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‘Abstract : The hardware scatters as well as the engine parameters calibration have strong in-fluences on exhaust
emissions in recent diesel engines. In this research DoE(Design of Experiments) optimizations were done to study the

po

ssibility of minimizing the emission deviations caused by flow rate scatters of the injectors. It has been shown that the

optimization of engine calibration, which minimizes the emission deviations, is feasible by establishing a target
function representing the emission deviations for test results of maximum, mean and minimum flow rate injectors. It
has also been shown that optimization of both emission deviations and emission level is possible by sequential DoE
optimizations of the target functions representing the emission level and the emission deviations respectively with the
appropriate boundary limits.
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MVI : mean value flow rate injector(53%)
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Table 1 Variation of injector flow rate for DoE

Flow rate at emission-regulation
Subscript / region

abbreviation @ rail pressure 800 bar /
energizing time 520us

20mm>/str + 1.0 mm*/str

Injector
variation

Maximum MAX

Mean MVI 20mm?*/str (standard)

Minimum MIN 20mm>/str - 1.0 mm>/str
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Fig. 1 Operating points for DOE engine test
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Table 2 Variations of engine parameters for 3 OPs
Variation OP1 OP2 OP3
Air mass
~400 | 380~480 | 400~500
(mg/hub] 300
Variable swirl
~ ~ 20~
(%] 0~75 20~80 0~80
Main inj. timing
-6.0~1.5 -6.0~2.0 -4.5~3.5
[CA, BTDC] 60
Rail pressure 420000~ | 600000~ | 800000~
[hPa, abs.] 620000 900000 1000000
Boost pressure
~12 00~1350 | 1200~1400
[hPa, abs ] 1080~1200 [ 12
Number of tests
3 62 63
‘planned by DoE(n;) 6
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Table 3 Example : Calculation of variable EM

Test BNOx | BRPM BNOx BPM EM
order BNOx BPM (RMS)
1 0.55 0.24 0.85 1.17 1.45
2 0.74 0.17 1.15 0.83 1.42
BNOx
0.65 0.21
BPM

Emission
05 - e
= 04 4
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BNOx [g/kWh]
(a) Measured raw emission values
EM (Normalized emission)
2 7 T,
i ® °
0 Y
1 2
Test order

(b) Normalized and unified emission value EM
Fig. 2 Normalized variable EM
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138 simxisxiZsts=27 Mi6H M1S, 2008

ANEA B E TA HEA EMI oem HA] 5719
AX getu| e ol whe} 33 ks z Ry
= At

2.5 H|E7IA SHX|Q} SHHSe| nHE

A AT o) - v &7t S X 2 SAHT
th 333} ohabglS: el o] =3 =l o) Fig. 494 A
Z2 g4 EM 2 opvoll tidte] Qi sletu] o o
2 A Fo](intersection graph)S OP 394 2] o=
VeIt o) 2EiZE 57 W) oA 37
Woll A shepnle] <] 18 slof| ule} thoksl Al BislE s
At} Fig. 4 Aol 2] #AF0]E AFu] ¥A, opy
o] A5 = F7|Fl 93, EMe] F-F F&E 37
%, 7t 24, FEAF A7) Bl a8 HAEE 5
NS & Ut TH|FAE o] £7he] BA F0]
YA E BFEY v A% 2HE 8l oem T
EME sA)o HA3ed 5 9 998 22 5 A
t}. o] A%, T7]Fo]| 5 A3} o] HH, A
A FEA 83 e S 2E 5 St H B
% oemoll A= H A 37} 7hss BA) HA
gh2l ¢ QAN EM] A= B4 F71ste] AR
ARl &7t o] ol Aol of A5l K-
ou) gk H A ge}t & = ok o= EhwiEbAE
z1e) A8 YA wiErts g ARRE A
4 a7t &S g

3. 1% 25} : WiEIIAY] 245
(55 2HH)

31 HNSIE 98 SN w4 Y AA =2

2}7ke] 4% OP 1,2, 3004 FF A A 27

7] &M EMgk& H2:8kshe shetule] w)3

2 27) %13 AR 37} Sy Aok '

432 9% 24 ¥4 L AAzdLe G
2

BNOXY (BPMY
228} B a2 EM:\/(B J +[‘—_—"—)
Sk L NOx ) \BPM

AA Z7:
Smoke Number < 2.5 FSN
BNOx < 0.7 g¢/kWh



DoEE 0|88 e |

EM

2 Aol ofst uiEvIA ®Xlof st 22 AX uE JisHe| HE

Air mass

Variable swid
[mg/hub} [%]

Main timing
[CA, BTDC] [bPa) jhPa]

T 3 B0oMD0 900000  1EG 1200 1300 1400

Rail pressure Boost pressure

Fig. 4 Intersection : Parameter variations vs Target functions (example of OP 3)
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Table 4 Optimization results of minimizing emissions with the mean valued injectors
Speed | Torque | Airmass | °onaok Main Rail Boost BNOX BPM
op swirl timing press. press.
rpm Nm mg/hub % CA BTDC hPa hPa g/kWh g’kWh
1472 85 339.8 38.3 -5.0 554550 1168 0.551 0.270
2 1459 147 393.5 246 2.4 900000 1220 0.673 0.271
3 - 1669 147 400.0 20.0 -4.5 899980 1234 0.468 0.253
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Table 5 Model-based emissions of “deviation-minimized” optimization results for the MAX, MVI, MIN injectors

BNOX BNOX BNOX Sy
Airmass | Vriable | Main Rail Boost MVI MAX MIN by Model
OP swirl timing press. press. BPM BPM BPM Cen
MVI MAX MIN by Cale
mg/hub % CA hPa hPa g/kWh g/kWh g/kWh -
BTDC
0.680 0.634 0.715 0.607
1 343.4 46.1 -1.8 620000 1196 -
0.246 0.498 0.423 0.976
0.700 0.714 0.593 0.345
2 411.5 21.7 -6.0 863200 1240
0.287 0.214 0.205 0.357
- 0.700 0.714 0.926 0.465
3 429.9 34.3 -4.5 86701 1205
° | 0.292 0.309 0.392 0.474
Table 6 Model-based emissions of “emission-minimized” optimization results for the MAX, MVI, MIN injectors
BNOX BNOX BNOX Cem
Air mass Variable | Main Rail Boost MVI MAX MIN by Model
op swirl timing - press. press. BPM BPM BPM Con
MVI MAX MIN by Calc.
mg/hub % A hPa hPa g/kWh g/kWh g/kWh -
BTDC |
0.551 0.560 0.578 ~1.080
1 339.8 38.3 -5.0 554550 1168
0.270 0.608 0.456 1.277
0.673 0.744 0.639 0.712
2 3935 24.6 -2.4 900000 1220 -
0.271 0.481 0.262 0.645
0.468 0.486 0.731 1.340
3 400.0 20.0 -4.5 899980 1234
0.253 0.520 0.131 1.253
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Fig. 5 Comparison between 1st and 2nd optimization results
(model-based results)

Fig. 6 Comparison between 1st and 2nd optimization results
(test results)
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