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Chipping Operation

 In-field chipping

 Experience of 12 years

 Highest consumption harvesting machine

 3 Chippers DDC 5000H Peterson Pacific

 Production of 1,2 M m³/year
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Chipping Operation
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Study Goals

Standard Engine Rotation

New Setting
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Study Goals

1. Diesel consumption and CO2 emissions

2. Machine productivity

3. Product Quality

Impact Analysis of Changing RPM Engine Settings
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Materials and methods
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 426, 428 and 457

 2100 RPM x 1820 RPM

 30 working day per setting

3 DDC Units Eucalyptus urograndis

 4 to 6 years of age

 0,1 to 0,2 m³ tree size
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Materials and methods

Tree size was used as a Covariate

Operator selection treated as a Random Factor

31 daily records x 3 chippers x 2 treatments = 186 working days

Note: 2100 RPM – extracted randomly (2016 dataset)

1820 RPM – consecutive days (2017)
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Materials and methods

Chip Quality 

 Bark Content and 

 Particle Size Distribution

 10 Liters per each Sample

 1 Sample collected for each day and machine - randomly selected

 192 samples for Bark Content

 188 samples for Particle Size Distribution

 Standards SCAN CM42 and SCAN CM40
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Materials and methods

 Minitab 16 and Statview - to check statistical differences between treatments

 Ryan-Noyer’s test - for normality test

 Bartlett’s test - for homoscedasticity

 ANOVA for Effective time, productivity, fuel consumption, bark content and chip size distribution. Overlong and

fine chip particles, normalized through LOG transformation

 Mann-Whitney and Kruskal-Wallis tests - for differences between groups

 Scheffe’s post-hoc – differences between groups, more than two treatments (e.g. DDC units)

 Significance level for all testes, was α < 0,05

Statistics



12 FORMEC 2017 | REDUCING FUEL CONSUMPTION AND IMPROVING CHIP QUALITY BY ADJUSTING CHIPPER SETTINGS

Results
Main Characteristics
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Results
Operators Distribution

 8 to 10 operators

 4-5 operators operated the largest number of hours

 Datasets well balanced for operator effect
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Results
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Productivity, fuel consumption and CO2 emission

 Productivity: not significant, 6% higher

 Fuel consumption: significant

18% lower (l h-1)

22% lower (l m ub-3)

 CO2: significant, 21% lower (Kg m ub-3) 
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Results
ANOVA and ANCOVA analysis for 

productivity, fuel use and emissions

RPM, the only factor with

significant impact on fuel

consumption

Effect size factor (η2),

shows strong effect on

fuel consumption
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Results
Product Quality – Bark content

 Bark content was 4.4% and 3.9% for

the 2100 RPM and the 1820 RPM

treatments, respectively.

 Difference was statistically

significant (p = 0.0037)

 Data variance affected by treatment

only, not by DDC unit # or by the

interaction of DDC unit # with

treatment
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Results
Product Quality – Particle size distribution

 Treatment differences were statistically significant

 Lower rotational regime (1820 RPM) produced bigger particles

 Small difference between DDC# units (45-22mm & 22-16mm classes)
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Conclusions

 Study confirms the dominant effect of engine setting on fuel use

 New engine rotational regime allows cutting fuel consumption and

emission levels in DDC operations, 22% (l m ub-3) and 21%, respectively

 The new engine setting has no negative effect on machine productivity

or product quality

 The results caused multiple economic and environmental benefits

 This measure should be considered for all other machines, in order to

maximize benefits along the whole supply chain
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Any Questions?
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