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ABSTRACT: The SRM power measuring crankset  (PMC) is a novel ergometry system that allows power output to be monitored during field and laboratory cycling. The PMC calculates power from the torque and angular velocity of the cranks. Torque is measured at the crank axle by 4 or 20 strain gauges situated between the crank axle and chain rings and angular velocity is the recorded pedalling rate. The strain gauge output, which is proportional to the effective pedalling torque is inductively transmitted at 500 kHz with pedal rate to a cycle mounted data recorder. The purpose of this study was to assess dynamically the validity of power measurement for this new ergometry system by comparison with a standard laboratory cycle ergometer. The dynamic calibration rig consisted of a modified friction braked Monark ergometer (ME) driven by a motorised treadmill. The PMC was fitted to the ME to allow simultaneous recording of power input and braking power from the respective ergometry systems. Three PMC were assessed, two 20 strain gauge (20sg1 and 20sg2) and one 4 strain gauge (4sg) models. The protocol consisted of 13 braking loads eliciting power outputs ranging from 90 - 625 W at a pedal rate of 1.5 Hz. Braking power was calculated for the ME as: Power (W) = torque (Nm) x angular velocity (rad.s-1)/time (s) and compared with the simultaneously recorded PMC values. Linear regression and 95% limits of agreement (Bland and Altman, 1986) were used to assess the validity of all three sets of PMC. An almost perfect linear relationship was found for all three PMC and ME (r2=1.0). The residuals from the linear regression were used to assess the limits of agreement. The 95% limits of agreement were ± 1.1W,  ± 1.8W, ± 2.1W which are equivalent to ± 0.3%, ± 1.0% and ± 1.8% for 20sg1, 20sg2 and 4sg respectively. The results of this study suggest that good agreement exists between the two methods of power measurement. In comparison with the 4sg, the 20sg PMC produces less variability in the differences between ME, probably due to its greater precision and zero position stability. It is concluded that the PMC provides a valid method of assessing power output in the laboratory during scientific research.

INTRODUCTION
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The recent development of a power measuring crankset (PMC) which can be fitted directly to a bicycle (SRM, Fuchsend, Germany) may provide a useful sport specific ergometry system. The PMC enables subjects to ride their own cycles in both laboratory and field situations. The importance of adopting a sports specific form of ergometry in the assessment of cycle exercise responses has been widely recognised (Strømme et al., 1977; Hagberg et al., 1981; Keen et al., 1991; Kenny et al., 1995; Palmer et al., 1996; Gnehm et al., 1997). In particular, changes in cycling position have been documented to affect cardiovascular (Nordeen-Snyder, 1977; Heil et al., 1995; Price and Donne, 1997) and biomechanical (Sanderson, 1991) responses to exercise. Accurate measurement of power output during field cycling may provide further insight into the demands of this activity. Previous studies have used various methods to estimate energy expenditure during road and track cycling including; towing (di Prampero et al., 1979), mathematical modelling (Saris et al., 1989; Olds et al., 1995) and measuring cardio-respiratory responses (Capelli et al., 1993; Passfield et al., 1997). All these studies have used indirect predictions of energy expenditure and may therefore, be prone to significant error. The frequent changes in gradient and wind resistance experienced during road cycling further confounds the utility of these estimates (Palmer et al., 1994; Passfield et al., 1997). 

Fig. 1 The SRM power measuring crank.

The aim of this study was to examine the validity of the PMC in the laboratory setting. Comparison with a standard first principles laboratory cycle ergometer was used as the criterion for assessment. The comparison was conducted with three different PMC units offering two levels of precision.

METHOD

Power measuring crankset

The PMC may be fitted to a conventional racing bicycle in place of its normal crankset (Fig. 1). The torque generated at the crank axle is measured by 4 or 20 strain gauges (“professional” and “laboratory” models respectively) situated between the crank arms and the chain-rings. The strain gauges are oriented in such a manner that their deformation is proportional to the effective pedalling torque (i.e. the resultant force acting tangentially on the crank). Cadence and torque are inductively transmitted at 500 kHz to a data recorder which stores averaged data at user defined intervals from 0.05 s to 120 s. Power output is calculated from torque and angular velocity continuously. The relationship between the frequency output of the strain gauges and torque is determined during manufacture and considered constant. A zero value is established dynamically with the PMC unloaded prior to each use. This zero position is known to be influenced by changes in temperature, crank bolt and chain-ring bolt tension.

Comparison of ergometers

A weight pan loaded, friction braked Monark ergometer (ME - model 814e, Varberg, Sweden), modified to accept PMC, was used to produce and compare known braking powers between the respective ergometry systems. To minimise the variations in power output, seen within and over pedal revolutions during normal cycling use, the 
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ME was further adapted to be driven by a motorised treadmill (Woodway, GMBH, Weil-am-Rhein, Germany). The treadmill was used to drive a bicycle rear wheel 

Fig.2 Schematic diagram of method used for comparing ME and PMC ergometers.

A: Treadmill belt driving bicycle wheel; B: PMC driven by chain from bicycle wheel and connected to ME flywheel; C: ME flywheel; D: Braking device - friction belt, pulley and weight pan

which was connected in turn to the ME via the PMC and a second chain drive (see Fig. 2). A new drive chain and friction belt were fitted to the ME at the start of the study. 

Calculated braking power

The ME braking power is produced by applying a frictional load to the rotating flywheel. Braking power at the ME flywheel was calculated as follows:

Equation 1: Power (W) = Torque (Nm) x Angular Velocity (rad.s-1)

The mass of each braking weight was confirmed with a digital balance to the nearest 0.5g. Acceleration due to gravity was assumed to be 9.81 m.s-2. The radius of the flywheel was calculated by dividing its circumference, (determined with a flexible steel measure to within 1mm), by 2(. A cycle computer was used to record the flywheel revolutions.

Experimental protocol

Three PMC units were compared with the ME in this study. Two 20 strain gauged “laboratory” models (20sg1 and 20sg2) and one 4 strain gauged “professional” model (4sg) were used. For each comparative trial the ME was treadmill driven at a constant speed to elicit a pedal rate of 1.5 Hz. This rate was chosen as it is similar to the preferred cadence of well-trained cyclists pedalling a ME (Passfield, unpublished observations). Braking weights were applied to generate approximately 13 distinct braking loads ranging in power from approximately 90 W to 630 W. Prior to each trial the ME was run for several minutes to warm the flywheel and minimise any possible change in the coefficient of friction between the ME friction belt and flywheel (Woods et al, 1994). Each braking load was maintained for at least 75s with power monitored simultaneously on ME and PMC. All data were collected for a minimum of 60s, averaged over 1s intervals. The initial 15s from each data recording were discarded to allow sufficient time for the ergometers to stabilise to each new braking load. One 20sg and 4sg PMC were compared with the ME on two separate occasions to provide a measure of test-retest reliability.

Statistical analysis

A scatter diagram and correlation coefficient (r2) were used initially to examine the linearity of the relationship between ME and PMC. Limits of agreement (Bland and Altman, 1986) were then determined to quantify the differences between ME and all PMC. The limits of agreement were set at 95% and are presented as both absolute values and in a ratio form similar to that recommended by Nevill and Atkinson (1997). 

RESULTS

An almost perfect linear relationship and correlation (r2 = 1) was observed between the ME and PMC in all cases (Figure 3). The limits of agreement for the two forms of 

ergometry are based upon the variability in PMC values compared with those, calculated from first principles, for the ME. A Bland-Altman plot revealed a small bias, a ratio effect and heteroscedasticity in the differences between ME and PMC [image: image3.wmf]0
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(Figure 4.A). These factors act to decrease the apparent agreement between methods. Fig. 3 Relationship between ME (W) and 3 PMC (W).
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Nevill and Atkinson (1997) suggest these problems may be minimised by log transformation and subsequent reporting of the data as ratio rather than absolute limits of agreement. The data in this study appeared to be over-corrected by log transformation. Consequently, a linear regression equation was derived for each PMC from ME and the residuals used to calculate limits of agreement. The limits of Fig. 4.A Bland-Altman plot of 20sg1 showing  95% limits of agreement (LoA), bias, ratio effect and heteroscedasticity.

agreement were determined for both absolute and percentage differences (Figure 4.B and 4.C respectively). 

The regression equation, absolute and percentage limits of agreement for each PMC and all trials are presented in Table 1. A small degree of variability was found 

between the ME and both 20sg PMC with 95% of the differences being within ± 1W and ± 2W; expressed in a ratio form this corresponds to ± 0.3% and ± 1.0%. As expected for the lower precision 4sg model, a greater range for the limits of agreement (± 2.1 W or ± 1.8%) was observed. Subtle variations in treadmill speed between trials altered ME braking power and prevented a direct test-retest comparison of the PMC. Reliability may be assessed indirectly by comparing ME-PMC agreement for trials 1 and 2 (Table 1). 

Table 1 Regression and Limits of agreement (LoA) for ME and PMC.

Comparison
Regression

PMC=ME(m)+c
95% LoA (W)
95% LoA (%)

ME vs. 4sg
m=0.996; c=4.8
 ± 2.1 (W)
± 1.78%

ME vs. 4sg trial 2
m=0.997; c=1.9
± 3.6 (W)
± 1.87%

ME vs. 20sg1
m=1.008; c=2.4
± 1.1 (W)
± 0.27%

ME vs. 20sg2
m=1.016; c=-2.7
± 1.8 (W)
± 0.98%

ME vs. 20sg2 trial 2
m=1.011; c=1.4
± 1.6 (W)
± 0.98%

DISCUSSION 

This study has demonstrated a close agreement between the ME and PMC for both the 20sg and 4sg models at a pedal rate of 1.5 Hz. The almost perfect linear relationship and the low variability in the differences between the two forms of ergometry provide strong evidence for the validity of the PMC. The lower variability in the differences between ME and PMC found with the 20sg in contrast to the 4sg model are probably due to the greater accuracy and zero position stability provided by the 20sg units. The manufacturer of the PMC suggests an error range for the 4sg and 20sg models of ± 2.5% and ± 1.0% respectively. The data from this study corroborate the accuracy of these figures.


The repeatability of the PMC were not examined by limits of agreement due to subtle differences in treadmill speed between trials. This resulted in different braking loads being generated by the ME for each trial. A comparison of regression coefficients for the repeated trials may however, provide an indirect assessment of repeatability. From the regression equations in Table 1 it can be seen that both the 4sg and 20sg models demonstrated changes in gradient of 0.5% or less and the Y-intercept varied by no more than 4 watts. It seems likely therefore that the reliability of both ergometry systems is high. Further indication for the high repeatability of the PMC may be found by comparing predicted values from the regression equations across the range of braking powers examined. For both 4sg and 20sg the between regression differences are greatest at the Y-intercepts. This may also highlight the importance of determining an accurate zero position for the PMC prior to use.
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A small but discernible bias, ratio effect and heteroscedasticity are apparent in a Bland-Altman plot of the data (Fig. 4.A). Not all trials were affected to the degree depicted in Fig. 4.A for 20sg1, but the 95% limits of agreement were reduced in every case by correcting for bias and ratio effect with linear regression. With uncorrected data the Bland and Altman (1986) method still finds good agreement for the 20sg1 Fig. 4.B Bland-Altman plot of 20sg1 residuals from linear regression.

with a bias of 5 W and 95% limits of agreement of ± 3 (W). Nevill and Atkinson (1997) suggest that most measurements recorded on a ratio scale are subject to heteroscedasticity and encourage researchers to adopt ratio limits of agreement. Nevill and Atkinson suggest heteroscedasticity occurs because data recorded on a ratio scale are constrained in the region of the origin to X=0, Y=0, but are unbound as values increase. They also point out that it is common to envisage errors, i.e. disagreement between methods, in ratio (e.g. percentage) form, as opposed to absolute values. Consequently, Nevill and Atkinson propose the use of log-log transformation whenever a correlation between the absolute measurement differences and their means is observed, and provided that the correlation is reduced following log transformation. In this study a strong correlation between the mean braking powers and the differences between the ergometers was observed for the 20sg trials. The correlation between means and differences was greater following log transformation of the data however, so this procedure was not adopted. As a strong linear relationship between ME and PMC was observed in all cases, we chose to remove the bias and ratio effect by linear regression instead. This does not remove the heteroscedasticity (Fig. 4.B) but does allow an unbiased and ratio corrected assessment of the limits of agreement. The heteroscedasticity appears reduced when expressing agreement as percentage differences (Fig. 4.C), suggesting the recommendation of Nevill and Atkinson (1997) to report ratio limits is justified. The use of linear regression correction prior to comparison enables any bias and ratio effect to be quantified separately. As the ME braking power is not thought to reflect true power input, (see below), the use of a regression correction was considered acceptable.

The manufacturer of ME acknowledges that a difference between power calculated from braking force and true power input exists (Monark Instruction Manual). This is caused by losses in the transmission of  force from the pedal to the braking point at the flywheel. Monark suggest 9% of power input is dissipated in this process. Lakomy (1986) points out that power input is further underestimated in certain situations when the inertia of the flywheel is ignored. Changes in energy input are associated with changes in flywheel angular velocity and not accounted for with the conventional equations of ME braking power. In sprint tests requiring large accelerations Lakomy calculates that uncorrected peak power may underestimate corrected values by over 35%. The effect of the small changes in flywheel speed during steady state pedalling is not known. As the PMC is thought to measure power input, any changes in ME flywheel angular velocity may create a disparity between the two ergometry systems. Accordingly, we attempted to minimise variations in power input by driving the ME with a motorised treadmill.

Fig. 4.C Bland-Altman plot of 20sg1 residuals expressed as percentage differences.
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Whitt and Wilson, (1974, pp. 134) suggest that in conditions similar to this study a new clean chain may reduce mechanical efficiency by only 1.5%. These authors also suggest that  the total frictional losses of an ergometer are likely to be approximately 5%. Kyle and Caiozzo (1986) examined frictional losses directly, by using a motor to drive a ME at a constant pedal rate and comparing power input with output.  Using a pedal rate of 0.83 Hz Kyle found the percentage of energy lost increased with power output from 1.9% at 100W to 3.9% at 300W. Extrapolation of Kyle’s data suggests frictional losses could be greater than 5% at the highest braking powers in this study, particularly as his pedal rate was approximately half that of the present study. Larger losses in mechanical efficiency have been found by Woods et al., (1994) and Hibi et al., (1996) of 2-14% and 17-49% respectively. Both studies compared power input with output. Woods et al., used a pendulum braked Monark for their comparisons and report experiencing problems with zero stability and load creep. Hibi et al., were making their comparisons whilst subjects performed a 3s maximal effort, therefore conditions were not steady state and  power outputs were quite high (around 1kW). Both studies are in agreement with Kyle that the percentage error is variable over the range of braking powers examined. Hibi et al., observe that the energy losses in their study appear to be dictated by the magnitude of the forces applied and/or the angular velocity of the transmission system. Given the close agreement in the present study between ME and PMC, it seems likely that both ergometers are underestimating true power input.

The surprisingly close agreement between ME and PMC could be explained by the dynamic calibration procedure employed by the manufacturer during PMC fabrication. Each PMC is fitted to a lathe and connected with a bicycle chain to a dynamometer which measures the torque generated (U. Schoberer, SRM, personal communication). In principle therefore, the calibration slope obtained could include chain drive losses, but as these are likely to vary with pedal rate and power output this assumption remains to be verified. The small difference from unity in the gradient of the 20sg PMC regression equations (0.8% to 1.6%) does not appear consistent with the different points of power measurement on the ME (flywheel vs. crank). The manufacturer’s calibration procedure and lower precision may largely explain the slight under-reading of the 4sg PMC.

In conclusion, the comparison of new devices and techniques against criterion measures enables the extent of agreement to be assessed. A new device found to agree closely with the criterion measure may then be used in its place. In the present study the relationship between PMC and ME has been demonstrated to be highly linear, with only small differences between methods. Van Praagh et al., (1992) suggest an acceptable margin of mechanical error in ergometry should be considered as less than 5%. Both of the PMC models examined were found to be within this standard. It is concluded that the PMC provides a valid method of assessing power output in the laboratory environment. Further research is required to establish the reliability of the PMC in the laboratory and field, and its agreement with true power input.
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		Mass		Speed		Calc		ME		PMC4		Regress		Diff		%Diff				ME		PMC4b		Regress		Diff		%Diff

		6.504		30.75		545.0		544.99455		545.6		547.6994805884		2.1		0.38%				89.89		93.80		92.3010497513		-1.5		-1.62%

		5.504		30.98		464.7		464.650432		467.7		467.656872607		-0.0		-0.01%				134.99		138.10		137.8953652475		-0.2		-0.15%

		4.509		31.17		383.0		382.98656925		387.5		386.2994725253		-1.2		-0.31%				179.80		183.10		183.1907935702		0.1		0.05%

		3.519		31.35		300.6		300.62377125		306		304.2457601109		-1.8		-0.58%				226.77		230.60		230.6732495871		0.1		0.03%

		2.539		31.54		218.2		218.2181635		223.1		222.1493986001		-1.0		-0.43%				270.80		274.40		275.1825633225		0.8		0.28%

		1.535		31.68		132.5		132.51348		137.4		136.7663418895		-0.6		-0.46%				315.77		319.30		320.6424209114		1.3		0.42%

		0.501		31.83		43.5		43.45511175		46.6		48.0421859121		1.4		3.00%				360.05		364.30		365.4069595005		1.1		0.30%

		1.535		31.68		132.5		132.51348		136		136.7663418895		0.8		0.56%				403.14		408.80		408.9651508909		0.2		0.04%

		2.539		31.56		218.4		218.356539		222.1		222.2872548138		0.2		0.08%				450.07		456.40		456.4059004396		0.0		0.00%

		3.519		31.37		300.8		300.81555675		304.1		304.4368258911		0.3		0.11%				492.47		500.50		499.2683596222		-1.2		-0.25%

		4.509		31.19		383.2		383.23230975		386.4		386.5442908268		0.1		0.04%				535.82		543.00		543.0910592745		0.1		0.02%

		5.504		30.99		464.8		464.800416		467.9		467.8062937571		-0.1		-0.02%				577.33		585.80		585.0583720327		-0.7		-0.13%

		6.504		30.75		545.0		544.99455		548		547.6994805884		-0.3		-0.05%				625.96		634.20		634.2187558496		0.0		0.00%

								0.996				Bias		0.0		0.18%				1.011				Bias		0.0		-0.08%

								4.8				SD		1.05		0.91%				1.4				SD		0.82		0.50%

												95%		2.05		1.78%								95%		1.60		0.98%

		Mass		Speed		ME		PMC		Regress		Diff		%Diff				Mass		Speed		ME		PMC		Regress		Diff		%Diff

		6.607		38.67		696.2		699.9		701.7381627871		1.8		0.26%				0.501		21.81		29.8		31.7		31.6		-0.1		-0.22%

		5.599		38.9		593.5		595.8		597.1834774701		1.4		0.23%				1.023		21.78		60.7		61.8		62.5		0.7		1.11%

		4.599		39.16		490.8		493.1		492.5936461734		-0.5		-0.10%				1.522		21.74		90.2		90		91.9		1.9		2.03%

		3.595		39.3		385.0		388		384.9272794905		-3.1		-0.80%				2.044		21.69		120.8		120.1		122.4		2.3		1.91%

		2.582		39.47		277.7		278.3		275.7113273879		-2.6		-0.94%				2.53		21.69		149.5		151.3		151.1		-0.2		-0.14%

		1.561		39.63		168.6		169.4		164.61699326		-4.8		-2.91%				3.052		21.62		179.8		179.9		181.3		1.4		0.76%

		1.023		39.72		110.7		98		105.729113431		7.7		7.31%				3.52		21.56		206.8		211.9		208.2		-3.7		-1.77%

																		4.042		21.51		236.9		238.8		238.3		-0.5		-0.23%

						1.018				Bias		0.0		0.44%				4.526		21.42		264.2		268.2		265.4		-2.8		-1.04%

						-7.0				SD		4.17		3.22%				5.048		21.39		294.2		294.3		295.4		1.1		0.38%

										95%		8.17		6.31%				4.4121915041		21.47		258.1		262.1		259.4		-2.7		-1.03%

																		4.9341915041		21.43		288.1		291.5		289.3		-2.2		-0.74%

																		5.4331915041		21.38		316.5		315.5		317.7		2.2		0.69%

																		5.9551915041		21.31		345.8		346.7		346.9		0.2		0.05%

																		6.4391915041		21.25		372.9		374.8		373.9		-0.9		-0.25%

																		6.9611915041		21.14		401.0		402		401.9		-0.1		-0.02%

																		7.4451915041		21.08		427.7		427		428.5		1.5		0.36%

																		7.9671915041		21.03		456.6		455.1		457.4		2.3		0.49%

																		8.4531915041		20.87		480.7		481.6		481.5		-0.1		-0.03%

																						0.997				Bias		0.0		0.12%

																						1.9				SD		1.81		0.95%

																										95%		3.55		1.87%
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Eastbourn 20sg

				New roller on Monark				23c		761 mmhg

		Trial 1				used unloaded zero of 423

		Mass (g)		Speed		SRM 1		MON		mean		diff		Bias		95%		-95%				MON		SRM 1		Mean		Regress		Diff		%Diff		Abs 95%		Abs 95%		95%		95%

		1006		32.82		93.1		89.971107		91.5355535		3.128893		5.4		8.5		2.4				89.971107		93.1		91.5		93		0.0		0.04%		1.12		-1.12		-0.26%		0.27%

		1514		32.75		138.9		135.1150375		137.00751875		3.7849625		5.4		8.5		2.4				135.1150375		138.9		137.0		139		-0.2		-0.17%		1.12		-1.12		-0.26%		0.27%

		2019		32.67		183.4		179.74298925		181.571494625		3.65701075		5.4		8.5		2.4				179.74298925		183.4		181.6		184		0.3		0.15%		1.12		-1.12		-0.26%		0.27%

		2548		32.62		230.6		226.490446		228.545223		4.109554		5.4		8.5		2.4				226.490446		230.6		228.5		231		0.2		0.09%		1.12		-1.12		-0.26%		0.27%

		3053		32.57		275.6		270.96367225		273.281836125		4.63632775		5.4		8.5		2.4				270.96367225		275.6		273.3		276		0.1		0.02%		1.12		-1.12		-0.26%		0.27%

		3548		32.74		321.7		316.540142		319.120071		5.159858		5.4		8.5		2.4				316.540142		321.7		319.1		322		-0.1		-0.03%		1.12		-1.12		-0.26%		0.27%

		4053		32.68		366		360.931809		363.4659045		5.068191		5.4		8.5		2.4				360.931809		366		363.5		366		0.4		0.10%		1.12		-1.12		-0.26%		0.27%

		4552		32.62		410.3		404.625004		407.462502		5.674996		5.4		8.5		2.4				404.625004		410.3		407.5		410		0.1		0.04%		1.12		-1.12		-0.26%		0.27%

		5057		32.56		456.3		448.687382		452.493691		7.612618		5.4		8.5		2.4				448.687382		456.3		452.5		455		-1.4		-0.31%		1.12		-1.12		-0.26%		0.27%

		5547		32.45		497.4		490.50040875		493.950204375		6.89959125		5.4		8.5		2.4				490.50040875		497.4		494.0		497		-0.4		-0.07%		1.12		-1.12		-0.26%		0.27%

		6052		32.35		539.5		533.506495		536.5032475		5.993505		5.4		8.5		2.4				533.506495		539.5		536.5		540		0.9		0.17%		1.12		-1.12		-0.26%		0.27%

		6537		32.7		590.3		582.4957275		586.39786375		7.8042725		5.4		8.5		2.4				582.4957275		590.3		586.4		590		-0.5		-0.08%		1.12		-1.12		-0.26%		0.27%

		7042		32.59		632.5		625.3841755		628.94208775		7.1158245		5.4		8.5		2.4				625.3841755		632.5		628.9		633		0.6		0.09%		1.12		-1.12		-0.26%		0.27%

										Bias		5.4										1.008						Bias		-0.0		0.00%

										SD		1.57										2.4						SD		0.57		0.14%

										95%		3.07																95%		1.12		0.27%
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Eastbourn 20sg
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Chichester 20sg trials
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				New roller on Monark				23c		761 mmhg

		Trial 1				used unloaded zero of 643														Trial 2				used unloaded zero of 643

		Mass (g)		Speed		MON		SRM 1		Regress		Diff		%Diff				Mass		Speed		MON		SRM 2		Mean		Regress		Diff		%Diff

		1006		32.63		89.4502505		89.3		88.2		-1.1		-1.27%				1006		32.79		89.8888665		93.8		91.8		92.3		-1.5		-1.62%

		1514		32.67		134.7849855		135.5		134.2		-1.3		-0.94%				1514		32.72		134.991268		138.1		136.5		137.9		-0.2		-0.15%

		2019		32.46		178.5876165		178.8		178.7		-0.1		-0.03%				2019		32.68		179.798007		183.1		181.4		183.2		0.1		0.05%

		2548		32.56		226.073848		226.8		227.0		0.2		0.08%				2548		32.66		226.768178		230.6		228.7		230.7		0.1		0.03%

		3053		32.59		271.13006075		271.5		272.8		1.3		0.46%				3053		32.55		270.79728375		274.4		272.6		275.2		0.8		0.28%

		3548		32.51		314.316433		315.6		316.6		1.0		0.33%				3548		32.66		315.766678		319.3		317.5		320.6		1.3		0.42%

		4053		32.43		358.17070275		359.7		361.2		1.5		0.41%				4053		32.6		360.048255		364.3		362.2		365.4		1.1		0.30%

		4552		32.64		404.873088		408.9		408.6		-0.3		-0.07%				4552		32.5		403.1365		408.8		406.0		409.0		0.2		0.04%

		5057		32.59		449.10079175		452.5		453.6		1.1		0.23%				5057		32.66		450.0654145		456.4		453.2		456.4		0.0		0.00%

		5547		32.46		490.6515645		496.1		495.8		-0.3		-0.07%				5547		32.58		492.4654335		500.5		496.5		499.3		-1.2		-0.25%

		6052		32.59		537.464503		543.6		543.3		-0.3		-0.05%				6052		32.49		535.815333		543		539.4		543.1		0.1		0.02%

		6537		32.48		578.576796		586.1		585.1		-1.0		-0.17%				6537		32.41		577.32986325		585.8		581.6		585.1		-0.7		-0.13%

		7042		32.35		620.7787075		628.7		628.0		-0.7		-0.11%				7042		32.62		625.959859		634.2		630.1		634.2		0.0		0.00%

						1.016				Bias		-0.0		-0.09%								1.011						Bias		0.0		-0.08%

						-2.7				SD		0.94		0.50%								1.4						SD		0.82		0.50%

										95%		1.84		0.98%														95%		1.60		0.98%



&A

Page &P



		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



&A

Page &P

#REF!

0

0

0

0

0

0

0

0

0

0

0

0

0




_951641183.doc
[image: image1.png]






_951640354.xls
Chart5

		93.1389695392		93.1389695392		93.1389695392

		138.6634344336		138.6634344336		138.6634344336

		183.6675712078		183.6675712078		183.6675712078

		230.8090790505		230.8090790505		230.8090790505

		275.657186088		275.657186088		275.657186088

		321.617836261		321.617836261		321.617836261

		366.3836965563		366.3836965563		366.3836965563

		410.4451971804		410.4451971804		410.4451971804

		454.8789927805		454.8789927805		454.8789927805

		497.0444765415		497.0444765415		497.0444765415

		540.4130765293		540.4130765293		540.4130765293

		589.8152568545		589.8152568545		589.8152568545

		633.0652269773		633.0652269773		633.0652269773



Diff

Power (W)

Residuals (W)

0.0389695392

1.1152126347

-1.1152126347

-0.2365655664

1.1152126347

-1.1152126347

0.2675712078

1.1152126347

-1.1152126347

0.2090790505

1.1152126347

-1.1152126347

0.057186088

1.1152126347

-1.1152126347

-0.082163739

1.1152126347

-1.1152126347

0.3836965563

1.1152126347

-1.1152126347

0.1451971804

1.1152126347

-1.1152126347

-1.4210072195

1.1152126347

-1.1152126347

-0.3555234585

1.1152126347

-1.1152126347

0.9130765293

1.1152126347

-1.1152126347

-0.4847431455

1.1152126347

-1.1152126347

0.5652269773

1.1152126347

-1.1152126347



Sheet1

		

		ME		4sg				ME		20sg1				ME		20sg2

		544.99455		545.6				89.971107		93.1				89.4502505		89.3

		464.650432		467.7				135.1150375		138.9				134.7849855		135.5

		382.98656925		387.5				179.74298925		183.4				178.5876165		178.8

		300.62377125		306				226.490446		230.6				226.073848		226.8

		218.2181635		223.1				270.96367225		275.6				271.13006075		271.5

		132.51348		137.4				316.540142		321.7				314.316433		315.6

		43.45511175		46.6				360.931809		366				358.17070275		359.7

		132.51348		136				404.625004		410.3				404.873088		408.9

		218.356539		222.1				448.687382		456.3				449.10079175		452.5

		300.81555675		304.1				490.50040875		497.4				490.6515645		496.1

		383.23230975		386.4				533.506495		539.5				537.464503		543.6

		464.800416		467.9				582.4957275		590.3				578.576796		586.1

		544.99455		548				625.3841755		632.5				620.7787075		628.7
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4sg

										Eastbourne 4 sg cranks				static zero

		Mass		Speed		Calc		ME		PMC4		Regress		Diff		%Diff				ME		PMC4b		Regress		Diff		%Diff

		6.504		30.75		545.0		544.99455		545.6		547.6994805884		2.1		0.38%				89.89		93.80		92.3010497513		-1.5		-1.62%

		5.504		30.98		464.7		464.650432		467.7		467.656872607		-0.0		-0.01%				134.99		138.10		137.8953652475		-0.2		-0.15%

		4.509		31.17		383.0		382.98656925		387.5		386.2994725253		-1.2		-0.31%				179.80		183.10		183.1907935702		0.1		0.05%

		3.519		31.35		300.6		300.62377125		306		304.2457601109		-1.8		-0.58%				226.77		230.60		230.6732495871		0.1		0.03%

		2.539		31.54		218.2		218.2181635		223.1		222.1493986001		-1.0		-0.43%				270.80		274.40		275.1825633225		0.8		0.28%

		1.535		31.68		132.5		132.51348		137.4		136.7663418895		-0.6		-0.46%				315.77		319.30		320.6424209114		1.3		0.42%

		0.501		31.83		43.5		43.45511175		46.6		48.0421859121		1.4		3.00%				360.05		364.30		365.4069595005		1.1		0.30%

		1.535		31.68		132.5		132.51348		136		136.7663418895		0.8		0.56%				403.14		408.80		408.9651508909		0.2		0.04%

		2.539		31.56		218.4		218.356539		222.1		222.2872548138		0.2		0.08%				450.07		456.40		456.4059004396		0.0		0.00%

		3.519		31.37		300.8		300.81555675		304.1		304.4368258911		0.3		0.11%				492.47		500.50		499.2683596222		-1.2		-0.25%

		4.509		31.19		383.2		383.23230975		386.4		386.5442908268		0.1		0.04%				535.82		543.00		543.0910592745		0.1		0.02%

		5.504		30.99		464.8		464.800416		467.9		467.8062937571		-0.1		-0.02%				577.33		585.80		585.0583720327		-0.7		-0.13%

		6.504		30.75		545.0		544.99455		548		547.6994805884		-0.3		-0.05%				625.96		634.20		634.2187558496		0.0		0.00%

								0.996				Bias		0.0		0.18%				1.011				Bias		0.0		-0.08%

								4.8				SD		1.05		0.91%				1.4				SD		0.82		0.50%

												95%		2.05		1.78%								95%		1.60		0.98%

		Mass		Speed		ME		PMC		Regress		Diff		%Diff				Mass		Speed		ME		PMC		Regress		Diff		%Diff

		6.607		38.67		696.2		699.9		701.7381627871		1.8		0.26%				0.501		21.81		29.8		31.7		31.6		-0.1		-0.22%

		5.599		38.9		593.5		595.8		597.1834774701		1.4		0.23%				1.023		21.78		60.7		61.8		62.5		0.7		1.11%

		4.599		39.16		490.8		493.1		492.5936461734		-0.5		-0.10%				1.522		21.74		90.2		90		91.9		1.9		2.03%

		3.595		39.3		385.0		388		384.9272794905		-3.1		-0.80%				2.044		21.69		120.8		120.1		122.4		2.3		1.91%

		2.582		39.47		277.7		278.3		275.7113273879		-2.6		-0.94%				2.53		21.69		149.5		151.3		151.1		-0.2		-0.14%

		1.561		39.63		168.6		169.4		164.61699326		-4.8		-2.91%				3.052		21.62		179.8		179.9		181.3		1.4		0.76%

		1.023		39.72		110.7		98		105.729113431		7.7		7.31%				3.52		21.56		206.8		211.9		208.2		-3.7		-1.77%

																		4.042		21.51		236.9		238.8		238.3		-0.5		-0.23%

						1.018				Bias		0.0		0.44%				4.526		21.42		264.2		268.2		265.4		-2.8		-1.04%

						-7.0				SD		4.17		3.22%				5.048		21.39		294.2		294.3		295.4		1.1		0.38%

										95%		8.17		6.31%				4.4121915041		21.47		258.1		262.1		259.4		-2.7		-1.03%

																		4.9341915041		21.43		288.1		291.5		289.3		-2.2		-0.74%

																		5.4331915041		21.38		316.5		315.5		317.7		2.2		0.69%

																		5.9551915041		21.31		345.8		346.7		346.9		0.2		0.05%

																		6.4391915041		21.25		372.9		374.8		373.9		-0.9		-0.25%

																		6.9611915041		21.14		401.0		402		401.9		-0.1		-0.02%

																		7.4451915041		21.08		427.7		427		428.5		1.5		0.36%

																		7.9671915041		21.03		456.6		455.1		457.4		2.3		0.49%

																		8.4531915041		20.87		480.7		481.6		481.5		-0.1		-0.03%

																						0.997				Bias		0.0		0.12%

																						1.9				SD		1.81		0.95%

																										95%		3.55		1.87%
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Eastbourn 20sg

				New roller on Monark				23c		761 mmhg

		Trial 1				used unloaded zero of 423

		Mass (g)		Speed		SRM 1		MON		mean		diff		Bias		95%		-95%				MON		SRM 1		Mean		Regress		Diff		%Diff		Abs 95%		Abs 95%		95%		95%

		1006		32.82		93.1		89.971107		91.5355535		3.128893		5.4		8.5		2.4				89.971107		93.1		91.5		93		0.0		0.04%		1.12		-1.12		-0.26%		0.27%

		1514		32.75		138.9		135.1150375		137.00751875		3.7849625		5.4		8.5		2.4				135.1150375		138.9		137.0		139		-0.2		-0.17%		1.12		-1.12		-0.26%		0.27%

		2019		32.67		183.4		179.74298925		181.571494625		3.65701075		5.4		8.5		2.4				179.74298925		183.4		181.6		184		0.3		0.15%		1.12		-1.12		-0.26%		0.27%

		2548		32.62		230.6		226.490446		228.545223		4.109554		5.4		8.5		2.4				226.490446		230.6		228.5		231		0.2		0.09%		1.12		-1.12		-0.26%		0.27%

		3053		32.57		275.6		270.96367225		273.281836125		4.63632775		5.4		8.5		2.4				270.96367225		275.6		273.3		276		0.1		0.02%		1.12		-1.12		-0.26%		0.27%

		3548		32.74		321.7		316.540142		319.120071		5.159858		5.4		8.5		2.4				316.540142		321.7		319.1		322		-0.1		-0.03%		1.12		-1.12		-0.26%		0.27%

		4053		32.68		366		360.931809		363.4659045		5.068191		5.4		8.5		2.4				360.931809		366		363.5		366		0.4		0.10%		1.12		-1.12		-0.26%		0.27%

		4552		32.62		410.3		404.625004		407.462502		5.674996		5.4		8.5		2.4				404.625004		410.3		407.5		410		0.1		0.04%		1.12		-1.12		-0.26%		0.27%

		5057		32.56		456.3		448.687382		452.493691		7.612618		5.4		8.5		2.4				448.687382		456.3		452.5		455		-1.4		-0.31%		1.12		-1.12		-0.26%		0.27%

		5547		32.45		497.4		490.50040875		493.950204375		6.89959125		5.4		8.5		2.4				490.50040875		497.4		494.0		497		-0.4		-0.07%		1.12		-1.12		-0.26%		0.27%

		6052		32.35		539.5		533.506495		536.5032475		5.993505		5.4		8.5		2.4				533.506495		539.5		536.5		540		0.9		0.17%		1.12		-1.12		-0.26%		0.27%

		6537		32.7		590.3		582.4957275		586.39786375		7.8042725		5.4		8.5		2.4				582.4957275		590.3		586.4		590		-0.5		-0.08%		1.12		-1.12		-0.26%		0.27%

		7042		32.59		632.5		625.3841755		628.94208775		7.1158245		5.4		8.5		2.4				625.3841755		632.5		628.9		633		0.6		0.09%		1.12		-1.12		-0.26%		0.27%

										Bias		5.4										1.008						Bias		-0.0		0.00%

										SD		1.57										2.4						SD		0.57		0.14%

										95%		3.07																95%		1.12		0.27%
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Chichester 20sg trials
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				New roller on Monark				23c		761 mmhg

		Trial 1				used unloaded zero of 643														Trial 2				used unloaded zero of 643

		Mass (g)		Speed		MON		SRM 1		Regress		Diff		%Diff				Mass		Speed		MON		SRM 2		Mean		Regress		Diff		%Diff

		1006		32.63		89.4502505		89.3		88.2		-1.1		-1.27%				1006		32.79		89.8888665		93.8		91.8		92.3		-1.5		-1.62%

		1514		32.67		134.7849855		135.5		134.2		-1.3		-0.94%				1514		32.72		134.991268		138.1		136.5		137.9		-0.2		-0.15%

		2019		32.46		178.5876165		178.8		178.7		-0.1		-0.03%				2019		32.68		179.798007		183.1		181.4		183.2		0.1		0.05%

		2548		32.56		226.073848		226.8		227.0		0.2		0.08%				2548		32.66		226.768178		230.6		228.7		230.7		0.1		0.03%

		3053		32.59		271.13006075		271.5		272.8		1.3		0.46%				3053		32.55		270.79728375		274.4		272.6		275.2		0.8		0.28%

		3548		32.51		314.316433		315.6		316.6		1.0		0.33%				3548		32.66		315.766678		319.3		317.5		320.6		1.3		0.42%

		4053		32.43		358.17070275		359.7		361.2		1.5		0.41%				4053		32.6		360.048255		364.3		362.2		365.4		1.1		0.30%

		4552		32.64		404.873088		408.9		408.6		-0.3		-0.07%				4552		32.5		403.1365		408.8		406.0		409.0		0.2		0.04%

		5057		32.59		449.10079175		452.5		453.6		1.1		0.23%				5057		32.66		450.0654145		456.4		453.2		456.4		0.0		0.00%

		5547		32.46		490.6515645		496.1		495.8		-0.3		-0.07%				5547		32.58		492.4654335		500.5		496.5		499.3		-1.2		-0.25%

		6052		32.59		537.464503		543.6		543.3		-0.3		-0.05%				6052		32.49		535.815333		543		539.4		543.1		0.1		0.02%

		6537		32.48		578.576796		586.1		585.1		-1.0		-0.17%				6537		32.41		577.32986325		585.8		581.6		585.1		-0.7		-0.13%

		7042		32.35		620.7787075		628.7		628.0		-0.7		-0.11%				7042		32.62		625.959859		634.2		630.1		634.2		0.0		0.00%

						1.016				Bias		-0.0		-0.09%								1.011						Bias		0.0		-0.08%

						-2.7				SD		0.94		0.50%								1.4						SD		0.82		0.50%

										95%		1.84		0.98%														95%		1.60		0.98%
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		544.99455		89.971107		89.4502505

		464.650432		135.1150375		134.7849855

		382.98656925		179.74298925		178.5876165

		300.62377125		226.490446		226.073848

		218.2181635		270.96367225		271.13006075

		132.51348		316.540142		314.316433

		43.45511175		360.931809		358.17070275

		132.51348		404.625004		404.873088

		218.356539		448.687382		449.10079175

		300.81555675		490.50040875		490.6515645

		383.23230975		533.506495		537.464503
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		544.99455		625.3841755		620.7787075
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Sheet1

		

		ME		4sg				ME		20sg1				ME		20sg2

		544.99455		545.6				89.971107		93.1				89.4502505		89.3

		464.650432		467.7				135.1150375		138.9				134.7849855		135.5

		382.98656925		387.5				179.74298925		183.4				178.5876165		178.8

		300.62377125		306				226.490446		230.6				226.073848		226.8

		218.2181635		223.1				270.96367225		275.6				271.13006075		271.5

		132.51348		137.4				316.540142		321.7				314.316433		315.6

		43.45511175		46.6				360.931809		366				358.17070275		359.7

		132.51348		136				404.625004		410.3				404.873088		408.9

		218.356539		222.1				448.687382		456.3				449.10079175		452.5

		300.81555675		304.1				490.50040875		497.4				490.6515645		496.1

		383.23230975		386.4				533.506495		539.5				537.464503		543.6

		464.800416		467.9				582.4957275		590.3				578.576796		586.1

		544.99455		548				625.3841755		632.5				620.7787075		628.7
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4sg

										Eastbourne 4 sg cranks				static zero

		Mass		Speed		Calc		ME		PMC4		Regress		Diff		%Diff				ME		PMC4b		Regress		Diff		%Diff

		6.504		30.75		545.0		544.99455		545.6		547.6994805884		2.1		0.38%				89.89		93.80		92.3010497513		-1.5		-1.62%

		5.504		30.98		464.7		464.650432		467.7		467.656872607		-0.0		-0.01%				134.99		138.10		137.8953652475		-0.2		-0.15%

		4.509		31.17		383.0		382.98656925		387.5		386.2994725253		-1.2		-0.31%				179.80		183.10		183.1907935702		0.1		0.05%

		3.519		31.35		300.6		300.62377125		306		304.2457601109		-1.8		-0.58%				226.77		230.60		230.6732495871		0.1		0.03%

		2.539		31.54		218.2		218.2181635		223.1		222.1493986001		-1.0		-0.43%				270.80		274.40		275.1825633225		0.8		0.28%

		1.535		31.68		132.5		132.51348		137.4		136.7663418895		-0.6		-0.46%				315.77		319.30		320.6424209114		1.3		0.42%

		0.501		31.83		43.5		43.45511175		46.6		48.0421859121		1.4		3.00%				360.05		364.30		365.4069595005		1.1		0.30%

		1.535		31.68		132.5		132.51348		136		136.7663418895		0.8		0.56%				403.14		408.80		408.9651508909		0.2		0.04%

		2.539		31.56		218.4		218.356539		222.1		222.2872548138		0.2		0.08%				450.07		456.40		456.4059004396		0.0		0.00%

		3.519		31.37		300.8		300.81555675		304.1		304.4368258911		0.3		0.11%				492.47		500.50		499.2683596222		-1.2		-0.25%

		4.509		31.19		383.2		383.23230975		386.4		386.5442908268		0.1		0.04%				535.82		543.00		543.0910592745		0.1		0.02%

		5.504		30.99		464.8		464.800416		467.9		467.8062937571		-0.1		-0.02%				577.33		585.80		585.0583720327		-0.7		-0.13%

		6.504		30.75		545.0		544.99455		548		547.6994805884		-0.3		-0.05%				625.96		634.20		634.2187558496		0.0		0.00%

								0.996				Bias		0.0		0.18%				1.011				Bias		0.0		-0.08%

								4.8				SD		1.05		0.91%				1.4				SD		0.82		0.50%

												95%		2.05		1.78%								95%		1.60		0.98%

		Mass		Speed		ME		PMC		Regress		Diff		%Diff				Mass		Speed		ME		PMC		Regress		Diff		%Diff

		6.607		38.67		696.2		699.9		701.7381627871		1.8		0.26%				0.501		21.81		29.8		31.7		31.6		-0.1		-0.22%

		5.599		38.9		593.5		595.8		597.1834774701		1.4		0.23%				1.023		21.78		60.7		61.8		62.5		0.7		1.11%

		4.599		39.16		490.8		493.1		492.5936461734		-0.5		-0.10%				1.522		21.74		90.2		90		91.9		1.9		2.03%

		3.595		39.3		385.0		388		384.9272794905		-3.1		-0.80%				2.044		21.69		120.8		120.1		122.4		2.3		1.91%

		2.582		39.47		277.7		278.3		275.7113273879		-2.6		-0.94%				2.53		21.69		149.5		151.3		151.1		-0.2		-0.14%

		1.561		39.63		168.6		169.4		164.61699326		-4.8		-2.91%				3.052		21.62		179.8		179.9		181.3		1.4		0.76%

		1.023		39.72		110.7		98		105.729113431		7.7		7.31%				3.52		21.56		206.8		211.9		208.2		-3.7		-1.77%

																		4.042		21.51		236.9		238.8		238.3		-0.5		-0.23%

						1.018				Bias		0.0		0.44%				4.526		21.42		264.2		268.2		265.4		-2.8		-1.04%

						-7.0				SD		4.17		3.22%				5.048		21.39		294.2		294.3		295.4		1.1		0.38%

										95%		8.17		6.31%				4.4121915041		21.47		258.1		262.1		259.4		-2.7		-1.03%

																		4.9341915041		21.43		288.1		291.5		289.3		-2.2		-0.74%

																		5.4331915041		21.38		316.5		315.5		317.7		2.2		0.69%

																		5.9551915041		21.31		345.8		346.7		346.9		0.2		0.05%

																		6.4391915041		21.25		372.9		374.8		373.9		-0.9		-0.25%

																		6.9611915041		21.14		401.0		402		401.9		-0.1		-0.02%

																		7.4451915041		21.08		427.7		427		428.5		1.5		0.36%

																		7.9671915041		21.03		456.6		455.1		457.4		2.3		0.49%

																		8.4531915041		20.87		480.7		481.6		481.5		-0.1		-0.03%

																						0.997				Bias		0.0		0.12%

																						1.9				SD		1.81		0.95%

																										95%		3.55		1.87%
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Eastbourn 20sg

				New roller on Monark				23c		761 mmhg

		Trial 1				used unloaded zero of 423

		Mass (g)		Speed		SRM 1		MON		mean		diff		Bias		95%		-95%				MON		SRM 1		Mean		Regress		Diff		%Diff		Abs 95%		Abs 95%		95%		95%

		1006		32.82		93.1		89.971107		91.5355535		3.128893		5.4		8.5		2.4				89.971107		93.1		91.5		93		0.0		0.04%		1.12		-1.12		-0.26%		0.27%

		1514		32.75		138.9		135.1150375		137.00751875		3.7849625		5.4		8.5		2.4				135.1150375		138.9		137.0		139		-0.2		-0.17%		1.12		-1.12		-0.26%		0.27%

		2019		32.67		183.4		179.74298925		181.571494625		3.65701075		5.4		8.5		2.4				179.74298925		183.4		181.6		184		0.3		0.15%		1.12		-1.12		-0.26%		0.27%

		2548		32.62		230.6		226.490446		228.545223		4.109554		5.4		8.5		2.4				226.490446		230.6		228.5		231		0.2		0.09%		1.12		-1.12		-0.26%		0.27%

		3053		32.57		275.6		270.96367225		273.281836125		4.63632775		5.4		8.5		2.4				270.96367225		275.6		273.3		276		0.1		0.02%		1.12		-1.12		-0.26%		0.27%

		3548		32.74		321.7		316.540142		319.120071		5.159858		5.4		8.5		2.4				316.540142		321.7		319.1		322		-0.1		-0.03%		1.12		-1.12		-0.26%		0.27%

		4053		32.68		366		360.931809		363.4659045		5.068191		5.4		8.5		2.4				360.931809		366		363.5		366		0.4		0.10%		1.12		-1.12		-0.26%		0.27%

		4552		32.62		410.3		404.625004		407.462502		5.674996		5.4		8.5		2.4				404.625004		410.3		407.5		410		0.1		0.04%		1.12		-1.12		-0.26%		0.27%

		5057		32.56		456.3		448.687382		452.493691		7.612618		5.4		8.5		2.4				448.687382		456.3		452.5		455		-1.4		-0.31%		1.12		-1.12		-0.26%		0.27%

		5547		32.45		497.4		490.50040875		493.950204375		6.89959125		5.4		8.5		2.4				490.50040875		497.4		494.0		497		-0.4		-0.07%		1.12		-1.12		-0.26%		0.27%

		6052		32.35		539.5		533.506495		536.5032475		5.993505		5.4		8.5		2.4				533.506495		539.5		536.5		540		0.9		0.17%		1.12		-1.12		-0.26%		0.27%

		6537		32.7		590.3		582.4957275		586.39786375		7.8042725		5.4		8.5		2.4				582.4957275		590.3		586.4		590		-0.5		-0.08%		1.12		-1.12		-0.26%		0.27%

		7042		32.59		632.5		625.3841755		628.94208775		7.1158245		5.4		8.5		2.4				625.3841755		632.5		628.9		633		0.6		0.09%		1.12		-1.12		-0.26%		0.27%

										Bias		5.4										1.008						Bias		-0.0		0.00%

										SD		1.57										2.4						SD		0.57		0.14%

										95%		3.07																95%		1.12		0.27%
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Chichester 20sg trials
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				New roller on Monark				23c		761 mmhg

		Trial 1				used unloaded zero of 643														Trial 2				used unloaded zero of 643

		Mass (g)		Speed		MON		SRM 1		Regress		Diff		%Diff				Mass		Speed		MON		SRM 2		Mean		Regress		Diff		%Diff

		1006		32.63		89.4502505		89.3		88.2		-1.1		-1.27%				1006		32.79		89.8888665		93.8		91.8		92.3		-1.5		-1.62%

		1514		32.67		134.7849855		135.5		134.2		-1.3		-0.94%				1514		32.72		134.991268		138.1		136.5		137.9		-0.2		-0.15%

		2019		32.46		178.5876165		178.8		178.7		-0.1		-0.03%				2019		32.68		179.798007		183.1		181.4		183.2		0.1		0.05%

		2548		32.56		226.073848		226.8		227.0		0.2		0.08%				2548		32.66		226.768178		230.6		228.7		230.7		0.1		0.03%

		3053		32.59		271.13006075		271.5		272.8		1.3		0.46%				3053		32.55		270.79728375		274.4		272.6		275.2		0.8		0.28%

		3548		32.51		314.316433		315.6		316.6		1.0		0.33%				3548		32.66		315.766678		319.3		317.5		320.6		1.3		0.42%

		4053		32.43		358.17070275		359.7		361.2		1.5		0.41%				4053		32.6		360.048255		364.3		362.2		365.4		1.1		0.30%

		4552		32.64		404.873088		408.9		408.6		-0.3		-0.07%				4552		32.5		403.1365		408.8		406.0		409.0		0.2		0.04%

		5057		32.59		449.10079175		452.5		453.6		1.1		0.23%				5057		32.66		450.0654145		456.4		453.2		456.4		0.0		0.00%

		5547		32.46		490.6515645		496.1		495.8		-0.3		-0.07%				5547		32.58		492.4654335		500.5		496.5		499.3		-1.2		-0.25%

		6052		32.59		537.464503		543.6		543.3		-0.3		-0.05%				6052		32.49		535.815333		543		539.4		543.1		0.1		0.02%

		6537		32.48		578.576796		586.1		585.1		-1.0		-0.17%				6537		32.41		577.32986325		585.8		581.6		585.1		-0.7		-0.13%

		7042		32.35		620.7787075		628.7		628.0		-0.7		-0.11%				7042		32.62		625.959859		634.2		630.1		634.2		0.0		0.00%

						1.016				Bias		-0.0		-0.09%								1.011						Bias		0.0		-0.08%

						-2.7				SD		0.94		0.50%								1.4						SD		0.82		0.50%

										95%		1.84		0.98%														95%		1.60		0.98%
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Sheet1

		

		ME		4sg				ME		20sg1				ME		20sg2

		544.99455		545.6				89.971107		93.1				89.4502505		89.3

		464.650432		467.7				135.1150375		138.9				134.7849855		135.5

		382.98656925		387.5				179.74298925		183.4				178.5876165		178.8

		300.62377125		306				226.490446		230.6				226.073848		226.8

		218.2181635		223.1				270.96367225		275.6				271.13006075		271.5

		132.51348		137.4				316.540142		321.7				314.316433		315.6

		43.45511175		46.6				360.931809		366				358.17070275		359.7

		132.51348		136				404.625004		410.3				404.873088		408.9

		218.356539		222.1				448.687382		456.3				449.10079175		452.5

		300.81555675		304.1				490.50040875		497.4				490.6515645		496.1

		383.23230975		386.4				533.506495		539.5				537.464503		543.6

		464.800416		467.9				582.4957275		590.3				578.576796		586.1

		544.99455		548				625.3841755		632.5				620.7787075		628.7
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4sg

										Eastbourne 4 sg cranks				static zero

		Mass		Speed		Calc		ME		PMC4		Regress		Diff		%Diff				ME		PMC4b		Regress		Diff		%Diff

		6.504		30.75		545.0		544.99455		545.6		547.6994805884		2.1		0.38%				89.89		93.80		92.3010497513		-1.5		-1.62%

		5.504		30.98		464.7		464.650432		467.7		467.656872607		-0.0		-0.01%				134.99		138.10		137.8953652475		-0.2		-0.15%

		4.509		31.17		383.0		382.98656925		387.5		386.2994725253		-1.2		-0.31%				179.80		183.10		183.1907935702		0.1		0.05%

		3.519		31.35		300.6		300.62377125		306		304.2457601109		-1.8		-0.58%				226.77		230.60		230.6732495871		0.1		0.03%

		2.539		31.54		218.2		218.2181635		223.1		222.1493986001		-1.0		-0.43%				270.80		274.40		275.1825633225		0.8		0.28%

		1.535		31.68		132.5		132.51348		137.4		136.7663418895		-0.6		-0.46%				315.77		319.30		320.6424209114		1.3		0.42%

		0.501		31.83		43.5		43.45511175		46.6		48.0421859121		1.4		3.00%				360.05		364.30		365.4069595005		1.1		0.30%

		1.535		31.68		132.5		132.51348		136		136.7663418895		0.8		0.56%				403.14		408.80		408.9651508909		0.2		0.04%

		2.539		31.56		218.4		218.356539		222.1		222.2872548138		0.2		0.08%				450.07		456.40		456.4059004396		0.0		0.00%

		3.519		31.37		300.8		300.81555675		304.1		304.4368258911		0.3		0.11%				492.47		500.50		499.2683596222		-1.2		-0.25%

		4.509		31.19		383.2		383.23230975		386.4		386.5442908268		0.1		0.04%				535.82		543.00		543.0910592745		0.1		0.02%

		5.504		30.99		464.8		464.800416		467.9		467.8062937571		-0.1		-0.02%				577.33		585.80		585.0583720327		-0.7		-0.13%

		6.504		30.75		545.0		544.99455		548		547.6994805884		-0.3		-0.05%				625.96		634.20		634.2187558496		0.0		0.00%

								0.996				Bias		0.0		0.18%				1.011				Bias		0.0		-0.08%

								4.8				SD		1.05		0.91%				1.4				SD		0.82		0.50%

												95%		2.05		1.78%								95%		1.60		0.98%

		Mass		Speed		ME		PMC		Regress		Diff		%Diff				Mass		Speed		ME		PMC		Regress		Diff		%Diff

		6.607		38.67		696.2		699.9		701.7381627871		1.8		0.26%				0.501		21.81		29.8		31.7		31.6		-0.1		-0.22%

		5.599		38.9		593.5		595.8		597.1834774701		1.4		0.23%				1.023		21.78		60.7		61.8		62.5		0.7		1.11%

		4.599		39.16		490.8		493.1		492.5936461734		-0.5		-0.10%				1.522		21.74		90.2		90		91.9		1.9		2.03%

		3.595		39.3		385.0		388		384.9272794905		-3.1		-0.80%				2.044		21.69		120.8		120.1		122.4		2.3		1.91%

		2.582		39.47		277.7		278.3		275.7113273879		-2.6		-0.94%				2.53		21.69		149.5		151.3		151.1		-0.2		-0.14%

		1.561		39.63		168.6		169.4		164.61699326		-4.8		-2.91%				3.052		21.62		179.8		179.9		181.3		1.4		0.76%

		1.023		39.72		110.7		98		105.729113431		7.7		7.31%				3.52		21.56		206.8		211.9		208.2		-3.7		-1.77%

																		4.042		21.51		236.9		238.8		238.3		-0.5		-0.23%

						1.018				Bias		0.0		0.44%				4.526		21.42		264.2		268.2		265.4		-2.8		-1.04%

						-7.0				SD		4.17		3.22%				5.048		21.39		294.2		294.3		295.4		1.1		0.38%

										95%		8.17		6.31%				4.4121915041		21.47		258.1		262.1		259.4		-2.7		-1.03%

																		4.9341915041		21.43		288.1		291.5		289.3		-2.2		-0.74%

																		5.4331915041		21.38		316.5		315.5		317.7		2.2		0.69%

																		5.9551915041		21.31		345.8		346.7		346.9		0.2		0.05%

																		6.4391915041		21.25		372.9		374.8		373.9		-0.9		-0.25%

																		6.9611915041		21.14		401.0		402		401.9		-0.1		-0.02%

																		7.4451915041		21.08		427.7		427		428.5		1.5		0.36%

																		7.9671915041		21.03		456.6		455.1		457.4		2.3		0.49%

																		8.4531915041		20.87		480.7		481.6		481.5		-0.1		-0.03%

																						0.997				Bias		0.0		0.12%

																						1.9				SD		1.81		0.95%

																										95%		3.55		1.87%
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Eastbourn 20sg

				New roller on Monark				23c		761 mmhg

		Trial 1				used unloaded zero of 423

		Mass (g)		Speed		SRM 1		MON		mean		diff		Bias		95%		-95%				MON		SRM 1		Mean		Regress		Diff		%Diff		Abs 95%		Abs 95%		95%		95%

		1006		32.82		93.1		89.971107		91.5355535		3.128893		5.4		8.5		2.4				89.971107		93.1		91.5		93		0.0		0.04%		1.12		-1.12		-0.26%		0.27%

		1514		32.75		138.9		135.1150375		137.00751875		3.7849625		5.4		8.5		2.4				135.1150375		138.9		137.0		139		-0.2		-0.17%		1.12		-1.12		-0.26%		0.27%

		2019		32.67		183.4		179.74298925		181.571494625		3.65701075		5.4		8.5		2.4				179.74298925		183.4		181.6		184		0.3		0.15%		1.12		-1.12		-0.26%		0.27%

		2548		32.62		230.6		226.490446		228.545223		4.109554		5.4		8.5		2.4				226.490446		230.6		228.5		231		0.2		0.09%		1.12		-1.12		-0.26%		0.27%

		3053		32.57		275.6		270.96367225		273.281836125		4.63632775		5.4		8.5		2.4				270.96367225		275.6		273.3		276		0.1		0.02%		1.12		-1.12		-0.26%		0.27%

		3548		32.74		321.7		316.540142		319.120071		5.159858		5.4		8.5		2.4				316.540142		321.7		319.1		322		-0.1		-0.03%		1.12		-1.12		-0.26%		0.27%

		4053		32.68		366		360.931809		363.4659045		5.068191		5.4		8.5		2.4				360.931809		366		363.5		366		0.4		0.10%		1.12		-1.12		-0.26%		0.27%

		4552		32.62		410.3		404.625004		407.462502		5.674996		5.4		8.5		2.4				404.625004		410.3		407.5		410		0.1		0.04%		1.12		-1.12		-0.26%		0.27%

		5057		32.56		456.3		448.687382		452.493691		7.612618		5.4		8.5		2.4				448.687382		456.3		452.5		455		-1.4		-0.31%		1.12		-1.12		-0.26%		0.27%

		5547		32.45		497.4		490.50040875		493.950204375		6.89959125		5.4		8.5		2.4				490.50040875		497.4		494.0		497		-0.4		-0.07%		1.12		-1.12		-0.26%		0.27%

		6052		32.35		539.5		533.506495		536.5032475		5.993505		5.4		8.5		2.4				533.506495		539.5		536.5		540		0.9		0.17%		1.12		-1.12		-0.26%		0.27%

		6537		32.7		590.3		582.4957275		586.39786375		7.8042725		5.4		8.5		2.4				582.4957275		590.3		586.4		590		-0.5		-0.08%		1.12		-1.12		-0.26%		0.27%

		7042		32.59		632.5		625.3841755		628.94208775		7.1158245		5.4		8.5		2.4				625.3841755		632.5		628.9		633		0.6		0.09%		1.12		-1.12		-0.26%		0.27%

										Bias		5.4										1.008						Bias		-0.0		0.00%

										SD		1.57										2.4						SD		0.57		0.14%

										95%		3.07																95%		1.12		0.27%
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Chichester 20sg trials
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				New roller on Monark				23c		761 mmhg

		Trial 1				used unloaded zero of 643														Trial 2				used unloaded zero of 643

		Mass (g)		Speed		MON		SRM 1		Regress		Diff		%Diff				Mass		Speed		MON		SRM 2		Mean		Regress		Diff		%Diff

		1006		32.63		89.4502505		89.3		88.2		-1.1		-1.27%				1006		32.79		89.8888665		93.8		91.8		92.3		-1.5		-1.62%

		1514		32.67		134.7849855		135.5		134.2		-1.3		-0.94%				1514		32.72		134.991268		138.1		136.5		137.9		-0.2		-0.15%

		2019		32.46		178.5876165		178.8		178.7		-0.1		-0.03%				2019		32.68		179.798007		183.1		181.4		183.2		0.1		0.05%

		2548		32.56		226.073848		226.8		227.0		0.2		0.08%				2548		32.66		226.768178		230.6		228.7		230.7		0.1		0.03%

		3053		32.59		271.13006075		271.5		272.8		1.3		0.46%				3053		32.55		270.79728375		274.4		272.6		275.2		0.8		0.28%

		3548		32.51		314.316433		315.6		316.6		1.0		0.33%				3548		32.66		315.766678		319.3		317.5		320.6		1.3		0.42%

		4053		32.43		358.17070275		359.7		361.2		1.5		0.41%				4053		32.6		360.048255		364.3		362.2		365.4		1.1		0.30%

		4552		32.64		404.873088		408.9		408.6		-0.3		-0.07%				4552		32.5		403.1365		408.8		406.0		409.0		0.2		0.04%

		5057		32.59		449.10079175		452.5		453.6		1.1		0.23%				5057		32.66		450.0654145		456.4		453.2		456.4		0.0		0.00%

		5547		32.46		490.6515645		496.1		495.8		-0.3		-0.07%				5547		32.58		492.4654335		500.5		496.5		499.3		-1.2		-0.25%

		6052		32.59		537.464503		543.6		543.3		-0.3		-0.05%				6052		32.49		535.815333		543		539.4		543.1		0.1		0.02%

		6537		32.48		578.576796		586.1		585.1		-1.0		-0.17%				6537		32.41		577.32986325		585.8		581.6		585.1		-0.7		-0.13%

		7042		32.35		620.7787075		628.7		628.0		-0.7		-0.11%				7042		32.62		625.959859		634.2		630.1		634.2		0.0		0.00%

						1.016				Bias		-0.0		-0.09%								1.011						Bias		0.0		-0.08%

						-2.7				SD		0.94		0.50%								1.4						SD		0.82		0.50%

										95%		1.84		0.98%														95%		1.60		0.98%
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