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Introduction

This document is intended to provide guidance to those who would like to upgrade their Porsche 928 to use
LEDs rather than incandescent lamps for interior lightigile some of the interior lighting (such as the
courtesy lights) are quite simple to upgrade to LEDs, other items such as the instrument cluster and central
console ¢limatecontrol head, etc.) are quite a bit more challenging.

Scope and Limitations

Thisdocument is based omy experiences of upgrading a 19B@rsche 928 S4. It is likely that this guide will
apply to 1989 and later 928s; earlier models, however, had significantly different instrument clusters. Models
prior to 1987 are even more differemind even less of this guide will apply.

Requirements

As | was carrying out my interior lighting upgrades from incandescent lighting to LED lighting, | had the following
requirements (or at least preferences):

1 Replacesveryincandescent bulb with an LED bul
1 Increase overall brightness of instrumentation lighting (both backlighting and indicators).

1 For any socketed bulb, find replacement LED lamps with identical bases if possible (i.e., no filing or other
modification of bulb base or socket).

1 Attempttoachh S@S dzy AF2N)Y ONRIKGYySaa 2F AYRAOIG2NEI A P!
than others (e.g., the central locking button always struck me as lvedygoo bright when fully
illuminated relative to the other indicators).

1 Retain functionalig ofthe instrumentillumination controlusingthe original rheostat.

Caveats

In a few cases, results were short of what | would consider ideal. These \weney opiniort acceptable, but
still noteworthy. Rather than listing those items here, | have nabean in sidebars.

Terminology

GhgySNRa alydzZ ¢ GSN¥YAy2ft238 A& dzZASR 6KSY I LILINE LINR |
(among many other instruments and lights) are part of itirument clusterwhich also contains theark

brake warning lightthe air bag warning lightthe high beam indicator lightetc.

The S.I. system of units is used.
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How to View Photos at Higher Resolution

If you are viewing this document using Adobe Reader (or any other PDF viewer that supports links), the photos
in thisdocument are links; if you click a photo, your viewer application should take you to a substantially higher
resolution image on Picasa Web.

Note that when viewing a photo in a web browser, many web browsers (such as Microsoft Internet Explorer) will
scalethe photo so it will fit within the viewable area of the browser window. You can typically click the image to
reSELIF YR AdG (2 AdGa FdAf NBazfdziaAzys FyR (GKSy &2dz Ol y
vertical scroll bars.

Warnings
A Vfglea RAAO2YyYySOG GKS OFNR& ol GGSNE INRdzy R &0 NI L
electrical system unless you ambsolutelysure that the circuit you are working on is not live (e.g.,
&2 dmREBKI & &2d2Q0S NBY2QOSR | Fdza$S GKIFIG LINPOARSAE LR
items (such apulling the knoloff a pod switch and replacing the bulBut for complex devices such as
the instrument cluster, there are so many signals femmmany sources that it is not wise to attempt to
G2N] 2y Al 62N RAaO2yySOiUkO2yySOiG AG0 aK20Gdé

A [more warnings TH|

Credits

I would like to acknowledge the trailblazing work related to interior lighting of three people:

T YSAUGK 2AR2Y 0 wSyiy2fernéanis Irikari/ARBS hadgdowey (ihima.Loooodng) i K NB | R
on the Rennlist 928 Forum provided the inspiration for diving into the instruroleister and some of
the other lighting. In fact, Iregard my writiZlLd | & | Y2 NB O2YLINBKSYyairdS | yR
write-up.

 owSyyfAald KI yRf{Sminde/indtiRedtpdddemoval KitiateSanddinstrument light
bulbs foran OK prige G KNBF R 2y (KS wSyyftAad odHy C2NHzZY LINR QD
the instrument cluster vwthout removing the steering wheel. Those who doubt that you can remove the
AYAGNYzYSy G Of dZAGSNI Ay FAFGSSY YAydziSax ¢Stttz 667
YeasSt¥ FyR 320 YAYS 2dzi Ay &AE YrdaWdzss Getinginbark & 2 c
in takes a little longer (at least it does for @§.

f a2220S1¢2 6K2asS aad wdysrumens NBND&iSH GHHNE @ AEGR HASSF
good ideas about instrument illumination, particularly related to ttienatecontrol head (I wound up
doing something like what he did for backlighting the fan speed control knob).



http://forums.rennlist.com/rennforums/928-forum/384406-interior-led-changeover-uhm-looooong.html
http://forums.rennlist.com/rennforums/928-forum/372301-15-minute-instrument-pod-removal-update-and-instrument-light-bulbs-for-an-ok-price.html
http://forums.rennlist.com/rennforums/928-forum/372301-15-minute-instrument-pod-removal-update-and-instrument-light-bulbs-for-an-ok-price.html
http://voyteksporsche928s4.com/my_1987s4_928_b/LED%20illuminaiton.htm
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Parts, Tools, and Techniques

Necessary (or Just Useful) Items

f soldeiing iron suitable foruse onsmall dzZ3S gANB& |yR t/ 02FNR&a o6&2dz
tip for some tasks and a conical tip for other tasks)

i solder

9 solder sucker and/or wick for deoldering

1 clip-on heat sink (for dissipating heat from hesgnsitive components
when soldering)

1 wire cutters

1 needlenose pliers

9 assortment of heashrinkable tubing
1 bench power supply

1 multimeter

w»
Q)¢
Y el

T 6Sad fSIFRa GSNWYAYFGSR ¢6AGK FEfAIFG2N Of ALIAZT 0
various terminations are used for attaching to power supply, multimeter, circuit under test/being
powered, etc.

Working with LEDs

LED Types

Thereare two main types of LEDs you will be working with in the applications covered by this document:

1 12V LED lampsheseare one or more discrete LEDs (see next itpagkagedailong witha diode
(sometimes four diodes in a bridge rectifier configuration, which allows the bulb to be nc- :
LR EFNRAT SRE A0S0 62N] & 6KS yandcyre® MdtiggR Ay [
resistorwired in seriesuch that theLED(sare protected against reversmltage (by the
diode) andsuch thattheir drive currens areregulatedby the resistoiso theyare operating
with safe power dissipggtn whena+12 @2t G 3S A& | LILX ASR | O
These LED lamps are generally easy towork withang énfi @ G2 o6S RI YI 3
exceed 14/ when powering them.

Paa (KS
R

(s} =z
Q)¢
—
N

f Discrete LED®Iso known as component LEDs) i KSaS I NB 2dzad aNl} g [95a¢
to limit their drive current. They should not be reverse biased,they shaild not have

&
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a higher voltage at their cathode than their ano@escrete LEDs should be used with care, as they can
be easily destroyed in two ways: reverse biasing tlerexceeding their rated maximum drive current.

& Applying current from a typical power supply or battery directly to a discretenitBbut using a
currentlimiting resistor in series witthe LED is likely to destroy the LED

LED Polarity
1 With the exception of nospolarized LED bulbs (which are fairhcammon, but becoming more
2 common for festoop bulbs) is imAportzjmt that you}get Ehe polarity,correct on I:ED g

*n°d=_[>|ﬁhod= odzf 64 6KSY AYyaSNIAy3d GKSY Ayidz2 + OANDdzA
OFiK2RS o0ayS3lFiA@S aAiRSEé L doddistypicayly | dzi 2 Y 2

connected to some positive voltagasiallya+12V source or some other smaller positive voltage) and

the cathode is typically connected to grour@bmeLED bulbs are diogerotected so that if you insert

them with reversedpolarity, itwill do no harm, bu{again, with the exception of nepolarized LED

bulbs)a diodeprotected LEDulb inserted with inverted polarity will not light

1 The polarity on some LED bulbs that have internal reverse voltage protection is often not marked. It is
0Said G2 oSyOK GSad &2dzNJ [ 95 o0dz o6a | yRYI gKAES &2c
will connect to the ground/low/negative side of the PC board) with a black marker. Likewise, the sockets
for the bulbg since they were typically iehded for use with incandescent bulbs (Rpaolarized}
should be marked; a black mark on the ground side should suffice.

1 On the most common discrete LEDs, the cylindrical/dafm@ped 3nm or 5mm diameter ones, the
cathode is indicated by the flat side dietflange onthe plastic package as well as the shorter of the two

leads.

1 Adiscrete LED wilikely be destroyedalmost On-Line LEDCurrent -Limiting
instantaneoushyf you reverse bias it (i.e., apply a higher Resistor Calculators
voltage to its cathode than its anod&yctually, you can get There are oHine calculators that, given

away withsS NBOJSNES oAl & o6l a f 2 afeV_Vdof s p?f”;etef? ofanLED. Wil § E 3§
. , - o x th t

the LEDseverse bias breakdown voltage> o0 dzi A U Qa T SR

) i ) ) ) acceptable currentimiting resistor.

just avoideverapplying reverse polarity when working

with discrete LEDs. C2NJ SEI YLX Sz GKS ¢
http://ledcalculator.net/ given the
values from Example #1 (see main text

on left) provides the following

Choosing Current -Limiting Resistors for

Discrete LEDs schematic:
If you are using discrete LEDs to replace incandescent bulbs (i.e., in -
the absence of existing LED driving circuitry), you will 14V ——H—A—g i

need to add a currenltimiting resistor (and optionally,
a reverse polarity protection diode).

Todetermingi KS NBaiAaidl yOS ySSRSR:x O2yadzZ i (GKS ALISOATAOLNG
OdzZNNBy (¢ LI NI¥ YS{SNX \gifigds ywant tabke gbBsgrvativi, &novdrd) thét in Aufomdtiven



http://en.wikipedia.org/wiki/File:LED_symbol.svg
http://ledcalculator.net/
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applications, the voltage is often higher than\Iand sometimes as highasd4) ¥ | LJLJX & =h<RYy Qa f I ¢
i.e., voltage equals current times resistance. Use a resistatrlefistthe calculated value (the higher the

resistance, the less current will flow through the LED, making it dimmer, but also making it run cooler and last
longer).

Example#l: given a LED with continuous forward current oid, then R= 14V+0.05A=280K® { 2 X e 2 dz
would use a resistor aft least280KP Ly GKA & OFa&aST LQR SELISNAYSYKOuUt A GK
perhaps as high as 1k, choosing one that provides an acceptable light intensity (remembering that a higher
resistance meankess current, less heat, and longer LED lifetime).

5%, YW or %W carbon film resistors arasuallyacceptable for most discrete LED current limiting applications.
To determine whether to use a¥ or YAV resistor you can check how much power the resistolt be

dissipating using Bl x V, i.e., power equals current times volta@etually, the LED dissipates some of the
power, too, but we can be conservative and ignore that and assume that the resistor dissipates all the power)
Note that you can subdtite a AW resistor where a % resistor would suffice, but not (in general) viggrsa.

Example#2Y [ Si Q& V \olaged&ircand al KK resistor wired in series with drED. The resistor
would dissipate no more than®1x V= (V+R)x V= \}+R= (14Vf + 1000K = 0196 W. Since this is less than
0.25W, a YAN resistor would suffice.

5%, YW and 5%, YV carbon film resistors in a wide range of resistances are readily available from bitie on
sources as well as local sources. Radio Stwrcies a wide variety.

Selecting the Best LED Color
2 A0K ¥S¢ SEOSLIiAz2yazr AiQa o0Sad G2 OK224aS |y [95 O2f

C2NJ SEIFYLX ST (KS GdzNYy &A3yl f Ay RMDbéhin@agreénifiier t@ermaked A y | f €
GKS AYRAOIFIG2NI aNBSyéd !'aS | INBSYy [95 F2NJ dKA& | LL

Whereas incandescent bulbs emit light with a fairly wide range of frequencies in the color spectrum (generally

NI 6KSN) 6eStf2gAaK gKAGWSOMEADPIFTHNSHYAEYOEXIKASEGSNVABGSN
ANBSYyodé | aAy3a | gKAGS [95 0SKAYR I O20i2KNS RO 2F A2t NI SoNg y3
saturated)as putting the same color LED behind the filter as the filter color.

In a few cases (such as the automdtansmissiorS |j dzA LILJISR OF ND&a aasSt SOG2NJ £t SOSN

compromise must be made, as the same lamp shines through multiplediters (white and red or white and
green); a white LED is appropriate inlsac case, but the result will appear somewhat washed out.
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Instrument Cluster

Instrument Cluster Lamp Summary

Main Gauge Backlighting

Bulb Socket

twist-lock, with contacts foW2.1x9.5dbase bulb

Original Bulb Type

W3W-12V with T31/4 glass with base W2.1x9.5d
(10 mm diameter, 26 mm long wedge base; sam
base agt168and#194)

Recommended LED Replacement Bulb Ty

Super Bright LEDSLEBWHPS

Notes

1 Retain twistlockbase; just replace bulb.

9 Absolute maximum size bulbahwill fit is
12.3mm diameter, 30nm long (note that a
Super Bright LEDs WLRIHPIT will not fit).

Information System Display Backlighting

Bulb Socket

twist-lock integrated with bulb (not designed be
separated)

Original Bulb Type

[TBD] withB8.4d twist base

Recommended LED Replacement Bulb Ty

1 Super Bright LEIB8.4DAHP(amber) for the
dzLIJLISNJ F2dzNJ a[ /5 SKAGS

9 Super Bright LEB8.4DRHRred) for the lower
F2dz2NJ [ /5 NBR¢ € YL L

Notes

Order extra LED bulbs and bench test to obtain s
of four LED bulbs with good color and brightness
match (variations can be visible).

Indicator and Warning Lights

Bulb Socket

twist-lock integrated with bulb (not designed to be
separated)

Original Bulb Type

W1.5W12V with T13/4 glass with base W2.1x4.9
or B8.4d twist basé€all the originally yellovbase
bulbs); W1.2W12V with T13/4 glass with base
W2.1x4.9cdor B8.4d twist baséall the originally
blue-base bulbs)

Recommended LED Replacement Bulb Ty,

Super Bright LEOB8.4DxHPfor the A/T selector
lever position indicatorsB8.4Dx for all other
indicator and warning lights (whergis: R=red,
A=amber, W=white, G=green, B=blue)

Notes



http://www.donsbulbs.com/cgi-bin/r/b.pl/w3w.html
http://www.donsbulbs.com/cgi-bin/r/b.pl/168.html
http://www.donsbulbs.com/cgi-bin/r/b.pl/194.html
http://www.superbrightleds.com/cgi-bin/store/index.cgi?action=DispPage&Page2Disp=%2Fspecs%2FWLED-xHP5.htm
http://www.donsbulbs.com/cgi-bin/r/b.pl/1.2t1.5b8.4d12v~donsbulbs.html
http://www.superbrightleds.com/cgi-bin/store/index.cgi?action=DispPage&Page2Disp=%2Fspecs%2FB8.htm
http://www.superbrightleds.com/cgi-bin/store/index.cgi?action=DispPage&Page2Disp=%2Fspecs%2FB8.htm
http://www.donsbulbs.com/cgi-bin/r/b.pl/w1.2w~donsbulbs.html
http://www.donsbulbs.com/cgi-bin/r/b.pl/1.2t1.5b8.4d12v~donsbulbs.html
http://www.donsbulbs.com/cgi-bin/r/b.pl/w1.2w~donsbulbs.html
http://www.donsbulbs.com/cgi-bin/r/b.pl/w1.2w~donsbulbs.html
http://www.donsbulbs.com/cgi-bin/r/b.pl/1.2t1.5b8.4d12v~donsbulbs.html
http://www.superbrightleds.com/cgi-bin/store/index.cgi?action=DispPage&Page2Disp=%2Fspecs%2FB8.htm
http://www.superbrightleds.com/cgi-bin/store/index.cgi?action=DispPage&Page2Disp=%2Fspecs%2FB8.htm
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Tools for Use Working With the
Instrument Cluster

@ A ¥inch and/or 6mm socket make excellent tools for S :
removing the B8.4D twist lock bulb bases. Youcanusea
flat-tip screwdriver in the slot, but the plastic base is rathe-;ff S
soft and tends to deform fairly easily. e

B G+A0S DNRALIME 62NJ SljdAgHE Sy
electrical contacts on the B8.4d bulbs. o

B A permanent black marker (Sharpie or equivalent) is
appropriate formarking polarities of LED bulbs and the
bulb positions on the PC board.

Instrument Cluster Removal

A As the instrument cluster has four connectevith
YdzYSNRdza aA3dylrfaxs LQR aidN
the battery (and not just trying to pull a fuse or twehen

removing the instrument cluster. Figurel: Optimal tool for B8.4d bulb removaind
insertion

¢t2 NBY2@0S (KS AyadNHz¥Sy(d ©Oof dzZiadSNE F2fft2¢ 0KS AyaidNd
minute instrument pod removal update and instrument light bulbs for an OKérice
(http://forums.rennlist.com/rennforums/928forum/37230115-minute-instrumentpod-removatlupdate-and
instrumentlight-bulbsfor-an-ok-price.htm).

To remave the instrument pod, you will first need to remove (using a 5 mm Allen wrench) five socket head cap
screws as shown irfrigure2.



http://forums.rennlist.com/rennforums/928-forum/372301-15-minute-instrument-pod-removal-update-and-instrument-light-bulbs-for-an-ok-price.html
http://forums.rennlist.com/rennforums/928-forum/372301-15-minute-instrument-pod-removal-update-and-instrument-light-bulbs-for-an-ok-price.html
http://forums.rennlist.com/rennforums/928-forum/372301-15-minute-instrument-pod-removal-update-and-instrument-light-bulbs-for-an-ok-price.html
http://forums.rennlist.com/rennforums/928-forum/372301-15-minute-instrument-pod-removal-update-and-instrument-light-bulbs-for-an-ok-price.html
https://lh5.googleusercontent.com/-EJFqHzNPs0g/TjIrSVc17cI/AAAAAAAAZuI/7y8x-eNNRXs/s0/2011-05-0254.JPG
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Figure2: Looking up at the bottom of the instrument podnd the five screws that secure it

You might find that disconnecting thieur cablestothe y & 4 NHzY Sy i Of dzZa i SNJ Aa | € Add
done it before.Be very careful when unlocking the fazmnnectors. The two little locking levers on each

connector are fairly strong, but you can break them if you don't understand how they &ady the next

photo to assist in your understanding of how the locking levers function



https://lh4.googleusercontent.com/-8Xm7VL0Rjdw/TmKPMBOhusI/AAAAAAAAaQE/S-5EnX2iJpM/s0/2011-08-0051b.jpg
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When working wititheseconnectors:

1 Move the locking levers slightly away (perpendicular from what appears to be their main direction of
travel) from the connector (bend them a little) to allow them to move. This is hecessary because the
there are little slots on the connector dittle "pins” on the locking levers that lock them into position
either fully closed or fully open.

9 Operate both of the levers at the same time if you can; you probably cannot fully unlock one lever while
the other one is still locked (this is becauseyau move the levers to unlock, it also pushes the
connector away from the PC board, but it can't do this if the other lever is still locked and if you're not
careful and try to force it, you'lldely break the locking lever).

f Consider improvingthe l&bf Ay 3> AAyO0S Al A&a tA1Ste e&2dxfft 065 L
@2dzQf t gl yid G2 0S O2yFARSYy (G &2 dzQNB -wrigeNlbelyah ¢ A (i K
the connector, but the corresponding labels on the cluster itself wereldaa-black and very hard to
see). See photos below for improved labeling.



http://lh5.googleusercontent.com/-07YAc67pRlA/Tejxe4eV_eI/AAAAAAAAZNQ/Wvqc6T9oJMk/s0/2011-05-0302a.JPG
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Instrument Cluster Disassembly

To get to theinstrument backlighting bulbs, information display backlighting bulbs, and various indicator and
warning bulbs, you will first neettd separate the reamost black part of the cluster from the whit

intermediate part. To do thigptate each of the four black knol§see arrows in photo belovgn the back of the

cluster 180° countefanti-)clockwiseY2 dz Ol y & S fabein&aSealtiome/ofitbose knobi§ you look

OF NBFdzf t e b20S GKF{i GKSaS 1y2o0a Y& 0S RAFFAOMA G
were, so | lubricated therwith some light, genergburpose oilt FG SNJ L 32 G 0§ Kubsequendpe 2 ¥ F
easier to operate



http://lh3.googleusercontent.com/-_l2C-whKuZU/TdypktVomeI/AAAAAAAAY-M/RtCS7GRGo2k/s0/2011-05-0431a.JPG
http://lh4.googleusercontent.com/-eBgcdwqHXrU/TdypvlEZZ3I/AAAAAAAAY-U/JJ4-LMAPHzo/s0/2011-05-0432a.JPG
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If you open them up all the wabout 90) as shown in the above phatthe two pieces will copietely
separate at the hinge wheyou move the whitéhalf up andhe black half down.

At this point, you can familiarize yourself with the main PC board for the instrument backlighting and
indicator/warning lamps.
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9 eight screws holding the PC board to the white plastic encigsur

1 twenty-one silver sockets with containing pins; these are the electrical connections for the various
FylFf23 3FdzaSa 60GKSeQtt O02YS dzy L dzZA3ISR ATk o KSYy GfF

' four backlighting bulbs for the analog gauges (brown tidsk bags) (labeleR &/ [ | { ¢ 9w
L[[}aLbjatdL hb¢ 0

1 lots of other bulbs in B8dkwist-lock bases; the lower eight yellow ones are for the LCD information
RA&LIX e oFOltAIKIGAYI o0t 6SEtSR a[/5 6KAGSE FyR af
lamps and are all nicely laled.

If you were just replacing a small numtzgrbulbs with identical incandescent bulbs, you could probably just do

that now, but as you will be doing more substantial modifications, you should remove the eight screws and
carefully pull/pry off the PC board. With the eight screws removed, the oimgsholding the PC board are the
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