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Milestones Completed During Nov 01-Jan 02

8-Nov-01 Flex Cable Finished
13-Nov-01  A-Frame Strut Engineered
19-Nov-01 Requisition for Detector PCB Issued
23-Nov-01 Master Layout Designed
27-Nov-01 Requisition for Coordinate-Measuring Machine Issued
28-Nov-01 Cryo-Optical Box Engineering Finished
30-Nov-01  A-Frame Strut 3D Designed
3-Dec-01 Detector Assembly Concept Developed
10-Dec-01 Rotation Stage Test Fixture Engineered
10-Dec-01  Specification for Filter Wheels Written
11-Dec-01  Computers for Laboratory Delivered
12-Dec-01  Controller Card CA Tested (Existing Computer)
12-Dec-01  Vacuum Bulkhead Delivered
14-Dec-01  A-Frame Strut Fabricated
19-Dec-01  Project Plan Finished
3-Jan-02 Method for Optical Alignment Created
7-Jan-02  Rotation Stage Test Fixture Designed

The project plan is the main focus of this quarterly report. Major milestones that occurred since the
October monthly report are completion of testing the controller circuit board and fabrication of the

first mechanical part, the A-frame struts.
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1 Tasks

1.1 Requests for quotes for mirrors

Request for quotes for four off-axis mirrors, two flats, and aluminum cells were sent to Space
Optics Research Laboratory (SORL) of Waltham, MA, Hastings Controls of Pittsburgh, PA,
REOSC of France, and Axsys Technologies of Rochester Hills, MI. The mirrors are to be delivered
in aluminum cells. By ordering both the mirror and cell from the vendor, we avoid the problem of

designing for the thermal contraction between the mirrors and our all-aluminum mounting posts.
We are still waiting for SORL to submit a concept drawing of their bid.

Axsys Technologies builds aluminum mirrors. (The other companies build glass mirrors.) E Loh

visited Axsys on December 7. Axsys submitted a quote.

Aluminum mirrors have two advantages that save time during alignment and installation of the
optics. Because the mirror and cryogenic optical box are both made of the same material, the focus
does not shift between installation at room temperature and operation at 77K. Design and
fabrication of a focus shifting jig and the cool-down cycles needed to check focus are avoided.
Second and more important, the surface and reference holes are machined under computer control.
Because the surface is located precisely with respect to the reference holes, we can position the off-
axis aspheric mirrors with a coordinate measuring machine. Optical alignment, which involves
measuring the Strehl ratio of the images and adjustment of the mirrors position by trial and error, is

not necessary.
1.2 Telescope simulator (SOBER)

CTIO plans to build a telescope simulator to test the Instrument Support Box (ISB), and Mike Davis
has determined that it will serve our needs. Two modifications are necessary. We need to build an
infrared light source with the capability of fine motion (4u) in the direction transverse to the optical
axis. A 750-mm extension is needed since the simulator bolts on the side of the ISB that attaches to

the telescope. See Davis, M., and Loh, E., “Questar Simulator,” 10 December 2001.



1.3 Detector controller

The detector controller is being tested in three stages. (See Table 1.) Each stage requires more of the

circuits to be installed and upgrading of the program in the field-programmable-gate-array (FPGA).

Controller A (CA) emulates an existing CCD controller, and it has been used to test the board as far

as possible without connecting it to a detector. Controller B is fully functional; it awaits the test

dewar.

The umbilical card links up to four detector controllers and a computer data card. The umbilical

card UA has been tested with an existing CCD controller and existing software and computer. As

UB, it has also been tested with CA. Testing with the new computer card awaits the software.

The detector card and the flexible cable serve two purposes. They connect the controller on the

outside of the vacuum wall and the detector on the inside. In addition they conduct very little heat to

the detector.

Table 1 Status of the electronics cards

Stage Function

Controller

CA Test all functions without detector

CB Test with detector

Umbilical

UA Test with existing camera and computer data cards
UB Test with SCA and existing computer data card
ucC Test with N16533 data card

Detector

Test that traces are functional
Thermal test

Flex cable
Test that traces are functional
Thermal test

Status

Completed 21 Nov 2001
Waiting for test dewar

Completed before start of plan
Completed 25 Sept 2001
Waiting for test software

In progress
Waiting for test dewar

Completed 12 Nov 2001
Waiting for test dewar

The test of the controller without a detector, a major milestone, is complete, and the results are

presented below.



1.3.1 Noise and bandwidth

We measured the bandwidth of the signal chain to be 2.4 MHz, which means the time to settle to a
part in 2'? is 0.55s.

We measured the noise of the controller board to be 14.8uV referenced to the input at a bandwidth
of 2.4 MHz. The OPA350 op-amp and a 1k resistor contribute equally to the noise. The measured

noise is within a few percent of the theoretically predicted noise.

The circuit will probably be run at 1/3 the bandwidth, since the goal is to read at 3 us/pixel. In that
case the board produces a noise of 8.5 WV, which is equivalent to 2.4 electrons. The detector noise

is less than 10 electrons (http://www.rsc.rockwell.com/imaging/hawaii2/index.html).

The 1/f noise is a concern, because the signal chain is DC coupled. The root mean power of the
rows (middle spectrum in Fig. 6, offset by —2) is independent of spatial frequency. (The picture is
read by rows.) The root mean power of the columns (top spectrum in Fig. 6) shows a slight rise at
very low frequency. The root power of the average column (bottom spectrum in Fig. 6) shows a
large amount of low frequency noise. The white noise is less by a factor of V512, but the low
frequency excess is unchanged. This shows the low frequency noise is correlated over rows. The

low frequency excess contains 5x10* of the power.



Figure 1 Caption: Root-mean-power of the columns (top) and of the rows (middle offset by 2) and
the power of the average column (bottom) vs spatial frequency. For white noise, the standard
deviation is RMP/N2. For sinusoidal noise, the amplitude is RMP/16. The picture is 512x512.

L|_|| 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 1 1 1
o ur + + + T
Iateraal se o il
-+ — -
. :
1] E -
x ot tl'_ﬁ_- Min + ++ ot N + +, T
R T R
¥ oy B
¥ _
1 i
- —_Tlp + . L
i + i
] -1-;!'_,7_4- ‘::ﬂ'h'l"' _'L'&' + __||}+ H _ﬂ_—ﬁ". At 4 + + i
= 1 I-:- |+ T+ -Itg-f-ﬁlt %#ﬁ%—-‘-l T | I-F'-# T I-tli-l -I.- T -'-I -LI |
0.0 0.1 a.2 0.3 0.4 0.2

freq

1.3.2 High gain analog-to-digital converter

There are two analog-to-digital converters (ADC), one with gain 1 for large signals and one with
gain 16 for low signals. The high gain ADC was mistakenly designed to operate for signal levels

near saturation. This will be fixed in the next version of the board.
1.3.3 Crosstalk

We measured the crosstalk between channels. A sinusoidal signal was injected through the flexible
cable, and we measured the signal in other channels. There is magnetic coupling on the circuit
board: Placement of a steel Allen wrench near the board affects the crosstalk. Magnetic coupling
between channels is not detectable on the flexible cable. The crosstalk (Figure 2) is directly
proportional to frequency. At IMHz, the coupling is 81dB between adjacent channels and 97dB

between two channels separated by another.



The crosstalk is probably acceptable. A saturated channel (400000¢”) feeds 17 € into an adjacent
channel and 1.5 e into the next channel with a pixel time of 4us. If not, the crosstalk can be

removed with software.

Figure 2 Crosstalk between adjacent channels (line and points) and crosstalk between
two channels separated by another channel (single point at 97dB).

1.3.4 Digital potentiometers

Digital potentiometers set the offset levels for each quadrant, the reset voltage, and bias gate. These

are controlled by software. These function properly.
1.3.5 Temperature sensors

Diode temperature sensors are run and read out by a circuit on the card. The sensor that reads the
board temperature functions properly. The circuit that reads the sensors that will be placed in the

dewar functions properly.
1.3.6 Phase-locked loop

A phase-locked loop generates a clock from the master clock on the umbilical board. With a single
master clock, all of the circuits are synchronous and no noise due to beating of different clocks is

possible. The phase-locked loop has been checked.



2 Brazilian Collaboration

René Laporte has begun designing the filter wheels.

Project Management

We thank Neil Gaughan NOAO for teaching the PI rudimentary project planning and Dan Elkund

of NOAO for making a well organized draft plan in Microsoft Project.
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The budget (summary in Table 2) shows costs and labor. It includes the upgrade for the second

focal ratio. It does not include the pyramidal mirror that is needed if more than two detectors are

Budget

installed.

Costs in the budget are split into fixed costs and hourly costs. Fixed costs are purchases and fixed
cost labor of J Biel, M Davis, and E Loh. Hourly costs, those that are charged by the hour, include

the Physics-Astronomy machine shop, external shops, mechanical design, and mechanical drafting.

Labor is split into fixed-cost labor, mechanical design, drafting, and the mechanical shops.

Table 2 Budget summary
WBS Description Cost [$] Labor [hr]
Cost _Continge; Total |FixedCos Design  Drafting Shop Total

1 Spartan IR Camera 1,126,522 31,364 1,157,886 4912 530 711 2,056 8,463
1.1 Project Management 161,619 0 161,619 1,020 0 0 0 1,020
1.2 System Engineering 1,148 0 1,148 336 38 0 0 374
1.3 Mechanical 361,560 24,004 385,564 1,029 368 647 1,696 3,885
1.4 Electronics 13,927 0 13,927 913 44 24 200 1,190
1.5 Software 10,800 0 10,800 0 0 0 0 100
1.6 Integration 3,800 0 3,800 1,089 40 40 80 1,249
1.7 Deliverables 20,800 0 20,800 328 40 0 80 448
1.8 Procurement 120,548 7,360 127,908 197 0 197
1.9 Preplan Spending 432,321 0 432,321 0 0 0

Project Management (detail in Table 3) includes creation and maintenance of the schedule and

budget, meetings, reviews, reports, consultants for design reviews, travel in support of procurement,

and fixed cost labor.

System Engineering (detail in Table 4) includes optical design, analysis, writing plans, writing

requirements, and creating the master layout. The tasks in optical design are modifying the design to




fit with the mechanical design and creating a method of alignment. The master layout defines the

envelopes of each assembly.

Mechanical (detail in Table 5) includes the cryogenic optical box, the thermal reflector, the vacuum

enclosure, the filter wheels, rotational stages, mirrors and mounts, filters, and upgrades.

Electronics (detail in Table 6) includes the detector assembly and 4 electronic cards, which are the
detector printed circuit board (PCB), the flexible cable between the detector PCB and controller
PCB, the controller PCB, and the motor PCB. Most of the design work, fabrication of the controller,

and fabrication and testing the umbilical PCB are in Preplan Spending, WBS 1.9.

Software is modification of ArcView.

Integration (detail in Table 7) includes the telescope simulator, installation of the optical assemblies
in the cryogenic optical box using a coordinate measuring machine, check of the optical alignment,

flexure tests, tests at 77K, tests of the images at 77K, and acceptance tests.

Deliverables (detail in Table 7) includes the manuals, the acceptance test plan, shipping,
documentation, which are drawings of the parts as built, and installation at the telescope. The

manuals are maintenance, operating, and software. Deliverables does not include commissioning.

Procurement (detail in Table 9) includes most of the purchased items. The mirrors, filters, and 2

rotation stages are in WBS 1.3.

Preplan Spending means funds that we spent or encumbered before 1 Sept 2001. The major item

here is the cost of the detector, $250,000, and labor spent in designing the instrument.

Contingency is done in this way: (1) For purchased item with a written vendor quote, the
contingency is 5%. For purchased items without a formal quote, the contingency is 25% or greater.
(2) For fixed-cost labor (Biel, Davis (1/2 time), and Loh), the number of hours in 22 months is
6600. With 4926 hours budgeted, the contingency is 25%. The addition of Laporte adds to the
contingency. (3) For hourly labor, Gaughan and Loh tried to estimate times so that the task can be

done comfortably.



Table 3 Summary budget for Project Management

WBS Description Cost [$] Labor [hr]
Cost Continger Total |FixedCos Design Drafting Shop Total

1.1 Project Management 161,619 0 161,619 1020 0 0 0 1020
1.1.1 Schedule & Budget 6,611 0 6,611 203 0 0 0 203
1.1.2 Weekly Meetings 0 0 0 270 0 0 0 270
1.1.3 Reviews 0 0 0 115 0 0 0 115
1.1.4  Monthly & Quarterly Reports 0 0 0 355 0 0 0 355
1.1.5 Manage 0 0 0 77 0 0 0 71
1.1.6  Consultants 10,000 0 10,000 0 0 0 0 0
1.1.7  Fixed Cost 140,008 0 140,008 0 0 0 0 0
1.1.8  Travel 5,000 0 5,000 0 0 0 0 0
Table 4 Summary budget for System Engineering

WBS Description Cost [$] Labor [hr]

Cost Continger Total |FixedCos Design Drafting Shop Total

1.2 System Engineering 1,148 0 1,148 336 38 0 0 374

1.2.1  Optics 0 0 0 41 0 0 0 41

1.2.2  Analysis 0 0 0 33 0 0 0 33

1.2.3  Plans 0 0 0 8 0 0 0 8

1.2.4  Requirements/ICDs/Review [} 0 0 0 128 0 0 0 128

1.2.5 Software Requirements 0 0 0 109 0 0 0 109

1.2.6  Master Layout 1,148 0 1,148 17 38 0 0 55




Table 5 Budget summary for Mechanical
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WBS Description Cost [$] Labor [hr]
Cost Continger Total |FixedCos Design Drafting Shop Total
1.3 Mechanical 361,560 24,004 385,564 1029 368 647 1696 3885
1.3.1 Cryo-Optical Box 34,088 750 34,838 243 46 287 507 1229
1.3.1.1 MLI Blanket 4,047 750 4,797 37 16 23 0 75
1.3.1.2 CryoBox 19,880 0 19,880 171 16 160 270 741
1.3.1.3 Mask Plate 1,600 0 1,600 8 8 8 32
1.3.1.4 A-Frame 445 0 445 11 0 0 35
1.3.1.5 N2 Can 8,116 0 8,116 16 96 229 346
1.3.2 Thermal Reflector 3,880 0 3,880 31 16 16 0 63
1.3.3 Vacuum Enclosure 27,380 0 27,380 18 40 100 296 454
1.3.4 Filter Wheel 12,400 0 12,400 174 80 136 280 670
1.3.5 Rotational Stage 50,050 2,393 52,443 37 20 0 80 137
1.3.6 Mirrors & Mounts 98,575 4,799 103,374 187 20 8 80 295
1.3.6.1 Mirrors 95,975 4,799 100,774 47 0 0 0 47
1.3.6.2 Mounts 2,600 0 2,600 140 20 8 80 248
1.3.7 Filters 51,000 12,750 63,750 8 0 0 0 8
1.3.8 Upgrades 84,186 3,313 87,499 330 146 100 452 1029
1.3.8.1 2nd Channel Mirrors & Mour 80,055 3,313 83,368 214 120 80 360 774
1.3.8.2 Mask Wheel Upgrade 4,131 0 4,131 116 26 20 92 255
Table 6 Budget summary for Electronics
WBS Description Cost [$] Labor [hr]
Cost Continger Total |FixedCos Design Drafting Shop Total
1.4 Electronics 13,927 0 13,927 913 44 24 200 1190
1.4.1 Detector Assembly 6,920 0 6,920 535 44 24 200 803
1.4.2 Electronic Hardware 7,007 0 7,007 378 0 0 0 387
1.4.2.1 Detector PCB 1,802 0 1,802 79 0 0 0 79
1.4.2.2 Flexible Cable 4,125 0 4,125 49 0 0 0 49
1.4.2.3 Controller Card 80 0 80 227 0 0 0 236
1.4.2.4 Motor PCB 1,000 0 1,000 24 0 0 0 24
Table 7 Budget summary for Integration
WBS Description Cost [$] Labor [hr]
Cost Continger Total |FixedCos Design Drafting Shop Total
1.6 Integration 3,800 0 3,800 1089 40 40 80 1249
1.6.1 Telescope Simulator 3,800 0 3,800 271 40 40 80 431
1.6.2  Integration 0 0 0 818 0 0 0 818
1.6.2.1 Install optics 0 0 0 48 0 0 0 48
1.6.2.2 Optical Alignment 0 0 0 155 0 0 0 155
1.6.2.3 Flexure Test 0 0 0 44 0 0 0 44
1.6.2.4 Cold Tests 0 0 0 375 0 0 0 375
1.6.2.5 Image Tests 0 0 0 117 0 0 0 117
1.6.2.6 Acceptance Tests 0 0 0 79 0 0 0 79




Table 8 Budget summary for Deliverables

11

WBS Description Cost [$] Labor [hr]
Cost Continger Total |FixedCos Design Drafting Shop Total

1.7 Deliverables 20,300 0 20,300 328 40 0 80 448
1.7.1  Manuals 0 0 0 183 0 0 0 183
1.7.1.1 Maintenance 0 0 0 48 0 0 0 48
1.7.1.2  Operating 0 0 0 48 0 0 0 48
1.7.1.3 Software 0 0 0 87 0 0 0 87
1.7.2  Acceptance Test 0 0 0 120 0 0 0 120
1.7.3  Pack & Ship 4,600 0 4,600 25 0 0 80 105
1.7.4 Documentation 1,200 0 1,200 40 0 0 40
1.7.5  Installation 15,000 0 15,000 0 0 0 0
Table 9 Budget summary for Procurement

WBS Description Cost [$] Labor [hr]

Cost Continger Total |FixedCos Design Drafting Shop Total

1.8 Procurement 120,548 7,360 127,908 197 0 0 0 197
1.8.1 Procure Computers for Labord 2,400 0 2,400 7 0 0 0 7
1.8.2 Procure Solidworks License 1,645 0 1,645 0 0 0 0 0
1.8.3 Procure Dust-free Hood 3,000 150 3,150 11 0 0 0 11
1.8.4 Procure Parts for Test Dewar 2,000 500 2,500 20 0 0 0 20
1.8.5 Procure Field-flattening Lens 2,000 0 2,000 40 0 0 0 40
1.8.6 Procure Vacuum Bulkhead 4,300 0 4,300 6 0 0 0

1.8.7 Procure 4 Additional Rotation 62,040 3,102 65,142 0 0 0

1.8.8 Procure Parts for Vacuum En 7,163 358 7,521 62 0 0 0 62
1.8.9  Procure Parts for Telescope S 500 125 625 20 0 0 0 20
1.8.10  Procure Window 8,000 2,000 10,000 20 0 0 0 20
1.8.11  Procure Coordinate Measurin, 22,500 1,125 23,625 0 0 0 8
1.8.12  Misc Supplies 5,000 0 5,000 0 0 0 0

2.2 Schedule

A summary Gantt chart is in Figure 3. The density of milestones indicates the succession of the

tasks. System Engineering tapers off around Jan 2002. Mechanical has a high density during design

and fabrication, which tapers off around September 2002. Electronics is mostly finished by

February 2002.
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was Task Nama % Complata
1 Spartan IR Camera 15%

1.1 Project Management 14%

1.2 System Enginearing B8%

1.3 Mechanical 11%

1.4 Electronics 39%

1.5 Software 10%

1.6 Integration 9%

1.7 Deliverables 0%

1.8 Procurement 15%

1.8 Preplan Spanding 100%:

Figure 3 Gantt chart of top-level and next-to-top-level tasks. Milestones are marked with empty diamonds at the scheduled time and with
filled diamonds at the actual completion date. The red progress line drawn to the right (left) of the 6 Jan 2002 indicates the task to be ahead
(behind) schedule.

The detailed tracking Gantt chart is attached at the end of this document. A very long chart, it is best
read with the organization of next-to-top-level chart (figure 3) in mind. Identifications of
predecessor tasks are shown to the left of the task bar, and identifications of successors are shown to
the right. For most tasks, the link is “finish-to-start,” the finish of one triggers the start of the
successor. Where that is not the case, the indication SS means “start-to-start,” and FF means

“finish-to-finish.”

2.3 Project summary

The project summary is in the table below.
The project dates have not changed.

The Duration is amount of time need for a task, which is 460 working days for the entire project.
The Actual Duration is the product of Duration and Percent Complete, which is the total length of
time of the completed tasks divided by the length of time for all tasks. As far as I can tell this is not
a useful metric, since the Duration of tasks is weighted more heavily toward the beginning of the

project.

Work is the amount of labor needed for a task. The scheduled work is 160 hr less than the baseline
amount. The major variances are 238 hr less for the design and fabrication of the A-frame struts, 75

hr less for the design of the nitrogen can, and 137 hr more for electronics.

The cost is $4851 less than the baseline. The major cost variances are $5155 less for the design and
fabrication of the A-frame struts, $1945 less for the design of the nitrogen can, and $1000 more for

the motor PBC, which was not in the baseline.
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Dates
Start: Tue 9/4/01 Finish: Tue &/M10/03
Baselina Start: Mon 8/3/01 Baseline Finish: Tus 610/03
Actual Start: Tue 94,01 Actual Finish: A,
Start Variance: 0d Finish Variance: -1d
Duration
Scheduled: 460 d7 Remaining: 389.44 47
Baseline: 461 d7 Actual: 70.56d
Wariance: -1d? Fercaent Complate: 15%
Worlk
Scheduled: 857283 h Remaining: TA15567 h
Baseling: &733.15h Actual: 1457 27 h
Variance: -160.32 h Percent Complete: 17%
Costs
Scheduled: 51,126,522 Remaining: $601,986
Baseline: %1,131,372 Actual: $524,536
Variance: (54.851)
Task Status Resource Status
Tasks not yet started: 440 Work Resources: 4
Tasks in progress: 47 Overallocated Work Resources: 7
Tasks completaed: 128 Material Resources: 0
Total Tasks: 615 Total Resources: 11

2.4 Earned value analysis

Earned value analysis does not apply here to work done by Biel, Davis, and Loh; therefore it cannot

show problems in work done by them. It can show problems with purchased parts and labor that is

charged by the hour.

The earned value analysis of the schedule shows several tasks are behind schedule. (See columns

BCWS, BCWP, and SV of Table 10.) The “schedule variance,” SV, shows $92k of work should

have been performed but has not. The greatest part is in WBS 1.3, “Mechanical,” and the major

problem is that the mirrors have not been ordered. The second largest part is WBS 1.8, and that is
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due to the late delivery of the coordinate measuring machine caused by the delay in the completion

of the new science building.

The earned value analysis of the cost shows small variances. (See columns BCWP, ACWP, CV,
and VAC of Table 10.) The “cost variance,” CV, and “variance at completion,” VAC, are small.
The task with the largest cost variance is WBS 1.3.1.4, “A-Frame Struts,” where the budgeted and
actual costs are $5600 and $445. However, the orders for the mirrors, the most costly items, have

not been placed.

Table 10 Earned value analysis. A positive “schedule variance,” SV, indicates the project is ahead of schedule. A positive “cost variance,”
CV, or “variance at completion,” VAC, indicate the project is less costly than budgeted.

WBS Task BCWS BCwP ACWP Sv Ccv EAC BAC VAC I
1 Spartan IR Camera $623,726 $531,233 $523,936 ($92,493) $7,298 $1,126,522 $1,131,372 $4,851
1.1 Project Management $40,673 $39,403 $39,561 ($1,270) ($158) $161,619 $161,619 $0
12 System Engineering $720 $720 $1,088 $0 (8368) $1,148 $720 ($428)
1.3 Mechanical $92,250 $32,410 $24,365 ($59.,840) $8,045 $361,560 $368,060 $6,500
14 Electronics $8,785 $5,785 $6,007 (83,000) ($222) $13,927 $12,705  ($1,222)
1.5 Software $7,955 $0 $0 ($7,955) $0 $10,800 $10,800 $0
1.6 Integration $0 $0 $0 $0 $0 $3,800 $3,800 $0
1.7 Deliverables $0 $0 $0 $0 $0 $20,800 $20,800 $0
1.8 Procurement $41,024 $20,595 $20,595 ($20,429) $0 $120,548 $120,548 $0
1.9 Preplan Spending $432,321 $432,321 $432,321 $0 $0 $432,321 $432,321 $0

BCWS Budgeted cost of work scheduled

BCWP Budgeted cost of work performed

ACWP Actual cost of work performed

SV Earned value schedule variance; SV=BCWP-BCWS
Ccv Earned valve cost variance; CV=BCWP-ACWP.
EAC  Estimate at completion

BAC  Budget at completion

VAC  Variance at completion; VAC=BAC-EAC

2.5 Milestones

The time-phased completion of the milestones is in Figure
) ) o . Table 11 Reasons for missed milestones.
2, and a complete list of milestones is in Table 12 in the

Reason Milestones Missed

Appendix. The number of milestones grows until June Sep-Dec 2001
2002, and then slows when the design work ramps down Vendor 6
Schedule 2

and fabrication ramps up. Designer/Drafter 5
Manager 1

At the end of December 2001, 34 milestones are complete, Techmman 4
Engineer 4

and 24 are unfinished, and 2 that are due later are finished.  [Analyst 2
24
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An analysis shows the causes (Table 11) for delays. Vendors are responsible for 6. Changes in
schedule are delay in the new building and a delay in a decision on whether a dust-proof hood is
needed. A full-time designer/drafter would have alleviated 5 missed milestones. Loh (manager &

engineer), Biel (technician), and Davis (analyst) are over committed.

Figure 4 Cumulative number of milestones completed (blue) and not completed (magenta) vs. date.
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2.6 Critical Issues
Although all tasks have some slack at present, several issues need work.

The mirror fabrication must start soon. We have set a deadline for SORL of 16 January to submit a

quote.

Mechanical design and drafting are behind schedule. We are trying to hire a mechanical designer.

The plan is for the Cyclotron to hire him and to assign him to this project for 6 months.



3 Appendix

Table 12 Milestones

16

Milestone Date Variance
Baseline Completed Scheduled
1 Requisition for Flexible Cable Issued 4-Sep-01  1-Oct-01 19d
2 Requisition for Rotation Stage Issued 6-Sep-01  6-Sep-01 0d
3 Optical Design Finished 7-Sep-01  7-Sep-01 0d
4 N2 Can Engineered 7-Sep-01  7-Sep-01 0d
5 Requisition for Vacuum Blukhead Issued 17-Sep-01  7-Sep-01 -6d
6 A-Frame Strut Engineered 17-Sep-01 13-Nov-01 42d
7 Requirements for Optical Alignment Written 17-Sep-01  17-Sep-01 0d
8 Vacuum Enclosure & Cryo Box ICD Written 18-Sep-01 28-Sep-01 9d
9 Controller Card CA Tested (Existing Computer)] 21-Sep-01 12-Dec-01 58d
10 Detector Physical Dimensions Measured 24-Sep-01 20-Sep-01 -2d
11 Requisition for Detector PCB Issued 28-Sep-01 19-Nov-01 36d
12 Requisition for Mirrors Issued 28-Sep-01 18-Dec-01
13 Software Requirements Written 28-Sep-01 28-Sep-01 0d
14 Method for Optical Alignment Created 1-Oct-01  3-Jan-02 68 d
15 Specifications for Telescope Simulator Written 3-Oct-01  3-Oct-01 0d
16 Requisition for Dust-free Hood Issued 4-Oct-01 4-Oct-01
17 Requisition for Coordinate-Measuring Machine 5-Oct-01 27-Nov-01 37d
18 Detector Assembly Concept Developed 8-Oct-01  3-Dec-01 40 d
19 Solidworks License Delivered 11-Oct-01 ~ 9-Oct-01 -2d
20 Mounting Blocks Engineered 12-Oct-01  26-Sep-01 -12d
21 Select SW Vendor 12-Oct-01  16-Oct-01 1d
22 Test-Dewar Concept Sketch Finished 15-Oct-01  19-Oct-01 4d
23 Vacuum Bulkhead Delivered 15-Oct-01 12-Dec-01 42d
24 N2 Can Designed 18-Oct-01 18-Oct-01
25 Requisitions for Computer for Laboratory Issueq ~ 19-Oct-01 17-Oct-01 -2d
26 Detector Holder Prototype Designed 25-Oct-01 25-Oct-01
27 Mounting Blocks Designed 29-Oct-01 29-Oct-01
28 Rotation Stage Test Fixture Engineered 31-Oct-01 10-Dec-01 28d
29 Coordinate-Measuring Machine Delivered 2-Nov-01 2-Nov-01
30 Rotation Stage Test Fixture Designed 7-Nov-01  7-Jan-02 44 d
31 Flex Cable Finished 9-Nov-01  8-Nov-01 -1d
32 Computers for Laboratory Delivered 9-Nov-01 11-Dec-01 22d
33 Cryo-Optical Box Engineering Finished 16-Nov-01 28-Nov-01 8d
34 Project Plan Finished 16-Nov-01 19-Dec-01 24 d
35 Detector Holder Prototype Fabricated 19-Nov-01 19-Nov-01
36 Test-Dewar Fabricated 19-Nov-01 19-Nov-01
37 Detector PCB Finished 21-Nov-01 21-Nov-01
38 Master Layout Designed 26-Nov-01 23-Nov-01 -1d



39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90

Rotation Stage Delivered

A-Frame Strut 3D Designed

Specifications for Vacuum Enclosure Written
Requisition for Field-flattening Lenses Issued
Rotation Stage Test Fixture Fabricated

Mask Plate Engineering Finished

Requisition for Window Issued

MLI Requisition Issued

Flex Cable/Bulkhead Assemble Finished
Specification for Filter Wheels Written
Rotation Stage Tested

Mounting Blocks Fabricated

Requsition for Parts for Test Dewar Issued
Joined Filter Consortium

Requisitions for Vacuum Parts Initiated
Requisition for Rotation Stage Controller & 2nd
Cable for Motors Analyzed

Mask Plate Designed

Detector Holder Prototype Thermal Test Finishg
Vacuum Enclosure Engineered

MLI Designed

Thermal Reflector Engineered
Communications Test Software Delivered
Requirements for Window Written
Requirements for Field-Flattening Lens Written
Requirements for Telescope Simulator Modified
Requirements for Pyramidal MirrorWritten
Motor PCB Designed

Filter Wheel Mounting Block Specified
MUX Tested at Room Temperature

Parts for Test Dewar Delivered

Basic Software Delivered

Motor Software Delivered

Complete Software Delivered

Reworked Software Delivered

Cryo-Optical Box Drawings Finished
Vacuum Parts Delivered

Telescope Simulator Engineered

MUX Tested at Cold Temperature
Requistions for Parts for Telescope Simulator Is
Motor PCB Fabricated

Vacuum Enclosure Designed

Hardware & Software Tested

Upgrade Decision for 2nd Channel Made
Dust-Free Hood Delivered

MLI Blanket Delivered

Thermal Reflector Concept Analyzed
Telescope Simulator Designed

Parts for Telescope Simulator Delivered
A-Frame Strut Fabricated

Mask Plate Finished

Thermal Reflector Designed

29-Nov-01

30-Nov-01 30-Nov-01

6-Dec-01
7-Dec-01
7-Dec-01
7-Dec-01
10-Dec-01
10-Dec-01
11-Dec-01
14-Dec-01
14-Dec-01
14-Dec-01
14-Dec-01
14-Dec-01
20-Dec-01
25-Dec-01
28-Dec-01
28-Dec-01
1-Jan-02
3-Jan-02
8-Jan-02
9-Jan-02
14-Jan-02
15-Jan-02
15-Jan-02
15-Jan-02
15-Jan-02
18-Jan-02
21-Jan-02
22-Jan-02
25-Jan-02
30-Jan-02
30-Jan-02
30-Jan-02
30-Jan-02
30-Jan-02
31-Jan-02
31-Jan-02
1-Feb-02
8-Feb-02
8-Feb-02
22-Feb-02
26-Feb-02
28-Feb-02
5-Mar-02
7-Mar-02
8-Mar-02
11-Mar-02
13-Mar-02
15-Mar-02
22-Mar-02
22-Mar-02

24-Oct-01

10-Dec-01

31-Oct-01

21-Sep-01

14-Dec-01

29-Nov-01

7-Dec-01
10-Dec-01
7-Dec-01
10-Dec-01
10-Dec-01
11-Dec-01

14-Dec-01
14-Dec-01
14-Dec-01
14-Dec-01
20-Dec-01
25-Dec-01
28-Dec-01
28-Dec-01

1-Jan-02

8-Jan-02

9-Jan-02
14-Jan-02
15-Jan-02
15-Jan-02
15-Jan-02
15-Jan-02
18-Jan-02

22-Jan-02
25-Jan-02
30-Jan-02
30-Jan-02
30-Jan-02
30-Jan-02
13-Feb-02
31-Jan-02
31-Jan-02
1-Feb-02
8-Feb-02
8-Feb-02
22-Feb-02
26-Feb-02
28-Feb-02
5-Mar-02
7-Mar-02
8-Mar-02
11-Mar-02
13-Mar-02

22-Mar-02
22-Mar-02

17

0d
-31d

-46d

-87d

-65d




91

92

93

94

95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144

Vendor for Thermal Reflector Selected

N2 Can Fabricated

Detector Tested in Lab

Rotation Stage Controller & 2nd Stage Delivere
Cryo-Optical Box Fabricated

Detector Tested with Sky

Filter Wheel Designed

Detector Assembly Designed

Scripts Tested

Reworked Electronics Finished

Mirrors Delivered

Window Delivered

Thermal Reflector Fabricated

Telescope Simulator Fabricated

Mirrors Installed in Mounts

Mask Wheel Engineered

Vacuum Enclosure Finished

Collimator and Camera Mirror Mount Designed
Mask Wheel Designed

Cryo-Optical Box Thermal Test Finished

Filter Wheels Fabricated

Field-Flattening Lenses Delivered

Test Plan for Filter Wheel Written

Detector Assembly Fabricated

Detector Assembly Finished

Mask Wheel Fabricated

Filter Wheel #1 Tested Warm

Filter Wheel #1 Tested Cold

Filter Wheel #2 Tested

Mask Wheel Tested

Procure F/21 Collimator & Camera Mirrors Deli
2nd Collimator and Mirror Mount Fabricated
Telescope Simulator Finished

2nd Collimator and Mirror Mount Tested
Basic Filters Delivered

All Filters Delivered

Instrument Assembled & Aligned at Room Tem]
Flexure Tested

Draft Maintenance Manual Written

Draft Software Manual Written

Cold Test #1 Finished

As-Built Drawing Package Assembled

Draft Operating Manual Written

Maintenance Manual Finished

Software Manual Finished

Draft Acceptance Test Written

Shipping Container Finished

Cold Tests Finished

Image Quality Tested in Laboratory

Image Quality Tested on Sky

Operating Manual Finished

Acceptance Test Written

Pre-Ship Acceptance Test Finished, Integration

Project Complete

22-Mar-02
28-Mar-02
2-Apr-02
8-Apr-02
9-Apr-02
10-Apr-02
12-Apr-02
30-Apr-02
30-Apr-02
1-May-02
6-May-02
9-May-02
15-May-02
17-May-02
20-May-02
21-May-02
24-May-02
14-Jun-02
18-Jun-02
21-Jun-02
12-Jul-02
12-Jul-02
12-Jul-02
15-Jul-02
22-Jul-02
31-Jul-02
7-Aug-02
15-Aug-02
22-Aug-02
3-Sep-02
13-Sep-02
13-Sep-02
7-Oct-02
17-Oct-02
13-Dec-02
13-Dec-02
21-Jan-03
28-Jan-03
14-Feb-03
14-Feb-03
18-Feb-03
28-Feb-03
14-Mar-03
31-Mar-03
31-Mar-03
31-Mar-03
31-Mar-03
11-Apr-03
18-Apr-03
28-Apr-03
30-Apr-03
7-May-03
14-May-03
10-Jun-03

22-Mar-02
28-Mar-02
2-Apr-02
8-Apr-02
23-Apr-02
10-Apr-02
12-Apr-02
30-Apr-02
30-Apr-02
1-May-02
8-Aug-02
9-May-02
15-May-02
17-May-02
22-Aug-02
21-May-02
24-May-02
14-Jun-02
18-Jun-02
21-Jun-02
12-Jul-02
12-Jul-02
12-Jul-02
15-Jul-02
22-Jul-02
31-Jul-02
7-Aug-02
15-Aug-02
22-Aug-02
3-Sep-02
18-Sep-02
13-Sep-02
7-Oct-02
17-Oct-02
13-Dec-02
13-Dec-02
21-Jan-03
28-Jan-03
14-Feb-03
14-Feb-03
18-Feb-03
28-Feb-03
14-Mar-03
31-Mar-03
31-Mar-03
31-Mar-03
31-Mar-03
11-Apr-03
18-Apr-03
28-Apr-03
30-Apr-03
7-May-03
14-May-03
10-Jun-03

18




ID WBS Task Name % Complete | 8

1 1 Spartan IR Camera 15%

2 11 Project Management 14%

3 111 Schedule & Budget 28%

4 1111 Create Project Plan [Gaughan & Eklund] 100%

5 1112 Modify Project Plan 100%

6 1113 Project Plan Finished 100%

7 1114 Maintain Schedule & Budget 11% | (’
27 1.1.2 Weekly Meetings 19% ””l”””””
118 113 Reviews 0% Q
119 1131 Cryo-Optical Box Review 0%

120 1.13.2 Rotational Stage Review 0%

121 1.1.33 Detector Assembly Prototype Review 0%

122 1134 Progress Review 0%

123 114 Monthly & Quarterly Reports 21% I|

144 1.15 Manage 1%

145 116 Consultants 0%

146 1.1.6.1 Engineering 0% 119SS,12.
147 11.7 Fixed Cost 23% | | | |

170 118 Travel 21%

174 12 System Engineering 68%

175 121 Optics 100% O . |
176 1.21.1 Iterate Optical Design 100% I“ 28,604,17{5 3
177 1212 Optical Design Finished 100% L‘,; 97

178 1213 Create Method for Optical Alignment 100% F
179 1214 Method for Optical Alignment Created 100% L;! ,
180 122 Analysis 0% 3
181 1221 Analyze Thermal Reflector Concept 0% i
182 1222 Thermal Reflector Concept Analyzed 0%

183 1223 Analyze Cable for Motors 0% I
184 1224 Cable for Motors Analyzed 0% ‘5»
185 123 Plans 0%

186 1231 Write Test Plan for Filter Wheel 0%

187 1232 Test Plan for Filter Wheel Written 0%

188 124 Requirements/ICDs/Review Designs 89%

189 1241 Write Requirements for Optical Alignment 100%

190 1242 Requirements for Optical Alignment Written 100%

191 1243 Write Vacuum Enclosure & Cryo Box ICD 100%

192 1244 Vacuum Enclosure & Cryo Box ICD Written 100%

193 1245 Review Vacuum Enclosure Design 100%

194 1.2.4.6 Write Specifications for Vacuum Enclosure 100%

195 1247 Specifications for Vacuum Enclosure Written 100%

196 1248 Specify Filter Wheel Mounting Block 100%

197 1.2.4.9 Filter Wheel Mounting Block Specified 100%

198 1.2.4.10 Write Specification for Filter Wheels 100%

199 12411 Specification for Filter Wheels Written 100%

200 1.2.4.12 Write Requirements for Window 0%

201 1.2.4.13 Requirements for Window Written 0%

202 1.2.4.14 Write Requirements for Field-Flattening Lens 0%

203 1.2.4.15 Requirements for Field-Flattening Lens Writter 0%

204 1.2.4.16 Modify Requirements for Telescope Simulator 0%

205 1.2.4.17 Requirements for Telescope Simulator Modifie 0%

206 1.2.4.18 Write Requirements for Pyramidal Mirror 0%

207 1.2.4.19 Requirements for Pyramidal MirrorWritten 0%

208 125 Software Requirements 100%

209 1251 Write Software Requirements 100%

210 1252 Software Requirements Written 100%

211 1.2.6 Master Layout 95%

212 1.26.1 Engineer Master Layout 100%

213 1.2.6.2 Design Master Layout 100%

214 1.2.6.3 Master Layout Designed 100%

215 1264 Revise Master Layout 0%

216 1.2.6.5 Revise Design of Master Layout 0%

217 13 Mechanical 11%

218 131 Cryo-Optical Box 14%

219 1311 MLI Blanket 3%

127119

2O T R A A -
i
—

1,179
1/3

=O

77,274,182
‘ 3/8

51
2/28

P15SS,216,214

38

03,187
712




8 |9 |10]11] 12|
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ID WBS Task Name % Complete
220 13111 MLI Blanket Engineering 0% 32
221 13112 MLI Blanket 3D Design 0% 22 * 2
222 13113 MLI 2D Drafting 0%
223 13114 MLI Designed 0%
224 1.3.1.15 Prepare Requisition for MLI Blanket 30%
225 1.3.1.1.6 MLI Requisition Issued 0%
226 13117 Vendor Fab MLI Blanket 0%
227 13118 MLI Blanket Delivered 0%
228 1312 CryoBox 3%
229 13121 Cryo-Optical Box Engineering 100%
230 1.3.1.2.2 Cryo-Optical Box Engineering Finished 100%
231 1.3.1.2.3 Cryo-Optical Box 3D Design 5%
232 13124 Cryo-Optical Box 2D Drafting - 15 Dwgs 0%
233 1.3.1.25 Cryo-Optical Box Drawings Finished 0%
234 1.3.1.2.6 Drawing Check and Modifications 0%
235 1.3.1.2.7 Fab Cryo-Optical Box 0%
236 1.3.1.2.8 Annodize or Paint Optical Box 0%
237 1.3.1.2.9 Cryo-Optical Box Fabricated 0%
238 1.3.1.2.10 Assemble Cryo-Optical Box 0%
239 1.3.1.2.11 Cryo-Optical Box Thermal Test 0%
240 1.3.1.2.12 Cryo-Optical Box Thermal Test Finished 0%
241 1.3.1.2.13 Assemble Thermal Reflector into Cryo-Oy 0%
242 1313 Mask Plate 0%
243 1.3.131 Mask Plate Engineering 0%
244 1.3.1.3.2 Mask Plate Engineering Finished 0%
245 1.3.1.33 Design Mask Plate 0%
246 13134 2D Detail 0%
247 1.3.1.35 Mask Plate Designed 0%
248 1.3.1.36 Fab Mask Plate 0%
249 1.3.1.37 Annodize Plate 0%
250 1.3.1.38 Mask Plate Finished 0%
251 1314 A-Frame 100%
252 13141 A-Frame Strut Engineering 100%
253 1.3.1.4.2 A-Frame Strut Engineered 100%
254 1.3.1.43 A-Frame Strut 3D Design 100%
255 1.3.1.4.4 A-Frame Strut 2D Drafting 100%
256 1.3.1.45 A-Frame Strut 3D Designed 100%
257 1.3.1.4.6 Fab A-Fram Struts - 4 pc. 100%
258 13147 A-Frame Strut Fabricated 100%
259 1315 N2 Can 26%
260 1.3.151 N2 Can Engineering 100%
261 1.3.15.2 N2 Can Engineered 100%
262 1.3.153 N2 Can 3D Design 100%
263 1.3.154 N2 Can 2D Drafting (12 Dwgs) 100%
264 1.3.155 N2 Can Designed 100%
265 1.3.15.6 Make / Buy Decision for N2 Can 100%
266 13157 N2 Can Fab 0%
267 1.3.1.5.8 Vacuum Test of N2 Can 0%
268 1.3.159 Rework 0%
269 1.3.1.5.10 Annodize or Paint 0%
270 131511 N2 Can Fabricated 0%
271 132 Thermal Reflector 0%
272 1321 Thermal Reflector Engineering 0%
273 1.3.2.2 Thermal Reflector Engineered 0%
274 1.3.23 Thermal Reflector 3D Design 0%
275 13.24 Thermal Reflector 2D Detail 0%
276 1.3.25 Thermal Reflector Designed 0%
277 1.3.26 Select Vendor for Thermal Reflector 0%
278 1.3.27 Vendor for Thermal Reflector Selected 0%
279 1.3.2.8 Vendor Fab Thermal Reflector 0%
280 1.3.29 Thermal Reflector Fabricated 0%
281 133 Vacuum Enclosure 10%
282 1331 Obtain AutoCad Vacuum Enclosure Design 100%
283 1.3.3.2 Vacuum Enclosure Engineering 100%
284 1.3.33 Vacuum Enclosure Engineered 100%




20

02 03
1011121 |2 |3 ]|a|5 |67 |89 10]11|12]1]|2]|3]|4a]5]s
1

ID WBS Task Name % Complete | 8 | 9
285 1334 Modify Vacuum Enclosure Design 0% 28 86,
286 1.3.35 Vacuum Enclosure Detail Drafting - 12 Drwgs 0% 285

287 1.3.3.6 Vacuum Enclosure Designed 0%

288 1.3.37 Make-Buy Decision 0%

289 1.3.38 Fab Vacuum Enclosure and Plates 0%

290 1.3.3.9 Vacuum Test 0%

291 1.3.3.10 Vacuum Enclosure Finished 0%

292 134 Filter Wheel 0%

293 1341 Filter Wheel 3D Design 0%

294 1.3.4.2 Filter Wheel 2D Drafting - 16 Dwgs 0%

295 1.34.3 Check and Revise Drawings 0%

296 1.3.4.4 Filter Wheel Designed 0%

297 1345 Fab Filter Wheel and Blank 0%

298 1.3.4.6 Prepare Filter Wheel Wiring Diagram 0%

299 1347 Anodize Filter Wheel 0%

300 1348 Fit Check and Re-Work 0%

301 1349 Filter Wheels Fabricated 0%

302 1.3.4.10 Assembly Filter Wheel and Wire 0%

303 13411 Warm Test Filter Wheel #1 0%

304 1.34.12 Filter Wheel #1 Tested Warm 0%

305 1.34.13 Cold Test Filter Wheel #1 0%

306 1.34.14 Filter Wheel #1 Tested Cold 0%

307 1.34.15 Test Filter Wheel #2 0%

308 1.3.4.16 Filter Wheel #2 Tested 0%

309 135 Rotational Stage 46%

310 1351 Procure Phytron Rotation Stage with Loaner Ci 100%

311 1.35.2 Requisition for Rotation Stage Issued 100%

312 1.35.3 Deliver Phytron Rotation Stage 75%

313 1354 Rotation Stage Delivered 0%

314 1355 Engineer LN2 Test Fixture 100%

315 1.35.6 Rotation Stage Test Fixture Engineered 100%

316 1357 Design LN2 Test Fixture 50%

317 1.35.8 Rotation Stage Test Fixture Designed 100%

318 1359 Fab LN2 Test Fixture 0%

319 1.3.5.10 Rotation Stage Test Fixture Fabricated 0%

320 1.35.11 Test Rotation Stage 0% 414 W 20,293

321 1.35.12 Rotation Stage Tested 0%

322 1.35.13 Order Rotation Stage Controller & 2nd Stage 0%

323 1.35.14 Requisition for Rotation Stage Controller & 2nc 0%

324 1.3.5.15 Procure Rotation Stage & Contoller for Filter W\ 0%

325 1.3.5.16 Rotation Stage Controller & 2nd Stage Deliver 0%

326 1.3.6 Mirrors & Mounts 11%

327 136.1 Mirrors 5%

328 1.36.1.1 Produce Mirror Envelope Drawings 100%

329 1.3.6.1.2 Select Vendor for Mirrors 80%

330 1.3.6.1.3 Requisition for Mirrors Issued 0%

331 1.3.6.14 Vendor Mirror Fab 0%

332 1.3.6.1.5 Inspect Mirrors 0%

333 1.3.6.1.6 Coat Mirrors 0%

334 1.3.6.1.7 Mirrors Delivered 0%

335 1.3.6.2 Mounts 24%

336 1.36.2.1 Mounting Blocks Engineering 100%

337 1.3.6.2.2 Mounting Blocks Engineered 100%

338 1.3.6.2.3 Design Mounting Blocks 0%

339 1.3.6.24 Produce 2D Detail - 2 Dwgs 0%

340 1.3.6.25 Mounting Blocks Designed 0%

341 1.3.6.2.6 Fab 4 Mounts - 2 Types 0%

342 1.3.6.2.7 Paint Mounts 0%

343 1.3.6.2.8 Mounting Blocks Fabricated 0%

344 1.3.6.2.9 Install Mirrors into Mounts 0% g & ,555?5'}4

345 1.3.6.2.10 Measure and Set Mirror Angles 0% o s44,auurrrf7 9,346
346 1.3.6.2.11 Mirrors Installed in Mounts 0% .’<> : B/22
347 137 Filters 0%

348 1371 Join Filter Consortium 0% * 5),849

349 13.7.2 Joined Filter Consortium 0% 14




D WBS | Task Name % Complete | 8 | 9 |10 11|12 210|22|3|4|5|6|7|8|9|10|11|12‘2;)0|32|3|4|5|6
350 1.3.7.3 Fab Filters [17] 0% 34@“ 89,351,352
351 13.7.4 Basic Filters Delivered 0% ’ 12113
352 1375 All Filters Delivered 0% ‘ 12/13
353 138 Upgrades 0% *m
354 1.3.8.1 2nd Channel Mirrors & Mounts [Upgrade] 0% mm
355 1.38.1.1 Upgrade Meeting 0% 35659 1R
356 1.3.8.1.2 Make Upgrade Decision for 2nd Channel 0%

357 1.3.8.1.3 Upgrade Decision for 2nd Channel Made 0%

358 1.3.8.1.4 Complete 2nd Collimator & Mirror Analysi 0% 3

359 1.3.8.15 2nd Collimator and Camera Mirror 3D De 0%

360 1.38.1.6 2nd Collimator and Mirror Mount 2D Deta 0%

361 13817 Collimator and Camera Mirror Mount Des 0%

362 1.3.8.1.8 Collimator and Mirror Fab [2 Mirrors ] 0%

363 1.3.8.1.9 Anodize 0%

364 1.3.8.1.10 Re-Work 0% 66,365

365 1.38.1.11 2nd Collimator and Mirror Mount Fabricat 0%

366 1.3.8.1.12 Assemble and Wire 0% 364,371,580,5 68
367 1.3.8.1.13 Write Test Plan for Collimator and Mirrors 0%

368 1.3.8.1.14 Warm and Cold Test 0% 36 89,369
369 1.3.8.1.15 2nd Collimator and Mirror Mount Tested 0% 10/17
370 1.3.8.1.16 Issue Requisition for f/21 Collimator & Ca 0% 35 M‘T?l
371 1.3.8.1.17 Procure F/21 Collimator & Camera Mirror 0% 7 66,372
372 1.3.8.1.18 Procure F/21 Collimator & Camera Mirror 0% 9/1.
373 1.3.8.2 Mask Wheel Upgrade 0% N
374 1.3.8.2.1 Complete Interface Specification 0%

375 1.3.8.2.2 Mask Wheel Engineering 0%

376 1.3.8.2.3 Mask Wheel Engineered 0%

377 1.3.8.24 Mask Wheel 3D Design 0%

378 13825 Mask Wheel 2D Detail 0%

379 1.3.8.2.6 Mask Wheel Designed 0%

380 1.3.8.2.7 Fab Mask Wheel 0%

381 13828 Annodize 0%

382 1.3.8.29 Re-Work 0% 83
383 1.3.8.2.10 Mask Wheel Fabricated 0%

384 138211 Assemble Mask Wheel and Wire 0%

385 1.3.8.2.12 Warm and Cold Test 0% 89,38
386 1.3.8.2.13 Mask Wheel Tested 0% 9/3
387 14 Electronics 39%

388 141 Detector Assembly 22%

389 1411 Obtain Measuring Equipment 100%

390 1412 Measure Detector Physical Dimensions 100%

391 1413 Detector Physical Dimensions Measured 100%

392 1414 Develop Detector Assembly Concept 100%

393 1415 Detector Assembly Concept Developed 100%

394 1416 Design Detector Holder Prototype 0%

395 1417 Detector Holder Prototype Designed 0%

396 1418 Fab Holder Prototype 0%

397 1419 Detector Holder Prototype Fabricated 0%

398 1.4.1.10 Test-Dewar Concept Sketch 100%

399 14111 Test-Dewar Concept Sketch Finished 100%

400 14.1.12 Shop Design / Fab Test-Dewar 0%

401 1.4.1.13 Test-Dewar Fabricated 0%

402 14114 Assemble Electronics into Test-Dewar 0% | |400/4833,441] 39@

403 1.4.1.15 Prototype Thermal Test in Test-Dewar 0% *

404 1.4.1.16 Detector Holder Prototype Thermal Test Finist 0%

405 1.4.1.17 Obtain MUX 0%

406 1.4.1.18 Warm MUX Test 0% 405,40
407 1.4.1.19 MUX Tested at Room Temperature 0%

408 1.4.1.20 MUX Test at Cold Temperature 0%

409 14121 MUX Tested at Cold Temperature 0%

410 1.4.1.22 Install Engineering Grade Detector & J-Band F 0% 108,56
411 1.41.23 Obtain IR Source 0%

412 1.4.1.24 Cold Lab Test 0%

413 1.41.25 Detector Tested in Lab 0%

414 1.4.1.26 Sky Field Test 0%
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D WBS | Task Name % Complete | 8 | 9 |10 11|12

415 1.4.1.27 Detector Tested with Sky 0%

416 1.41.28 Re-Work & Re-Test Electronics 0%

417 1.41.29 Reworked Electronics Finished 0%

418 1.4.1.30 Remove Electronic Boards 0%

419 14131 Detector Assembly 3D Design 0%

420 1.4.1.32 Detector Assembly 2D Detail - 6 Dwgs 0%

421 1.4.1.33 Detector Assembly Designed 0%

422 14134 Detector Assembly Fab 0%

423 1.4.1.35 Anodize Detector Assembly 0% 42 24
424 1.4.1.36 Re-work 0% 42 26
425 1.4.1.37 Detector Assembly Fabricated 0% ’ 7115
426 1.4.1.38 Mechanical Assembly 0% 424,418,573,57 >'i‘7 89
427 1.4.1.39 Detector Assembly Finished 0% ‘ 7/
428 142 Electronic Hardware 73% ”

429 1421 Detector PCB 66%

430 14211 Prepare Requisition for Detector PCB 100%

431 14212 Requisition for Detector PCB Issued 100%

432 14213 Vendor Fab Detector PCB 100% 1

433 14214 Stuff & Ringout Board 0% 1402

434 14215 Detector PCB Finished 0% ufl

435 14.2.2 Flexible Cable 79%

436 14221 Prepare Requisition for Flexible Cable 100%

437 14222 Requisition for Flexible Cable Issued 100%

438 14223 Vendor Fab Flex Cable PCB 100%

439 14224 Ringout & Inspect Flex Cable 100%

440 14225 Flex Cable Finished 100%

441 14226 Vendor Install into Bulkhead 50% 2

442 14227 Flex Cable/Bulkhead Assemble Finished 0% 14y11

443 1423 Controller Card 100%

444 14231 Design/Fab/Assy Box & Bracket 100%

445 14232 Obtain CCD Test Fixture 100%

446 14233 Obtain Programmed FPGA 100%

447 14234 Obtain Controller Card 100% I

448 14235 Install & Test Controller Card 100% |4,44 HiE o)

449 1.4.2.3.6 Controller Card SCA Tested (Existing Co 100% ‘ 1y12

450 1424 Motor PCB 0%

451 14241 Design Motor PCB 0% %ly 53,452

452 14242 Motor PCB Designed 0% 2/

453 14243 Vendor Fab Motor PCB 0% 408,454

454 14244 Motor PCB Fabricated 0% o 2/26

455 15 Software 10% 0

456 151 Send Req to Vendors for Review/Comment 100% 20 y ,457

457 15.2 Select SW Vendor 100% 0/16

458 153 Vendor Modify ARC-View SW for SIRC 0% 456,4' ¢ 8

459 154 Communications Test Software Delivered 0% n4a

460 155 Basic Software Delivered 0% n/3

461 156 Motor Software Delivered 0% n/3

462 157 Complete Software Delivered 0% n/3

463 158 Reworked Software Delivered 0% /3

464 1.5.9 Obtain MUX 0% 8

465 1.5.10 Obtain Spare Controller Card 0% ]

466 1511 Obtain Spare Computer Card 0% ]

467 1.5.12 Obtain 6533 Card 100% 8 *

468 15.13 Test Hardware & Software 0% | 467,45 65,466,821 02,469

469 15.14 Hardware & Software Tested 0% /1

470 15.15 Test SIRC Lab View Scripts 0% 6 89
471 15.16 Scripts Tested 0% 430
472 1.6 Integration 9% ¢ D _

473 16.1 Telescope Simulator 18% 0 ,;,; 05
474 16.1.1 Write Specifications for Telescope Simulator 100% 7 ,475;

475 16.1.2 Specifications for Telescope Simulator Written 100% 1pf3

476 16.1.3 Telescope Simulator, Engineering 0% 4/4’“ 8,477

477 16.1.4 Telescope Simulator Engineered 0% 1/:

478 16.15 Design Telescope Simulator 0% 7 79

479 16.1.6 Drafting for Telescope Simulator 0% 4 81,480
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D WBS | Task Name % Complete | 8 | 9 [1011]12|1 |2 |3 |4 |5|6]7]8]9]|10]11
480 16.1.7 Telescope Simulator Designed 0%

481 16.1.8 Fab Telescope Simulator 0%

482 1.6.1.9 Telescope Simulator Fabricated 0%

483 1.6.1.10 Assemble and Wire Telescope Simulator 0%

484 16.1.11 Test and Characterize Telescope Simulator 0%

485 1.6.1.12 Telescope Simulator Finished 0%

486 16.2 Integration 0%

487 16.2.1 Install optics 0%

488 16.211 Obtain Electronic Motor Controller 0% H—z

489 16.2.1.2 Install Parts into Optical Box - Locate Con 0% 1 368,385,241

490 16.2.2 Optical Alignment 0%

491 16.22.1 Warm Optical Alignment / Mechanical Te: 0% 488,

492 1.6.2.2.2 Instrument Assembled & Aligned at Roorr 0%

493 16.2.3 Flexure Test 0%

494 1.6.231 Flexure Test 0%

495 1.6.2.32 Flexure Tested 0%

496 16.24 Cold Tests 0%

497 16.24.1 Install Detector 0%

498 1.6.2.4.2 Cold Test #1 0%

499 1.6.24.3 Cold Test #1 Finished 0%

500 1.6.2.4.4 Warm-Up / Adjust Optics 0%

501 1.6.2.4.5 Cold Test #2 0%

502 1.6.2.4.6 Cold Test #3 0%

503 1.6.24.7 Cold Tests Finished 0%

504 1.6.25 Image Tests 0%

505 1.6.25.1 Image Test 0%

506 1.6.25.2 Image Quality Tested in Laboratory 0%

507 1.6.2.5.3 Sky Test 0%

508 1.6.25.4 Image Quality Tested on Sky 0%

509 1.6.2.6 Acceptance Tests 0%

510 1.6.2.6.1 Pre-Ship AT 0%

511 1.6.2.6.2 Pre-Ship Acceptance Test Finished, Integ 0%

512 1.6.2.6.3 Post-Ship AT 0%

513 1.6.3 Project Complete 0%

514 1.7 Deliverables 0%

515 171 Manuals 0%

516 1711 Maintenance 0%

522 1712 Operating 0%

528 1713 Software 0%

534 172 Acceptance Test 0%

535 1721 Write AT Plan 0%

536 1722 Draft Acceptance Test Written 0%

537 1.7.23 SOAR Review 0%

538 1724 Revise ATP 0%

539 1.7.25 Acceptance Test Written 0%

540 1.7.3 Pack & Ship 0%

541 1731 Design & Fab Shipping Container 0%

542 1.7.32 Procure Shock Mounts 0%

543 1.7.33 Shipping Container Finished 0%

544 1734 Pack & Ship 0% 541,542,510,520,526 7540 k?l
545 1.7.4 Documentation 0% w
546 1.7.41 Assemble As-Built Drawing Package 0% E—! 44,547
547 1.7.4.2 As-Built Drawing Package Assembled 0% W 2/28
548 175 Installation 0% lx
549 1751 Travel & subsistence (5 trips) 0% 512S
550 18 Procurement 15%

551 181 Procure Computers for Laboratory 100%

556 182 Procure Solidworks License 100%

560 183 Procure Dust-free Hood 4%

565 184 Procure Parts for Test Dewar 0%

570 185 Procure Field-flattening Lens 0%

575 1.8.6 Procure Vacuum Bulkhead 100%

580 187 Procure 4 Additional Rotation Stages [Upgrade 0%

583 188 Procure Parts for Vacuum Enclosure 11%

599 189 Procure Parts for Telescope Simulator 0%
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ID WBS Task Name % Complete
604 1.8.10 Procure Window 0%
609 1.8.11 Procure Coordinate Measuring Machine 55%
614 1.8.12 Misc Supplies 20%
615 19 Preplan Spending 100%

90
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