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IPQ Circuit Analyze [3 cables - 2012 configuration]

The resistance of all cables is assumed to be equal:

RCablel = RCableZ =R =R

Cable3

The voltage of each converter determined by equations:

Vopuir = RX (2 X1y =1y, )"' (LBI x dc]l,jl ) )]

Vouina = RX(ZX]Bz =1y )"' (LBz x dc]l}j‘z ) (2)

To maintain full control of both limited current & limited voltage
1-Quadrant converters, the following condition shall be verified

> >
Vowsiaiax > Vous >0 and Vouisrssax = Vouns >0

Loy viax > Lp1 > Ly and Lo viaxy > gy > Lgrpy

Using (1) and (2), we found the following condition:

Ly, dI
2x1,, + ;;2 dl;z >[5 > orpy (3a)and L vax > g
2x [, +—LL Ly, . dly,
Bl

Jr >y >1gy, (4a)and [>T,
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IPQ WITH 3 CABLES - CIRCUIT
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WITH 3 CABLES - OPERATING AREA

Operating area: IB1 Current versus IB2 Current

This following graph shown the operating area when :
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WITH 3 CABLES - OPERATING AREA

= Operating area: IB Current versus Voltage
= lout B1 versus Vout B1
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IPQ WITH 4 CABLES - CIRCUIT

IPQ Circuit Analyze [4 cables - Additonnal Cable in the return path] Vcable
| B1 < | B1
The resistance of all cables is assumed to be equal: p—O0 { R}
Reupier = Reapier = Reapies = Reapies = R ROX.B1 ZX 2
o~ Vcable
The voltage of each converter determined by equations: o _:?"
d[Bl ) DCCT A
VouzBl=2><RXIBl+(Lle Jr ) (1 | B2 e
-zizr R}
V =2xRxI L Ay, 2 S
oup2 = & XLEX L py +1 Ly X y (2) Rox.32C> ZS b
— 3 Vcable
Z —— | B2
To maintain full control of both limited current & limited voltage /?'C . | B2
1-Quadrant converters, the following condition shall be verified: peer
V >V >0 and Vousssax > Vouss >0
outB1.MAX outB1 UL ot | Additionnal Cable
]Bl > ISTBY and ]Bz > [STBY
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WITH 4 CABLES - OPERATING AREA

Operating area

This following graph shown the operating area when :

IB1 Current versus IB2 Current

lout B1
A
v outB2
lout B1 vs lout B2
Operating Area
I sthy
- lout B2
I sthy I outB1
Voltage versus Current dI
Vout B — >0 dl
A dt Vout B — <0
V puisata - A d 1
Vouibita ST T T T T T T T T —?
Vout B vs lout B : :
Operating Area Vout B vs lout B
di/dt>0 | Operating Area |
| dl/dt<0 |
| |
| |
11 |
| 1
| I
| I
| |
| I
| I
| |
o I ' 7 > lout B = . > lout B
stby outBMax ;

Tuesday, April 3, 2012 / CERN 6 of xx



IPQ -4 CABLES VERSUS 3

CABLES

3 CABLES — 4 CABLES
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Need more voltage at the output of the converters with 4 cables at same currents

!

Vot = Vouns = RX 1 g,

0 0
Vownz = Vouss = RX 1 g,
/ CERN
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IPQ - 4 CABLES VERSUS 3 CABLES

3 CABLES 4 CABLES

Vout B2
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Veitter 4— — — — — — — — — — — — — -4

VoutB vs lout B
QOperating Area
dlidt<0

Vout B vs lout B
Operating Area
dl/dt<0

- lout B

dl dl

Ly, % djl=I/0utBl_Rx(2XIBl_IB2)(1) L31x7§1=l/outBI_ZXRX]B1 (1)
dl dl

Ly, x dl;2=VourBz_Rx(2XIBz_]Bl) (2) Ly, % d};2=Vousz_2XRX[Bz (2)

DIDT >0 % with 4 cables < % with 3 cables at same currents
dt dt
dl,| dl, .
DIDT <O E with 4 cables > E with 3 cables at same currents
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CONCLUSIONS

CONCLUSIONS: IPQ with 4 cables versus IPQ with 3 cables

1. No more limitations between I; and I,

2. Nevertheless due to the converter topology, the following conditions shall be still
verified:

]MAX>IB >]Stby with ]Stby=3%XIMAX

Vowrtax > Vous > OV which limits the DIDT during ramp-down

3. The output voltage of the converter will be 2 times higher at IBI =IB2 = [MAX

4. During ramp-up, cgf with 4 cables < a;{f with 3 cables
: dl| dly| .
5. During ramp-down, I with 4 cables > I with 3 cables

6. The power consumption will be 2 times higher at 131 =]B2 = ]MAX with 4 cables

7. The water flow needed for the cooling of the cables will be 2 times higher at ]Bl =132 = IMAX

Tuesday, April 3, 2012 / CERN 9 of xx



