 0.1 0
AL TDNE 3 1ML 132065
T4L1 Hotel witad L5
ALz Mot non-vital o
Total Hoted Load 1an T i [T} AC 450 [ fir &300 1 s i s 2 1 X ms
LY Melzsseon boad 1 &0 HE Filter 1.00 AC-DWC 1000 1000 b} 1 1 0.5 1 2 4.0 2000
Rectifier AC-DC 1o AL -0 1060 jler ] T 1 .58 133 667 2 06 06
Transformer 104 AL g 812 300 1 .38 T LLx] Fd &7 3471
Propuksson Load n Motor 5. AL &S00 153 G300 085 L56
Vb 6.2 DC-AC 300 57 3300 1 s 14 32 1 183 B.I0E
Rectifier AC-DC 26.80 A0 300 1E81 G300 1 .58 1.33 667 1 8.0 4017
&l Hi Breakers koads 3.00 AT L 415 1 I 150 It 4 a1 100
&l Hz Bregusrs propnstsion I5.00 &L 00 X2 1 1 150 i) 1 0.1 15
i) Hi Breaiers rrsaso b 30,00 A 500 2510 1 1 fali] o] 4 [ ]
&0 H Breakers LV bes 7.50 AL AP 9633 1 1 30 00 A 0.1 T
G} HE Breduers propulsion bus | 35.00 A G900 59 1 1 5l 200 2 0.3 350
AL TOME 4 62 A2 0
| GrRaMD TOTAL | sma | misss
Cable iSO bus I9.00 AT 500 27 32.004
Cabis L Bus 15.00 AL 450 19245 &4, 300
Cable propulsion bes | 3300 AC 4500 71 8,001
Cable ononss gonnech (2.5 AL 300 HF3 Ad0
mw 105, 785
Total W Infuiding Cable 99,153
Total GTG W IRAOTS
| Total PCM Weight poi Wi b
Total Breaker/Disconnect Weight 5,760
Total Cable Weight 105285
Tﬂﬂw 559,153




10,000 ton ship - "Threshold 240 Hz Dual ltin! LV Bus" variant

Output | Output It Assumed
ZONE | LDAD Type L Equipment Use MVA Type voits | current | woits | e [ piticheney [ mvadms | sy | auanting e |
(7] 4] [ WA | WA m' g
IlL1 Hiotel wital 6.5
112 Hatal nan-wital 0.5
Total Hotel Load 7.00 240 M Filtes 11.00 aC 450 14113 Al 1 1 1 LT 2 2.0 11571
Converter AC-AC 1.n AL 450 laa01 420 1 0.98 1.35 425 2 168 9,977
Transformer 11.45% AL R0 13T B 1 {198 144 0.6 2 2.1 3817
palk} Missian laad 5.8 Corverter VD AC-AC 5T & 4160 T3 4160 1 .98 LA5 125 2 2.5 5,079
1 Translormies B3 AC 4160 Bl S500 1 .98 44 0.6 2 26.5 19,436
Powar Ganaratian 4 RA4S00 High Speed GTG 4,90 AL [ 450 0,85 .36 T 0163 1 9.0 19,004
240 hr Breakers loads 7.50 aC 6500 628 1 1 pici] 160 “ 0.2 188
240 b Breakers generators 5.00 AL B0 418 i 1 00 180 i bud3 1
0 Hr Breakars LW bus 15,00 AL 450 19345 1 1 230 200 F 0.1 150
240 g Breakars FTUSSEcN DUs 30,00 AL 6500 251 1 1 200 160 4 0.6 50
TOTAL FONE 1 176 ll]t'lﬂ
il Hotel vital EN-]
|z Hatal non-vital 0.4
Total Hotel Load 400 240 Hy Filter 11.00 AL 450 14113 A0 1 1 1 1.7 10 12,571
Convester AC-AC 11,22 AC 450 14401 Ad0 1 {.58 L3S 2.25 2 16.6 L.577
Transtormer 11.45 AC 480 1376 ] 1 .98 044 0.6 2 501 3179
L Mission load &% 240 Hy Filter 380 AC-DC Pl 500 40 1 i 1 L. 4 5.0 107
Rectifier AC-DC 135 AC-DC 1000 1551 T4 1 .98 1.33 667 2 L3 TES
Translonmer L60 Ac a0 2031 G300 L .38 044 0.6 2 1LE 67T
Propulsion Load 1 Mator .74 AL 6300 153 6900 |O8S| 098
WSO 26, 26 DC-AC 6500 137 300 1 4,98 14 3.2 1 188 &, 206
2 Rectifier AC-DC 16,50 AC-OC 1000 2676 G300 1 .98 1.33 667 1 &0 A0LT
Power Generation L] RALS00 High Speed GTG 490 AL G500 410 085 0.96 a7 [N 1 5.0 25,006
3 LMZ500+ High Speed GTG 3064 AL 6300 4348 0.8% 4198 0.208 0733 1 1 44036
240"t Breakers Ipads 5.00 ac G900 418 1 1 200 16D 4 0.1 125
240 he Breskers propulsion 25.00 AL 6500 20ra2 1 1 200 160 1 0.1 156
240 hr Breakers generatars 5.00 AL G500 418 1 1 200 160 1 a.0 a1
2400 hy Breakars genaratars 15,00 AL G300 1529 1 1 20 il 3 0.4 430
2400 " Breakiers PS50 Bus 30,00 L1 G500 2510 1 1 20 160 L 0.6 TSl
240 hr Breskers propulsion bus 5.00 AL 6900 M 1 1 Fiii] 160 2 0.4 438
&l Hr Breakars LW buis 15.00 Al 450 19245 1 1 250 paii] 4 0.2 B0
240 hg Breakers Cros connact .00 AL 500 L] 1 1 200 1) a 0.1 1My
TOTAL FOME 2 509 146,044
il Hatel vital 1.87
Iil2 Hatel nan-wital .43
Total Hotel Load 4.30 240 Ha Filter .70 AC 450 396 40 1 1 1 1.7 3 134 7,857
Converter AC-AC G, Aeb AL 450 [ A 1 .38 135 113 10.1 6,077
Transformer .98 AC AB0 B3l B0 1 {.58 ik 0.6 2 7 23,254
2313 Missian load 25 240 Hr Fifter 50 AaL-DCc 1000 2500 T4 1 1 1 1L75 2 50 2,857
Rectifiar AC-DC 133 AC-DC 1000 1351 a0 1 1.38 1.33 .67 P 13 MiS
Trarsformer 60 AL a0 03] 6300 1 038 0,44 0.6 ] 1LB 8677
3
Power Genaration i3 L2500+ High Speed GTG .64 ac G900 1564 0,85 .96 (a0d LTS 1 T3l 42036
240 hy Breakers lpads %00 AL G500 418 1 i 0 il A 2.1 1%
240 hy Breakers sharage 5.00 AL G500 458 1 1 Fivi) 160 1 0.0 31
240 i Breakers gEneralons 35.00 aC G900 1929 1 1 20 160 F 0.4 438
240 hi Breakers rassson bus 300 AL G500 3510 1 i piei] 160 4 0.6 T5i
240 hr Breakars propubuion bus | 35.00 AC 6500 1539 1 i 200 Lo 2 0.4 434
60 Hz Breakars LV Dus 7.50 AL 450 5623 1 1 250 200 4 .1 150
240 "y Breakars Eross connect A0 A G500 L] 1 1 200 16D 2 0.1 100
TOTAL TOMNE 3 136.9 5, s
ALl Hotel vital 192
a1 Hatel nan-wital L]
Total Hotel Load 240 240 Wz Filter .M ac 50 536 A3 1 1 1 LT3 134 T.657
Converter AC-AC 6.8 AC 450 BT 430 1 0.98 L35 2.25 2 1 6,077
Tranafarmer [ AL 480 [EL 00 1 .98 .44 0.6 i 7 23,254
TaLi Missian laad 1 240 Hy Filter L.00 AC-DC 1030 1000 T4 1 1 1 LTS 1.0 1143
Rectifier AC-DC Loz aC-DC 1000 1020 40 L .98 1,33 667 2 0.6 LU
Translanmies 1.0 &l o] B2 B0 1 .98 .44 0.5 2 4.7 14T
4
Propulsion Load 21 Mator 23,74 AL G500 1153 6900 | 0.8% 41,56
Ll .26 DeC-iC 500 157 F3H0 1 4,38 14 3.2 158 &, 206
Rectifiar AC-DC 26.80 AC-DC 9300 JER1 ] 1 .98 333 667 1 a0 4047
240 h Broakary loads .00 AL 8500 418 1 1 200 150 4 0.1 125
240 hr Breakars propilsion 25.00 AL 900 flegr] 1 1 200 160 1 0.1 156
240Nz Breakers FTESSE0N BuUs .00 aC G900 2510 1 1 200 160 L 0.6 50
6l Hi Breakers L bais 7.50 AC 450 G624 1 1 250 200 2 0.1 75
240 he Breskers propulsion bus o500 AL G300 P 1 1 200 160 2 0.4 438
TOTAL 2OMNE 4 7.2 A8,015
| Gnano ToraL .6 | 382551
Cable missicn bus 2300 AL 6500 M7 i).004
ALL Cable LW Bus 15.00 AL 450 19245 il ACO
Cilibe propulsion Dus 33.00 AL G500 1761 &,001
Cable crgis connect A0 AL 6900 (1] LA
Toital Caldle Welght 105, X85
Total Welght nchuding Cable ART RI6
Total GTG Weight 142,064
Total PCM Welght FAE G E]
Total Breaker/Disconnect Welght .01
Total Cabibe Weight 105,285
Total Weight G0, M1
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10,000 ton ship - "Threshold dc Dual Ring LV Bus™ variant
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10,000 ton ship - "Objective 60 Hz Dual Ring” variant

Outpat | Ouwtpot Input Auiined
TOME | LOAD Type W Eqpuipment Use M T et ] vei TP Tiiies ¥ | Mvaimi | kvaig | Quantiy Waliew | g
v ] [v] MuaSml | kg m' g
nu Hotel vital 10.4%
Tz Hoted rllﬂll'l-'rl‘l_!l 055
Total Hotel Load 11.00 Transformer 11.22 AL 450 14401 iS00 1 38 .44 i F 51.0 17415
ma Masiioen Epad a4 Conwertes WD AC-AC 49.59 AL als0 1331 4160 098 115 125 2 14.2 8,526
N Tranalarmer am Al 4160 1358 900 .58 .44 X 2 445 A625
Poveer Genaration 4 ARAY00 GTG 4,90 AL Lk ] 410 OA%] 0.9 0.043 L LE 1 1140 48,058
i He Breakars Inads 15.00 AL 500 1355 1 1 150 200 L] 0.2 300
60 bz Breakers PEnErator 5.00 AL GH00 418 1 1 250 o0 1 0.0 35
60 My Breakers mmistkon bus 41.00 &g [ ] ETENY 1 1 250 20 4 0.7 820
TOTAL 2ONE 1 2B 127,700
mu Hotel vital 12
I Hiolel non-wital .68
Total Hotel Load B0 Transformer 6.5 AL 450 BS02 S0 1 .98 il X ] 2 315 2,11
In3 Misdion losd 5 &l Hi Filter 5,00 aC-DC 1000 5000 Ta0 1 1 05 1 2 0.0 10,000
Rectifier AC-0C 5,30 AC-DC 1000 5103 ran 1 0.598 3.33 6.67 2 i1 1,530
Transformer 3.1 AL 10 Aned LEY 1 038 .42 ] 1.1 17,354
Propulsion Lot 12 Mt n.a2 AL 500 1281 6500 | OLAS .56
WD #0.02 DeC-al F00 5T S300 1 .38 L4 5.2 1 8.6 12,505
3 Rectifier AC-DC A0.83 BiC-BC b E ] A151 SO0 1 .48 11 6.87 1 12.3 6,122
PBowver Genaration : RRASO0 GTG 4,50 AL B500 210 o8s|  0.50 0.043 | 0203 1 114.0 | aspsa
8 LM ES00GA BTG .31 AL G500 28T1 0.8% .56 0.191 1. 554 F 5.3 191,863
0 HE Breakers lonads 7.50 AC L] 628 1 1 150 200 4 01 150
60 HE Breakers prog i) 55.00 AC [ ] 297 3 1 250 200 1 1 175
B0 Mz Breaksry geEnsmton .00 AL BE00 418 1 1 150 200 1 [iX] e
o Hy Breakers Eeneratars A5.00 AL 00 2973 1 H 250 L] & 0.6 oo
0 Hz Breakers MRS BUE 41.00 AL L] 331 1 1 150 00 4 0.7 B0
0 Hi Breakers propelsion bus 3600 AL LE 1 1 1 150 0 P 0.3 360
Bl 2 Breakers ERoss DoRnect B.00 AL L] L] 1 1 250 200 2 0.1 B
TOTAL FOMNE 3 pi o] 114,811
kY Holel vitsl %]
[EIe Hotel non-vital o7
Total Hotel Load r.10 Transformar T.24 AL ahh B25% 500 1 .98 4,44 (X ] 2 32.9 4,150
i Misshon boad 5 &l He Filter 5.00 AC-DC 1004 S0 Tal 1 1 L] 1 2 .0 10,000
Rectifier AC-DC 5.10 -0 1000 S0z Tan 1 .98 33 667 2 i1 1,530
Tranaformer N AL 740 A06T 00 1 [ET] .44 7] 2 .7 17,354
: Posr Genpration 8 LNES+GA GG .31 AL BS00 2871 0.8% 094 0181 354 1 1.7 9,531
B0 2 Breakers lpads 7.50 AL ] 628 1 1 250 200 q 01 150
0 e Breakers Slodage 5,00 AC L] 418 1 1 250 0 1 L0 5
B0 Mz Breakers genetators 35.00 [T [E ] 2909 1 1 250 200 2 0.3 350
60 He Breaksrs mission bus | 41.00 AL G50 3431 1 1 58 00 4 0.7 a0
B0 HI Breakern propulsion bus #6.00 AL 5K e 1 1 150 00 i 0.3 o
0 Hr Breakers Eross connect &.00 AT L] H6% 1 1 2580 2080 F 01 B
TOTAL FONE 3 .E.I' 151,750
pLk] wotel vital L6
L4 Hiole] non-wital 034
Total Hotel Load LD Transformer 171 AL 450 el 6500 1 .38 0,44 LX) F 18 4,72
43 Misseon boad ] &0 Hr Filter 5,00 AC-IDC 10C80 500K Ta0 1 1 05 1 ] 2.0 10,0080
Resotifier AC-DC 5,10 MC-DC 10080 5102 a0 1 .38 1.33 667 2 11 1,530
Transformer 5N AT Ta0 A6 [ ] 1 98 .44 [ix ] 2 2.7 17,354
4
Propulsion Load a2 Motor 9.22 AL SO0 EELH G500 | 0.8 .56
WD &0.02 DC-AC 500 b1 ] 9300 1 .38 14 .2 1 28.6 L2505
Rectifier AC-DC &0.81 AC-DC A300 43%1 iS00 1 038 3.33 .87 1 12.3 6,122
60 Hp Breakers Inads 5,00 Al 00 418 1 1 250 200 4 .1 100
0 He Breakers propulsion 35.00 AL [ ] pire] 1 1 250 pi] 1 0.1 15
60 He Breakers sk bus 41.00 AC B 344) 1 1 FE e 4 0.7 20
B0 Hz Breakers propulsion bus 36.00 AL LE] 3002 1 1 250 200 2 0.3 360
TOTAL POMNE & ] 54, 188
|GRanD ToTAL [ 11780 | sa0,198
Cable mmisshon bus 41.00 AC 900 3411 40,004
ALL Cable propulsion bus 36.00 AL LR e 10,001
Cable Eross CONRECT .00 AL L] 665 £A0
T ey e .Ml
NS A S S “'&l
6,911
55,542
6,645
0,480




10,000 ton ship - "Objective 240 Hz Dual lllq" varlant

JONE LOAD i Oulpist | Ouitpot it Ansuimed
Type o s 3 i Ve Type Vobis | Coment | Wolts | ¢ | Eficlency | Myvafmi | kvl | Quantity v
[w] [ vl M E‘ kg
| T et vital 10.4%
Z Holisl o -wital 055
Tatal Hotal Load 11,00 240 My Filtir 100 aC As0 14113 ARG 1 1 1 1.7 i 2.8 13,571
Canvirter AC-AC 10.22 AL A50 laapL ARG 1 .90 1.8 .23 Fl 16.6 8,977
Transfpnmen 1045 WC Akl 1776 50 1 =51 044 .8 2 521 3,178
i ikl Bigsinn load 9.4 Carmearior VFD AC-AL 5.39 AL Al60 1131 A1 1 o L85 4.4% Fl 14.2 , 500
Translonmar [E.] AL A0 | 1198 [ e [ 3 o001 . 0.8 Fl 4.5 12,825
Pawiar GEnaration 4 RRAS00 High Spesd 6T 4.50 AL B900 | 4i 0.8% | oo 00r | oase 1 6o |,
240 Mz Breakers Ipadhy 15.00 AL GO0 1255 1 1 00 180 4 0.3 i7s
240 Hi Breakers gEnerators 500 AL 6500 Al ] ] FiL] 16t 1 .03 "
240 Mz Breakeis vl sk Bus LR AL BA00 1411 1 1 00 160 4 0.8 1,025
TOTAL DO 1 106 | 119,784
I ot vital 6.12
22 Hortel mon-vital ns
Tatal Motal Load B0 240 M} Filter .50 e S0 AT L1 1 1 1 1.7% | 118 7,771
Canverter AC-AC 0.4 AL w50 L] AR 1 oo 1.39 .13 F] 0.4 0,168
Transioomar 7.08 C &R0 k1] L] 1 oan OLidd 0.8 F] 2.2 11,8601
I Migsian laac 5 240 Mg Filter 5.00 | Ac-DC | 1000 | 5000 o 1 1 1,73 F 10.0 5,714
Rectifier AC-DC 5.10 AC-DC 1000 S102 a0 0.0 303 8.07 Fl k1 1500
Transfonmer 5,21 AL 40 40e) | 6e00 091 044 0.8 F] n.? 17,454
Propulsion Load i3 Mdotor 9.22 AL L) m 8900 | 0.85 0.8
2 WiD 40,02 | DC-AC 900 il G300 i .00 14 ) i 2.6 13,508
Resctilier AC-DC 4000 | AC-D 1000 L EE] G900 1 o.an 13 667 1 12.3 8,122
P Genarilion [ RRAS00 Migh Spesd GTG 4.90 aC G900 A1n .85 0.8 0,071 0,46 1 9.0 20,006
28 LM250044G4 High Speed GTG 34.51 AL B0 2071 0,85 .96 0.419 0771 Fl 160.0 #9011
240 My Bricakers L] 7,50 AL G300 628 1 1 0 160 a 0.2 168
240 e Brisakery propuliso 1500 AL 00 219 1 1 o 160 1 0.2 FiL]
240 My Breakers jpenerators 5.00 AL 6900 418 1 1 200 160 1 0.0 1l
240 Hi Brakers pRnEnat o 15.00 e fifnn 29 1 1 00 L “ n? [ 1)
240 My Areakers i gsban bus 4100 AL 900 nax] ] 1 100 160 4 0.8 1,035
240 Hr Breakers proguliion bus AL 6900 LLTH] 1 1 o 16t F] 0.4 430
240 Mz Breakers cross connect | .00 AL fi00 oo 1 1 00 100 Fl 0.1 100
AL ZONE 2 A504 | 190608
231 Hotel vital 639
Zhe Hastel fvon-vilal 071
Tatal Motel Load 7.10 248 M Filtaf 7.10 AL A50 pale] AB0 1 1 1 175 Fl 14.2 114
Canyarter AC-AC .4 A A50 5295 Aag0 1 058 1.3 1,25 2 10.7 6,440
Tran ifoamiad 1.3 AL ABL BE%2 ] 1 oan 0.8 Fl 3.8 4,640
I3 Migikon load 5 240 HE Filtat 5.00 AC-0E 1000 50001 a0 1 1 1 L7 1 .0 5,714
Racanlier &C- D 5.10 AC-DC 1000 L LeF] T 1 oag .13 &,07 2 1.1 1,500
1 Transloomar 5.21 AL a0 anad 00 1 oan fLdd .8 F ] 2.7 17,554
PR BT G ENaTation M LM2500=04 High Spead G160 4.1 AL neoo | I 0.8% | oon o4z | am 1 600 | 44508
340 Hy Areakers Inads 7.50 AL B900 | 626 1 1 0 Ll A 0.3 ]
240 M Breakers starags 5,00 AL G900 410 1 1 2 164 i 0.0 1
240 He Breakers generators 1300 AC G0 295 1 1 00 160 1 [ 418
240 He Breakery vissbon bus 43 AL L ELEH ] i 200 160 L) [} FRiF]
240 e Breakers propulsion bus | 18,00 AL 00 30432 1 1 00 160 Fl 0.4 450
240 My Breakery CIO8s Conmect .00 AL 900 69 i 1 200 160 1 01 ]
TETAL FONT § 1628 | 00417
Fiin] Mot witsl 150
a2 Haitel mon-yital s
Tatal Hotel Load 170 240 Wy Filter 1.70 AL w50 2181 AR0 ] % 1 175 2 nA 1,841
Converter AC-AC 1.7 AL &S0 FEF ] L] 1 o.an 1.35 113 F L 1,542
Transipnmer 177 AL 40 nm K] | oL 0.8 a o 5,900
ZaLY MAlnasa load ] 240 My Filier 5,00 AL D 1000 5000 a0 1 1 1 L7 Fl 0.0 5,714
Rectifier AC-OC 500 | Acpc | 100 | si02 a0 1 0.0 Ln 4,67 2 1.1 1500
i Transfonmer 5.21 AL a0 Avez 40 1 oL L] Fl 0.1 17,454
Propulsian Losd §2 Maotor .22 AL B0 3m1 6500 | 0.85 0.6
VED 4000 | DC-AC 00 A48 G300 1 098 1.4 A2 1 2.4 12,508
Resctifier AC-DC 4083 | AC-DC Q00 LEL}) ] 1 .98 1.31 6.67 1 1.3 6,122
240 Mz Briakirs (L] 5,00 AL 00 a1l 1 1 200 160 a 1 13
240 My Broakirs Proplsson 15,00 AC G900 FLF: ) 1 1 00 160 1 0.2 19
240 My Brivakers vl pabon bus AL AL 00 BNl 1 1 00 160 4 0.8 1,025
A0 My Briakery propulsion bus | 36,00 aC G900 LT F] 1 1 00 160 1 0.4 450
torazonia [ me | sia ]
|cimane vomaL nona | aowss
Cabile misbon bus [ 4100 [ B900 | Bam 40,005
ALL Cable propulsion bus | 3800 AL 6900 aoaz 10,001
Cable cross connect | B0 AL L LLE] A
Totad Cabile Welght 0, 486
Tots) Weight ncluding Cable 0,011
Tatal GTG Welght 161,528
Tatal PCM Welght 09,049
Tatal Dreaker/Dlsconnio Wiekght B85
Tatal Cabibi Wakght il A8
Tabal Weelght LA




10,000 ton ship - "Objective dec Dual Ring” variant

LOAD VA Output | Oulput | Input Ramamed
Type i Sy i roe Valts | Current |  valts P | iffkiency | MvAimi | kvasig | Quentity '
vl ] vl MvAiml | kvAShg m' b
FalN] ot wital 1043
e lF] et faar- v ital 033
Total Watel Load | 11.00 iertar uaa locac | a0 | ieen | swo | 3 | oo | om | 15 | 7 | me | ase |
i Minsian |oad 94 Convarter VFD DC-AC 839 | DCac | amse | | saoo | 31 [ 14 a2 2 w7 399
Power Gansration 4 RAA00 High Soeed GTG 450 AC 400 410 08 | 099 0.071 b s 1 6.0 19,006 |
Ractifiar AC-OC [E ] AL-DC $300 517 L] 1 0.58 1.1 667 i L4 TH
Diigonnacts laady 15.00 b #3600 &1y 1 i 180 B30 ] 8 ] 52
Dinornacty generatan .00 b LR REL] i ] ing B30 1 0.03 L]
M0 WS Mradkar fEnstatoi .00 AL %0 aln 1 1 200 180 1 .01 L1
Hmﬂ rllll_ﬂnbul I_I_.E 119 ﬁ 4‘: 1 1 Lﬂ H;-I & ﬂ_._l i
AL i L1 1000
Ini Mot vital 612
Inl Mol nan-yitsl 068
Toital biotel Lowd .80 WirTar (52 Do AL 50 a2 H00 1 .58 0.7 L5 1 13 9,252
fr 4] Mdnkan load ] Cofwariar [C-0C 110 OoC- O 1000 3402 Su00 1 0.9 5] F 2 1.3 3,103
Propulsion Load 1 Maitor n AL g00 | w1 | w00 | ods | oge
viD wopa | ocac | w0 | wies | woo | 3 | oes | 14 | a3 | 3 T e | 1350 |
Power Ganeration 4 RAAS00 High Speed GTG 480 AL 8400 410 085 | 096 0.071 8] 1 LX) 19,006 |
Ractifiar AC-DC 480 AL-DC 00 57 L] 1 0.58 L BT .87 i LA TI0
8 LS00+ High Speed GTG M AC 300 W7 085 | 0.9 0.429 o 1 180.0 9,011
Ractifiar AC-DC 3560 | AC-DC 5300 J818 00 1 0.98 1.5 667 1 0.2 10,081
Disconnacty Iaads 750 [ %300 nod 1 i L] L) 4 B3 )
Dizonnacts prapuluon 1%.00 11 A100 Tran 1 1 10 B50 1 0.2 b
Disconnacts generatars .00 oC 4100 31 1 1 1m0 30 1 0.0 [
240 1z resiers gorerstors | 300 | ac | eso | am 1 1 wo | wo | 1 |om [ m
Discannacts goneratars .00 oC $a00 | 07l 1 1 o 630 [l 0.0 ns
240 We Breanary generatan .00 AL 500 pil: ] 1 1 200 180 2 038 A
Disconnacty migsion bus 4100 o Hico AT 1 i 140 030 4 ol F-]
Disconnects propulsion bus | .00 o $300 a7 1 1 180 830 1 04 (4]
Disconnacts Lrods connect 0C $100 B0 1 1 oo 830 1 o1 5
T0OTAL FONE 2 L0 H
i Hartel vital 8.1
nd | Hotel non-yial (%
|Total Hatel Losd 7.0 imvariar 13 | poat | 4se gea | saod | 1 054 0.7 LS 2 184 a.885 |
fa k] Mizaign load H Converter DC-DC 310 Oo-0C 1000 5102 i 1 0.%8 s 1 1 1] 5102
Powier Ganeration P LS00+ High Speed GTG M. AL 5500 m 0.83 0,98 0429 0771 i LX) 505 |
Mt LD 3363 | AC-DC 8360 1818 00 1 0.9 ¥ 667 1 1l 04
Driwonnacts loaids T.50 119 Fie0 it 1 i o [s] 4 8.3 L]
Disconnacts storage 3.00 pe sica | sia i i 188 [T i a0 [
Duscarnacts gooerstors | 1500 | oc | wioo | e ; i wo | wo | 3 | os [ e
240 iz liroakers genaratan woo | AC [ i i L] 180 1 0.1 19
Disconnacts miasian bus 4100 og Hico 4409 i ] e a3 4 6.9 Erh
Diseornacts propulsion buy | .00 bc G100 jan 1 i e B30 ] a4 111
Disconnacty raas ponnect [ X1 o #i0a 460 1 i 180 430 1 ol 5
JONE § 2.9 500
TELL et wital 188
P ¥ Heited nan-vinal 0.
| Tetal Hotel Losd LM invearier LN | poac | aso e | s | 1 0.98 0.7 L5 2 a0 23
g Wsiiahon load 5 Converter DC-DC 30 D00 Lo EECH 800 1 0.5%8 s 2 1 1] LN
Progulsion Load ] Mgtor i AC 8400 1481 6900 | 085 | 0.9
WD w002 | DC-AC B0 pN ) p L] 1 0.98 L4 | ¥ 1 FLE] 12,508
DHaconnacty loads 3.00 b #3100 R 1 1 180 i30 L] 6.1 1]
D onndcts prapuluon ¥5.00 B 100 ran 1 1 180 B30 1 0.2 ko)
Disconnacts mission bun | 41.00 pc | wico | aa09 1 1 180 30 4 o8 n
Disconnacts m 600 [ E E’ﬂ: 1 ] 180 B30 F 04 111
HEHM L] L] 0, hs
|onann ot | sees | mLan
Cable midsion bus 41.00 o 9300 o] 25,788
Calibe propulsion bus | #.00 b 8300 a7 (X5
Catile A0S Conn et A.00 o 1100 fad s
Cable 1
Gl Wielght 191,58
POM Wiekght 06
ke /DM ot Welght LI9
Calrle Wielght 12542
Welght s |
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10,000 ton ship - "Objective 60 Hz Dual Rln! LV Bus" variant

Dutpst | Dotpot | bepat Ansurmed
EONE LOAD Type MW Equipment Ui MVA Type Vohmme wight
WVaolts Current Walls PF | Effichency | MVASml | kKA g Qlﬂl'ﬂ‘]l'f -
[v] [4] vl wivaimi | vasig e kg
fali} Hotel wital 10,45
2 Hotel non-wital 0.5%
Total Hotel Load 1100 Transformer 18.16 AL A50 23303 00 1 .38 0L 06 1 al.3 ,2m
fa [ Mission losd 4.4 Converter VED AC-AC 955 AL A160 1331 4160 1 .98 135 2,25 2 14.2 8,526
Transformer 3.73 AL 4160 1358 G0N 1 38 sl 0L i et 3625
1
Power Generation 4 RRAS00 GTE 4.90 Al 00 410 bA5 .96 0043 A0 1 114.0 48,058
60 Hz Breakers loads 15.00 AL EI00 13255 1 1 250 200 il 0.2 00
60 M Braakers Benerators 5.00 AC SO0 418 1 1 250 i i 1 0.0 x5
60 Hz Breakers LV bus X000 AL A% pll) 1 1 50 200 2 0.2 200
60 Hz Breakers mission bus 41.00 AL G300 #3l 1 1 250 200 & 0.7 820
TOTAL 2OMNE 1 215.1 120,827
21 Hatel vital 613
W] Hotel nan-wital 0.58
Total Motel Load 6,80 Transformer E8.16 AC 450 ZR30E 00 1 098 a4 0.6 1 413 0,272
L3 Mission laad & &0 Hz Filter S5.00 AL-DC oy S0 T4 1 0.5 1 F 0.0 1€],CKHY
Rectifier AC-DC 5.10 AC-DC 1000 5102 T .58 333 6.67 2 11 1,530
Translarmer 5.1 Al 740 a6z 50 .98 (a4 G F .7 17,354
Propulsion Load 32 Motor 9.2z AL G300 328l G300 | B3 .96
WSD 40.02 DC-AC 00 5799 300 1 k] 14 B2 1 3B.6 12,505
Rt Firer AC-DC 40,83 aC-0DC G300 a351 BS00 1 098 133 6,67 1 123 6,132
i
Poswer Generation 1 RRASHE GTG 4.90 AL SO0 410 185 .96 0.043 0.102 1 114.0 48,058
P} LMIS00+G4 GTG 3431 AL 00 2871 .45 .96 0191 0.354 F 1593 193 863
60 He Breakers loans 7.50 wiC 00 628 1 1 250 200 i 0,1 150
&0 He Breakers propulsion 35.00 AL (e 293 1 i 50 i ] 01 175
60 Hz Broakeors generators 500 AC &30 418 1 1 50 200 1 0.0 |
60 H Breakers BEnErators 35.00 AT 00 2323 1 1 Z50 200 & 0.6 )
60 e Breakers Mission Bus 41.00 AL EA00 3431 1 1 250 200 L] 0.7 1]
60 Hz Breakers LV bus 0,00 AL 450 FLERO 1 1 250 200 4 0.3 A0
60 Hz Braakers propulsion bus | 36,00 AL E300 3012 1 1 250 200 2 0.3 160
B0 Mz Breakers NS connect B.00 Al G300 663 1 1 250 200 2 0,1 B0
TOTAL Z0ME 2 .3 322414
31 Hatal vital 6,33
312 Haotel Aon-witsl 0.71
Total Hotel Load 7.10 Transformmes B.98 AL 450 153 00 1 098 (a4 L6 1 0.4 14,966
D3 Mission load 5 & he Filter 5.00 AC-DC LO00 5000 T 1 1 05 1 e .0 100, 004y
Reectifier AC-DC 5.10 AC-DC L0006 5102 ] 1 .98 133 .67 2 11 1,530
Transformisr 5.21 Al Tl al6d G400 1 0.98 a4 6 F 1.7 17,354
3 Power Generation o} LM 250064 GTG 34,31 AC 00 2071 0.5 .96 0.191 1354 1 1.7 i, 931
B0 He Breakers Inads 1.50 AL 900 618 1 1 0 00 4 0.1 150
B0 Hz Breakers Storage 5.00 AL &30 418 1 1 250 200 1 0.0 F=]
B0 He Breskers generaton 35.00 AL EO00 2924 1 1 50 i) 2 0.3 150
60 Hz Breakers LV bus 40,00 AL A% 25060 1 1 250 J00 L 3 400
60 Hz Breakers misskon bus 41.00 AT 00 33l 1 1 250 2061 & 0.7 (i)
G0 H2 Breakers propulsion bus | 36.00 AL 00 ] 1 1 250 200 2 0.3 A60
Gl Hz Breakers oross connect 206 AL EA00 ahy i 1 50 Flial 2 0,1 &0
TOTAL ZOME 3 MAS 142 966
2411 Hotel vital 1.36
a2 Hotel nan-wital 0,34
Total Hotel Load 1.70 Transformer B.58 AL A5 11521 B30 1 0.38 DLad 0Lh 1 0.4 14,966
243 Mission lasd 5 &0 Hz Filter 5.00 ALC-DC 2000 5000 40 1 1 0.5 1 2 .0 10,000
Rectifier AC-DC 510 AC-DC 000 s102 a0 1 .98 3.33 667 3.1 1,530
Transformer Su2l AC Tk ala 600 1 0.38 044 LG 2 3.7 17,354
4 Propulsion Load 2 Motor 8.12 AL E300 3281 6300 | D85 090
V5D 40,02 DeC-AC 300 5799 300 1 .38 1.4 3.2 1 8.6 12,505
Rectifier AC-DC 40,85 &C-DC SO0 aigl G500 1 .98 333 .67 1 123 6,122
6l He Breakers loads 500 AL 00 418 1 1 250 100 i 0.1 100
60 Wz Braakers propulsion 35.00 AC 00 2929 1 1 250 2000 1 0.1 175
&l He Breakers LV bus H0.00 AL 450 5660 1 1 50 2 2 0.2 20
B0 He Braakers mission bus 41,00 AC &I 3431 1 1 50 200 4 0.7 30
&0 He Breakers propulsion bus | 36.00 AL 00 3002 1 1 250 200 2 0.3 360
TOTAL TONE 4 104.3 64,132
[eramprotan [ 11772 | eso338
Cable [ bus A41.00 AL o] 3431 4,005
ALL Cable LV bus 30,00 AL 450 I5660 i, S0
Catle propulsion bus 35.00 AL EM00 5002 10,001
Cable oroas connect H.00 AL EA00 L] 480
Total Cable Weight 136, 886
Tostal Weight Including Cable THT, 135
Total GTG Weight 86,911
Total M Weight 255,532
Total Breaker/Disconnect Welght 1,805
Total Cable Weight 136,886
Total Weight THT 2%




10,000 ton ship - "Objective 240 Hz Dual Ring LV Bus” variant

Output | Outpat | inpast Anniied
e rpe e iyt s | e Wolts | Cusvest | aits | 7 | eticiency | savasmi | kvasiy | quantiny W | W
) [4] Ivj arT m' kg
zu Hotel vital 1043
L2 Hobed non-vital (R
Total otel Load 11.00 200 M Filted 17.80 AL Al Fribh) AR 1 1 1 LTS 1 178 10,171
Converter AC-AC 18186 AL 50 23303 4RO i 0.a8 138 .35 i i35 8,073
Transformes 18.51 LS ARD 1219 00 1 LRl LT L] 1 421 50,280
Fan} Miguon load a4 Comeerer VFD AC.AC .59 AL &100 1331 160 1 [T i1 13 1 14.2 1,520
Translormer .78 AL a180 1358 D 1 [T [ 0.8 3 ads B2A3%
Prirared Goier atenn i RRASD0 High Speed GG 4,90 AL G900 a10 [T o7 0169 i 0.0 9,000
a0 Mz Breskers Vpah 15.00 AL 900 1255 i i F) 160 [ [X] s
240 b Breskers 5,00 AL 6900 &8 1 1 0 160 1 0.00 n
0 Mz Draauery LV b 10.00 AL 50 5660 i 1 0 200 ] 0.2 200
240 iz Breakers YO bt 100 | ac £00 | n 1 1 200 160 4 o4 L1028
TOTAL FONE 1 1846 | 180,751
i Hoted vital 617
3 Hetel fon-vital [T
Total Motel Losd [¥ ] 240 My Flter 17.80 AL A% 2837 480 1 1 1 L7 1 17.8 10,171
Converter AC AL 1818 AL a%0 mn an 1 [X7] 105 13 1 113 LoT
Tranlormer m AL 40 | e | eeeo i (5] 084 0.8 i 421 o |
g BAiskon losd 5 240 M Filter S00 | ac-pC | 1000 5000 1000 1 1 1 L7 ] 10.0 5,714
Rectilier AC-DC 500 | ac-DC | a000 | siox | aoo0 1 [X]] 1Ln .67 1 31 1,550
Transtormer 5.1 oC woo | sa0s | Mo | 1 | o ] 0.6 2 27 | 170
Propulsion Losd n Mot B | ac #00 | nm | eso0 [o08s| 0%
VS0 4002 | pcac | eso0 | ssam | sa0 | 1 | oee 14 L2 1 ms | 1250
Rectifier AC-DC 4083 | ac-Dc | tooo | sopad | esoo | 1 | coe an 6.67 1 iy | & |
Powed Generathon a4 RALS00 Migh Speed GTG .50 AL E300 & .85 056 .07 0.16% 1 5.0 29,008
E] LMZ500404 Hagh Speed GTG [TET] AL 6900 | 7 085 | o o4z | aFn 1 w000 | #8011
340 M3 Breakers ipady 7.58 AL 900 a3l i i 266 166 i [¥] 188
240 M Breakers propalison 15.00 AL 6900 20 1 1 0 180 1 [¥] 219
346 Mz Breakers _genotaton § 058 AL G900 &1 i i F 10 i 0.8 51
240 M Breakers penetatoe 15.00 AL T 1 1 o 10 [ [¥] [T
340 Mz Breakers Frvission bus 4100 AL [ [Ty i i F] 160 4 [T] 1635
60 Hi Meaakers W 20,00 AL a5 25600 i 1 50 200 [ [T] a0
340 bz Breskers propulsion bus | 36,00 AL 6900 [T 1 1 0 160 i [T a50
240 b} Breakery cross gonnect [ X L1 I‘I_III 59 | 1 o] ! 1 E 1 100
TOTAL FONE 7 BN | o040
feib] Hated vital 6.9
Ing Hotel non.veal 0.7
| total Motel Losd 7.10 340 M7 Fulter [T AL &30 11790 50 1 1 i L7 1 T 5,029
Converter AC-AC [T AL A% 11531 50 1 [T im 13 1 6.7 1,981
Tranehormes .18 AL A0 11756 480 1 0.8 0.4 [ 1] i w8 15,17
f2 ] BiEson loed 5 240 bz Filter 500 1.9 1000 S000 | 1000 1 1 L7 1 10.0 5,714
Rectifiet AC-DC 510 B 1000 5102 | w000 [ Ln a.67 1 1 1500
Transloemer 5.2 AC-DC | 1000 5206 740 [E]] 084 0.6 i 7 17,54
Power Generation pi LMZS00GA High Speed GTG an Al 6900 | 2T 055 | 096 A7 077 1 .o aa508 |
40 M Breskens ) 7.50 AL 900 628 1 1 00 160 4 0.2 188
20 M) Breakery siorags 5,00 AL H900 418 | 1 X0 160 1 [:15) n
240 Hi Breakers genesatons /00 | AC 0800 | #: 1 1 700 160 i 0.4 [
240 M} Breaker e fRion bus 41.00 AL E500 5451 1 1 Pl 180 4 L2 ] 1,025
B0 H Braakeri iV bus 20.00 L AS0 250080 ] 1 pa] 00 4 0.5 400
240 M3 Breakeri propuliion bus | 36.00 AL 900 8013 1 1 200 180 3 [T %0
340 M Breaker IO COnnect [T AL 00 oY 1 1 20 160 1 1] 100
(TOTAL JONT ) 1461
— —
il Hoted vital L6
Za | Hotel noe-vilal | 088
[ Total botel Losd 170 240 He Filter 1] AL 50 11290 450 1 1 1 178 1 88 5,028
Convertsl AC-AT 898 ac as0 | usn | aso | 1 | ooe 118 235 1 &7 1,981
Transformes 9,16 AL A% 11736 480 i 098 [T 0.8 1 08 15,77
a3 BAisLson load 3 240 Mz Filter 5,00 s 1000 000 1000 i 1 1 173 i 100 5,714
Rectifier AC-DC 5.10 oc 1000 5102 10 1 058 13 BT 1 11 1530
Transformer 371 | acoc | 1000 5208 740 i 098 [T 0.8 Fl FTE] 17,554
Prog Load 13 o 3933 AL 900 2381 %0 |[oms| o
ViD 4001 | pooac | weoo 2348 a0 1 [X]] 14 12 1 1) 12,508
mectelier AC-DC a0mi | AC-DC | 9300 ap 900 i [T L1 A.87 i 1.3 6123
240 Mz Breskers loads 400 AL 800 a8 1 1 00 160 [ 0.1 125
140 M Breskers proputison 15.00 AL 00 NE 1 1 00 160 1 [¥] 19
60 Hz reabers AV Bus 0,00 AL A0 5660 1 1 0 00 3 0.2 00
240 Wz Breakers misonbus | 4000 | AC 6900 | 3am 1 1 200 160 [ 0.8 1,028
240 Wi Breskers proguision bus | 36.00 AL €500 1012 1 1 200 160 i [T 50
TOTAL TONE & 1007 | oason
|GmanD TotaL | moza | il
Cable Fvission b 4100 AL 900 3411 &0,01%
Cabils porpualsion bus | 36.00 AL 0900 3012 10,001
Cable LV bus 30.00 AL A% THB00 B, 400
Cabilm Crosa connect h.oo AL [ [TE] A0
otal Cable weight g |
Total Weight Incuding € abibe 00, 113
Total GTG Weight 191,58
Tatal BON Wisight 299,048
Tortal BreakerfDisonne Welght 9,568
Total Cabibe Weight 136,886
Total 611,002 |




10,000 ton ship - "Objective dc Dual Itln'l.\\‘ Bus” varlant
Output | Outpal | bnput Asnuirnied
JOME | LOAD Type e Equipment Unat hva, Type Volts | urvent | Walts | P | iificleney | mavidem | vy | quantity pscimatic Mg i
vl 4] [v] Bvam | g L" ]
Tk Footal wital 10,43
FITF] wotel non-vital | 0.8
Totsl Hotel Load 11.00 IFveriar W.1s | DC-AC | As0 piila] L] 1 0.94 075 1.5 1 M1 | 12108
1L Missian losd [ Corverier VFD DC-AC oi0 | ocac | s | dmas | maeo | 4 098 14 ¥ F 1y | sees
3 Powsr Generstion | 4 RIRAS00 igh Spawd GTG a0 | ac | sseo | a0 o8 | oo oo | 048 1 B0 | 29,006 |
Rsctifing AC-DC .80 AC-DC W00 517 G900 1 o.98 1.33 6T 1 14 720
Discannecty laads 15,00 nc 00 1613 1 1 150 50 4 0.1 n
Discanmects [Enaratars 5.00 be 4300 550 1 1 180 w50 1 0.0 [
340 Mz Breakert genaratars .00 AL 500 a1 1 1 00 160 1 0.0 1
B0 Wz lirsakers LW bus .00 AC 450 TH060 1 1 B0 200 2 [¥] 300
Disconnects mission bus 4100 /4 faoo Adc 1 1 180 B850 4 a4 F-1
TOTAL M.El 109,59 H_&'!-_
faLl Hotal vital 812
N2 Hotal non-vital o.an
Total Hertwl Load .00 Irrvisrtar 18 | pe-Ac a5 pitln] LRl 1 .90 [ %] 1.3 1 4.2 12,109
1 Minsion losd 3 Convertes BC-OC 310 DC-DC 1000 5102 L] 1 0.98 0.8 1 1 1L 3,102
Fropulvion Losd 1 Matar 132 | ac | esoo | samy | peco |oms | oo
WSO A003 | DC-AC | 800 134 §a00 1 oon L4 1.3 1 pLE ] 12,508
Powar Genedation 4 ARASD0 bigh Speed GTG .90 AL 900 a0 085 (.96 0.071 0,189 1 #.0 9,006 |
Bectilier AC-DC 480 AL Ai00 517 B30 1 a.gn 131 867 1 14 o
2 an LM2500¢04 High Speed GTH M1 AC fis00 T 088 098 PEFL) o 1 150.0 A9,011
Rectrfisr AC-DC e | Ac.oc | si00 L) (R 1 n.an 1331 A7 F] 0.3 10,003
Biscannects Ioads 7.50 e 2100 L] 1 1 150 as 4 0.1 40
Disconnects propulsion 15,00 e 9300 1rea 1 1 180 ] 1 0.2 54
Discannects genarators | 300 [[4 9300 538 1 1 LR o] 1 0.8 [}
240 Mz Breaken genaiatorn 500 AL B0 (i) 1 1 00 160 1 0.0 1
Disconnedts gEnaratar 15,00 [ 4300 ] i 1 180 L] 4 0.8 115
240 Mz Breakers genaratons 35,00 AL 800 2929 1 1 ) 150 1 0.4 Ak
Disconnects mission bus al,00 o 4300 Add i 1 180 B50 4 5] ot
6 He Deaakars LV b 20.00 AL As0 pal ] 1 1 Fi.] 00 [ [ 1] 400
Biscannects propulsion bus | W6.00 be a300 W 1 1 180 as ? 0.4 1
E.hmnllﬂl Ehias EBnnect &N Eﬂw 300 B 1 1 I.E “u.} F 0.1 k]
TOTAL FONE 3 8.1 ﬁm
2 Hotal vital 639
1Ll Hotal non-wital 0.71
Total Hotel Load 7,10 Irryertar [ 5] DAL 50 11821 8300 1 a9 o075 13 1 12.0 5008
FEIE ] Minmion losd ] Canyerter BC-ODC .10 B - EE L] Sind 100 i a.an 0.5 E i 113 3. 103
Powar Generation | 38 LMIS000 High Sgeed 6T M | ac [T oas | oo adam | amn B0 | 44508 |
Rectifier AC-DC M8l | AcDC | 9a00 | sads [ asco 1 0.0 [T 667 1 0.1 5,042
5
Disconnscty Iacly 1.50 [ oo i 1 1 i L] 4 ] L1
Discannedts sletage 5,00 o 4300 538 1 1 180 L] 1 0.0 |
Disconnets genarman 15,00 (9 00 LEY] 1 1 150 650 1 0.4 108
240 M Brivakers EEnEratan 5,00 AL 600 139 1 1 00 160 1 0.2 19
Discannecty migsion bus A1,00 [ 00 440 1 1 150 50 4 0.9 m
A b s akars LY i 1000 AL a50 a0 1 1 %0 200 4 a.1 il
Dispannedty MHM :I1% 6,00 ne 300 T 1 1 18 L] F a4 111
Discamneacty EraEE EBRABE] L0 B 'IE E 1 1 180 a0 2 E L]
rormzones ] usy [ enwn |
TaLl Hotal wital Li8
| 2di2 Hotal non-vital .34
Totsl Hotel Load Lm Irrvirtar (51 Do AL A50 11521 2100 1 o980 0 1.3 1 o 3,908
L] Minsion losd A Canverier DC-DC 510 OO Lnoo Slod 9100 1 o9 0.5 i F (18] 3,102
" Propuluion Load [T] Matar wa AL 6800 | 13 | ooco | oms | o
R 4002 | DCAC | 6000 | M8 | mwe | 1 098 14 1.2 1 e | 12508
Disponnedts loads 5,00 o 300 538 1 1 180 L] 4 0.1 i1
Disconnedts propulsion 5,00 [{9 00 iTaa 1 1 180 650 1 L ¥ ] 54
Disconnedts FksIon bus A1,00 o 4300 A40% 1 1 180 &50 4 0.9 2
i W Desakary LY b 20.00 AL A0 el 1 1 Fi.] J00 1 0.3 oa
Diseannecty prapulvion by | 36,00 fc 300 i 1 1 180 %0 2 .4 111
TOTAL ZOME 4 Ll Mo |
|aran roTaL 1S | 45T
Cable miasion bus 4100 [+[8 00 A40% 15, mig
o Cabile propulsionbus | 3600 | b | 9300 | 7 8447
Cabile 048 COnnect A.00 bC 9300 B60 ]
Cabils LV Bus w00 | ac As0 | sus0 #6400
Tolal Cable We !I.EIII
r wm ALE51%
Tatal GTG Wiskght 191,548
Tatal PCM Welght 4,067
Breaker flsconnect Welght Lare
Tatal Cabile Welght 118,547




