ICSat Assembly Procedures

1. Initial Parts Inventory

1.1. (2) AMF-3B-020040-20-30P Miteq Power Amplifiers 
1.2. (2) AMF-4F-01000200-12-10P Miteq Low Noise Amplifiers

1.3. (1) COM-1001 ComBlock BPSK Demodulator

1.4. (1) COM-1002 ComBlock BPSK Modulator

1.5. (1) COM-2001 ComBlock Digital-to-Analog Converter

1.6. (1) COM-3001B ComBlock Dual Band 915/2400 MHz Receiver

1.7. (1) COM-4001A ComBlock 2.0-2.5 GHz Transmitter

1.8. (1) COM-5101 ComBlock Signal/Power Conditioning and RS422 Interface Board
1.9. (2) ZFSC-2-2500 Mini-Circuits Power Splitter/Combiner

1.10. (1) ZJL-3G Mini-Circuits Low Power Amplifier

1.11. (1) 1/16” T6061 Aluminum Baseplate with forward bulkhead (10” x 11” x 4”)

1.12. (1) 1/16” T6061 Aluminum Coverplate with two interior bulkheads (10” x 11” x 4”)

1.13. (24) Circuit board standoffs

1.14. (1) 9-Pin Serial Port Connector
1.15. (1) 9-Pin Serial Port Mount

1.16. (2) Coaxial Cable adapters

1.17. (1) 25-Pin Serial Port Connector
1.18. (1) 25-Pin Serial Port Mount

1.19. (2) Right Angle SMA Connectors – Wavetronix #2036000-013

1.20. Wires
1.20.1. RG-58 50-Ohm Coaxial wire (Kapton Heat Shrink)
1.20.1.1. (1) 3” wire

1.20.1.2. (1) 4” wire

1.20.1.3. (1) 17.5” wire

1.20.2. 3 Strand RS-422 Wire from 1001 Board to 1002 Board
1.20.2.1. (2) 13” wire

1.20.3. 2 Strand TX Data/Clock Wire from 5101 Board to 1002 Board

1.20.3.1. (2) 13” wire

1.20.4. 9 Pin Serial cable

1.20.4.1. (1) 1.5” cable

1.20.5. 25 Pin Serial Cable

1.20.5.1. (1) 4” cable

1.20.6. Teflon-coated copper electrical wires

1.20.6.1. +12 V

1.20.6.1.1. (1) 5” wire

1.20.6.2. +5 V

1.20.6.2.1. (1) 6” wire

1.20.6.2.2. (1) 5.5” wire

1.20.6.2.3. (1) 5” wire

1.20.6.2.4. (2) 4.5” wires

1.20.6.2.5. (1) 4” wire

1.20.6.3. GND

1.20.6.3.1. (1) 6” wire

1.20.6.3.2. (1) 5.5” wire

1.20.6.3.3. (1) 5” wire

1.20.6.3.4. (3) 4.5” wires

1.20.6.3.5. (1) 4” wire
2. Obtain case from Mechanical Engineering Shop.

2.1. Case design specifications

2.1.1. Baseplate

2.1.1.1. 1/16” T6061 Aluminum Base plate with forward bulkhead measured 10”x11”x4”.  

2.1.2. Coverplate

2.1.2.1. 1/16” T6061 Aluminum cover plate 
2.1.2.2. Will have two interior bulkheads to isolate EM
2.1.3. For complete design, see AutoCAD drawing
2.2. Clean case

3. Install external components

3.1. Connectors

3.1.1. Mount SMA Jacks (2) on front bulkhead

3.1.2. Mount 25-Pin mount (1) on front bulkhead

3.1.3. Mount 9-Pin mount (1) on front bulkhead

3.2. Right Angle Joints

3.2.1. Screw on Right Angle SMA joint to each SMA jack

3.2.2. Screw other end of Transmit Right Angle SMA joint to Splitter

3.2.3. Screw other end of Receive Right Angle SMA joint to Combiner

3.3. Splitters/Combiners

3.3.1. Mount Splitter using .100” diameter bolts.  Place washers on the bolt to raise splitter away from front bulkhead, taking weight off of Right Angle SMA Joint

3.3.2. Mount Combiner using .100” diameter bolts.  Place washers on the bolt to raise combiner away from front bulkhead, taking weight off of Right Angle SMA Joint
3.3.3. Secure Splitter and Combiner using nuts on reverse side of bulkhead

3.4. LNAs

3.4.1. Mount LNAs using .100” diameter, .5” long bolts (4).  Secure using nuts on reverse side of bulkhead.

3.4.2. Attach first SMA cable from upper LNA output (male connector) to upper Combiner input (right angle male connector)

3.4.3. Attach second SMA cable from lower LNA output (male connector) to lower Combiner input (right angle male connector)

4. Install circuit board standoffs

4.1. Secure standoffs
4.1.1. Screw into baseplate

4.1.2. Solder as double failsafe

5. Install terminals on baseplate bulkhead

5.1. Install GND adapter

5.2. Install +5 V adapter

5.3. Install +12 V adapter

5.4. Install Coaxial Cable adapters
6. Install Wiring Harness

6.1. Power Lines

6.1.1. Build Harness

6.1.1.1.  GND Harness Construction

6.1.1.1.1. Power wires need to pass underneath circuit boards, behind circuit board standoffs to help secure.

6.1.1.1.2. Solder (1) 4.5” wire to (1) 5.5” wire, making sure to keep at least 1 cm of common exposed wire for soldering to circuit board
6.1.1.1.3. Solder (1) 4.5” wire to free end of 5.5” wire

6.1.1.1.4. Solder (1) 6” wire to free end of 4.5” wire (from step 6.1.1.1.3)
6.1.1.1.5. Solder (1) 4” wire to free end of 6” wire

6.1.1.1.6. Solder (1) 5” wire to free end of 4” wire

6.1.1.2.  +5V Harness Construction

6.1.1.2.1. Power wires need to pass underneath circuit boards, behind circuit board standoffs to help secure.

6.1.1.2.2. Solder (1) 4.5” wire to (1) 5.5” wire, making sure to keep at least 1 cm of common exposed wire for soldering to circuit board

6.1.1.2.3. Solder (1) 4.5” wire to free end of 5.5” wire

6.1.1.2.4. Solder (1) 6” wire to free end of 4.5” wire from step V-a-i-1-d

6.1.1.2.5. Solder (1) 4” wire to free end of 6” wire

6.1.1.2.6. Solder (1) 5” wire to free end of 4” wire

6.1.1.2.7. Solder (1) 4.5” wire to free end of 5” wire
6.1.1.3.  +12V Harness Construction

6.1.1.3.1. Solder (1) 5” wire to +12V adapter on baseplate bulkhead
6.1.2. Connectors

6.1.2.1. Solder free end of 4.5” GND wire to Pin 8 on 9 Pin Mount on front bulkhead
6.1.2.2. Solder free end of 4.5” +5V wire to Pin 6 on 9 Pin Mount on front bulkhead
6.1.2.3. Solder free end of 4.5” +12 V wire to Pin 7 on 9 Pin Mount on front bulkhead
6.1.2.4. Power wires soldered straight to the circuit board
6.1.3. Check Continuity at all Nodes

6.1.4. Clean Harness

6.1.5. Lay and Secure

6.1.5.1. Wrap wires under circuit boards and behind circuit board standoffs

6.1.5.2. Secure using ________
6.1.5.3. Make sure that all wires will clear the cover plate’s interior bulkheads!

6.2. Discrete Signal Lines

6.2.1. RS422 from COM-5101 to EXT

6.2.1.1. Cut to 1.5”
6.2.1.2. Solder free wires to 25-Pin Serial Port Mount on front baseplate bulkhead
6.2.1.3. Clean

6.2.1.4. Lay and Secure

6.2.1.4.1. Secure using __________
6.2.1.4.2. Make sure that all wires will clear the cover plate’s interior bulkheads!

6.2.2. 3 Strand from Transmit to Receive
6.2.2.1. Cut to 13”
6.2.2.2. Clean

6.2.2.3. Lay and Secure

6.2.2.3.1. Secure using __________
6.2.2.3.2. Make sure that all wires will clear the cover plate’s interior bulkheads!

6.3. Coax

6.3.1. Transmitter

6.3.1.1. Cut to 12”

6.3.1.2. SMA Connector both ends

6.3.2. Receiver

6.3.2.1. Cut to 17.5”

6.3.2.2. SMA Connector both ends

6.3.3. Amplifier

6.3.3.1. Cut to 3”

6.3.3.2. SMA Connector both ends

6.3.4. Clean

6.3.5. Lay and Secure

6.3.5.1. Secure using _________
6.3.5.2. Make sure that all wires will clear the cover plate’s interior bulkheads!
6.4. STAKING!!
7. Install Receive String

7.1. Install 5101 RS422 Interface Board

7.1.1. Grounding

7.1.1.1. GND Table Mat

7.1.1.1.1. Check grounding connections

7.1.1.2. GND Mounting Plate

7.1.1.2.1. Check grounding connections

7.1.1.3. GND Personnel

7.1.1.3.1. Stand on floor mat

7.1.1.3.2. All 5 blue chair wheels on mat

7.1.1.3.3. Plug in grounding bracelet

7.1.1.3.4. Bracelet on wrist

7.1.1.4. GND Board

7.1.1.4.1. Alligator clip on board

7.1.2. Clean Bag

7.1.3. Remove from Bag

7.1.3.1. GND PCB

7.1.3.2. Clean PCB

7.1.4. Modify circuit board to launch version  (All of this may be contracted out to local electronic store)
7.1.4.1. Serial connection will stay on this board only

7.1.4.2. Replace power connection with new design

7.1.4.2.1. There should be all-told about 15 steps to properly replace the power connection

7.1.4.2.2. Unsolder existing power terminal

7.1.4.2.3. Clean up residue from terminal

7.1.4.2.4. Solder new power terminal nodes to existing wires on circuit board
7.1.4.2.5. Solder entire power unit to circuit board

7.1.4.2.6. VIBRATION TEST ON MODIFIED BOARD!!

7.1.4.3. Secure all non-used connectors
7.1.4.3.1. 40-pin connectors

7.1.4.3.2. Coaxial cable connectors

7.1.4.3.3. Possible short points?

7.1.4.3.4. Isolate

7.1.4.3.4.1. For instance on 40-pin connector that is not used, can we put a rubber adapter over the exposed pins?

7.1.4.3.5. Disconnect
7.1.4.3.5.1. Electrically disconnect the connector from the rest of the circuit board
7.1.4.3.6. Ground
7.1.4.3.6.1. Can we leave the un-used connectors on the board, just ground them to the case?
7.1.5. Power up test

7.1.5.1. Connect GND

7.1.5.2. Connect +5 V

7.1.5.3. Connect 9-PIN

7.1.5.4. Function Check

7.1.5.5. Power Down

7.2. Install 2001 Demodulator Board

7.2.1. Grounding

7.2.1.1. GND Table Mat

7.2.1.1.1. Check grounding connections

7.2.1.2. GND Mounting Plate

7.2.1.2.1. Check grounding connections

7.2.1.3. GND Personnel

7.2.1.3.1. Stand on floor mat

7.2.1.3.2. All 5 blue chair wheels on mat

7.2.1.3.3. Plug in grounding bracelet

7.2.1.3.4. Bracelet on wrist

7.2.1.4. GND Board

7.2.1.4.1. Alligator clip on board
7.2.2. Clean Bag

7.2.3. Remove from Bag

7.2.3.1. GND PCB

7.2.3.2. Clean PCB

7.2.4. Modify circuit board to launch version (All of this may be contracted out to local electronics store)
7.2.4.1. Serial connection will be removed

7.2.4.1.1. There should be a lot of steps to remove the serial port

7.2.4.1.2. Electrically disconnect serial port

7.2.4.1.2.1. Ground

7.2.4.1.2.2. Unsolder wires

7.2.4.1.3. Physically disconnect serial port

7.2.4.1.4. Clean up residue from port

7.2.4.2. Replace power connection with new design

7.2.4.2.1. There should be all-told about 15 steps to properly replace the power connection

7.2.4.2.2. Unsolder existing power terminal

7.2.4.2.3. Clean up residue from terminal

7.2.4.2.4. Solder new power terminal nodes to existing wires on circuit board

7.2.4.2.5. Solder entire power unit to circuit board

7.2.4.2.6. VIBRATION TEST ON MODIFIED BOARD!!

7.2.4.3. Secure all non-used connectors
7.2.4.3.1. 40-pin connectors

7.2.4.3.2. Coaxial cable connectors

7.2.4.3.3. Possible short points?

7.2.4.3.4. Isolate

7.2.4.3.4.1. For instance on 40-pin connector that is not used, can we put a rubber adapter over the exposed pins?

7.2.4.3.5. Disconnect
7.2.4.3.5.1. Electrically disconnect the connector from the rest of the circuit board
7.2.4.3.6. Ground
7.2.4.3.6.1. Can we leave the un-used connectors on the board, just ground them to the case?
7.2.5. Power up test

7.2.5.1. Connect GND

7.2.5.2. Connect +5 V

7.2.5.3. Connect 9-PIN

7.2.5.4. Function Check

7.2.5.5. Power Down

7.2.6. Mate with Line Drive Board

7.2.6.1. 40-Pin connector board to board?
7.2.6.2. 40-Pin ribbon cable between boards?
7.3. Install 3003A Receiver

7.3.1. Grounding

7.3.1.1. GND Table Mat

7.3.1.1.1. Check grounding connections

7.3.1.2. GND Mounting Plate

7.3.1.2.1. Check grounding connections

7.3.1.3. GND Personnel

7.3.1.3.1. Stand on floor mat

7.3.1.3.2. All 5 blue chair wheels on mat

7.3.1.3.3. Plug in grounding bracelet

7.3.1.3.4. Bracelet on wrist

7.3.1.4. GND Board

7.3.1.4.1. Alligator clip on board
7.3.2. Clean Bag

7.3.3. Remove from Bag

7.3.3.1. GND PCB

7.3.3.2. Clean PCB

7.3.4. Modify circuit board to launch version (All of this may be contracted out to local electronics store)

7.3.4.1. Serial connection will be removed

7.3.4.1.1. There should be a lot of steps to remove the serial port

7.3.4.1.2. Electrically disconnect serial port

7.3.4.1.2.1. Ground

7.3.4.1.2.2. Unsolder wires

7.3.4.1.3. Physically disconnect serial port

7.3.4.1.4. Clean up residue from port

7.3.4.2. Replace power connection with new design

7.3.4.2.1. There should be all-told about 15 steps to properly replace the power connection

7.3.4.2.2. Unsolder existing power terminal

7.3.4.2.3. Clean up residue from terminal

7.3.4.2.4. Solder new power terminal nodes to existing wires on circuit board

7.3.4.2.5. Solder entire power unit to circuit board

7.3.4.2.6. VIBRATION TEST ON MODIFIED BOARD!!

7.3.4.3. Secure all non-used connectors
7.3.4.3.1. 40-pin connectors

7.3.4.3.2. Coaxial cable connectors

7.3.4.3.3. Possible short points?

7.3.4.3.4. Isolate

7.3.4.3.4.1. For instance on 40-pin connector that is not used, can we put a rubber adapter over the exposed pins?

7.3.4.3.5. Disconnect
7.3.4.3.5.1. Electrically disconnect the connector from the rest of the circuit board
7.3.4.3.6. Ground
7.3.4.3.6.1. Can we leave the un-used connectors on the board or just ground them to the case?
7.3.5. Power up test

7.3.5.1. Connect GND

7.3.5.2. Connect +5 V

7.3.5.3. Connect 9-PIN

7.3.5.4. Function Check

7.3.5.5. Power Down

7.3.6. Mate with Demodulator

7.3.6.1. 40-Pin connector board to board?

7.3.6.2. 40-Pin ribbon cable between boards?
7.4. Receiver chain function check?

7.5. Programming before installation on baseplate
7.6. Conformal Coating
7.7. Mount chain to baseplate

7.7.1. Place chain on standoffs

7.7.2. Make connections in following order:

7.7.2.1. GND

7.7.2.2. +5 V

7.7.2.3. Discrete Signal Lines

7.7.2.4. COAX

7.7.3. Secure chain to standoffs

7.7.3.1. .125” nuts secured to circuit board standoffs
7.8. Clean Chain

8. Install Transmit String

8.1. Install 1002 Modulator Board

8.1.1. Grounding

8.1.1.1. GND Table Mat

8.1.1.1.1. Check grounding connections

8.1.1.2. GND Mounting Plate

8.1.1.2.1. Check grounding connections

8.1.1.3. GND Personnel

8.1.1.3.1. Stand on floor mat

8.1.1.3.2. All 5 blue chair wheels on mat

8.1.1.3.3. Plug in grounding bracelet

8.1.1.3.4. Bracelet on wrist

8.1.1.4. GND Board

8.1.1.4.1. Alligator clip on board
8.1.2. Clean Bag

8.1.3. Remove from Bag

8.1.3.1. GND PCB

8.1.3.2. Clean PCB

8.1.4. Modify circuit board to launch version (All of this may be contracted out to local electronics store)

8.1.4.1. Serial connection will be removed

8.1.4.1.1. There should be a lot of steps to remove the serial port

8.1.4.1.2. Electrically disconnect serial port

8.1.4.1.2.1. Ground

8.1.4.1.2.2. Unsolder wires

8.1.4.1.3. Physically disconnect serial port

8.1.4.1.4. Clean up residue from port

8.1.4.2. Replace power connection with new design

8.1.4.2.1. There should be all-told about 15 steps to properly replace the power connection

8.1.4.2.2. Unsolder existing power terminal

8.1.4.2.3. Clean up residue from terminal

8.1.4.2.4. Solder new power terminal nodes to existing wires on circuit board

8.1.4.2.5. Solder entire power unit to circuit board

8.1.4.2.6. VIBRATION TEST ON MODIFIED BOARD!!

8.1.4.3. Secure all non-used connectors
8.1.4.3.1. 40-pin connectors

8.1.4.3.2. Coaxial cable connectors

8.1.4.3.3. Possible short points?

8.1.4.3.4. Isolate

8.1.4.3.4.1. For instance on 40-pin connector that is not used, can we put a rubber adapter over the exposed pins?

8.1.4.3.5. Disconnect
8.1.4.3.5.1. Electrically disconnect the connector from the rest of the circuit board
8.1.4.3.6. Ground
8.1.4.3.6.1. Can we leave the un-used connectors on the board or just ground them to the case?
8.1.5. Power up test

8.1.5.1. Connect GND

8.1.5.2. Connect +5 V

8.1.5.3. Connect 9-PIN

8.1.5.4. Function Check

8.1.5.5. Power Down

8.2. Install 2001 Digital/Analog Converter

8.2.1. Grounding

8.2.1.1. GND Table Mat

8.2.1.1.1. Check grounding connections

8.2.1.2. GND Mounting Plate

8.2.1.2.1. Check grounding connections

8.2.1.3. GND Personnel

8.2.1.3.1. Stand on floor mat

8.2.1.3.2. All 5 blue chair wheels on mat

8.2.1.3.3. Plug in grounding bracelet

8.2.1.3.4. Bracelet on wrist

8.2.1.4. GND Board

8.2.1.4.1. Alligator clip on board

8.2.2. Clean Bag

8.2.3. Remove from Bag

8.2.3.1. GND PCB

8.2.3.2. Clean PCB

8.2.4. Modify circuit board to launch version (All of this may be contracted out to local electronics store)

8.2.4.1. Serial connection will be removed

8.2.4.1.1. There should be a lot of steps to remove the serial port

8.2.4.1.2. Electrically disconnect serial port

8.2.4.1.2.1. Ground

8.2.4.1.2.2. Unsolder wires

8.2.4.1.3. Physically disconnect serial port

8.2.4.1.4. Clean up residue from port

8.2.4.2. Replace power connection with new design

8.2.4.2.1. There should be all-told about 15 steps to properly replace the power connection

8.2.4.2.2. Unsolder existing power terminal

8.2.4.2.3. Clean up residue from terminal

8.2.4.2.4. Solder new power terminal nodes to existing wires on circuit board

8.2.4.2.5. Solder entire power unit to circuit board

8.2.4.2.6. VIBRATION TEST ON MODIFIED BOARD!!

8.2.4.3. Secure all non-used connectors
8.2.4.3.1. 40-pin connectors

8.2.4.3.2. Coaxial cable connectors

8.2.4.3.3. Possible short points?

8.2.4.3.4. Isolate

8.2.4.3.4.1. For instance on 40-pin connector that is not used, can we put a rubber adapter over the exposed pins?

8.2.4.3.5. Disconnect
8.2.4.3.5.1. Electrically disconnect the connector from the rest of the circuit board
8.2.4.3.6. Ground
8.2.4.3.6.1. Can we leave the un-used connectors on the board or just ground them to the case?
8.2.5. Power up test

8.2.5.1. Connect GND

8.2.5.2. Connect +5 V

8.2.5.3. Connect 9-PIN

8.2.5.4. Function Check

8.2.5.5. Power Down

8.2.6. Mate with Modulator Board

8.2.6.1. 40-Pin connector board to board

8.2.6.2. 40-Pin serial cable between boards
8.3. Install 4001 Transmitter

8.3.1. Grounding

8.3.1.1. GND Table Mat

8.3.1.1.1. Check grounding connections

8.3.1.2. GND Mounting Plate

8.3.1.2.1. Check grounding connections

8.3.1.3. GND Personnel

8.3.1.3.1. Stand on floor mat

8.3.1.3.2. All 5 blue chair wheels on mat

8.3.1.3.3. Plug in grounding bracelet

8.3.1.3.4. Bracelet on wrist

8.3.1.4. GND Board

8.3.1.4.1. Alligator clip on board
8.3.2. Clean Bag

8.3.3. Remove from Bag

8.3.3.1. GND PCB

8.3.3.2. Clean PCB

8.3.4. Modify circuit board to launch version (All of this may be contracted out to local electronics store)

8.3.4.1. Serial connection will be removed
8.3.4.1.1. There should be a lot of steps to remove the serial port

8.3.4.1.2. Electrically disconnect serial port

8.3.4.1.2.1. Ground

8.3.4.1.2.2. Unsolder wires

8.3.4.1.3. Physically disconnect serial port

8.3.4.1.4. Clean up residue from port

8.3.4.2. Replace power connection with new design

8.3.4.2.1. There should be all-told about 15 steps to properly replace the power connection

8.3.4.2.2. Unsolder existing power terminal

8.3.4.2.3. Clean up residue from terminal

8.3.4.2.4. Solder new power terminal nodes to existing wires on circuit board

8.3.4.2.5. Solder entire power unit to circuit board

8.3.4.2.6. VIBRATION TEST ON MODIFIED BOARD!!

8.3.4.3. Secure all non-used connectors
8.3.4.3.1. 40-pin connectors

8.3.4.3.2. Coaxial cable connectors

8.3.4.3.3. Possible short points?

8.3.4.3.4. Isolate

8.3.4.3.4.1. For instance on 40-pin connector that is not used, can we put a rubber adapter over the exposed pins?

8.3.4.3.5. Disconnect
8.3.4.3.5.1. Electrically disconnect the connector from the rest of the circuit board
8.3.4.3.6. Ground
8.3.4.3.6.1. Can we leave the un-used connectors on the board or just ground them to the case?
8.3.5. Power up test

8.3.5.1. Connect GND

8.3.5.2. Connect +5 V

8.3.5.3. Connect 9-PIN

8.3.5.4. Function Check

8.3.5.5. Power Down

8.3.6. Mate with D/A Converter

8.3.6.1. 40-Pin connector board to board
8.3.6.2. 40-Pin serial cable between boards
8.4. Transmit chain function check?

8.5. Programming before installation on the baseplate
8.6. Conformal Coating
8.7. Mount chain to baseplate

8.7.1. Make connections in following order:

8.7.1.1. GND

8.7.1.2. +5 V

8.7.1.3. +12 V

8.7.1.4. Discrete Signal Lines

8.7.1.5. COAX

8.7.2. Secure chain to standoffs

8.7.3. .125” nuts secured to circuit board standoffs 

8.8. Clean Chain

9. Mount mini circuits low power amplifier
9.1. Mounting Procedures
9.1.1. Rivet to interior side bulkhead

9.2. Conformal Coating
9.3. Clean amplifier

9.4. Make wiring connections

9.4.1. GND

9.4.2. +12 V

9.4.3. SMA Input

9.4.4. SMA Output

10. Final clean

11. Attach coverplate

11.1. Attach all 12 Rivets
11.2. Epoxy around non-milled edges
12. Unit Testing
13. Connect flight unit ICSat to Midstar flat sat

14. Unit Testing

15. Mount flight unit ICSat to Midstar bulkhead

16. Connect ICSat to Midstar connections

16.1. GND

16.2. +5V

16.3. +12V

16.4. +15V

16.5. COAX 1

16.6. COAX 2
17. Mount exterior Power Amplifiers

17.1. Connections

17.2. Clean

