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Introduction

Evolution of the bow

Renaissance

Baroque

Classique

Moderne

c© N. Poidevin

Frédéric Ablitzer (PhD defence) Université du Maine December 5th, 2011 3 / 50
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Introduction

The modern bow

Almost the same bow for 200 years

François-Xavier Tourte
(1747-1835)

Pernambuco wood

standardized design

An achieved compromise
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during “Journées Facture Instrumentale et Sciences”
(ITEMM, Le Mans)

Pernambuco listed as endengered species since 2007
in CITES, Appendix II

Supply makers with dedicated characterization and simulation tools
within the project PAFI supported by ANR (2009-2012)
(“Plateforme d’Aide à la Facture Instrumentale”)
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Player’s point of view

What does the player need?

playability
= allows to play a variety of bow strokes

tonal qualities
= allows to achieve a good tone

aesthetics

price

...
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Bow maker’s point of view

How does the maker meet the player’s demand?

wood

density

elasticity

damping

tapering

↓
distribution of mass and stiffness

camber

↓
adjustment of playing

and tonal qualities
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Bow maker’s point of view

Making and adjustment mainly empirical...

...sometimes combined with a scientific approach

measuring stiffness
Lucchimeter

Lutherie Tools
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How to characterize or model a bow?

For the acoustician: bow = vibrating structure

eigenmodes
(modal analysis, FE model)
[Bissinger 1993, Caussé et al. 2001,

Pickering 2002, Ravina et al. 2008]

admittance presented to the string
[Schumacher 1975, Askenfelt 1995]

vibrations during playing
[Askenfelt 1993]

→ may help to better understand and model the bow/string interaction

however, difficult to relate to bow maker’s adjustment and player’s perception
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bow without hair tension

(i) ↓ (i)

tightened at playing tension T0

prestressed state

(ii) ↓ (ii)

loaded by a force F on the hair
playing situation

Assumptions

stick = Euler-Bernoulli beam

stick oriented along the grain of the wood: longitudinal Young’s modulus is considered

hair has longitudinal stiffness

material is elastic

(i) and (ii) are large transformations → geometric non-linear model
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Modelling

Corotationnal approach: Illustration

Cantilever beam subject to end moment

M =
2π E I

L

M

Rigid body-motion (large)

Local deformation (small)
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Modelling

3D model

Why a 3D model?

player frequently tilts the bow
→ lateral bending of the stick during playing

bow maker adjusts the lateral compliance of the bow
(tapering, camber)

stick

hair

}

3D Euler-Bernoulli beam

corotationnal formulation
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Experimental characterization

Measurement of bow shape

Method to determine the shape of the bow in a given state

Example: determination of camber

picture of the bow

detect lower and upper edges along the bow

approximate neutral curve with polynom of appropriate order
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Procedure in 4 steps
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1 Geometry

2 Young’s modulus of the stick E

Fz

3 Hair tension T0

T0

4 Stiffness of the hair Eh

Fz

T

bow under hair tension

force Fz at the tip

find Eh that minimizes difference between
measured and simulated deformed shape
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Validation: Measurement of compliance

Distribution of compliance along the bow?

→ simultaneous measurement of force and
deflection at several abscissas
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γ = 0 γ = 1
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Experimental characterization

Comparison between measured and simulated compliance
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Good agreement between numerical and experimental results → predictive model

[Ablitzer, Dauchez, Dalmont, submitted to Acta Acustica]
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Results Static behavior

Adjustment of a bow

a0

T0T0
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Results Static behavior

Compliance of the tightened bow

Vertical compliance along the bow c =
∂u
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Fz = 0 N
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Results Static behavior
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Results Static behavior

Compliance of the tightened bow: Non-linearity

Vertical compliance along the bow c =
∂u
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Results Static behavior

Compliance of the tightened bow: Effect of hair tension and camber
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Results Static behavior

Compliance of the tightened bow: Effect of hair tension and camber
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Adjustment of camber strongly affects compliance

[Ablitzer, Dalmont, Dauchez, J. Acoust. Soc. Am. 123 (2012)]
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Results Static behavior

Effect of bow tilt

Bow frequently tilted in playing
(up to about 30◦)

F

ψ

axis of the string
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Results Static behavior

Effect of bow tilt

Bow frequently tilted in playing
(up to about 30◦)
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Results Stability

Stability of the bow

Load case
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Results Stability

Stability of the bow

Load case

x

y

z Fz

εFy

The bow may be unstable in two ways:

1 limit point instability
(snap-through)

2 bifurcation instability
(lateral buckling)

❶ without perturbation force (Fz only)

❷ with perturbation force (Fz + εFy )
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Results Stability
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— uz (vertical)
- - uy (lateral)



Results Stability

Limit point instability
fo

rc
e

F
z

(m
m

)

displacements (mm)
0 20 40 60 80 100 120

0

0.5

1

1.5

2

2.5

3

h
ai

r
te

n
si

o
n

T
(N

)

displacement uz (mm)
0 20 40 60 80 100 120

0

20

40

60

80

100

Frédéric Ablitzer (PhD defence) Université du Maine December 5th, 2011 35 / 50
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Results Stability

Critical buckling loads
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Selection and adjustment of bows

Idea: vary only 2 parameters: camber and hair tension
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Playing tests

Verbalization

Expert 1

1 Stability (unstable ←→ stable)
bow doesn’t tremble on long notes

2 Attack (consonants) (few ←→ many)
timbre of transients

Expert 2

Frédéric Ablitzer (PhD defence) Université du Maine December 5th, 2011 42 / 50
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Playing tests

Verbalization

Expert 1

1 Stability (unstable ←→ stable)
bow doesn’t tremble on long notes

2 Attack (consonants) (few ←→ many)
timbre of transients

3 Playing at the frog (difficult ←→ easy)
ease to play at the frog

4 String crossings (difficult ←→ easy)
ease to make smooth string crossings

Expert 2

1 Stability (unstable ←→ stable)
bow doesn’t tremble on long notes

2 Spectrum (less rich ←→ more rich)
timbre on long notes

3 Consonant (softer ←→ harder)
timbre of transients

4 Reactivity (slow ←→ rapid)
time necessary to produce the tone

5 Spring (little ←→ much)
ability to separate notes

descriptors relative to playability and tonal qualities

2 descriptors common to both experts: stability and attack
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Playing tests

Pair-wise comparison task

For each configuration to be tested

After the test

prepare the bow

picture

objective data subjective data

play & compare
against reference bow

evaluate

correlations?
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réactivité au geste
−1 0 1

30

40

50

60

70

80

Expert 1 | r = 0.78

te
n
si

o
n

T
0

(N
)

attaques (consonnes)
−1 0 1

30

40

50

60

70

80

playing at the frog | attack

(subjective – subjective)

hair tension | reactivity

(objective – subjective)

hair tension | attack

(objective – subjective)

Frédéric Ablitzer (PhD defence) Université du Maine December 5th, 2011 44 / 50
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Playing tests: Conclusions

✔ Influence of hair tension on player’s peception

reactivity

attacks
ր with hair tension
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✔ Influence of hair tension on player’s peception

reactivity

attacks
ր with hair tension

✘ Stability

instability = trembling bow? → find relevant dynamic property

instability = buckling? → tests with bows of lower stiffness

✔ Characterization of bows for the test

differences in bow properties

state in which the bow is played

}

are well determined
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predictive using affordable and easy-to-use equipment

Assistance to bow making

Characterization in workshop

Prediction upstream from fabrication or adjustment

Looking for alternative woods
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Categorization of bows in museums
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