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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

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




Study Goals
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Study Goals

Impact Analysis of Changing RPM Engine Settings

1. Diesel consumption and CO2 emissions

2. Machine productivity

3. Product Quality
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Materials and methods

3 DDC Units Eucalyptus urograndis

= 426, 428 and 457 = 410 6 years of age
= 2100 RPM x 1820 RPM = 0,1to 0,2 m3tree size
= 30 working day per setting
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Materials and methods

Tree size was used as a Covariate

% Operator selection treated as a Random Factor

31 dalily 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

- I\/Iann-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 a < 0,05
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Results MRS
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Operators Distribution

Results

Treatment RPM 1820 RPM 2100

Driver hours % hours %

| DDC Unit # 426: total n® drivers = 10 |
B g2 E?:d 45 13-_[}
C a1 171 a6 248
D 83 278 a0 231

T 313 = 8to 10 operators

Total 299 347

DDC Unit # 428: total n° drivers = 8 = 4-5 operators operated the largest number of hours
E 88 241 az2 275
s T e » Datasets well balanced for operator effect
H 88 24 1 75 25 2

Others T 19 12 40

Others 20 54 112 359
Total 370 312
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Results

Treatment Mean SD min  max

Productivity (mub® ") RPM 1820 94® 25 42 196
RPM 2100 88 26 35 169

Fuel consumption (1hT) RPM 1820 1112°® 228 347 1694
RPM 2100 1361° 310 729 2488

Fuel consumption (Imub® RPM 1820 126° 042 039 294
RPM 2100 1.61° 037 080 273

CO; emissions (kgmub®) RPM 1820 3.38° 112 106 789
RPM 2100 427° 101 216 7.34

Motes: m- ub = cubic meters solid volume under bark; S0 = Standard deviation; Different
superscript letters along the same column within the same group indicate statistically
zignificant differences between treatments for a = 0.05.

= Productivity: not significant, 6% higher

= Fuel consumption: significant
18% lower (I h't)
22% lower (I m ub-3)

= CO,: significant, 21% lower (Kg m ub)
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Results

Effect DF__ SS n® _ F-value P-Value

Dally shits ~ RPM 1 83000 47 9193 00028

(work h) DDC Unit # 2 29089 17 1611 02025
Residual 182 1643.199

Productivity ~ RPM 1 1551841 12 2282 0.1326

(mub® n) DDC Unit # 2 339405 03 0250 07794
Tree size 1 190486 02 0280 05973
Residual 181 _123092.380

Fuel use RPM 1 287315360_17.4 (38704 )<0.0001

(In DDC Unit # 2 1319388 08 0889 04130
Residual 182 135107.324 |

Fuel use RPM 1 5794 167 {36570 )<0.0001

(Imub®) DDC Unit # 2 0136 04 0430 06511
Tree size 1 0028 01 0174 06771
Residual 181 28676 i

CO;z emissions _RPM 1 41739167

(kgmub?®)  DDC Unit# 2 0982 04 0430 06511
Tree size 1 0198 01 0174 06771
Residual 181 206.581

Notes: RPM = engine setiing treatment; m° ub = cubic meters solid velume under bark; work h =
effective work hours, excluding delays; OF = Degrees of freedom; 35 = Sum of sgquares; I'|2 = Eta
squared size effect factor (55 for effect over total 35 in percent).

ANOVA and ANCOVA analysis for

productivity, fuel use and emissions

O RPM, the only factor with
significant impact on fuel
consumption

Effect size factor (n?),
shows strong effect on
fuel consumption
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Product Quality — Bark content

Results

Bark C

.5 rtonen Yoo = Bark content was 4.4% and 3.9% for
s the 2100 RPM and the 1820 RPM
43 2 200 treatments, respectively.

4,2

41 0 = Difference was statistically
4,0 9 o0 significant (p = 0.0037)

3,9

38 50 = Data variance affected by treatment
> only, not by DDC unit # or by the
e ° interaction of DDC unit # with

Total Reduced Standard
treatment
B Mean =—Count
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Product Quality — Particle size distribution

Results

Effect DF SS P F-Value P-Value a0 - .
LOG Overong _ RPM 1 4952 023 56059 <0.0001 W Unit426/2100 RPM
(>45mm) %  DDC Unit# 2 0074 000 0421 06573 = Unit 426/1820 RPM

Interaction 2 0463 002 2621 00755 337 _

Residual 181 15989 074 W Unit428/2100 RPM
Overthick RPM 1 742769 007 13952 0.0003 30 m Unit 428/1820 RPM
(>7mm thick) % DDC Unit # 2 59292 001 0557 0.5740 £ .

Interaction 2 254544 002 2391 00944 ERT W Unit457/2100 RPM

Residual 181 9689.130  0.90 3 W Unit457/1820 RPM
4522mm %  RPM 1 3092118 028 78354 <0.0001 -

DDC Unit # 2 218059 002 @) 0.0658 E

Interaction 2 440441 004 5580 00044 =

Residual 181 7182334 066 -
2216mm %  RPM 1 643860 024 60952 <0.0001 =

DDC Unit # 2 98.106  0.04 0.0108 10 -

Interaction 2 25489 0.01 206 0.3016

Residual 181 1922549  0.71 5 | ‘u
167mm %  RPM 1 4494493 040 126848 <0.0001

DDC Unit # 2 28171 000 0398 0.6726

Interaction 2 132091 001 1864 0.1580 0

Residual 181 6448640 058
LOG Fines RPM 1 2823 029 77298 <0.0001
(<7Tmm) %  DDC Unit# 2 0065 001 0895 04103

Interaction 2 0118 001 1611 02025

Residual 181 6647 069
mac: DF = Degracs of feesoms S5 = Sum of squares; 1= Eia souared sic effct fackor (86 for = Treatment differences were statistically significant

effect over total 55 in percent).

= 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% (I m ub=) 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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