DIY — US Golflll LED Instrument illumination
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Description

This project describes a DIY instrument light assemidy teplaces the original 2 incandescent bulbs
with 4 LEDs. The “circuit board” is made from polymeayla craft item available from an artists'
supply or crafts store. | made a follow-on change froeegiighting to white, by replacing the original
green filter with a DIY diffuser. While this projectfizr a 1995 Golflll, the project should work for all
A3 platforms with the same instrument cluster.

In the Golflll, the instrument illumination bulbs uout relatively quickly for two reasons. First, the
incandescent bulb is tiny, and in common with all ntumi@ incandescents, relatively high heat is
generated in a small volume for a very small diamidganent. So, relatively speaking, the filament
erodes faster than in a larger bulb. Second, the autodagitime driving lights for some reason
illuminate the instrument lights, so that relative &oscwith more intelligent systems, the instrument
lights in the Golf burn out 2x-3x faster.
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1. Why change to LEDs?

First, they're cool, in more ways than one — it's@-toking fix and they are cool, temperature wise.
Second, if you use generic, low-power white LED, theyd@rémes cheaper. Third, they last 2-20
times longer. Finally, it's fun:

Costin hand * Est. Life, hr
~$4 <5,000 ~4000 mCd
$0.10 10,000-1000,000 6000 mCd

Bulb Type
Incandescent 12 VDC?
Generic LED 3.2VDC®

NOTES

1. “In hand” = shipped or picked up from dealer

2. Osram 12V 2W 2352XFX6

3. Low-cost 3mm diameter “super bright” LEDs from eBagD life based on a circuit with the
correct voltage drop and current reduction resistor ieser

(Note that if you use pre-made 12V LED assemblies, youN@IT find any price advantage. A
prefabricated 12V assembly of LED(S) plus a resistdilissd and up, each.)

2. Why NOT change to LEDs?

You may want to just stick with the incandescent bit'keasier to simply remove burned out bulbs
and replace them with bulbs that fit perfectly in soekets in the instrument panel than it is to make a
light assembly, then open things up, insert and wireoit. &so save brain cells by not have to calculate
resistor values. You save soldering time. Finally, yae sancillary fabrication time. The latter includes
the time required to insulate your wiring, and affix youlDL&ssembly in place.

3. This is a low light-level modification

My preference is for low gauge lights, the result offather's WWII Navy training. Whenever
possible on his ship, at night they dialed down instruriginting on the bridge to approximate that of
the sea illumination from moonlight. That allowed ther@aximum ability to see everything on the sea
around them. I've always reduced gauge lighting to matcimti¢uesity of the pavement ahead in the
headlights.
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lllustration 1: Photo at night w/LED illumination. This is the lowé¢lighting | wanted. In real
life, the odometer and clock are brighter (and greener) and the temp amgduggss are less visib
- and the glare on the speedometer and tach dial is not visible.

If you want more lightmake 2 circuits of 2 LEDs, using an appropriate resistboth circuits. Or use
a resistor and 1 LED. You calculate based on 14.4VDC sifiycar's electrical when the engine is
running) and the voltage requirements of whatever LEDs yeuatséinks to Web sites that explain
how are given in “9. Do | need a resistor?” below.

4. This write-up focuses on DIY (low-voltage) LEDs.

IMPORTANT DIFFERENCE IF YOU ARE USING 12V LEDs

The LEDs in this project are wired serially. Every 128D, if you use them, must be wired in
parallel. That is, each LED assembly individually connecta pmsitive source and to a negative
(ground, earth).

This is because each 12V assembly contains a currentofiage-dropping resistor, and if you wire a
second assembly to the first, the LEDs probably watit lup, because the current and voltage will be
too low.

The DIY concept described here uses a home-made moddsstiag of 4 low-voltage LEDs plus a
resistor wired irseries

5. Do | need a resistor?
Yes. You have to limit the current to an LED or itlwwe destroyed.
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LEDs aren't light bulbs in the ordinary sense. Lighbbwvill work no matter how much current is
available to them — assuming enough current to run the biDs expire when too much current is
applied to them.

What LED specs do | have to pay attention to?

Color. Lots available. Don't choose red, orange or pinkufrgoover 40.

Forward voltage, Vf — the maximum voltage you want to supply each LED

Maximum continuous forward current, usually expressed in milliamps (e.g., 30 ma)

Luminous intensity (light output), usually expressed in millicandelas (1deda = the light output of a
candle made to a standard wax formula). Thus, 6000mcd lgkith@utput of 6 standard
candles.

You'll choose a resistor to reduce voltage and curretiettetrels your LEDs want.

6. The LEDs | used

Emitted Color : White

Size (mm) : 3mm

Lens Color : Water Clear

Peak Wave Length (nm) : N/A

Forward \oltage (V) : 3.2 ~ 3.8

Reverse Current (UA) : <=30

Luminous Intensity Typ Iv (mCd) : Average in 6000
Life Rating : 100,000 Hours

Viewing Angle : 20 ~ 25 Degree

Absolute Maximum Ratings (Ta=2577?77C)

Max Power Dissipation : 80mw

Max Continuous Forward Current : 30mA

Max Peak Forward Current : 75mA

Reverse \oltage : 5~6V

Lead Soldering Temperature : 240 C (<5Sec)
Operating Temperature Range : -25 C ~+85 C
Preservative Temperature Range : -30 C ~ +100 C
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lllustration 2: Original incandescent bulb (L) and 3mm LED (R). Incandesemits light across a
hemisphere; LED emits the majority of its light in the dimtof the molded-in lens (this LED
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7. The circuit board

| rolled out a sheet of silver polymer clay (see Appentholymer Clay basics for car enthusiasts”). If
| were doing it again, I'd just use white clay. Silver slaisiy mica flakes, but the base color is actually
gray, less intensely reflective than white.

The good news is that it doesn't much matter with 8B4 used, because they have a narrow, 20
degree viewing angle. Very little light is emitted to see or behind.

The sheet is about 3/16 in. thick (4+ mm), but it's nibitat. You don't want thinner than 1/8 in.
(3mm) just for strength purposes.

| cut it 6 in. (153 mm) long by a scant 1/ 2 in. (11-2 ntigh.

8. The LED assemblies
The light assembly contains 4 LEDs and a resistor.

The resistor is inserted on the positive side, and theDislare wired in series. That is, thHéldad of

the resistor goes to the light power supply (nominall2VDC), the & lead goes to the anode (+) lead
of the first LED. It doesn't matter which lead you usere on the resistor. dioesmatter which lead
goes where with the LED. The anode (+) lead is usuatigdr than the cathode (-) lead, and the
cathode side generally has a flat spot on the LED housisg,. b

The cathode (-) side of thé' LED goes to the anode of th& 2ED... and its cathode goes to the
anode of the™3 LED and so on. Finally, the cathode of ffi&. ED goes to ground.

| used a 68 ohm resistor for the assembly. That's sigiyt ohms, not a 68k resistor. The resistor serves
to throttle down the current that the LEDs see.

4 4 « «
P! P WD 10 W I e AR g
A L, b WA
+12V resistor LED LED LED LED grl:Em

lllustration 4: Circuit diagram. That's a 68 ohm resistor with 4 highnstey 3.2V LEDs in
series
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[llustration 5: Instrument light strip - LED (light) side. Greerark in center reminds me this side
goes out.

9. Do | need a resistor?
Yes. You have to limit the current to an LED or eearrent will destroy it.

LEDs aren't light bulbs in the ordinary sense. Lighbbwvill work no matter how much current is
available to them — assuming there's enough current tattighbulb. LEDs expire when too much
current is applied to them.

What LED specs do | have to pay attention to?

Color. Lots available. White for vanilla. Red for that-ilouse look, blue for mystery, green for Gothic
— it's up to you.

Forward voltage, Vf — the maximum voltage you want to apply

Maximum continuous forward current, usually expressed iiiamps (e.g., 30 ma)

Luminous intensity (light output), usually expressed ilicandelas (1 candela = the light output of a
candle made to a standard wax formula). Thus, 6000mcd lgkih@utput of 6 standard
candles.

You'll choose a resistor to reduce voltage and curretiettetrels your LEDs want. How to select the
right LED and resistor can be fouhdre More (and more user-friendly) info liere(link courtesy of
Dan Reed).

10. Removing the instrument cluster

1. Removing the negative terminal from your car's battedypasition it such that it can't accidentally
flop back and close the circuits.
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2. Pop out the far left mstrument assembly In my 199HIGdhis is the airbag light.

3. Remove the headlight switch by depressing the cattie aipper left.
4. Pop out the dashboard panel trim piece to the rigtiteoihstrument cluster.
5. Remove 2 screws holding the instrument panel fairing.
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6. Remove the instrument panel fairing.

7. Remove 2 screws holding the instrument cluster an@uwan it forward to pop the cluster
mounting pins at the bottom from their retainers.

8. Tilt the instrument panel forward enough to allow youndhi@ reach behind.

9. Behind the upper left part, unplug the white connecton, titee red connector. These are each held
by two clips with handy finger-tabs positioned mid-toyl anid-bottom of each connector.

10. Maneuver the instrument cluster out. | found itesdgp turn it and remove it through the steering
wheel.
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11. Replacing the incandescents

1. Place the instrument cluster on a soft surface.
2. Pry up the light housing by freeing the 3 tabs on the {aiuster lens side).

4. Bend the light housing back (you're bending the mefiatl buses that run to the instrument panel
circuit board) so you have access to the underside ¢ibtiieing and the green filter.

5. Remove the 2 incandescent bulbs. My burned out onesseverld that the plastic carriers simply
crumbled. The metal connector ears had embedded themsethiesvhite plastic and had to be
persuaded out with needle-nose pliers.

6. Position the LED board in the white housing. The LEBsuld be oriented such that they shine
down through the aperture into the instrument cluster. Ertbat the LED board wires are fed
through the mounting holes for the incandescent bulbs.
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7. Affix the LED board. | used RTV (silicone) adhesive.

8. Trim and tin the LED board leads. For each wirehaiknife, lift the metal bus connector that runs
along the white housing just enough to allow you to foreditined wire end between the bus
and the white housing.

Note that in the photo belgwve affixed the negative wire to tlgong light bus, based on a
description elsewhere on the Internet. On my vehicée|awer bus in this photo is actually the
negative feed.

9. Make sure things stay there by covering the connectitnanw adhesive. | used a strong, flexible
acrylic glue, but you could use RTV or epoxy.

10. Remove the green filter by easing each end off its pin.

11. Cut a new filter based on the original, green ®he can be whatever color you want. | made mine
from a diffuser screen out of the LCD display ofodah, broken laptop. It's a kind of diffraction
grating that has a “grain” - in this case, spreadingigfiet &long the short axis.
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11. Mount the filter in the aperture.
12. Snap the white housing back into place.

12. Re-assembly

Install the instrument cluster, fairing and trim ineese order to disassembly. If you have affixed your
LED board wires to the wrong instrument cluster lighs,kas | did, you get to take the
instrument cluster out again and put the each wire®night bus. You might also have the joy
of setting off your car alarm at 11 pm when you recontfexbattery to admire your
handiwork.

Note that the instrument panel connectors, which yowaodnfeel and not see, are staggered.
The lower, red connector receptacle extends frontethedge of the back of the panel,
about a third of the way down. The upper, white connecteiptacle is inboard a couple
of inches and higher.
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Appendix: Polymer clay basics for car buffs

This is basic, introductory polymer clay information &ar enthusiasts. It isn't polymer clay info for
clay artists. For the latter, dere

1. What is polymer clay?

Polymer clay is a PVC (vinyl) compound that cures (crodss) under relatively low heat (265-300 F /
130-149 C). Before heat is applied, it is as formable agettional clay: you can squeeze, roll out,
shape, mark, decorate and otherwise move it around edlessl

Once heat is applied, it becomes a stable compound ttstavids anything that a car interior can
throw at it. (Under hood heat is considerably highen #nen a closed vehicle on a hot, sunny day, so |
don't recommend it for engine compartment applicatidhgill become rubbery and flexible at hot

car interior temperatures, so you may need an inflexibleitiguéor some types of home-made parts.

2. Where do | get it?

The easiest source is your local art or decoratioms.sto my area near Boston, polymer clay is readily
available at Michaels Stores and A.C. Moore storesy v car projects would take more than a
single 2 oz. block, which at the time of writing selfsund $3, and sometimes on sale for 99 cents.

3. What in the heck are all the brands?

You'll generally see 3 types in a store:
1. FIMO soft, very easily worked, but the weakest whaead
2. Sculpey, relatively easily worked, medium strength
3. Premo, hardest to work, but the strongest of the aoryravailable

Katoclay is absolutely the strongest when cured, bubeafifficult to knead (see below). It's available
primarily from Internet and catalog sources. It hastandtive, vinyl doll smell to it (the others have
very little odor).

4. How do you work with it?

It's best to knead the clay prior to shaping it. Thoise by squeezing, folding, pushing, anything that
gets it moving.

You can also use a couple of machines. The favorite maochp@ymer clay artists is the pasta
machine, the type with rollers. If you have one, yourcemthe clay through it, folding and running it
through multiple times. If all else fails, you can as®od processor on it. If you use a machine that
will be used for food later, after you're done, cléamdll with methyl alcohol and rags. All polymer
clays sold for craft purposes are non-toxic, but thee'sense ingesting plasticizers and monomers.

The pasta machine is good for rolling small sheets of unifbichness, but you don't absolutely need
it. A glass bottle works OK (you might have to dustith corn starch to keep the clay from sticking),
as does a conventional kitchen rolling pin.

Hand-shaping is just like you used to do in school. If yom'tthave clay time in school, it's just like
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you used to do with your mashed potatos just before your pasaidt “Don't play with your food!”

5. How do you cure it?
You can cure a piece immediately after forming it. Yoo waeks before curing it. Doesn't matter.

To cure it, you pop your shaped masterpiece into an divean be a conventional oven, a toaster oven,
a convection oven, but not a microwave. You have tohr@é5 F (130 C) and you can't go much over
310 F (155 C). With some whites and light colors, 300 F (148 ©)pis, and most brands bask at their
best between 275 F (135 C) and 290 F (143 C). Remember thabkenshave temperature
excursions, going higher than their setting when warminghdpéen dropping well below their

setting before the heat kicks in again.

Complicated shapes made with thin sections have to be segpgou can use crumpled aluminum

foil, polyester batting or even crumpled paper to propna@as that shouldn't sag.

6. Can you glue it?

Methacrylate (crazy) glues work well on cured polymay gieces, as does epoxy for plastics and RTF
(silicone) glues. | haven't tried urethane (gorilla) glue

7. What about colors?

You can mix any color you want from the standard colbeng brand, and you can mix between
brands.

There are metallic colors available, made glitterthviny mica flakes. You have to roll metallics out,
fold them, roll again, fold... many times to get the maalign for the most glitter.

Colors are opaque. There are “transparent” colorshiesetare really translucent at best.

You can get a candy apple red of a sort by mixing a samadlunt of gold, a small amount of red and a
large amount of translucent. But it's not the spectacualiles-deep effect of genuine candy apple red
paint.

8. What about using it as a circuit board?

A polymer clay sheet is excellent for custom circwiditals, as long as you understand that you have to
physically wire the electronic components together erbdck. CAUTION: polymer clay won't like
voltage limiters or high-powered FETs or power transsstor any other component that requires a heat
sink.

As long as your circuit temperature doesn't exceed 150 F)(6@8hich is pretty darn hot to your
fingers, you'll be OK.
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