Decibels, Vacuum Levels, Levers, and Bleeds.

A general treatise on vacuum level setting in Pianolas
Part 1 – The Recordo System Types A, B, and C
1. Introduction:
1.1 The setting of vacuum levels in a reproducing pianola is central to the effective control of the loudness of playing of the instrument. The loudness of playing is a programmable function, controlled from slots in the paper roll. Several different methodologies and concepts have been introduced since the early 20th century; some have not survived. Once a standard has been decided upon, the coding of rolls for producing the required dynamics is inextricably linked to the characteristics of the mechanical devices upon which the pianola depends for its desired musical performance. Generally, the hardware comes first, and then the artists experiment and discover the subtle nuances of that hardware. In this paper a general examination is made of intensity setting arrangements. The emphasis of the work was originally, to devise a means of playing variously coded roll formats on one pianola. 
(Note) In this paper the use is made of  the terms "stack pressure and "vacuum levels and stack vacuum levels" . These terms are used interchangeably. 



2. The Ear:
2.1  The ear is capable of detecting a huge range of sound pressure levels of 120,000,000 to 1. This wide range, can only be handled by the ear having a logarithmic characteristic. As a consequence, the ear cannot distinguish sound pressure levels, which are close to being the same intensity. It is well established that the human ear can discern a change in acoustic power of 3 dB. This amounts to a doubling of the acoustic power. It can just perceive a power change of 2 dB. Accordingly, where a smooth change of power level is desired (crescendo or decrescendo) then a step change of 1 dB or less, is required so that the ear thinks the change of power is smooth, and the steps cannot be discerned. It would make logical sense therefore to arrange the loudness scales of a pianola to be based on equal increments of POWER change (acoustic), rather than equal increments of pressure (vacuum) change.
3. Control of Vacuum Level

3.1 The number of intensity control ports available on a pianola tracker bar is generally either 3 or 4. The most efficient use of these ports is to weight the ports according to a binary scheme. Thus for a 3 ports scheme, up to 8 combinations would be possible. For a 4 ports scheme, up to 16 combinations would be possible. Thus, the ports have the values;
3 port system;  port no.
1
2
3

Weighting Value
1
2
4
Or;

for 4 ports;


1
2
3
4

Weighting 
Value

1
2
4
8

Pianola intensity controllers using this binary weighting are;

3 port;
Ampico  ' A' and‘B’; Artecho

4 port;
Recordo ‘C’ type;
DuoArt.

3.2
The history of Recordo is well documented, and originated within the Cable Company. The first system, generally known as 'Recordo A',  used 4 ports to operate small pneumatic bellows, which would modulated the vacuum levels in the stack. The operating bellows connected to each port were varied in size. This allowed each bellows to have a different effect on vacuum level depending on which bellows or port was selected by the hole punching position ie; 1 or 2 or 3 or 4.
A second variant of the Recordo system became known as the 





Recordo ‘B’ . This version had no weightings; rather direct allocation of a specific port to give a specific vacuum level. This arrangement gave very limited vacuum control. One could only have say level 2 or 3 but not an intermediate level.


Port;
1
2
3
4

Value
p
mf
f
ff

4. Dynamic Range

4.1 The dynamic range is the range of sound pressure levels that a piano can make. The sound pressure level is a function of the vacuum level. The tables below give the vacuum levels and sound pressure levels referred to the minimum playing level for various systems. In the column 'Pressure Factor' is a constant, which is used to determine the next higher pressure. For a given piano, if the minimum intensity is achieved with a vacuum level of 5.5 inches of water, and the maximum is achieved at 30 inches of water, then the dynamic range is set by the pressure ratio. For the pressure ratio of 30/5.5 = ; then this will give a sound pressure range (dynamic range) of;  10 x log 5.454  = 7.35 dB
4.2 Recordo Type A

Given a dynamic range of 7.35 dB, and 10 increments, the Recordo Type A will allow, on average, 0.735 dB per step. This gives a pressure factor per step of 1.19
4.3 Recordo Type B

For a dynamic range of  7.35 dB, the 4 increments of loudness will give an average 1.82 dB per step. This gives a pressure factor per step of 1.54 
Intensity     "vacuum "    sound
    ‘equal power’      ‘equal power’    pressure

setting
    inch         level dB
    increment (dB)
 vacuum (")
 factor


1
  9 - 10
       0(ref)

0(ref)

   5.7
  
 


2
  10-12
       0.64

1.9

   8.8

 


3
  13-16
       1.84

3.8

   13.6

 


4
  18-21
       3.12

5.7

   20.8  
 

5
  30-35
       5.27

7.6

   32


The data given in the column "vacuum", is taken from the 'recommended' values in the ‘Player Piano Company catalogue 1983 – 85, page 58. The Recordo B suffers from playing at low vacuum levels because the stack vacuum is the system vacuum and the tracking function can be unreliable at low vacuum levels. The data recommended gives playing loudness too high at levels 1 and 2 to give equal loudness steps and the loudness difference between steps 1 and 2 is too small (0.64dB) to be detected even though it should be audible because level 1 is pp and level 2 is p. Musically, p is louder than pp

4.3 Recordo type ‘C’
The Recordo ‘C’ is accepted to be the last variant and uses the 4 ports in a sixteen level scheme. Divided by 15 increments gives an equal power increment of 0.5 dB per step. This increment is small enough to be able to give smooth crescendos. The pressure factor per step is 1.12
4.4  Tabulation of calculated Water Gauge pressure levels for each step for Recordo systems using minimum pressure = 5.5 inch and pump pressure = 30 inch
	Step

number
	Recordo 
A (in H2O)
	Recordo 
B (in H2O)
	Recordo 
C (in H2O)

	0
	5.5
	5.5
	5.5

	1
	6.5
	8.5
	6.2

	2
	7.8
	13.0
	6.9

	3
	9.3
	20.1
	7.3

	4
	11.0
	30.9
	8.7

	5
	13.1
	
	9.7

	6
	15.6
	
	10.9

	7
	18.6
	
	12.2

	8
	22.1
	
	13.6

	9
	26.3
	
	15.3

	10
	31.3
	
	17.0

	11
	
	
	19.1

	12
	
	
	21.4

	13
	
	
	24.0

	14
	
	
	26.9

	15
	
	
	30.1


The tabulation above, shows that with a Recordo ‘A’ or ‘C’ roll played in on a ‘B’ system, the roll will play at much higher loudness levels.
5. Design Detail: Recordo A 
5.1

The possible combinations of holes punched are:

1,  2,  3,

1+2,  1+3,  1+4
2+3, 2+4
1+2+3,

4,

3+4

1+2+3+4

Ideally, there are 12 possible combinations, and Recordo has sometimes been referred to as a 12 step system. However, some combinations are never punched and some combinations give maximum pump pressure, so the actual number of steps of pressure is less.
	Step

number
	Designed
Pressure (“)
	Ports

Open
	Idealised Stack

Pressure (“)
Table 4.4

	0
	5.5
	 0       *
	5.5

	1
	6.8
	 1       *
	6.5

	2
	8.0
	 2       *
	7.8

	3
	9.0
	 3       *
	9.3

	4
	11.2
	 1+2 *
	11.0

	5
	13.2
	 1+3   *
	13.1

	6
	16.2
	 2+3   *
	15.6

	7
	18.8
	 4       *
	18.6

	8
	pump
	 1+2+3
	22.1

	9
	pump
	 2+4
	26.3

	10
	pump
	 3+4   *
	31.3


Typically (*)
port 0 (minimum) is seldom selected
port 1, 2 and 3 is commonly selected singly

Port 1+2 is common

Port 1+3 is common

Port 2+3 is often seen
Never have seen 1+2+3
3+4

So there are typically selected 9 levels. 3+4 is rare  (except at the roll end for rewind)
The combination 1+4 gives pump pressure so that combination is not considered. Similarly, combination 1+2+3 gives pump pressure.
5.2  Recordo ‘A’ Mechanical Arrangements
Referring to the paper “Recordo Banner Flies Again” by Bob Billings,  published in the AMICA journal, the broad functioning method of the Recordo A
controller is given.
Thanks are due to John Tuttle of Player-Care, who posted a photograph of an 'unknown' item in the Mechanical Music Digest. This item as actually a photograph of a Recordo 'A' type vacuum box. One can easily see the relationship of the parts in the photograph to those of the diagram in Bobs' paper.
Recordo box diagram, after Bob Billings:
[image: image2..pict]
AND: the picture, after John Tuttle

[image: image3..pict]
It's all there !
5.3





Now for the 
Analysis.
From the picture, it was possible to glean the dimensions, based on the belief that the connecting rod was a 1/8 inch wire. This led to the approximate size of the pneumatics.
Regulating pneumatic to be 2.25 “ square.

Intensity Pneumatics         I1 to be 7/8” square.




       
I2 to be 1 “ square.
  



I3 to be  1 1/4 “ square.
 



I4 to be  1 5/8 “ square.
In operation, the regulating pneumatic will develop a closing force because it is connected to pump suction. The Zero intensity spring pulls against this force and also opens the intensity pneumatics. 
With no intensity pneumatic active, the minimum vacuum level will be set by the adjustable ‘zero spring’. As each intensity pneumatic is activated, each one will try to open the regulating pneumatic. As the intensity pneumatics are activated, the regulating pneumatic opens and raises the stack pressure. The extra force generated in the intensity pneumatic will be opposed by the force from the intensity pneumatic(s). Both the regulating and the intensity pneumatics will have the same internal vacuum, so it is the extra surface area due to the intensity pneumatics which gives rise to the raised stack pressure. This arrangement is analogous to the Ampico 'A' vacuum setting system.
6 Results

6.1  With the regulating pneumatic set to 2.25 x 2.25 inch (5.063 sq inch), the  intensity pneumatics were too small in relation to the regulating pneumatic and the slope of the  Pressure vs Set point curve gave too low a stack vacuum level. By reducing the size of the regulating pneumatic to 2 inch x 2 inch, the slope of the curve then sensibly followed the required values.

The graph below shows the resultant Vacuum v/s Loudness set point curve.

The smooth curve shows the desired shape. The actual curve as calculated shows the smooth curve up to set point #7. Set point 8, 9, and 10 give full pump pressure. So there is actually 9 selectable set point pressures available in this system.
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