Grand Action Set Up
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: Contents of Class

** Basic Measurement & Geometry
o Touchweight related ratios and Weights

** Some sample procedures
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** C4issetup heavier

** E4 is set up lighter

That relates Ratios & Weights
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Strike Weight

Ratio of the lever

C4 D4 E4




The action as a lever

Seesaw model by David Stanwood
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Lightening touchweight

v’ Decrease Weight of the back

v Insert lead weight
into front of the key stick

v’ Decrease the ratio




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
\_
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1, Basic measurement

X Spread Distance

Spread Distance
— p
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X Magic line
Key —Whippen connection
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Whippen center




2, Action Ratio, view from travel distance

AR=33/6=5.5
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Measure how much hammer travels by 6 mm dip

Hammer travel distance / 6 = AR

L At rest Depressed by 6 mm jig )




— =4 Set AR jig to key top at measuring point

\

Put 6 mm jig between jig and key top

4 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=9.7mm

*at measuring pointi.e. 13 mm from front edge
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5.6
5.8
6.0

6.2
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9.6

9.3

9.1

\_ Key length (front side) 200 mm

Key depth at front edge

Figures at: hammer blow 46 mm, let off 2 mm, aftertouch 1.5 mm
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3, Strike Ratio, view from Weight

|
SR=AR=5.0 45 mm
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Weight ratio between key front and hammer

The Weight needed at key front when balanced 1 g of hammer
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Take measurement

SR = ((FW + BW) — (WW x KR)) / SW
Strike 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

Put2 g Weight inline with hammer center line

Workable range of SR
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BW FOR FRONT WEIGHT CEILING MINUS 3 GRAMS

Parameter table by David Stanwood
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4 ™
4, Gear Ratio and Moment of Inertia

Torque = Moment of Inertia x Angular acceleration

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

/4 SW
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K Seesaw model by David Stanwood
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Each part has own Mol




Linked Moment of Inertia

Whole Mol of the action
= Mol of the key

L, | | TLinked Mol of the whippen
+Linked Mol of the hammer

Whippen Force in I

Key

ol (Whole action at key)

+ Mol () x (Lo / Ly1)® ,
+ Mol () X (Lyyo / Lygy X Lo 7 Lyyy)

/
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Gear Ratios

Gear Ratio (K-W) = L.,/ Ly,

g Gear Ratio (K—H) = Ly / Ly X Lo / Ly




5, Strike Weight

More than 80% of touchweight 1S coming from hammer
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When all SW and FW are same, BW at front gets same.
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DW & UW are adjusted same. How do you feel when played?
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Touch Weight Paransters Tables
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L. Measure Strike Weights ond £ill in the corresponding blocks with pencil.

2. Determine the average Strike Weight Ratio Level by messuring sample notes.

3. Choose the touch weight paramsters table for your desired front weight level.




Adjusted SW with new hammer

FOR SMOOTH STRIKE WEIGHT SPECIFICATION
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TuSTRUCTIONS

1, Measurs Strike Welghts and fill in the corresponding blocks with pencil.

2. Doternine the average Strike Weight Ratie level by messuring sample notes,

3. Choose the touch weight paransters table for your desired front weight level.

4. Choose a desired balance weight specification.

5. Doternine the reccewanded strike weight level from the parameters table.

6. Use a flexible wood batten to pencil a 1ine for the desired strike weight spacification.
Refer to the ZTouch Designers Toolkit manusl for protocols snd methods.
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6, Front Weight

FW

s not aligned smoothly.
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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

Front (BW+FW) | = Back (WBW+HSWxSR) HSW

1Key #| pw|uw |[BwW | F | Fw KR | ww

FW ceindex

17

40

41

65

Standard 36 ~ 40 g

original 54 | 30 | 42.0 | 12.0 | 394 0.53 | 18.4 375 #35

original | 51 | 28 [395[115]389] | 05 [184 372 #9

300 #8

<o

original [ 50 | 28 [390]110[201] [ 052]184

296 #8

—_

original | 49 | 21 [350]140]300] [ 051]184

19.1 #85

co

original | 52 | 18 [ 350170255 [ 052] 184

186 #9

N

[330[110]221] [ o051]184
Key Ratio

original [ 44 ] 2

Balance Weight

Strike Ratio

Standard 5.5 ~ 6.0
Friction HSW index

Standard 10 ~ 15 g Front Weight, gap with ceiling

, STRIRE NETGHT CUVE WONMER
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INSTRUCTIONS
1. Measure Strike Weights and fill in the corresponding blocks with pencil.

2. Tatermine the average Strike Neight Ratio Level by measuring sample notes.
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5. Deternine the reconmended strike weight level from the parametars table.
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6. Use & flexible vood batten to pencil a line for the destred strike veight spacification.
peenLT S STRIKE WEIGHT

Refer to the Touch Designers Zoolkit manusl for protocols and methods.
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1. weasuze

3. Chocse the touch weight paraneters table for your desired front weight lovol.
. Choose a desired balance weight specification.
table.

5. Detsrmine the recommended strike weight level from the parameter: v
Use a flaxible wood batten ne for tha desire riXe weight specification. R e
o0 to pencil & line o) ©d 5trike weight spaci STRIKE WEIGHT

IETEIETEU G
GEos!

Refer to the r“r Designors Toolkit manuel for protocols and methods.
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Simulate by equation of balance

Original + trial Front (BW+FW) | = Back (WBW+HSWxSR) HS\

Key # DW | UW |BW | F | FW KR | ww [WBW| L |FW ceinde

16 original 54 | 30 | 4201 120] 394 053 | 184 375 #8
shim whippen heel | 49 | 25 | 37.0 | 12.0 | 39.4 053 | 184
re-balance 52 | 28 | 4001 12.0] 364 053 | 184

17 original 51 | 28 [ 395/ 115|389 0.5 | 184 372
shim whippen heel | 46 | 23 | 345 | 115|389 05 [ 184
re-balance 51 28 | 395|115 339 05 184

/
\_

Actual work

» Re-center flanges

» Correct spread distance
» Trim split wedge felts

» Adjust damper timing etc

45

35

30 VAR
25 ——original
——FW final
35 VA inal
R\ —ceiig
15 A

l.‘\‘\ 10 W\v
Adjust SW " Rebalance with FW basis !

T
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Refer to the Touch Designers Toolkit manual for protocols and methods
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INSTRUCTIONS

4. Choose & desired balance welght specification.
5. Determine the recommended strike weight level from the paramatars table.
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1. Measure Strike Weights and fill in the corresponding blocks with pencil.

0dd)

2. Deternine the average Strike Weight Tatio Level by measuring sample notes.

3. Choose the touch veight parameters table for your desired front waight lavel,
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6. Use a flexible wood batten to pancil a line for the desired strike weight specification.
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FW = (WW x KR + SW x SR) - BW
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When all SW and FW are same, BW at front gets same.

-

Sample 2: whippen assist spring




4 ] N
Measurement of a Kawai KG3
High Strike ratio
Front BW+FW) | = |  Back (WBW+WAS+HSWaSR) | FW  HSW
[Key# |details specified DW|UW |[BW| F | FW KR | ww |[WBW] WAS [HSW| SR |ceilng index
40  original with spring 62 | 29 |455|16.5|17.7 053 |20.3 | 10.8-18 6.5 | 300 #95
Original without spring| 79 | 48 | 63.5| 15.5 | 17.7 0.53 1 20.3 | 10.8 | 65
Difference of Balance Weights Whippen Assist Spring Force
Equals whippen assist spring force
Front Weight, much less than the ceiling
\ %
\
Parameter table
STRIKE WEIGHT CURVE NUMBER
R 1 2 3 4 5 6 7 8 910 11 12 13
5.0 - == == —=- —-- —- 30 3213537 40 42 44
§.2 —— —- -— —— —- -- 31 34|37 (39 42 44 7%
5.4 ~— —— -——- -- —- 31 33 36|39 41 44 47 E
5,8 ~=— == — —— 30 33 35 41 |44 76 729 51
5.8 16 19 57 -
6.0 38 5T — ~--
6.2 N0 == -- -
6.4 46 4 e B 2
6.6 —— 30 33 35 39 42 45 ig_ 5 s il
6.8 -- 31 34 37 40 44 Wi@_ P
7.8 —— 32 36 39 42 46 49 HZ —— —— == mm ==
BW FOR FRONT WEIGHT CEILING MINUS 3 GRAMS
k BW:63.5 g, SR: 6.5, SW: #9.5,FW:-12g )




Plan 1
Rebalancing only
Front (BW+FW) | =
# |details specified DW|UW | BW | F | FW KR
in 1 original with spring 62 | 29 | 455|165 |17.7 0.53
Original without spring| 79 | 48 |63.5| 155 | 17.7 0.53
Key balancing 55 | 24 | 395|155 |41.7 0.53

\

FW gets more than 10 grams heavier than the ceiling

Reduce SW and SR then key balancing

Front BW+FW) | = FW HSW

|detai|s specified DW|UW |BW | F | FW KR eiling index

2 original with spring 62 | 29 | 455 |16.5|17.7 0.53 300 #95
Original without spring| 79 | 48 | 63.5 | 15.5 | 17.7 0.53

SW adjustment 76 | 45 | 605|155 | 177 0.53 #8.5
Half cut punching 72 | 41 | 56.5 | 15.5 |FITLH 0.53
Shim capstan 68 | 37 | 525|155 |17.7 0.53
Key balancing 55 | 24 395155307 0.53

FW is about the celhng Strike ratio gets standard




Plan 3

Reduce SW, SR and WAS then key balancing

Front (BW+FW) | =
¢ |details specified DW | UW |BW | F | FW KR
13 original with spring 62 | 29 | 455|165 | 17.7 0.53

Original without spring| 79 | 48 | 63.5 | 155 | 17.7 0.53

SW adjustment 76 | 45 | 605 | 155|177 0.53
Half cut punching 72 | 41 | 565 | 15.5 |RifEd 0.53
Weaken asist spring | 64 | 33 | 485|155 | 17.7 0.53
Key balancing 55 | 24 |39.5|155|26.7 0.53

Reduced whippen Assist spring force

Front Weight, 3 grams minus the ceiling

N /

Sample 3: with new parts
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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 S\!\ .




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

Calculate proposed SW

R

STRIKE WEIGHT CURVE NUMBER
4 8 6 7 8 910111213
31 33 36 38 41 43 46 48 50

5z

30 32
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INSTRUCTIONS
1. Measure Strike Weighte and fill in the corresponding blocks wij

[ssies]
CEICRICRICRICD  w (A

2. Determine the averaga Strike Weight Ratio Leval by measuring mmmmmmm e

3. Choose the

4. Choose de: )I
» mmnd Green: hammer head only mm%mi,ﬁmgm: il

SR EEIEOEIES o ESIESIEEEIER
STHKE WEIGHT Lt g{nny}lmn%' u%mmm -.mmmmu

TG Ax D04 AR PN

Refer to the Touch Designers Toolkit manual £or protocols and -C:on:
N WL seames a1

° Wka.mw uuafL\ m»zs

® Hawmer Weight
u.mA [Serid # [oate

Average Strike Weight Retio
Bo: Middic Treble
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1. Measure Strike Weighte snd £111 in the corresponding blocks with pencil. e u;; ;;;:mmmmmgggmmu,m“’ﬁnx,%» i g e i
2. Detacnine the sverage Strike Weight Satis Level by mmasuring sample notes. R s S e e él st it
3. Cuooss the touzh ane : i o it feiler
. Clooss the toush weight parameters table for your desired front weight level. e muE%E“F’“’“ : i s
4. Cnoose a desired balance weight specification. & ,mmu,m,._qmm mmmw 'l‘g‘i;‘ %Em
5. Deteraine the recomanded strike weight level trom the paramatars table. 2 mmgﬁu'ﬁ”ﬂm = sl
se & Cle: vood batten to pencil a line for the desired strike we a4l
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Position capstan and whippen heel

Position heel with magic line and capstan




Check equation of balance
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Measure Strike Weights and f£ill in the corresponding blocks with pencil.

Determine the avarage Strike Weight Ratio Lavel by measuring sample notas.

Choose the touch weight parameters teble for your desired front weight level.

Choose a desized balance weight specification.

Deternine the reccmmended strike woight level from the paramatars table.
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Use a flexible wood batten to pencil a line for the desired strike welght specification.

Refer to the Touch Designers Toolkit manual for protocols and methods.
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Front (BW+FW) = Back (WBW-+HSWxSR) HSW
[Key#  details specified | DW | UW [BW | F | FW KR [ ww [WBW] FW ceindex
16 original 63 | 21 [420[210[298 0541193 315 #6
new hammer, shank & whippen, cut punching | 65 | 33 | 49.0 | 16.0 | 20.2 052166 | #6.5
rebalance 5 | 24 |400]16.0]29.2 0.52 | 16.6 |
17 original 5 | 13 | 345|215 360 052193 372 #
new hammer, shank & whippen, cut punching | 57 | 27 | 42.0 | 15.0 | 26.5 0.52 | 16.6 #6.5
rebalance 55 | 25 | 400 150|285 052 | 16.6
40  original 72 | 22 |1 470]250|232 0531192 30 #
new hammer, shank & whippen, cut punching | 61 | 33 | 47.0| 14.0| 135 052166 | 8 #6.5
rebalance 54 | 26 | 400 140|205 052 ]16.6 | 8
41 original 64 | 22 [430]21.0|250 052192 296 #55
new hammer, shank & whippen, cut punching | 60 | 29 | 445 ] 155|156 052166 | 8 #6.5
rebalance 56 | 25 | 405155 19.6 052 ]16.6 | 8
Original, Actual test and proposed rebalance
/ STRIKE WEIGHT CURVE NUMBER
CheCk R 1 2 3 4 5 647 8 910 11 12 13
5.0 - - == -—= —=- -- -- B0 32 35 37 40 42 44
§.2 —— —— —= —= —— —- B1 34 37 39 42 44 746
Parameter §.4 == o == == =2 31 36 39 41 44 47 _T_g
5.6 == == —-— —= 30 3 38414_4@_4}2
5.8 < 40 43 46 49 52 -~
6.0 - — 31 34 37 42 45 48 51 == --
6.2 -—— -- 30 32 35 38 41 44 47 50 =% -- --
B 6.4 —— 31 34 37 40 43 46 49 57 ~- -- --
6.6 —— 30 33 35 39 42 E@z: e
6.8 -- 31 34 37 40 44 47 50 = ~= == —-= ——
7.0 ——- 32 36 39 42 46 ng el e
ING MINUS 3 GRAMS
e “'“’mm%ﬁ%ﬁ!ﬂ%ﬂ““ ?“m o m%%%%{ﬂﬁu%g%m e

. CIERICCHICAC {CC OO SISO ) E OV Ol
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Calculate Mol of the keys

<~ BE

Yuji's Front weight calculating chart
3 | B0 measured original FW 29.8
al| 3 |[BO calculated original FW 349 | front 551 | back 20.2 |difference -5.1
b least inertia with new FW 32.7 | front 53.0 [ back 20.2 |aiming FW  32.7
c economical sefting with new FW 327 | front 529 |back 202 |aimingFW 327
d 32.7 | front 529 |back 20.2 [aiming FW  32.7

Yuji's Moment of inertia for key calculating chart

Lead (front)
Ke Whole FW |Center coG distan| mass |distan | mass |distan | mass |distan | mass | distan| mass
#y Note|  Status it point | of ailici ce#5| of |ce#4| of [ce#3| of [ce#2| of |ce#1| of
distn | torque p (mm) | lead | (mm) | lead | (mm)| lead | (mm)| lead | (mm)| lead
a| 3 [BO| Orginal 38816 247| 175.7| 0.676] 198] 11.2| 176 [ 11.2 | 153 | 11.2
b least inertia 33417 247 852 0.328 135160 | 110 ] 19 | 80 | 19 | 50 | 19.0
c economical 36057| 247| 135.8] 0.522 176 [ 112 153 | 11.2| 98 | 17
d Final 36057| 247| 135.8] 0.522 176 [ 112 153 | 11.2| 98 | 17

-
N

Positioning of the key leads

* Needs more key leads when locating near to balance pin
* More Mol when locates key leads to farer than pin
* Watch CoG to even Mol

Lead (front)
Whole FW |Center C0G distan| mass |distan| mass |distan| mass |distan| mass |distan| mass
Status | point| of .. |ce#d| of |ces#d| of |ce#3| of |ce#2| of |ce#l| of
Inertia position

distn |torque (mm)| lead | (mm) | lead | (mm) | lead | (mm)| lead | (mm)| lead
QOriginal 38816| 247 175.7] 0.676| 198 11.2| 176 | 11.2 | 153 | 11.2

least inertia 33417) 247) 852 0328 1351 6.0 | 110 | 19 | 80 | 19 | 50 | 19.0
economical \ 36057 \247 135.8] 0.522 176 | 11.2 | 153 | 11.2| 98 | 17

k \ 7% reduction J




Check how Mol is set

\

How moment of inertia changes

Hammer Hatkey Whip Watkey Key Whole action
Expecting Moi after modification 1,825 152,190 756 3,263 36,057 191,511
% deducted from original 4% 0% 7% 7 8%
Existing Moi (gcm*2) 1,893 164,973 756 3411 38816 207,199
HSW (g) original 1129q
new 108 g
Hammer distance (cm) original 13 cm
distance between balance hole center and center at the top of capstan screw
13.7 cm 13.4 cm
distance between center at the top of capstan screw and whippen center
6.45 cm 6.15
distance between whippen center and 1mm forward from back side of the jack at top of jack
9.45 cm
distance between shank flange center and connecting point at roller leather with jack
215 cm

/

8% of Mol reduction is expectable

-

%

Golden Bay, South island, New Zealand




