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Contents of Class

 Basic Measurement & Geometry

Touchweight related ratios and weights

 Some sample procedures

 

 



 C4 is set up heavier

 E4 is set up lighter 

That relates Ratios  & Weights

 

D4C4 E4

Ratio of the lever

Strike Weight

 



The action as a lever

Seesaw model by David Stanwood

 

Lightening touchweight

 Insert lead weight 

into front of the key stick

 Decrease the ratio

Decrease weight of the back

 

 



Basics, Ratios & Weights

1. Basic measurement

2. Action ratio, view from regulation

3. Strike ratio, view from static touchweight

4. Gear ratios and linked Moment of Inertia, view 

from kinetic touchweight

5. Strike Weight, majority of the touchweight

6. Front Weight, locating key leads 

 

1, Basic measurement

 Spread Distance

Spread Distance  

 



Magic line 
Key –Whippen connection

Check when capstan crosses connecting point  

 

Center pin height

Whippen center

Shank center

 



2, Action Ratio, view from travel distance

AR = 33 / 6 = 5.5

 

Measure how much hammer travels by 6 mm dip

Hammer travel distance / 6 = AR

At rest Depressed by 6 mm jig 
 

 

 



Set AR jig to key top at measuring point 

Put 6 mm jig between jig and key top
 

Calculate key depth

Key dip = (hammer blow – let off) / AR + aftertouch

(Example) Key dip = (47 mm – 2 mm) / 5.5 + 1.5 mm

= 45/5.5 + 1.5 = 9.7 mm
*at measuring point i.e. 13 mm from front edge

 



Action Ratio Key depth at front edge

5.2 10.5

5.4 10.2

5.6 9.9

5.8 9.6

6.0 9.3

6.2 9.1

Figures at: hammer blow 46 mm,  let off 2 mm, aftertouch 1.5 mm

Key length (front side) 200 mm
 

3, Strike Ratio, view from Weight

Weight ratio between key front and hammer

The weight needed at key front when balanced 1 g of hammer 

SR=AR=5.0

SR=AR=6.0

 



Take measurement

SR = ((FW + BW) – (WW x KR)) / SW

Wippen Weight

Strike Weight

Key Ratio

Front Weight

 

Calculate BW by measuring DW & UW 

1, Measure DW & UW

2, Calculate : BW = (DW + UW) / 2

 



Measure SR by 2 g weight

SR = (BW with 2 g – BW without 2 g) / 2

Put 2 g weight inline with hammer center line
 

Workable range of SR  

Parameter table by David Stanwood

SR

 



4, Gear Ratio and Moment of Inertia

Torque = Moment of Inertia x Angular acceleration

Strike force to the key = MoI x Angular Acceleration of the key

Seesaw model by David Stanwood
 

Each part has own MoI

 



Linked Moment of Inertia

Key

Hammer

Whippen

LWI

LWO

LHI

LKO

Whole MoI of the action

= MoI of the key

+Linked MoI of the whippen

+Linked MoI of the hammer

MoI (Whole action at key)

= MoI (K)

+ MoI (W) x (LKO / LWI)
2 

+ MoI (H) x (LWO / LHI x LKO / LWI)
2

Force in

 

Gear Ratios

Key

Hammer

Whippen

LWI

LWO

LHI

LKO

Gear Ratio (K –W) ＝ LKO / LWI

Gear Ratio (K – H) ＝ LWO / LHI × LKO / LWI

 

 



5, Strike Weight

More than 80% of touchweight is coming from hammer

 

When all SW and FW are same, BW at front gets same.
 



DW & UW are adjusted same. How do you feel when played? 
 

Using Smart Chart

 



Adjusted SW with new hammer 

 

FW is not aligned smoothly.  

6, Front Weight

 



FW curve with ceiling line

 

6, Set up the action, Procedure

 

 



Sample 1: only existing parts

S&S B # 50****

Someone put new hammers and shanks

not so long ago.  

The customer wanted to;

- make lighter slightly

- have smoother touch through 

all registers

- better response 
* It was difficult to play pp when playing 

lightly in tenor and bass area  

 

Observation

Damper timing is too early 

 Split wedge felts are too long in tenor section

Action centers are tight

The spread distance is shorter in tenor to bass

 Balance weight index is standard to a bit higher

Key ratio is vary due to uneven positioning of 

capstans 

 



Equation of Balance

Balance Weight

Front Weight, gap with ceiling

Strike Ratio

HSW indexFriction

Standard 36 ~ 40 g

Standard 10 ~ 15 g

Standard 5.5 ~ 6.0

Key Ratio

 

 



 

Check parameter table

 



Simulate by equation of balance

 

Actual work

 Re-center flanges

 Correct spread distance

Trim split wedge felts

Adjust damper timing etc

Shim whippen heel

Rebalance with FW basisAdjust SW

 



 

FW = (WW x KR + SW x SR) - BW 

Rebalancing based on FW

 



When all SW and FW are same, BW at front gets same.
 

Sample 2: whippen assist spring

 



Measurement of a Kawai KG3

Difference of Balance Weights

Equals whippen assist spring force

Front Weight, much less than the ceiling

Whippen Assist Spring Force

High Strike ratio

 

Parameter table

BW: 63.5 g, SR: 6.5, SW: #9.5, FW: -12 g
 



Plan 1

Rebalancing only 

FW gets more than 10 grams heavier than the ceiling

 

Plan 2

Reduce SW and SR then key balancing

FW is about the ceiling Strike ratio gets standard

 



Plan 3

Front Weight, 3 grams minus the ceiling

Reduced whippen Assist spring force

Reduce SW, SR and WAS then key balancing

 

Sample 3: with new parts

 



Change parameters

 Friction

 Geometry

 SW, SR, WW, KR and BW

Moment of Inertia and Gear ratio

 

Find desired geometry

 Install new shank and a hammer which has 

similar SW of new hammer (or actual one)

 Install whippen with temporary fixed heel

Set temporary capstan to original position

 Check regulation with AR

 



Adjust SW of new set of hammers

1. Weight raw hammer heads

2. Calculate SW or measure it with dummy shank

3. Pre-taper heavier ones

4. Measure SW after gluing shanks and chopped excess

5. Tail and taper hammer to get desired SW

6. Bore and add hammer lead if necessary

 

Purple: SW with dummy shank

Green:  hammer head only

Calculate proposed SW

 



Final

 

Position capstan and whippen heel

Position heel with magic line and capstan

Position the capstan by measuring desired KR 

 



Check equation of balance

Original, Actual test and proposed rebalance

 

Check

Parameter

選択の余地がない場合

 



Calculate MoI of the keys

目標

 

Positioning of the key leads

• Needs more key leads when locating near to balance pin

• More MoI when locates key leads to farer than pin

•Watch CoG to even MoI  

7% reduction
 



Check how MoI is set

8% of MoI reduction is expectable 

 

Golden Bay, South island, New Zealand

 

 


