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1. Procurement strategies

There will be six power converters supplying the quadrupoles Q8 and one power
converter for the two dipoles D1. They have the same output current and therefore
we could group them in a single procurement procedure, independent from those
for the other power converters.

On the other hand, to supply the quadrupoles Q8 we propose a power converter
whose output parameters are 50 V / 400 A. This could be realized either as a
single device or by putting in parallel two units, 50 V / 200 A each.

In PDR-2, we showed that PCQ5, PCQ6, and PCQ7 require 30 V / 200 A.
Increasing their output voltage to 50 V (without affecting the required
performances) make them suitable as “building” blocks for PCQ8.

From the survey presented in PDR-2, we know that at least two “COTS” types are
already capable of operating in parallel, not considering those that could be built
(or modified) “on purpose” by other manufacturers.

Consequently, we could unify the procurement of the six quadrupole PCQ8 (they
would become 12 “basic” units) with that one of the other quadrupole PCs. The
advantage of such solution is the reduction of different power converters’ types,
improving the maintenance and spares strategies. In addition, this solution would
increase by ~9% the number of (30) 50 V / 200 A units, and could help in reducing
the overall cost.

For what concerns PCD1, the high inductance of the magnet dominates the output
voltage, worsened by the fact of having two magnets in series. Considering a 30 s-
ramp, the choice (tight but reasonable, considering the safety margins on the
magnets, the cable length, and the foreseen ramp range from 10% to 100% of
nominal current, about 370 A) is a 100 V / 400 A power converter, as reported in
Table 5. This could be realized either as a single device or putting in series two 50
V /400 A units (the latter is compatible with PCQ8, in case it is realized as a single
block).

Summing up, there are four options, two for PCQ8 and two for PCD1.

PCQ8:
a. 6 units, 50 V /400 A,
b. 12 units, 50 V / 200 A, connected in couples in parallel (these could be
included in the same lot of PCQ5, PCQ6, PCQ7).
PCD1:
c. ¢. 1lunit,100V /400 A;
d. d. 2units, 50 V /400 A, connected in series (that could be included in the
same lot of PCQ8 in case a.).

Both options b. and d. bring to a reduction of different types of power converters,
facilitating maintenance and spare parts managing.
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Options c. and d. are compatible with the polarity switcher solution for the
degaussing of the dipoles.

We could take into consideration the option of having a single Call for Tender for
all large power converters, divided in three lots:

Lot 1 - 133 units 30 (50) V / 200 A for Q5, Q6, and Q7,;
Lot 2 - the tenderer can choose and quote option a. or b. for PCQ8;
Lot 3 - the tenderer can choose and quote option c. or d. for PCD1,;

with possible mergers of the lots according to the chosen options.

Tenderers can quote single lots or combination of lots and separated lots can be
assigned to different tenderers.

This strategy, of course, has to be agreed and developed also with whom will
operate the European Call for Tenders.

2. Time Schedule

The advantage of grouping the procurement of all large power converters in a
single Call for Tender is to reduce the overall procurement procedure.

The estimated duration of the Call for Tender procedure, from start to order
issued, is 6 to 8 months. Once the order is active (t0), the production phase is
estimated in 12/14 months. There could be two or three production phases
running in parallel, according to the lot assignment.

At least for Lot 1, the delivery of the power converters will occur in batches,
according to the time plan agreed and approved after the placing of the order.
Figure 1 provides an example of delivery plan (the time scale is months).

t0-6/8 |Call for Tender

8|-7/-6|/-5/-4/-3|-2|-1t0 Order signed 1‘2 3‘4 5‘6 7/8(9/10/11|12|13 |14
t0+6  |First Batch

t0+8 |2nd Batch
t0+10 3rd Batch

t0+12 |4th or Last Batch

t0+14 |Last Batch

Figure 1 — Example of batch delivery schedule (time in months, to = start of
contract)

Figures 2 and 3 provide estimations of possible delivery plans with two different
Lot merging, with the following assumptions:

v’ start of Call for Tender procedures on October 16t 2017
v/ Call for Tender duration estimated in 7 months
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D [ESS WBS ESSWUMNo. [Task Name Duration Start Finish Half 2. 2015 | Half 1, 2016 | Half 2, 2016 | Half 1. 2017 | Half 2, 2017 018 | Haif 12010 | Half 2. 2)
; Jisinldim/mly s|inlsmimli]ls|n NlJlmimlils
2 |/ Pulsed Quads [PPC) Study 206 days? Mon 210915 Thu 30-06-16 [
3 | Fulsed Guads (PPC) Study 164 days? Mon 21-08-15 Tue 03-05-18
1|/ Tests an prototype V.1 20 days Fri 01-04-18 Thu Z8-4-18 !
5 |/ 21m FDR: Delivery of Data Package (Pulsed FC) 0 days Tue 03-05-16 Tue 03-05-16 ED
6 |/ 22M PDR: PCQS, PGASE, PGQY (Pulsed PC) 0days Tue 17-05-16 Tue 17-05-16 B_ﬂ-ns
7 | Studies and verification of Eddy Current Effects an Vacuum Chamber 45 days Fri 20-04-16 Thu 30-06-16 =
VA | | DosoropmsoOCmwrwnees | Oays Fitionig o o
9 | Shudy of a DC magnet+PC solution 111 days? Fri 01-07-18 Fri 02-12-18
0 |& Study of DG solution 0 days? Fri 02-12-16 Fri02-12-16
11 21 Tender Documentation and Procurement DC PC 416 days Fri 220916 Fri 270418 F
2 | Preparation of Documentation for PDR-2 127 days Fri 23-09-16 Mon 20-03-17]
13 |/ 23[@) FDR-2: Delivery of Data Package O days Tue 21-03-17 Tue 210317
14 | 24 PDR-2: DC Power Systems (FCQ5. PCQ6, PCQ7) 0 days Tue 280317 Tua 28-03-17)
15 (W Call for Tender 7 mons Mon 16-10-17 Fri Z7-4-18
18 2.5 (M) Series Unit Production Start (PCQS, POQE, PCQ7) 0 days Fri 27-04-18 Fri Z7-04-18
7 22 Series unit production (in batches) of PCQS, PCQG & PCGT 12 mans Mon 30-04-18 Fri 28-03-18
18 26 D) First Delivery to ESS {Arival of First batch) O days Fri 12-10-18 Fri 12-10-18
] 27 M) Final Delivery to ESS (Amival of Last batch) 0 days Fri 28-03-19 Fri 28-03-18
20 23 Assembly DC PC cabinets and installation in Gallery 145 days Mon 15-10-18 Fri 03-05-19
nl | Installation of DC Power Converters in cabinets 20 days Mon 15-10-18 Thu 25-04-10
2 |/ 28M Installation in cabinets of last power converters finished O days Thu 25-M4-18 Thu 25-4-18
= Installation of dressed cabinets in Accelerator Gallery 20 days Mon 20-10-18 Fri D3-05-1%
4 28 M) Installation of last dressed cabinet in Accelerator Gallery finished O days Fri 03-05-18 Fri 03-05-18/
N 24 In situ testing of PCQS5, PCQE, PCA7 on real loads 149 days Fri 09-11-18 Thu 06-06-19
26 Start of fests on real load PCQS5, PCQS, PCAT 0 days Fri 09-11-18 Fri 05-11-1§]
=l In ity commisaioning of PCQS5-7 with real load 80 days Mon 12-11-1 Thu 06-06-15
28 End of teste on reaf load PCQS-T 0 days Thu 06-06-13 Thu 06-06-159
29 PCQ5-7 SAR-2 (PCQS5, PCAS, PCG7) 64 days Mon 01-04-13 Thu 27-06-19
[ 30 | Full Documentation PCQS5, PCOS, PCA7 to ESS 50 days Mon D1-04-10 Fri 07-06-18
3 210 (D) SAR-2: Delivery Dala Package (PCQS5, PCQE, PCAT) O days Thu 13-06-18 Thu 13-06-18
az 211 (M) SAR-2 (PCQS5, PCOB, PCQT) 0 days Thu 27-06-10 Thu Z7-06-10
33 3 WUS3 - DC PC (DCPC) FOR DIPOLE PCD1 & QUADRUPOLE PCGE 460 days Mon 290547 Fri 01-03-19
BN CDR for C8, Q8 and D1 magnetz 0 days Tue 27-06-17 Tue 27-08-17
B a1 Tender Documentation and Procurement PCD1 & PCQS 240 days Mon 25-05-17 Fri 270418
Y Preparation of Documentation for PDR-3 17 days Mon 26-05-17 Tue 20-06-17]
T 31(D) PDR-3: Delivery of Data package PCD1 PCQ8 0 days Tue 20-06-17 Tue 20-06-17]
| |F 32M) PDR-3: (PCD1, PCQE) 0 days Wed 28-08-17 Wed 28-08-17
B Call for Tender 7 mons Mon 18-10-17 Fri 27-04-18 1 N
40 33 M) Start of Production (PCD1, PCGE) O days Fri 27-04-18 Fri Z7-04-18 [T —,
a1 az Construction and validation on dummy load of PCD1 &mons Mon 30-04-18 Fri 12-10-18
4z 34 M) Test Report on Dummy Load (PCD1) 0 days Fri 12-10-18 Fri 12-10-18 124
[ 4 | a3 Canstruction and validation on Dummy load of & x PCQE 2mons Mon 15-10-18 Fri 07-12-18
[ aa | 35 (D) Delivery of last unit fo ESS (PCQ8) 0 days Fri21-12-18 Fri21-12-18 212
45 34 Installation of PCD1 and PC@E in cabinets and in Gallery 52 days Mon 29-10-18 Tue 08-01-13 =
| 46 | Installation of PCD1 and PCQS in cabinets 10 days Mon 20-10-18 Fri 04-01-10)
4 Installation of cabinet in Accelerator Gallery 5 days Mon 12-11-18 Tue 08-1-18
48 3B (M) Installation in Accelerator Gallery finished O days Tue 08-01-18
40 a5 In situ testing of PCD1 and PCQE with real loads 55 days Tue 120219
| 50 | Start of commizsioning DCFC 0 dayz Wed 28-11-18
5 iIn situ commissioning of DCPC with real load 30 days Wed 28-11-18 Tue 12-02-19
52 End of tests on real load DCPG 0 days Tue 12-02-19 Tue 12-02-19
| 53 | DCPC SAR-3 (PCD1, PCGS) 30 days Mon 21-01-19 Fri 01-03-19
54 Full Documentation DCFC to ESS 20 days Mon 21-01-18 Fri 15-02-18
[ 55 | a7 o) SAR-3: Delivery data Package (FCD1, PCQE) 0 days Fri 15-02-10 Fri 15-02-18
56 38 (M) SAR-3 (PCD1. PCQE) 0 days Fri 01-03-19 Fri 01-03-18

Figure 2 — Possible time plan PCD1 & PQ8 (Call for Tender start in October with a duration of seven months)
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230}
240

250

26(D)
27(D)

=l

2808
29 (M)

2.0 (D)
211 (M)

21

Pulsed Quads (PPC) Study
Pussed Guads (PPC) Study
Tests on prototype V0.1
POR Delivery of Diata Package (Pused PC)
PRt PCQS, PCGG, PCQT (Pulsed PC)
Studies and veriicaion of Eddy Curvent EBects on \/aculsm Chamber

IDeclsion to pass 1o DC power converiers

Study of a DC magnet+PC soluion
Shudy of DC sakition
Tender tation and it DC PC
Preparation of Documestalion for PDR-2
POR-Z Devery of Data Package
POR-Z DC Power Sysiems (PCQS, PCQE, PCAT)
Call for Tender
Series Unit Produchion Start (PCQS, PCQE, PCAT)
Sertes unit production (in balches) of PCQS, PCOE, PCAT & PCGS
First Dellvery I ESS (Amival of First batch)
Final Delivery lo ESS (Arrival of Last batch - PCQE)
Assembly DC PC cabinets ana instanabon in Gapary
Instaiiation of DC Power Convesters In cabinets
INSLAEN0N I cADNELS Of 136t POWES COMverters inisned
Instailation of dressed cabinets in Accelerator Gallery
I3t dressed n ¥
In situ testing of PCQS, PCOE, PCQT on real loads
Start of tests on real load PCQS, PCQY, PCGT
In situ commissioning of PCQS-7 with real load
End of tests on real load PCQS-7
PCGS57 SAR-2 (PCGS. PCGE, PCAT)
Full Documentalion PCQS, PCOE, PCAT io ESS
SAR-Z: Delivery Data Package (PCQS, PCQS, PCAT)
SAR-2 (PCQS, PCOS, PCAT)

[l

31(D)
324

34 D)
a5[o)

a7D)
38 (M)

a

i

CDR r C8, @8 ang DT magnets

Tenoar PCD1 & PCQB
Preparation of Documentaion for PDR-3
POR-3 Devery of Data package PCO1 PCOS
POR-X (PCD1, PCOS)
Call for Tender

Start of Producsion (PCD1)

C and vallaat y load of PCD1

Test Report on Dumemy Load (PCD1)

Delvery of PCD1 to ESS

Inataiiation of PCD1 In cabinet and In Gallery
Instaliation of PCD1 In cabinets
Instaiiation of cabinet In Acceterator Galery

Gallery Mnished
In ity {ssting of PCD1 with real icads
Sant ::(car’nnss\:ﬂnp DCPC
In sty commissioning of DCPC with real load
Eng of iests on real ioad DCPC

Mon 12-11-18
Thu 06-06-19
Mon 27-05-13
Mon Z7-05-19
Fril 02-08-19
Frl 16-06-19

Tue 27-06-17
Mon 23-05-17
Man 28-05-17
Tue 20-06-17
Wed 28-06-17
Mon 16-10-17
F Z7-04-18
Mon 30-04-18
Fr 12-90-18
Frl 26-10-18
Mon 23-10-18
Mon 253-10-18
Mon O5-11-18
Fr 0%-11-18
Frig3-11-18
Friop-17-18
Mon 12-17-18
Fri16-711-18
MOn 26-11-18
Mon 26-11-18
F21-12-18
Frl D4-01-18

01-g
FAO212-166
FAD2-12-16
Fri 27-04-18

Fri 03-05-1921SS+10 days
F03-05-1922.23
Thu 06-06-13

Frl 00-11-18 2355+10 days
Thu 06-06-10 2355+10 0ays. 20
Thu 06-06-10 24FF+10 days 27
Fri 16-08-19

Fri 02-06-19 19

Fri 02-06-1928FS+5

Fri 16-06-19 31FS+10 days

Tue Z7-06-17
Fri 27-04-18

Fri09-11-1847

Fri 10-11-1840

Fr1 16-11-18 50
F10801-13

Fri 21-12-18 43F5+20 days
Fi21-12-1853

Fri D4-01-19 54FS+10 days

Figure 3 — Possible time plan PCQ5-8 & PCD1 (Call for Tender start in October with a duration of seven months)
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