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Figure 1: Bat designs
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Figure 2: Schematic of the impulse hammer technique. The experimental setup is based on the use of an impulse hammer to excite the bat over a range of frequencies and a miniature accelerometer to measure the frequency response.
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Figure 3: Simplified schematic of the impact nodes on the face of the blade. Each bat’s hitting surface was marked with 20 horizontal lines 2 cm apart and 3 lines along the longitudinal axis of the bat – two lines 2 cm from each edge, one line along the central axis of the bat. The impact tests were performed at the intersection nodes of these lines. 
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Figure 4: (A) Pendulum arrangement to measure the ‘Pick up’ and (B) and bat suspension arrangement to measure the ‘Polar’ Moment of Inertia.  
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[bookmark: _GoBack]Figure 5: Normalized vibration energy absorption at each impact position



	Bat
	Year
	Overall standing height (mm)
	Blade dimensions (mm)
	Mass (kg)
	Distance to centre of mass from toe (mm)
	Distance as a % of total height

	
	
	
	Length
	Width
	Max Thickness
	Max Edge thickness
	
	
	

	1
	1905
	854.00
	549.00
	109.25
	45.00
	14.36
	1.03
	350.00
	40.98

	2
	1980
	852.00
	554.00
	108.48
	55.00
	18.48
	1.15
	355.00
	41.67

	3
	2009
	853.00
	547.00
	107.76
	59.00
	29.25
	1.15
	343.25
	40.24

	4
	2013
	857.00
	558.00
	109.34
	47.10
	34.20
	1.17
	348.00
	40.61

	5
	2013
	860.00
	557.00
	109.40
	69.00
	41.01
	1.21
	330.00
	38.37


Table 1: Measured bat physical parameters



	Bat
	Year
	1st Bending Mode (Hz)
	2nd Bending Mode (Hz)
	3rd Bending Mode (Hz)
	1st Torsional mode (Hz)

	1
	1905
	116 (±1%)
	394 (±2%)
	632 (±1%)
	1004 (±1%)

	2
	1980
	137 (±2%)
	425 (±1%)
	690 (±3%)
	1069 (±1%)

	3
	2009
	132 (±3%)
	404 (±1%)
	667 (±3%)
	1039 (±2%)

	4
	2013
	129 (±1%)
	388 (±1%)
	650 (±3%)
	1034 (±2%)

	5
	2013
	126 (±1%)
	410 (±1%)
	702 (±1%)
	1069 (±1%)


Table 2: Measured frequencies for the first three bending modes and first torsional mode of vibrations
In order to compare the normalized vibrational energy absorbed per unit impulse at each impact position of all the bats tested, the results for the middle and edge axes have been plotted in Figure 5. The shape of the energy profile similar for all the bats tested up to 38 cm from the toe. The highest energy absorbed is at the toe, decreasing as you move along the blade to a minimum, indicating the presence of the sweet spot and then again gradually increasing. 



	Bat
	Year
	Size of ‘sweet spot’ region (mm)
	Location measured from the toe (mm)

	1
	1905
	80
	140

	2
	1980
	120
	160

	3
	2009
	165
	220

	4
	2013
	215
	180

	5
	2013
	160
	180


Table 3: Size and location of the ‘sweet spot’ region for each bat. The sweet spot region here is defined as region of minimum energy absorption taken to be less than 0.2J.



	Bat
	Year
	MOI pick-up weight (Kg m2)
	Polar MOI (Kg m2)

	1
	1905
	0.1443
	0.00093

	2
	1980
	0.1596
	0.00105

	3
	2009
	0.1600
	0.00114

	4
	2013
	0.1652
	0.00129

	5
	2013
	0.1816
	0.00125


Table 4: Moments of inertia
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