NICK'S NIFTY KEY LEADS PROGRAM --- December 2015

Why do I love this program? Because it saves us time and money, not to mention the avoidance of confusion, frustration and a hit-and-miss outcome. (NG)

The typical scenario is this: you have determined one way or another that your chosen new action parts will yield a lighter downweight due to a better mechanical advantage than was found in the original setup. This new setup would be typical when rebuilding old, vintage Steinways; e.g. you replaced the 15.5mm shank knuckle placement with a 17mm knuckle, and perhaps moved the capstan closer to the balance pin by a few millimeters yielding a better key ratio. (Go here to read about Nick's Action Geometry Program)
The upshot is that now, after you have replaced the hammers (which should have been carefully chosen as to overall hammer set weights) you weigh off the action and find that the downweight (DW or Balance Weight) at most keys is too light and also uneven. You know you have to remove some lead ----- but where, what leads, do some need partial removal, which ones, etc.?

The beauty of this program is that these questions are answered. Thus rather than popping out leads willy-nilly, Nick's Nifty Key Leads Program will tell you which leads to pop out (if any) or tell you how much of a particular key lead/s to partially drill out with a Forster bit at the drill press!

Below is a screenshot of the instructions page showing the preliminary data inputs required at the tan-colored cells. These inputs are simple:

1. The front length of one white and one black keystick (say, D#43 and E44, measure from balance hole center to very front of two keys --- or four keys if a concert grand).

2. The locations of the existing largest (typically ½”) key leads as measured from the balance hole; e.g. Lead 1 @ 125mm, Lead 2 @ 96mm, Lead 3 @ 62mm.
3. The average weight in grams (mass) of the existing key leads (pop out a few and weigh).

4. The average width (side-to-side) of the existing key leads (measure a few for average).

5. The minimum amount of key lead you wish to remain in the hole (note the program will direct you to drill out portions of existing key leads).

6. The diameter of your brass Touchweight test weights (e.g. ours measures 16mm dia.)

That's it! 

Now, after your action has been rebuilt with new parts (even if only new hammers which may be lighter than the originals), and friction addressed and the action reasonably well regulated (doesn't have to be perfect), you run and notate downweight (DW) and upweight (UW) tests. You enter these numbers on the workbook page called Friction & BW. 

The program does the rest. It tells you which leads to pop out (if any) and which to partially drill out using a 9/16" Forstner bit which cuts easily through the lead without dulling the bit.

To see overview and video of basic concepts and drilling techniques go to Nick’s Nifty Key Leads Program https://youtu.be/U2lh9kwPfMU 
If streaming is too slow go to https://youtu.be/KAK3u1oU4a0 streams better by quality a bit less.

Screenshot of the instructions page

Convenient graphics keep you visually on track so there is now doubt on how to measure for lead locations.
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Below find five key module input and readout frames, two for key A1 and another for A#2 and two more for keys C4 and C#5. On the Grand Keys page of the Nifty program there are 88 modules for all keys and they are all repeats of key A1. Read the comments for details and instructions there. 
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Looking at module for note A1 notice several things: a desired or target downweight (DDW) of 53g has been compared to a too-low gram test (DW) of 48g. In order to achieve the 53g target DDW, 10.36g of lead needs to be removed from key Lead 1 which is located 110mm from the balance hole. However drilling out that much lead would leave a too-thin lead disc in the hole. 

Thus Lead 1 is drilled down 0.240" (retaining a lead disc of 0.200") and Lead 2 is drilled down 0.090" (retaining 0.350" in the hole). No action is required of Lead 3. When Leads 1 and 2 have been drilled out to the required depths the downweight will have increased from the original 48g to the target of 53g. Large key leads are usually 1/2" in diameter. We use a 9/16" Forster bit. 

Not shown are auto-fill buttons called DDW50 and DDW53 (plus two Steinway button)s. These convenient buttons will populate the entire DDW target column with either 50g at every note or else a declining DDW beginning with 53g at note 1 and ending with 46g at note 88. Of course, you are free to enter any reasonable values one at a time for your DDW.   

	 
	Key #
	DW
	DDW
	Ld. Out
	Lead 1
	Drill Out 
	LEAVE
	Lead 2
	Drill Out  
	LEAVE

	A
	1
	48
	53
	10.36
	110
	0.240
	0.200
	99
	0.090
	0.350



Below module is also key A1, but here the DDW target is 50g and not 53g as above. Note that only 4.14g of lead must be removed from key Lead 1 (instead of the 10.36g required when the DDW target is 53g). Thus with less lead removal required, the drill out task calls for drilling down only 0.128" and leaving 0.312" remaining in the keystick hole. No action is required at Lead 2. So comparing the mod below with the mod above, though DDW is reduced to 50g, key inertia is higher (not necessarily a bad thing here) since more lead remains in the key.

	 
	Key #
	DW
	DDW
	Ld. Out
	Lead 1
	Drill Out 
	LEAVE
	Lead 2

	A
	1
	48
	50
	4.14
	110
	0.128
	0.312
	99


Below find three key module input and readout frames. Read the comments, here displayed as always visible. Program comments are usually hidden until you rest your cursor over any cell containing a comment (again, look for small red marks in the upper right corners of any cell).







   L1                                         L 2
	A#
	2
	43
	52
	15.83
	108
	0.240
	0.200
	89
	0.061
	0.379
	 
	0.000

	190
	Ignore Drill Out Lead 1; rather pop out Lead 1 and LEAVE lead # 2 to 0.379 inches.




	 
	 
	Test
	Target
	 
	1
	dr_o
	Lv_in
	2

	C
	4
	50
	52
	3.51
	130
	0.109
	0.331
	100



	 
	 
	Test
	Target
	 
	1
	dr_o
	Lv_in
	2

	
	
	
	
	
	
	
	
	

	C#
	5
	55
	52
	6.26
	91
	0.194
	0.246
	66



The Main Grand Keys Page at Work
Below is screenshot of Main page called Grand Keys (actual includes all 88 notes). Note that the Main Entry Grid (not shown) has been input for basic data, and that two key mods have been calculated for lead removal.

Computer Directions:

Key A1----- note blue cell indicating action is required. Pop out Lead 1, and to remove 0.050” from Lead 2 (thereby leaving 0.390” in the hole).

Key A#2 ----- note blue cell indicating action is required. Remove 0.148” from Lead 1 only.

Key B3 ----- note that cell remains white. Do nothing.
Key C4 ----- note that cell color is reddish indicating that lead removal is not called for, in fact, adding lead to the key is required (or friction is an issue).

	 
	Key #
	DW
	DDW
	Ld. Out
	Lead 1
	Drill Out 
	LEAVE
	Lead 2
	Drill Out  
	LEAVE
	Lead 3
	Drill Out  

	A
	1
	46
	53
	15.65
	102
	0.240
	0.200
	92
	0.050
	0.390
	70
	0.000

	228
	Ignore Drill Out Lead 1; rather pop out Lead 1 and LEAVE lead # 2 to 0.39 inches.

	 
	 
	Test
	Target
	 
	1
	dr_o
	Lv_in
	2
	dr_o
	Lv_in
	3
	dr_o

	A#
	2
	50
	53
	4.78
	108
	0.148
	0.292
	89
	0.000
	0.440
	 
	0.000

	172
	 

	 
	 
	Test
	Target
	 
	1
	dr_o
	Lv_in
	2
	dr_o
	Lv_in
	3
	dr_o

	B
	3
	53
	53
	0.00
	110
	0.000
	0.440
	96
	0.000
	0.440
	 
	0.000

	228
	 

	 
	 
	Test
	Target
	 
	1
	dr_o
	Lv_in
	2
	dr_o
	Lv_in
	3
	dr_o

	C
	4
	56
	53
	5.26
	130
	0.163
	0.277
	100
	0.240
	0.200
	 
	0.000

	228
	 


Balance Weight (BW) for those of you who prefer to work with these type protocols 
If you are new to key and action re-weighing in the manner outlined in this paper, we suggest that you begin by working with DW targets only as it is a bit simpler to grasp and to follow through with. Having said that, we further suggest that, if you work with DW only (as distinct from starting with the BW protocol), you make sure to regulate friction on each key to a maximum of 15g and a minimum of 9g. Failure to do this guarantees that you will be reworking some of the existing key leads based on possible too-high or too-low friction values. 

In any case, we feel that you should become fluent in the most basic BW system protocols and we advocate that you check out the Friction & BW page of the Nifty program on a regular basis so as to gain a deeper grasp of some of the wider concepts enveloping touchweight analysis. In fact, it is at that page that you enter your test results of your DW and UW tests anyway, and also where you will isolate friction as to being too high or too low. 
Now then…
RE the DW and target DDW entry cells found on the Main Grand Keys page:  You may consider these entry cells to be Balance Weight (BW) and Desired Balance Weight (DBW). For those of you familiar with these protocols BW is DW less friction (F). For example, if F = 12g and DW = 50g then BW = 38g (i.e. 50 – 12 = 38). Although F is a force to be overcome by the pianist it is not an inertial force or element. Inertial elements relate to the masses of the physical parts and their geometrical arrangement. We refer to this geometrical arrangement as the Action Ratio. 

Still, DW is directly related to BW in that gram for gram a reduction in DW equals a reduction in BW (assuming friction stays fixed at some value, which it will since friction is understood to be independent of inertial elements so long as mass of parts does not vary a great deal). Thus:
Given 46g DW and 22g UW, F = 12g and 46 – 12 = 34g BW. Now if both the too-low 46g DW and the too-low 34g BW are to be increased by choice to 50g and 38g respectively, then in both cases a decrease of four (4) grams is required at the very front end of the key.  But key leads do not exist at the very front end of the key, meaning that we would have to locate a key lead somewhere and remove a proportional amount of that lead. In the example below, the front key portion at Lead 1 needs be relieved of ~8g in order for DW and BW to rise to 50g and 38g respectively. 

So, if we plug these values into the Nifty Program we get this, beginning with DW values:

	 
	Key #
	DW
	DDW
	Ld. Out
	Lead 1
	Drill Out 
	LEAVE

	A
	1
	46
	50
	8.29
	110
	0.240
	0.200


Figure 1 --- Above observe that to increase the DW from the too-low 46g to the target 50g, 8.29g of lead needs to be removed from Lead 1 which is located at 110mm from the balance hole.
Now again but this time with BW values (plugged into the DW and DDW cells).

	 
	Key #
	DW
	DDW
	Ld. Out
	Lead 1
	Drill Out 
	LEAVE

	A
	1
	34
	38
	8.29
	110
	0.240
	0.200


Figure 2

Same result as in Figure 1 in that ~8g of lead needs to be removed from Lead 1. 

And in both cases friction = 12g, which brings up an important point. At Figure 1 we must understand that friction is implicit in the DW entry of 46, but we really don’t know what the actual friction is; it could be 9g or 15g. Still, the Nifty program will tell you how much lead to reduce and where. That is why you, as the technician, must regulate friction to tolerances of maximum 15g and minimum of about 9g. 
But at Figure 2, more information is explicit since it will have been derived from inputs and readouts at the page called Friction & BW. There the technician will have isolated friction in order to obtain a BW value to plug in (see more below). The formula they would have used is 
F = (DW - UW) / 2. That is, (46 – 22) / 2 = 12g of friction. 
After that, BW confirms this with 
BW = (DW + UW) / 2. That is, (46 + 22) / 2 = 34, and now 34g + 12g of friction takes us back to a DW of 46. 
The Nifty Program uses these formulas as well, so all you need do is enter DW and UW.
As mentioned, the Nifty Program contains a page called Friction & BW for those technicians who prefer to work these protocols. The page is chock full of information (mostly in the form of comments) and is highly interactive as seen here in that it computes real BW, Friction and more. 
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	




1

       2


3

4
    5
        6          7 

	Note
	DW
	UW
	Friction
	Balance Weight (BW)
	BW + F
	BW = 38
	DW
	BW41-35
	DW

	A     1
	53
	26
	13.5
	39.5
	53
	38
	52
	41
	55

	A#   2
	53
	27
	13.0
	40.0
	53
	38
	51
	41
	54

	B     3
	50
	22
	14.0
	36.0
	50
	38
	52
	41
	55

	C     4
	53
	22
	15.5
	37.5
	53
	38
	54
	41
	57

	C#   5
	53
	36
	8.5
	44.5
	53
	38
	47
	41
	50

	D     6
	49
	25
	12.0
	37.0
	49
	38
	50
	41
	53


The following comments are referenced numerically above. In the Nifty program they exist imbedded in cells containing little red marks at upper right-hand corners. Hover cursor to read there.
1. Enter your test results for DW and UW in these two columns. These tan cells are the only entry cells on this page. Friction and DW and an actual BW column called "Balance Weight (BW)" will be calculated. Two additional Balance weight columns "BW = 38" and BW41-35" are shown as FYI constants and as learning tools or reminder tools.

For you convenience, clicking on the square blue button will export your DW column inputs to the main Grand Keys page.
2. Cells will turn red when friction exceeds 15, and will turn light green when friction falls below 9. These outliers should be corrected before proceeding with any further touchweight techniques!
3. Actual BW as computed; not necessarily your target BW as entered in other columns to the right of this one. Thus this is the real-world touchweight data as you find it. 
4. Note that this DW column reflects your actual BW as shown in the column "Balance Weight (BW)" plus actual Friction as shown in the "Friction" column. Since DW is the addition of BW + F we see that this column is identical to the DW test column to the left.
5. Here a constant value of 38 is a good all-around standard since it relates to 50g of DW and 12g of friction. The values in this column are fixed and displayed here FYI and as learning tools or reminder tools. You cannot enter different values here. Customized target BW numbers can only be entered in the Main Page called Grand Keys. However, for your convenience, clicking on the appropriate oval button will export computed BW data along with a constant 38g target BW. Also, you may click on the long buttons above to auto-populate the Main Page with either a constant 38g target BW or else a declining target BW of 41 to 35 if the computed actual BW data has already been exported. Of course, you may enter any target BW values directly one by one at the Grand Keys page. 
6. This is the DW you can expect as computed from your target BW (column BW = 38) and actual Friction from the Friction column. That is, DW values will be allowed to "float" in favor of your consistent and targeted BW.

7. Some technicians (such as us) prefer a declining BW / DW. This is your choice but keep in mind that achieving a light 50g DW in the bass may require more leads than you might like to see. On the other hand, increasing your target BW / DW to 41 and 53 respectively will require the removal of some lead, and though BW and DW will be higher, the amount of lead and inertia will be lower. Steinway and other celebrated makers (as well as many fine piano techs) build in a declining touchweight. 
This FYI column displays a declining BW beginning with 41g and ending in the highest octave with 35g. For you convenience, clicking on the appropriate oval button will export computed real BW data along with a declining 41-35g target BW. You can also auto-populate the Grand Keys page with this declining BW target by clicking on the long button above if the computed BW data has already been exported. Of course, you may enter any target BW values one by one directly at the Grand Keys page. 
8. (Ref# not shown in above display but is the right-most column). This is the DW you can expect as computed from your target (column BW41-35) declining BW and actual Friction from the Friction column. That is, DW values will be allowed to "float" in favor of your consistent and targeted BW.

Basic Procedural Steps (also online with photos at www.gravagne.com/NiftyInst.doc )
First, note that the Nifty program comes to you with data already in place. Simply type over any existing data. Any auto-fill buttons will also enter new data over old. Also refer to the Instructions page of the Nifty program for graphics and more detail on what follows. 
      1.   At the Grand Keys page (aka the Main page) enter the values for the following:
· Piano make, model and serial number; Customer name; Date; and a Notes box. 

· Remember that data is only allowed in specified cells, all other cells are locked for your convenience and to protect the integrity of the Nifty program.
· The front length of the white and black keysticks (say, D#43 and E44, measure from balance hole to front of two keys, a natural and a sharp --- or four keys if a concert grand, A1, A#2 and A#86, C88).

· The locations of the existing largest (typically ½”) key leads as measured from the balance hole to the center of the leads. Three large leads per keystick (or whatever number exists) are all that is required.

· The average weight (mass) of the existing key leads (pop out a few from the keys you are working with and weigh for average).

· The average width (side-to-side) of the existing key leads (measure a few for average).

· The minimum amount of key lead you wish to remain in the hole (note the program will direct you to drill out portions of existing key leads, meaning that a lead disc will remain in the hole which should not be too thin).

· The diameter of your brass Touchweight test weights (e.g. ours measures 16mm dia.)

Not all keyboards will have the same data, so every Nifty program needs to be saved with the name of the piano you are working with; e.g. save as “SteinwayM106558”. Next job you do open this file again, but save it with a different name. You will now have two files, etc.  
2.
Make downweight (DW) and upweight (UW) tests using your brass test weights. You may notate these on paper grids for later entry in the Nifty program, or else enter the DW and UW values directly in the Nifty program on your laptop as you go. In either case, you begin with the workbook page called Friction & BW. This page will also compute friction values for all notes and alert you as to which notes have too-high friction or too-low friction. 

You need to correct these friction issues before continuing. Friction points exist at the hammer flange, the knuckle, the whippen flange, the capstan, the key balance bushings and the key front pin bushings. 
3.
When all data is in, you can conveniently export the DW values to the Grand Keys page (aka the Main page) where you will find that the DW column has been populated with your DW values. 

4.
At the Main page your target Desired Down Weight (DDW) must be entered. Four auto-fill buttons can be found there: one called DDW50 will auto-fill all 88 notes with target DWs to 50 grams; a second button will auto-fill all target DWs with a declining value beginning at 53 grams in the bass and ending with 47 grams in the highest notes. There are also two Steinway auto-fill buttons which will fill the column with published declining target DWs for all models. 

Finally, on the page called DWCustom you may auto-fill a customized target DW range for all notes. The custom scheme already in place on the DWCustom page begins in the bass at 52g and ends in the highest 8 notes at 47g. The declining change points kick in every 16 notes. This is an excellent all-around plan and would work with the majority of actions. We use declining target DW values of one sort or another. 
5.
Still at the Main page, the location of the existing key leads must be input. The Nifty program accepts input for only three existing leads, but that has always been enough to accomplish the program goals. See the Instructions page for how to measure for leads locations. All measurements are made in millimeters only. 
Note that the Nifty program makes calculations as you go along. There is no “calculate” button to find.
6.
There are 88 key frame modules (mods). Any mod that requires lead removal will display a value in the “Total Lead to Remove” column (e.g. 8.3g) for that key and its relative lead locations which you have previously filled in. Find the Drill Out column for instructions on how far down to drill that lead, e.g. 0.180” would be your drilling depth in order to remove the 8.3g of lead. 

· Sometimes the instructions are to remove the first lead and then drill out a portion of the second lead. An instruction in bold red font will appear. 
· Other times the instructions are to drill the first lead to a maximum of 0.240” followed by drilling out a portion of the second lead to, say, a depth of 0.080”

· Lead # 3 rarely comes into play, but when it does follow the mod’s instructions. 

· The program default is to “not blue flag” mods where DW and DDW targets are within plus or minus 2 grams of each other. Still, a “Total Lead to Remove” value will be found on these mods so you can be as fussy as you like.

· Outside the 2g tolerance the Key# cell (e.g. Key 21) will turn aqua-blue when lead removal is required, and it will turn reddish when no lead removal is required, but rather placement of an additional key lead is indicated. 

7.
Keys requiring lead removal will be taken to the drill press where key leads will be drilled down to the specified depth. Use a 9/16” Forstner bit on ½” leads. Yes, this bit is a bit larger in diameter but makes for a cleaner job than trying to center a ½” bit directly over a ½” lead. In addition, many old Steinway leads were slightly squashed to oblong shapes before inserting in the holes. 
Here at key A#2 the "Lead Out" required of ~16g is greater than the entire mass of 14.2g key lead at this point. 





The action called for is to punch out Lead 1 and proceed to drill out Lead 2 by 0.061" thereby leaving 0.379" of lead remaining in the hole. No action is called for at lead #3.





A "lead pop out" instruction in red letters will appear when this condition occurs at any note.








A special condition is found here where the DW test exceeds the 2g tolerance meaning that NO lead reduction is required, but rather a small lead needs to be added to the keystick in order to reduce DW. Here the test DW is 55g while the target is 52g





Note that the key # cell turns reddish (and the fonts in the Drill Out and Leave In cells disappear) alerting you at a glance to skip this key as it does not require being taken to the drill press for lead removal.





Here at key C4 the DW test measures 50g, and is only 2g shy of meeting the 52g target. Thus the Key # 4 cell remains white and does not turn blue like two of the key frame mods above this one.





It is your option as to how fine you wish to attempt meeting the target DW. The program's default is to call for no action if the test DW is 2g plus or minus from the target DW. In this case 3.51g of lead would need removing if you wish to ignore the 2g tolerance. 





Notice that to exactly hit the target, Lead 1 calls for drilling out (dr_o) to 0.109" leaving (Lv_in) 0.351" of lead in the key.





A convenient visual flag occurs when any keys require lead removal. Here the display is an aqua-blue color at the Key A#2 cell. 
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Click to Populate Grand Keys Page With Your Entered Downweights (DW). 





Click to Populate Grand Keys Page With Your Computed BWs AND a Constant 38g Target BW 





Click to Populate Grand Keys Page With Your Computed BWs AND a Declining 41-35g Target BW 
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