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Engineering Costs

The following table summarizes the yearly engineering costs at Maryland.  For Tullio Grassi, I used the amounts for August 2002, well after his salary increased due to the termination of the Federal tax and FICA holiday granted during his first 2 years.  For Ardash, the EE graduate student who works with Tullio on the firmware, I used the bi-weekly amount he was paid during the school year, and scaled it so that he will finish by the end of the Spring 2003 semester.  For Rob and the shop personnel (mostly Hans Breden with some tech support) I calculated the yearly amounts by averaging over the first 9 months of 2002.

	Tullio Grassi
	$147,130 

	Ardash 
	$18,597

	Rob Bard
	$61,514

	"SHOP"
	$80,834

	TOTAL
	$308,075


For Boston, we use $423/day times 200 days, or $84,600 per year.  For Princeton we don’t use anything (but we will keep the Fanout card engineering intact).

Engineering Required Maryland

We will need to keep Tullio for the entire FY.  We will also probably need to keep Rob for that period as well.  For Ardash, we need the entire $19k until he finished, and for the SHOP I really can’t say for sure since it will depend heavily on how well things go.  However, Hans will be working full time until the ~20 pre-production boards are built and tested, which should take place by April 2003.  After that, he will be involved in production checkout, and if we have difficulties he might have to help us with the slice test and testbeam efforts.  As such, I would like to have enough funds to cover keeping the SHOP for the entire FY as well.  This results in a total of $308,075 to get us through to October 2003.  Note that USCMS/HCAL will want to keep Tullio working as long as possible, but that is not in this budget.

Engineering Required Boston University

Eric Hazen believes that we should budget for 6 months engineering at BU to get him through all he has to do in the coming year.  This is mainly production checkout, and  a lot of firmware and software to support all that will be needed for the DCC to be integrated.  I think that this amount is probably correct, so I have put the BU requirement at $84,600 for the end of the FY.

This brings the total engineering resources required for FY2003 to $392,675.

Monies Available

In the following tables, I have collected all of the engineering WBS items that have monies remaining.  The column labed “BAC infl” comes from the August 2002 CPR, the column labeled “Complete” comes from Jim Hanlon’s August 2002 project file, and the column labeled “Remaining” is calculated from these values.  I used the CPR values because they have the inflation adjusted numbers, and I think that we should spend every dime the DOE has budgeted for us!

	WBS
	Maryland
	BAC infl
	Complete
	Remaining

	2.1.7.1.1.5.1
	2nd HTR Prototype Module Design & Testing
	$52,594
	80%
	$10,519

	2.1.7.1.1.6.2
	HTR Production Module Engineering Support
	$118,167
	0%
	$118,167

	2.1.7.4.2
	VME Crates Engineering Support
	$7,499
	0%
	$7,499

	2.1.7.5.2
	VME Relay Racks Engineering Support
	$2,641
	0%
	$2,641

	2.1.7.6.2
	Level 1 Trigger Links Engineering Support
	$7,267
	0%
	$7,267

	2.1.7.12.4
	Prototype Integration Tests (Maryland)
	$42,680
	12%
	$37,559

	2.1.7.13.1
	Trigger/DAQ HCAL DAQ/Trigger  Integration
	$291,501
	36%
	$186,561

	2.1.7.13.11
	TRIDAS Engineering FY02,FY03 (Maryland)
	$127,505
	0%
	$127,505

	 
	Total
	 
	 
	$497,717


	 WBS
	Boston
	BAC infl
	 Complete
	 Remaining

	2.1.7.3.4.1
	DCC Prototype Module Design & Testing
	$53,200
	80%
	$10,640

	2.1.7.3.5.1
	DCC Prototype Module Design & Testing
	$54,667
	0%
	$54,667

	2.1.7.3.6.2
	DCC Production Module Engineering Support
	$10,780
	0%
	$10,780

	2.1.7.11.3.2
	DCC Module Software Development
	$22,831
	80%
	$4,566

	2.1.7.12.5
	Prototype Integration Tests (Boston)
	$16,912
	80%
	$3,382

	 
	Total
	 
	 
	$84,036


	 WBS
	Princeton
	BAC infl
	 Complete
	 Remaining

	2.1.7.10.6.2
	Crate Fanout Prod Module Eng
	$25,648
	0%
	$25,648


From these calculations, you can see that we have enough in the budget for Maryland ($497k remaining) to cover the required $308k above.  Of course, if the “Complete” column numbers are inaccurate, then these calculations will have to be redone.  But if these numbers are correct, then I propose that we do not change any of the current WBS engineering numbers, and that BU and Maryland each be sure that they spread out payments over the remaining WBS items as in the table above.  After all, it is probably true that the only reason there is money remaining is that we are probably not aware of it.

M&S

The following are details concerning the cost of what is left to be built.  In these tables, the column labeled “Estimate” will have the value that should be put into the cost estimate for the particular WBS item.

· HTR

· We will move from the Xilinx Vertex to the Vertex 2 part.  However, due to recent discussions between Wesley and Tullio concerning the TPG requirements, we believe that we will need a larger FPGA (XC2V2000 vs XC2V3000) for the HB and for those boards in the HE where there is no summing (where 1 tower = 1 TPG).  The difference between the two FPGAs is approximately $270 per chip, or $540 per board.  To keep the calculations simple, I made the same boards for the HB and all the HE, with the larger chip, and saved the smaller chip for the HO and HF boards, resulting in a savings of approximately $50k

· We are looking at a higher quality assembly company.  This will result in 50% higher costs (at most) for boards and assembly.  However, our previous cost estimates were rather conservative, so there is no change to the cost estimate.

· For the HTR I am budgeting for 10% spare assembled boards with an additional 10% spare boards without parts, plus 10 extra boards for test stands and etc.  

	HTR

	WBS
	Item
	BAC
	Estimate
	Difference

	2.1.7.1.1.6.1
	HTR (HB) Production Module M&S (10% Spares)
	$312,686 
	$270,160
	$42,526 

	2.2.7.1.1
	HTR (HO) Module M&S (10% Spares)
	$276,804 
	$179,194
	$97,610 

	2.3.7.1.1
	HTR (HE) Module M&S (10% Spares)
	$312,686 
	$231,260
	$81,426 

	2.5.7.1.1
	HTR (HF) Module M&S (10% Spares)
	$225,544 
	$142,016
	$83,528 

	 
	TOTAL HTR 
	$1,127,720 
	$822,630 
	$305,090 


The total savings for the HTR comes to $305k.

· SLB

· We have abandoned the idea of a transition board for the SLBs.  This saves all the M&S in WBS item 2.1.7.15.3 ($66k)

· In previous estimates, we had a value of approximately $100 per SLB board.  Since then, Carlos DaSilva has done a more rigorous job in estimating cost.  He comes up with 300CHF for the BOM and another $100CHF for the assembly and testing.  This results in a cost of approximately $250/SLB, and increases the M&S for WBS number 2.1.7.15.1 from $58k to $144k.  In this estimate, I will use this $144k number.  However, note that this BOM cost estimate is for parts in Europe, and it is often the case that parts there are more expensive.  We are discussing with DaSilva the possibility of us working together such that we can buy parts and assemble SLBs here in the US, realizing a cost savings (as yet unkown).

· Each SLB has a cable that carries 4 twisted pair (8 TPG towers) to the Level 1 calorimeter trigger.  This cable has been estimated in previous cost estimates at $100/cable including connectors.  The estimate was from earlier conversations with Wesley Smith and Pam Chumney.  Wesley Smith informs me that now that he believe the cable will be approximately $200, with an additional $150 for connectors and assembly, resulting in a project increase for WBS items 2.1.7.6.1, 2.3.7.6.1, and 2.5.7.6.1 from a total of $52k to $183k.  This increase is in this estimate now, however we are working on getting shorter cables, which means we can use thinner cables, which will make them a lot cheaper.  The work necessary to do this will take place over the next year (and will entail engineering that is probably accounted for above).

	SLB

	WBS
	Item
	BAC
	Estimate
	Difference

	2.1.7.15.1
	SLB Trigger Links (all) M&S (20% Spares)
	$57,600 
	$143,750
	($86,150)

	2.1.7.15.3
	SLB Trigger Links Transition Boards (all)
	$66,000 
	$0
	$66,000 

	 
	TOTAL SLB 
	$123,600 
	$143,750 
	($20,150)

	
	
	
	
	

	TPG CABLES

	WBS
	Item
	BAC
	Estimate
	Difference

	2.1.7.6.1
	Level 1 Trigger Links M&S (20% Spares) (HB)
	$28,800 
	$100,800 
	($72,000)

	2.2.7.6.1
	Level 1 Trigger Links M&S (20% Spares) (HO)
	$0 
	$0 
	$0 

	2.3.7.6.1
	Level 1 Trigger Links M&S (20% Spares) (HE)
	$21,600 
	$75,600 
	($54,000)

	2.5.7.6.1
	Level 1 Trigger Links M&S (20% Spares) (HF)
	$1,800 
	$6,300 
	($4,500)

	 
	TOTAL TPG CABLES
	$52,200 
	$182,700 
	($130,500)


The total increase in spending for the SLB+TPG cables comes to $131k

· DCC and Fanout

· For the DCC and Fanout boards I am budgeting for 20% spares and an additional 5 boards for test stands.

	DCC

	WBS
	Item
	BAC
	Estimate
	Difference

	2.1.7.3.6.1
	DCC (HB) Module M&S (10% Spares)
	$55,000
	$105,400
	($50,400)

	2.2.7.3.1
	Data Concentrator ( HO) M&S (10% Spares)
	$45,000
	$62,000
	($17,000)

	2.3.7.3.1
	Data Concentrator M&S (10% Spares)
	$45,000
	$62,000
	($17,000)

	2.5.7.3.1
	Data ConcentratorModule M&S (20% Spares)
	$35,000
	$43,400
	($8,400)

	 
	TOTAL DCC 
	$180,000
	$272,800
	($92,800)

	 
	
	
	
	 

	FANOUT CARD

	WBS
	Item
	BAC
	Estimate
	Difference

	2.1.7.10.6.1
	Crate Fanout Production Module M&S (20% Spares)
	$9,000 
	$16,500 
	($7,500)

	2.2.7.10.1
	Crate Fanout Production Module M&S (20% Spares)
	$7,500 
	$7,500 
	$0 

	2.3.7.10.1
	Crate Fanout Production Module M&S (20% Spares)
	$7,500 
	$7,500 
	$0 

	2.5.7.8.1
	Crate Fanout Production Module M&S (20% Spares)
	$6,000 
	$6,000 
	$0 

	 
	TOTAL Fanout
	$30,000 
	$37,500 
	($7,500)


· VME

· For the VME crates I have added the cost of the SBS cards (both the PCI and the VME parts, totaling $3500 extra per crate) and for the VME racks I have added the cost of the rack computers (totaling $1500 extra per rack).  This has increased the cost of the crates from $95k to $145k and the cost of the racks from $24k to $36k.

	VME CRATES

	WBS
	Item
	BAC
	Estimate
	Difference

	2.1.7.4.1
	VME Crates (HB) (no spares)
	$34,484
	$45,255
	($10,771)

	2.2.7.4.1
	VME Crates (HO) M&S
	$22,000
	$36,204
	($14,204)

	2.3.7.4.1
	VME Crates (HE) M&S
	$22,000
	$36,204
	($14,204)

	2.5.7.4.1
	VME Crates (HF) M&S
	$16,500
	$27,153
	($10,653)

	 
	TOTAL VME Crates
	$94,984
	$144,816
	($49,832)

	 
	 
	 
	 
	 

	VME RACKS

	WBS
	Item
	BAC
	Estimate
	Difference

	2.1.7.5.1
	VME Relay Racks (HB) M&S (no Spares)
	$6,000 
	$9,000
	($3,000)

	2.2.7.5
	VME Relay Racks (HO) M&S
	$6,000 
	$9,000
	($3,000)

	2.3.7.5
	VME Relay Racks (HE) M&S (no Spares)
	$6,000 
	$9,000
	($3,000)

	2.5.7.5
	VME Relay Racks ( HF) M&S (no Spares)
	$6,000 
	$9,000
	($3,000)

	 
	TOTAL RACKS
	$24,000 
	$36,000 
	($12,000)


The total increase in spending for the VME crates+racks comes to $60k.

