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2.2.7.2 Tracker Subsystem
The TKR design emphasizes the importance of
an outstanding PSF at high as well as low energy,
making use of advanced detector technology to
minimize all contributions to measurement error
beyond the unavoidable multiple scattering. In
accordance with the discussion in Figure 2.2.4,
the detector layers are held close to the converter
foils, the inactive regions are localized and mini-
mized, and the passive material is minimized.
TKR Configuration and Mechanical Design.
Each of the 16 identical TKR modules consists
of 18 x,y planes of silicon-strip detectors, con-
verter foils, and the associated readout electron-
ics, all supported by a carbon-composite
structure. Figure 2.2.8 illustrates schematically a
single x or y layer. 

The support structure for the detectors and
converter foils is composed of a stack of 19
composite panels, call “trays,” aligned at the
four corners and held in compression by cables
threaded through the corners. Sidewalls provide
additional strength, protect the electronics, and
conduct heat to the TKR base. The tray structure
is a low-mass carbon-composite assembly com-
posed of a closeout, face sheets, and vented hon-
eycomb core. Carbon-composite is chosen for its
long radiation length, high modulus-to-density
ratio, and thermal stability. Foldout C (1,3) illus-
trates the TKR mechanical design and the instal-
lation of the electronics and cables.

The tray panel structure is about 3 cm thick
and is instrumented with converters, detectors,

and front-end electronics. All trays are nearly
identical in construction, although the top and
bottom ones are special, as they include mechan-
ical interfaces to the Grid and ACD and have
detectors on only one face. An x,y measurement
plane consists of a “y” layer of detectors on the
bottom of one tray together with the “x” detector
layer on the top of the tray just below, with only
a 2-mm separation. The converter layer lies
immediately above the “y” layer. There are 12
x,y planes at the top of the TKR with 2.5% R.L.
converters (“front section”), followed by 4 x,y
planes with 25% R.L. converters (“back sec-
tion”). The last two x,y planes have no converter
foils.

The tray and TKR module designs have
been extensively studied numerically and by
prototyping. Figure 2.2.9 illustrates FE models
of the baseline preliminary designs of a tray and
a tower module. High stiffness is required in
order to prevent collisions between adjacent
towers, while maintaining small gaps. A
mechanical model with 10 stacked trays, shown
in Figure 2.2.10, was constructed and subjected
to extensive vibration testing to validate the
design and numerical models (Ponslet 1998). 

The key requirement in the tray mechanical
design is to make the structure sufficiently stiff
to avoid tray-tray collisions during qualification
testing and launch. This requires the tray’s fun-

Table 2.2.7: Power Supply Voltages and Required 
Power Converter Power Ratingsa

a. Efficiencies were taken from a vendor quotation for a high-efficiency 
design.

Subsystem Voltage (V) Power
Rating (W)

Assumed
Efficiency

T
K
R

Analog 5 7 87%
Analog 2 3 69%
Digital 3 6 84%
Detector Bias 0–150 0.7 n.a.

C
A
L

FEB 5 5 87%
FEB 3.3 2 84%
Diode Bias 0–50 0.5 n.a.

A
C
D

FEB 5 7 87%
FEB 3.3 8 84%
PMT supplies 28 12 87% 

D
A
Q

TEM 3.3 8 84%
ACD-TEM 3.3 8 84%
SIU-TEM 3.3 8 84%
SIU 5 20 87%

Figure 2.2.8: Schematic depiction of roughly 1/4 of a 
TKR detector layer, x or y (not to scale).
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of the LAT is in the structures and components
that must be engineered. The remaining major-
ity of the mass is “simple” mass making up the
detector elements themselves: the CsI crystals,
silicon-strip detectors, Pb converter foils, and
ACD scintillator tiles. The amount of such sim-
ple mass is dictated by the baseline science
design and can be firmly fixed early in the for-
mulation phase, with uncertainties due only to
the accuracy with which the component dimen-
sions can be machined. Therefore, the margins
needed for the simple mass are generally low. 

The more uncertain part of the mass budget
consists of mechanical structures, electrical
components, cables, etc. This mass will depend
on the detailed engineering design and trades
involving cost and performance. The reserves
that we assign to this “engineering mass” are
relatively high, in adherence to the AIAA meth-
odology. The LAT design shows an average
reserve of 3% for the simple mass (CsI, Si, Pb,
Scintillator) and an average reserve of 37% for
the engineering mass. In addition, the total
including reserves has a margin of 65 kg with
respect to the SC-SI IRD specification.

Since the LAT mass is dominated by the CsI
crystals of the CAL, any future descope that
might be needed in the event of a problem with
the mass budget would most likely involve the
CsI mass. It would be possible even at a very
late stage of the design process to eliminate
some of the CsI mass.  In fact, in case of an
emergency, even after completion of the design,
some of the crystals at the back of the CAL
could be replaced by lightweight filler material
to reduce mass, at some expense of energy reso-
lution of high-energy gamma rays. These con-
siderations substantially reduce the risk in the
LAT mass budget.
Power Reserves. The LAT power requirements
were derived from the baseline designs that
exist for all of the electrical hardware required
for the LAT. In addition, as shown in the hard-
ware descriptions above, detailed engineering
models of the flight hardware have been built
for all detector subsystems and for the TEM
boards, such that the corresponding power
requirements can be assessed with high fidelity. 

Of the three detector subsystems, the TKR
is the largest consumer of power. Therefore, we

Table 2.2.11: LAT Top Level Equipment List and Resource Requirementsa

a. The last dimension in the size column is height. The reserves (contingencies) have been calculated using the methodology of ANSI/AIAA G-020-
1992 “Guide for Estimating and Budgeting Weight and Power Contingencies for Spacecraft Systems.” The power estimates take into account 
the efficiency of the power converters. In case of two numbers in the Class column, the first refers to mass

Component Mass + Reserve (kg) Power (W) + Reserve # Parts & 
Size per Part

Statusb

Class  Stage
Total Instrument: 2558+377 15% 518 + 121 23% 1 1.7332 × 1.055 m
Grid 143 + 50 35% 1 1.5462 × 0.308 m 1 Bid
Thermal system (incl. radiators) 50 + 25 50% 1 Bid
Thermal Blanket & Shield 27 + 8 30% 2 Bid

T
K
R

Mechanical Structures 191 + 67 35% 16 0.3812 × 0.619 m 1 Bid
Silicon Strip Detectors 73 + 2 3% 9216 92.22 × 0.4 mm 3 CoDR
Pb Converters (front) 40 + 1 3% 3072 90.62 × 0.14 mm 3 CoDR
Pb Converters (back) 133 + 4 3% 1024 90.62 × 1.4 mm 3 CoDR
Electronics, Cabling, misc. 84 + 25 30% 273 + 35 13% 2,3 Bid

C
A
L

Mechanical Structures 162 + 49 30% 16 1 CoDR
Cesium Iodide Crystals 1338 + 27 2% 1536 35.1 × 2.8 × 2.0 cm 3 Bid
Electronics & Cabling 32 + 16 50% 118 + 16 13% 0.3742 × 0.239 m 1,3 Bid
Other (wrapping, etc.) 18 + 9 50% 1 Bid

A
C
D

Mechanical Structures 51 + 18 35% 1 1.6672 × 0.757 m 1 Bid
Scintillators 85 + 17 20% 145 Varies (1 cm thick) 2 CoDR
PMT, HV supplies, cabling 24 + 12 50% incl. in DAQ 1 Bid
Fibers, wrapping, etc. 15 + 7 50% 1 Bid

D
A
Q

TEM modules 32 + 10 30% 88 + 35 40% 16 282 × 8 cm 2 Bid
SIU modules 15 + 7 50% 10 + 9 90% 2 282 × 10 cm 1 Bid
ACD readout modules 5 + 3 50% 29 + 26 90% 2 282 × 10 cm 1 Bid
Harness 40 + 20 50% 1 Bid

Margin w.r.t. SC-SI IRD: 65 kg 11 W

b.  Class: 1. A new design which is one-of-a-kind or a first generation device. 2. A generational design that follows a previously developed concept 
and expands complexity or capability within an established design envelope, including new hardware applications to meet new requirements. 3. 
A production level development based on an existing design for which multiple units are planned, and a significant amount of standardization 
exists. Stage: Bid–Concept proposal, RFP response, or a baseline design for future development. CoDR–Conceptual design review level.
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by the I-PDR (August 2001). These parameters,
either directly measurable or derivable from
modeling of the instrument design, represent the
key performance requirements which must be
met to ensure that the mission objectives are
met.

The criteria for selection of a parameter for
the metrics list is that, if it exceeds a critical
value, it will result in impact to science, cost or
schedule, requiring the implementation of a
descope option, an increase to mission cost, or a
slip in schedule to accommodate the variance.

The critical parameters are quantified to
define the seriousness of the problem. These
parameters along with cost and schedule param-
eters, will be monitored at a monthly project
control meeting. At the time of submission of
this proposal, the critical Technical Performance
Parameters are those shown in Table 1.2.1. The
current value of the metric is shown along with
the peak or threshold requirements value for the
metric. The “Trigger Point” is that point which,
if exceeded, triggers an automatic review of the
entire system by the IPM.

These system-level metrics are flowed
down and budgeted to the subsystems by the
IDT. All subsystem metric budgets are analyzed
at the project control meeting, to ensure that any
subsystem problems are quickly identified and
appropriate corrective actions are developed
with the subsystem manager.
1.2.2.3 Configuration Management
Configuration Management (CM) is the process
through which the GLAST LAT Project docu-
ments the instrument’s functional and physical
characteristics during its lifecycle, controls

changes to those characteristics, and provides
information on the state of change action.
Figure 1.2.3 shows the configuration manage-
ment flow to be implemented for the instrument
projects. Configuration management provides
the current state and description and allows
traceability to all previous configurations as well
as the rationale for the changes. Our process
allows all engineers to design to the same set of
requirements, provides visibility into the design
interfaces, and supports the production of a
design that meets the requirements.

Table 1.2.1:  Critical Technical Performance 
Metrics at Proposal Submission

Metric Flight
Instrument

Requirement
or 

Constraint
Trigger Point

Instrument Mass, kg 2556 3000 2700

Electrical Power, W 564 650 590
Center of Gravity 
Offset from 
Instrument. Interface 
Plane, cm

23.2               25* 25*

Horizontal Dimension, 
m

1.73 1.8 1.76

Instrument Dead 
Time, µs

20 100 40

Background Rejection 3 x 105:1 105:1 105:1
Field of View, sr 2.3 2 2.2
Ratio of Single Photon 
Angular Resolutions, 
95%/68%

2.3 3 2.8

Single Photon Angular 
Resolution (68%) @ 1 
GeV, deg 

0.37 0.5 0.45

Peak Effective Area, 
cm2

12,000 8,000 9,000

Energy Resolution @ 
1 GeV, %

7 10 9

* Depends on the dretails of...

Figure: 1.2.3:  Key Elements of Configuration Management
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