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  A FatMan iTube182 comes in for repair.                                                       

Nov 27th 2020 
The Author was asked to look at this amplifier which suddenly started to smell! 
The Valves were unplugged and put on the tester, the Author expected to see a short in one of the KT88’s 
but both tested fine. The tester only checks them at 250V on plate and screen so they could be playing up 
when 400+ volts gets put on them, but for now they were treated as being OK though events later were to 
prove otherwise. 

KT88 Test Results  

   

6N3/5670 Test Results 
All the 6N3 valves tested OK too though at first, the Author disliked the way the 2nd half of these valves 
operated (shown in Orange); one would expect it to be almost identical with the 1st half (shown in Red). 
The tester circuit is the same so the results should be the same. 
 

 
 
The problem was traced to the valve tester or rather the valves not liking the tester. Pin 5 of the 6N3 is 
meant to be an internal screen so should be grounded. This however seemed to cause internal oscillation 
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only affecting the 2nd half and cured if Pin 5 is connected to a heater line then all valves tested fine, very 
strange.  

6N3/5670 Test Results (Plus two new 5670) 

 
 
As can be seen, the drivers V3 and V2 were some distance from the Green expected graph lines. So these 
were replaced with the original input valves V4 and V1 respectively.  
The new valves NEW V1 and NEW V2 were fitted into the V1 and V4 positions. 
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Visual Inspection 
This showed some overheating of the circuit board in two areas which may have to be investigated, but one 
obvious failure was a smoothing/filter capacitor C15. It had become so hot that it bulged out and discarded 
its outer label. Its neighbour next door C16 was also shedding its label but the bulge on the top was not so 
severe. The capacitors fitted at C15 and C16 were found to be 150uF and not 100uF as seen on the 
schematics of this amplifier. 

 
Another thing to note is that U2 and U3 are wired differently, the pinout is correct for U3 on the Left 
Channel but the pins for U2 on the Right Channel should be reversed as shown in the redraw on Page 5. 
 

 

A view of the burnt areas of the board, this is the side of the Right Channel close to U7. 
The worry was that these areas may now be conductive and the cause of the ‘bubbled’ look but 500V 

insulation testing could not detect any breakdown. 

More views on the following page. 

This capacitor sure became hot, nice little 

bulge and ready to blow! Its neighbour 

does not look very healthy either. 

 



4 
 

 

 

The board certainly reminds the Author of the days of valve Television sets that often tracked through the 
boards of that era after the valves heat had caused carbonization. 
The Author feeling very brave opted for the fitting of two 25W metal clad resistors, initially to be bolted 
down on the bottom plate. But this may make it awkward to remove complete for servicing so a search was 
made to find a place under the top cover. It will take away all that heat from roasting the circuit board 
whilst allowing the large area of top plate and the metal base plate with its ventilation slots to do a better 
job of heat dispersion. The metalclad resistors need to be bolted down with heat sink compound to realise 
their full power rating but they should only ever see the KT88 design maximum of 230mA going through 
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them. That means a possible maximum dissipation of 17.5W which they should be able to handle with a 
small heat sink but the only place on the underside of the top has only one fixture location point.  
Why only one! Well the metal is that special Chinese stuff made it seems from depleted Uranium, 
impossible to drill, so it was a no-go for mounting resistors where the Author wanted them. He used the 
4mm wide slots located on the chassis under the output transformers, the transformers are raised here, 
enough to allow one 3mm screw and a 10mm Penny washer beneath them. These should be sufficient to 
hold the resistors in place with enough pressure to give adequate, if somewhat lessened, heat sinking for 
the resistors. Anything must be better to protect the circuit board than the present arrangement. 
The bulging capacitors C15 and C16 were replaced with EPCOS B43544B6157M000, available from Farnell 
as 2750297. These are 150uF, 105 deg. C operating but most of all, they have a 500V rating. This is despite 
the outer case being the same size as the stock 450V capacitor with its 30mm diameter and height of 
35mm. 
Another pair of capacitors showing case distortions are the two cathode bias capacitors C11 and C12 for 
the KT88’s. The voltage rating of 100V should be sufficient so it looks likely they were also roasted by the 
wire wound 15W cathode resistors, their replacements are EPCOS B41858C9107M000, Farnell 2750203. 
The 100uF 450V capacitor replacements are RS 744-1335 and these include C18 and C20 uprated from their 
former 350v rating. The 330 Ohm Metalclad resistors are Farnell, stock number 9507469. 
 
Circuit redraw with changes in Blue.  
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Here are the diode and resistor test results for the amplifier in for repair. 

 RESISTOR VALUE MEASURED REMARKS 

R1  1k 1W 979 Ohms U2 Pin 3 to 0V, Volume at Minimum, expected 997.9 Ohms. 

R1  1k 1W 90.1k U2 Pin 3 to 0V, Volume at Maximum, expected 83.135k. 

R2 1k 1W 976 Ohms U3 Pin 7 to 0V, Volume at Minimum, expected 997.9 Ohms. 

R2  1k 1W 86.3k U3 Pin 7 to 0V, Volume at Maximum, expected 83.135k. 

R3 470k 1W see R1 U2 Pin 3 Grid Leak, its presence makes the 100k volume control 83k 

R4 470k 1W see R2 U3 Pin 7 Grid Leak, its presence makes the 100k volume control 83k 

R5 200R 1W see R7 U2 Pin 2 Cathode Bias Lower Half, will be measured with R7 

R6 200R 1W see R8 U3 Pin 8 Cathode Bias Lower Half, will be measured with R8 

R7 1k2 1W 1.37k with R5 U2 Pin 2 Cathode Bias with R5, measure Pin 2 to 0V, expected 1.4k  

R8 1k2 1W 1.48k with R6 U3 Pin 8 Cathode Bias with R6, measure Pin 8 to 0V, expected 1.4k  

R9 1k5 1W 1.47k U2 Bias resistor upper half, measure Pin 8 to Pin 4 

R10 1k5 1W 1.48k U3 Bias resistor upper half, measure Pin 2 to Pin 6 

R11 51k 2W 50.5k U1 Pins 4 & 6 Anode Load in series with R21 at U5 Pin 4, 52k expected 

R12 51k 2W 50.6k U4 Pins 4 & 6 Anode Load in series with R22 at U6 Pin 4, 52k expected 

R13 1k2 1W 1.18k U1 Pins 2 & 8 Cathode bias, measure Pin 2 to 0V and Pin 8 to 0V 

R14 470k 1W 452k U1 Pins 3 & 7 Grid Leak , measure Pin 3 to 0V and Pin 7 to 0V  

R15 470k 1W 504k U4 Pins 3 & 7 Grid Leak , measure Pin 3 to 0V and Pin 7 to 0V  

R16 1k2 1W 1.18k U4 Pins 2 & 8 Cathode bias, measure Pin 2 to 0V and Pin 8 to 0V 

R17 1k 1W 330.975k  U5 Pin 5 Grid Stopper in series with R19. U5 Pin 5 to 0V, 331k expected 

R18 1k 1W 330.973k U6 Pin 5 Grid Stopper in series with R20. U6 Pin 5 to 0V, 331k expected 

R19 330k 1W see R17 U5 Pin 5 Grid Leak measured with R17.   

R20 330k 1W see R18 U6 Pin 5 Grid Leak measured with R18.   

R21 1k 2W see R11 U5 Pin 4 Screen Grid resistor, measured with R11.   

R22 1k 2W see R12 U6 Pin 4 Screen Grid resistor, measured with R12.   

R23 330 15W 328.4 U5 Cathode Bias- measured from U5 Pin 8 and 0V.   

R24 330 15W 327.9 U6 Cathode Bias- measured from U6 Pin 8 and 0V.   

R25 500 2W 489 HT decoupling 2 x 1k 2W in parallel, best measured across Resistors. 

R26 500 2W 490 HT decoupling 2 x 1k 2W in parallel, best measured across Resistors. 

R27 470k 2W 270k *** Can be measured in series with R21, from U2 Pin 6 to U5 pin 4.   

R28 470k 2W 270k *** Can be measured in series with R22, from U3 Pin 4 to U6 pin 4.   

R29 470k 2W 500k HT Bleed resistor, 2 x 1M in parallel, replaced with 470k 2W 

R30 3k3 1W* 1k U7 Grid, part of signal divider (bottom), low because of parallel R43 

R31 – R34 Not used - - 

R35 1k5 0.25W 1.48k LED current limiting resistor 

R36 68k 2W 68.3k U7 Pin 6 Anode resistor, blackened, changed.  

R37 100k 1W 100.3k U7 Pin 7 Anode resistor, was 186.9k,  measured across Pin 6 and Pin 7 

R38 1M 1W 974.8k U7 Grid Leak 

R39 10k 2W 194 ** Negative feedback resistor - Left Channel 

R40 10k 2W 194 ** Negative feedback resistor - Right Channel 

R41 100 1W 99 Left Channel Zobel Network 

R42 100 1W 99 Right Channel Zobel Network 

R43 1k5 1W 1k5 U7 Grid, limiting resistor for Germanium Diode D7 

*Increased to 2M5 to give more eye sensitivity.  ** Low due to output Transformers.  *** manufacturer value change 

D1 1N4007 checked Part of HT Bridge Rectifier 

D2 1N4007 checked Part of HT Bridge Rectifier 

D3 1N4007 checked Part of HT Bridge Rectifier 

D4 1N4007 checked Part of HT Bridge Rectifier 

D4 1N4007 checked Rectifier for LED also marked as D4 on PCB 

D5 Not used - - 

D6 Not used - - 

D7 1N4148 checked Signal Rectifier for U7 
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CAPACITOR VALUE MEASURED REMARKS 

C1 100uF 25V Replaced U2 Cathode decoupling W=6.6mm H=13mm 

C2 100uF 25V Replaced U3 Cathode decoupling W=6.6mm H=13mm 

C3 470nF 450V  U2 to U1 coupling 

C4 470nF 450V  U3 to U4 coupling 

C5 470nF 450V  U1 to U5 coupling 

C6 470nF 450V  U4 to U6 coupling 

C7 220pF  U5 HF de-coupler 

C8 220pF  U6 HF de-coupler 

C9 100nF 63V  Left Channel Zobel Network 

C10 100nF 63V  Right Channel Zobel Network 

C11 100uF 100V Replaced U5 Cathode decoupling W=10.25   H=22 

C12 100uF 100V Replaced U6 Cathode decoupling W=10.25   H=22 

C13 220pF 2kV  Negative feedback capacitor - Left Channel 

C14 220pF 2kV  Negative feedback capacitor - Right Channel 

C15 150uF 450V Replaced HT Smoothing - increased working V to 500V W=30  H=35 

C16 150uF 450V Replaced HT Smoothing - increased working V to 500V W=30  H=35 

C17 100uF 450V Replaced HT Smoothing  W=22.5  H=36.5 

C18 100uF 350V Replaced HT Smoothing  increased working V to 450V W=22.5  H=36.5 

C19 100uF 450V Replaced HT Smoothing  W=22.5  H=36.5 

C20 100uF 350V Replaced HT Smoothing  increased working V to 450V W=22.5  H=36.5 

 
Replacing the capacitors was straight forward, as mentioned, the Author decided to fit 100uF 450V types 
for C18 and C20 as the difference in width gave no problems. The 470k resistors R14, R15 and R29 were 
found out of tolerance and as R3 and R4 are the same type, these were also replaced. The ones fitted are 
carbon composition and the replacements are metal films which have better long term stability. 
Here are a couple of photographs of the new R24/R23 positions and wiring. 
 

      
                       
                                    U6                                                                               U5 
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While the electrolytic capacitors were absent from the board, an insulation test at 500V was made but no 
leakage could be detected due to the burnt board. First test was to power the amplifier using a variable 
transformer and without valves in place. This allowed basic voltage supplies to be checked out and make 

sure high voltage does not go where it shouldn’t. ☺ 

So in with the valves and a slow run up, the input power was adjusted to give the correct 6.3V Heater 

supplies. At this point the HT (B+) was measured to be 371V and a nice sine wave was observed on both 

channels, each loaded with an 8 Ohm non-inductive load. Doing some voltage checks showed an alarming 

difference in the fitted Gold Lion KT88 Cathode voltages, as U5 (Right Channel) was a reasonable 31V, around 

3 Watts dissipation in R23.  

However, it was 48.3V on U6 (Left Channel), a more disturbing 7 Watts dissipation in R24.  

The Grid voltage was measured as +24V but this was not a fault in the coupling capacitor but the valve itself.  

Fitting a spare JJ in its place brought the cathode voltage down to 27.6V. 

There was apparently the usual miss match in the volume controls, but at full volume the channels appeared 

matched. They only vary slightly in output as the volume is decreased then returning to being matched just 

before minimum is reached. Worst case was a 50mV RMS difference with the other channel set to 500mV 

RMS. The Right Hand channel KT88 took a very much longer time to establish an output and was cured by 

fitting another JJ. The Author had replaced the JJ’s in his own amplifier with KT90EH’s so these were ready 

tested but lightly used replacements. 

 

   
 
On final test, measured power was 9.5 Watts before clipping and a square wave test showed a slight ring 
on both positive and negative excursions. 
Frequency Response was matched on both channels, keeping flat at 0dB from 60Hz to 35kHz where it 
started to fall.  
The output increased slightly by +0.8dB at 20Hz.  
Distortion figures are presented below and show a very slight increase in distortion in Left channel 
compared to the Right. 
 

OUTPUT VOLTAGE 

INTO 8 OHMS 

DISTORTION % DIFF OUTPUT VOLTAGE 

INTO 8 OHMS 

DISTORTION % DIFF 

LEFT % RIGHT % % LEFT % RIGHT % % 

0.5V (31mW) 0.094 0.09 0.004 4.5V (2.53W) 0.64 0.59 0.05 

1V (125mW) 0.145 0.14 0.005 5V (3.125W) 0.73 0.67 0.06 

1.5V (281mW) 0.2 0.19 0.01 5.5V (3.78W) 0.82 0.76 0.06 

2V 0.5W) 0.265 0.25 0.015 6V (4.5W) 0.91 0.86 0.05 

2.5V (0.78W) 0.32 0.3 0.02 6.5V (5.28W) 1.05 0.9 0.15 

3V (1.125W) 0.39 0.36 0.03 7V (6.125W) 1.2 1.1 0.1 

3.5V (1.53W) 0.57 0.44 0.13 7.5V (7W) 1.35 1.25 0.1 

4V (2W) 0.56 0.52 0.04 8V (8W) 1.6 1.5 0.1 
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Because U2 and U3 were changed, a re-check of the voltages was made, this time with a higher resolution 
multi-meter. 
It was amazing to find the voltages obtained were much higher on the HT (B+) circuits but amazingly much 
lower on the cathodes of the front end valves U2 and U3. 
These were originally around 4V but now around 1.5V. 
 

 

Post Script 
The Authors belief is that one or maybe both of the Gold Lion KT88's developed an internal fault that made 
the grid positive, taking the valve out of control. The better channel was producing a cathode current of 
93ma under no signal. The other channel was 145mA under no signal.  
This probably went unnoticed by the owner until the cathode resistor had cooked the board and 
surrounding capacitors. Maybe it was hoped by the designer that the resistor would just get so hot that it 
would unsolder itself. There seems little info on the KT88 being used as a single ended amplifier but some 
Genalex information appears to show the grid leak maximum resistance to be 220k Ohms but in others 
470k Ohms. 
Would having 331k in this amplifiers setup possibly encourage red plating? 
The Author had to convince himself that the big difference in channel output still remaining was definitely 
due to the Volume control, again he strapped the control outputs together and the outputs became the 
same. So the volume control was replaced with an ALPS control, though this was only 50k instead of 100k 
but this was not seen as a problem. 
Later, two new JJ KT88’s were tried and it was noted that more power was available before distortion and 
both channels clipped at exactly the same time and by the same amount. 
Seeing as both channels now looked so similar, a power measurement was made and both give 9.5 Watts 
before clipping and 12.5 Watts just into clipping. So the new JJ’s did make an improvement. 
The only thing that could possibly be improved now is the fitting of a new ‘Magic Eye’ valve, the one fitted 
had, as is usually the case, become a little dim with age.  
 

Now where has the Author heard that before?  ☺ 
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The old eye starts to move when the output is at 900mV = 100mW. 
It closes when the output is 10V = 12.5W 
The new eye starts to move when the output is at 800mV = 80mW. 
It closes when the output is 10.5V = 13.7W 
Seeing as 9.5 Watts is the best maximum output, it would be nice to get the eye to close at this point which 
relates to an output voltage of 8.7V, it may put a bit more life into the eye display in normal operation. 
R30 was changed from 3k3 to 2M5 by simply inserting a 2M2 in series with the present 3k3. 
The change made the eye move with 0.4V and closes a little earlier at 6V (4.5W). 
It does not matter if the output is driven more than that as the eye will go through a new phase of its 
display by brightening the centre segment.  
Reading up on the eye tube data seems to indicate that it needs -7V to make it close. Feeding it from the 
speaker output means it would, as the Author discovered, need an output of 6 Watts so not a good place to 
feed it from. 
 
The Author was very annoyed to find later that there was still imbalance in the output signals though the 
oscilloscope confirmed that the inputs from the volume control were matched. 
The difference in gain appeared at the input stages between U2 and U3 but why? 
The negative feedback signals were removed but gain difference remained, could the resistors around the 
eye circuit be responsible by modifying the value of the Left Input cathode resistor R6, highly unlikely. 
With a low level input of say 100mV then the outputs are balanced regardless of volume control setting. 
It is when an input of 1V was applied that the balance started to go astray and yet all DC voltages are 
matched between the two channels. 
 
The decision was made to fit new replacement valves into the input stages and fit the replaced valves into 
the tired driver positions. The difference in gain variation was now extremely small so it really was 
worthwhile fitting the new 5670 valves and the overall performance of the amplifier was deemed 
acceptable. 
 
It brings to a close a protracted period of testing of the front end and driver circuits. What was crazy was 
that all resistances were so close to each other and so were the voltages that only new valves seemed to 
negate the gain differences.       
 
The front end is often referred to as a SRPP circuit and one of the important things is that the two triode 
halves should be as close as possible to each other. It could be that reversing the roles of the two halves on 
one channel compared to the other may contribute to the gain difference problem. 
On the next page is the photograph taken during the repair after the main capacitors C15 and C16 were 
removed. 

   
 
 
 
 

This odd resistor turns out to be the 

3k3 R30 resistor associated with the 

magic eye input circuit. Why here 

when there are pads for it? 

Perhaps someone was trying to 

increase the eye sensitivity too? 



11 
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As requested by someone, here is a series of PCB shots but remember that the 15W green resistors are no longer 
fitted and there is a slight change to the resistor/diode combination feeding the magic eye. 
 
They are spread over a number of pages starting with the Left Channel and moving over to the Right. 
 
REMEMBER, the valve layout is reversed when viewed from the underside and will be as shown below. 

 

LEFT CHANNEL U4 (DRIVER) AND U6 (OUTPUT) 
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LEFT CHANNEL U3 (INPUT) 
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MAGIC EYE U7 AND POWER RECTIFIERS 
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RIGHT CHANNEL U2 (INPUT) 
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RIGHT CHANNEL U1 (DRIVER) AND U5 (OUTPUT) 
 

 


