Instructions for making sea going FO cables for Laser Raman Spectrometer



This document will outline the procedure for making penetrating fiber optic cables, which are used in DORISS I and II. 

1. Required parts:

a. Multimode fiber optic simplex cable from Falmat Inc. We originally used 100/140 um cable for collection (green cable, p.n. FM010702-4CP) and 62.5/125 um for excitation (yellow, p.n. FM010702-3CP). We shifted to using just the larger cable after the smaller diameter cable did not do well in pressure testing. Cable costs between $4-5/ft.

b. Dummy connectors (MIN-K-DSP) from SeaConn/Brantner. These are used to dummy off MIN-K series bulkhead connectors. They cost $130/per.

c. Custom insert pieces. The inserts fit in to the dummy connectors and provide a small hole for the fiber to pass through. (See drawing in appendix)

d. Scotch cast: part #4 for inside the insert, and part #2130 for the outside of the cable.

e. Tubing that protects and acts as a strain relief around the bare fiber. We use some orange tubing that is in the LRS lab, and tygon tubing for strain relief.

f. FC connectors (available from FIS, p.n. F12777), quick-cure epoxy (FIS, p.n. H05100R2) 
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Figure 1. Cross-section of penetrating connector

2. Basic Steps:

a. Strip cable down to plastic coated fiber.

b. Assemble dummy, insert and fiber

c. Fill insert with hard scotchcast

d. Pot connector with soft scotchcast

e. Fill inside of internal side of insert with Silicon, cover fiber with tubing

f. Connectorize ends of cable

g. Check continuity, power through the cable, pressure test

3. Step 1: Strip down cable to bare fiber

a. First decide what the lengths of the cable should be in and out of the housings. The last two sets of cables have had left about 25’-27’ of cable between the electronics housing and the probe head. Sketches of the last two sets of cables are in the appendix.

b. Cut the cable. This is easier said than done because of the Kevlar inside the cable. A sharp blade should work, if not Jim Scholfield has special cutters. Once the cable is cut, use a marker to lengths on each end that will be internal to the housing.
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Figure 2. The multiple layers of the fiber optic cable.

c. Remove the cladding: using a very sharp razor blade, remove the urethane jacket and the tubing surrounding the bare fiber (not totally bare, it has a colored plastic coating) and kevlar. The trick is to do this without breaking or nicking the fiber. It is usually a good idea to practice this step once or twice on some scrap pieces. It helps if you can bend the fiber around the area that you are cutting, but remember the fiber has about a 2” turn radius. Cut the Kevlar, but leave about 1 cm or so sticking off the end, this will help adhere to the scotchcast.

d. Test the fiber. Using a fiber stripper tool that Dale Graves has you can remove the plastic layer from the very tip of the fiber (white tool in figure 3). Take one of the FC connectors and very gently slide the fiber into the connector. While holding the fiber and the connector, slide the light source over the end of the ceramic ferrule (black tool in figure 3). Turn light on; you should see the spot coming out the other end of the fiber. If spot looks weak you can cleave the end of the fiber and repeat (there are two fiber cutters in the EE lab), this might yield better results.
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Figure 3. Light source and strippers used to test fiber (borrowed from Dale)

4. Step 2: Assemble dummy, insert and cable

a. The Seacon dummy plugs come assembled, the first step is to disassemble them. A retaining ring holds the plugs together. Carefully remove the retaining ring. There should be the connector shell, an insert,a retaining ring, and 2 spacers, and an o-ring. Put the o-ring aside for later use, we will not use the Seacon insert.
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Figure 4 Pieces of the MIN-K-DSP and custom insert.
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Figure 5 Assembly of connector

b. Assemble the inserts and connectors. This assembly is shown in Figure 5. Place one of the spacers on the lip of the insert. Place the dummy shell over the insert. Place the second spacer on top of the shell, and finally place the retaining ring in the notch on the insert.

c. When the connector is assembled, thread the bare fiber through the small hole in the center of the insert.

5. Fill the inside of the insert with scotchcast #4

a. This process is usually done to two inserts at a time, start with both ends of one cable.

b. Place the connectors in the vice so that the fiber is hanging down towards the floor. Be careful with the bare fibers during this process.
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Figure 6 Prepping inserts for first step of potting.

c. You will use the black plastic blocks to secure the fiber while the scotchcast is curing. It is usually easiest to have the blocks loosely on the fibers held above the inserts, then they be easily pulled down and secured once the scotchcast is poured. 

d. Prepare the scotchcast #4(directions on package). Pour the scotchcast into the insert while trying to hold the fiber straight. Lift and lower the fiber while filling the insert so that some of the hard scotchcast gets into the through hole.

e. During this process scotchcast will drip down on the bare fiber, use a swab to clean it off (Figure 7). It should take about 15 min to harden.
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Figure 7 Swabbing the scotchcast dripping on the fiber.

f. Repeat with the other set of connectors.

6. Pot connector with soft scotchcast

a. Clean the inserts with rubbing alcohol.

b. Rough up the cable jacket to improve adhesion of the scotchcast.

c. Prepare molds by cleaning and spraying with ??

d. There are two molds, so you can make one cable at a time. Place the cable and connector in one half of the mold, try to keep the cable straight. Place the other half of the mold on top. You will need to use a clamp to hold the two halves together. Place the black plastic cable holders on the end of the molds and tighten them. 
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Figure 8 Exterior potting of cable

e. Prepare scotchcast #2130. Turn the mold so the slot is facing up, and lean the mold back so that the cable end is slightly elevated from the bare fiber end. This will encourage the scotchcast to fill the voids remaining in the back of the insert. Start pouring scotchcast into mold. Lean the mold back and lift the fiber end (a small block underneath this end will take care of this). Tap the mold against the table to help bubble rise to the surface. 

f. Let scotchcast sit for at least half a day, then use jack screws to release mold. Peal the scotchcast from the slot to encourage the release of the connector. Use razor to cut off unwanted scotchcast.
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Figure 9 Potted cables just released from molds.

7. Fill interior section of insert with Silicone DOW #732

a. Clean out inside of insert with rubbing alcohol and a swab.

b. Cut orange tubing to be just about 1 cm shorter than the end of the fiber.

c. Slide the tygon tubing over the orange tubing (This piece is usually 2-3” long).

d. Place the connector fiber up in a clamp (Figure 10).
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Figure 10 Cables held by clamps while silicone sets.

e. Using a wooden stirrer, fill the inside of the insert with silicone.

f. When the insert is filled so that the silicone is level with the lip of the insert slide the orange tubing over the bare fiber. Push the tubing all the way down so it hits the inside of the insert.

g. Add silicon to the top of the insert, in such a way that it tapers off (see figure).
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Figure 11 Silicone coats the outside of the Tygon tubing.

h. Test the fibers with the light source.

i. Let stand over night.

8. Put FC connectors on cables

