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評価項目 
下塗り 

削減値 試験結果 現行仕様 
グレー色 

対策仕様 
N8 色 

外観(スケ/タレ/ワキ) 無し 無し － 
スケ･タレ･ワキ不良 

問題無し 
外観（色差） 
※基準:⊿E≤2.0 

⊿E:0.79 ⊿E:0.95 － 塗装色 
問題無し 

中塗りサイクルタイム 
［sec/ハンガー］ 

57.3 52.3 -5 -8.7% 

トータル膜厚 
［μm］ 100.4 87.8 -13 -13% 

中塗り塗料 使用量 
［㎤/ハンガー］ 

139.0 123.0 -16 -11.5% 

 
評価項目 評価結果 判定 

船外機塗料規格 
（テストピース試験：対象 34 項目） 

全項目、合格 ○ 

現行仕様との性能比較評価 
（テストピース試験：対象 13 項目） 

全項目、現行仕様と 
同一ポテンシャル 

○ 

航走評価   
（実機での運転評価） 

全項目、合格 ○ 

 
項目 目標 結果 判定 

品質 
スケ、タレ、ワキ不良率 

0.1％ 
（グレー色同等） 

0.1％ ○ 

生産性 
サイクルタイム 

10％ 短縮 
8.6％ 削減 △ 

納期 
2019 年 7 月前に導入 

（F425 ロワー形状変更～） 
2019 年 6 月導入 ○ 
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モデル名 F250H F300D 

出力 183.9 KW / 5,500 rpm 220.6 KW / 5,500 rpm 
エンジン形式 4 ストローク V6 DOHC with VCT 

排気量 3,352 cm3 4,169 cm3 
圧縮比 9.9 10.3 
質量 283 kg 269 kg 

発電容量 46 A 70 A 
ギヤ比 2.00 1.75 
燃料 レギュラガソリン 

シフト方式 メカニカル Drive By Wire 
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全長(m) 8.2 
全幅(m) 2.7 
全高(m) 3.0 
乾燥重量(kg) 2479 
燃料タンク容量(L) 340.7 
種類・気筒数・配列 並列 4 気筒 直接水冷却 
総排気量(cm3) 1,812 
エンジン出力(kw) 183.9kw(250ps)/7500rpm×2 
ドライブ形式 φ160mm、 

シングルステージ軸流ポンプ 
ステンレス 3 翼インペラ 

US 標準価格 $129,999  
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Development of the flagship sports boat "275SD"
フラッグシップスポーツボート「275SD」の開発
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W-43AF 主要諸元 

全長 13.18 m 
全幅 3.20 m 
全深 1.16 m 
船体質量 3,021 kg 
最大積載量 5,161 kg 
定員 50 名 6) 
総トン数（標準仕様） 4.5 トン 

推奨搭載船外機（二機掛け） 
F225FETX 

FL225FETX 
航行区域 限定沿海 

1 W-43AF  
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機体   

機体名称 YMR-08 
最大離陸重量(kg) 24.9 以下 
ローター枚数 8 
ローター配置 4X+サイド二重反転 
フライト時最大全幅 (mm)  2181 
フライト時最大全長 (mm) 1923 
全高 (mm) ※最大離陸重量目安 669 
収納時最小全幅 (mm) 1799 
収納時最小全長(mm) 559(フレーム部） 573 (スキッド部） 
フレーム形式   モノコックシェル 
アーム収納形式 ストレート 

ローター   

ローター径(inch) 26 
ローター形式 ハイブリッドローター 

機体電カ・バッテリー   

平均消費電力(kW) 2.5 
バッテリー定格容量 (Wh) 852 
定格電圧 (V) 44.4 
サイズ(mm) L:360 W:149 H:166 
バッテリーマネージメントシステム HBM S-S L1※ 
 ※ハイパワーバッテリー用マネージメントシステム 
充電器   
充電時間（時間） 通常充電：2.5 急速充電：1 

散布装置 液剤散布装置 粒剤散布装置 

液剤散布装置名称 SPl-10 GRl-10 
最大タンク容量(L) 10L 10L 
吐出方式 ノズル方式(2個） インペラ一式 
散布幅(m) 4 5 [除草剤（1kg 粒剤）使用時] 
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OEE 分析 アクション 
稼働率 装置停止種別 

ランキング 
段取り工程の改善 
人員配置見直し 

性能 吸着エラー分析 原因箇所の特定と改善 
(ヘッド、フィーダー、データ) 

品質 画像 N 点照合 原因装置の特定と改善 
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[Hz] 10 

[ ] 300 
[MPa] ±1200 
  
  

  min  
1 300 50 
2 210 370 
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材種 
強度特性（機械的性質） 腐食特性 

引張強度 耐力 伸び 耐食性 耐応力腐食

割れ性 
A2014FD-

T6 
450 MPa 

以上 
380 MPa 

以上 
8% 
以上 D C 

A6061FD-
T6 

265 MPa 
以上 

245 MPa 
以上 

10% 
以上 B A 

開発目標 350 MPa 
以上 

300 MPa 
以上 

10% 
以上 ― ― 

1  

 

サンプル 
鍛造 T6 

強度 
向上 

コスト

低減 素材 
加熱 

プレス

機 溶体化 焼入れ 人工 
時効 

A2014 生産 
条件 

生産 
条件 

生産 
条件 

生産 
条件 

生産 
条件 - - 

HS6000 
条件 A 

高温 大型機 
高温 

A6061 
類似 

HS6000 
向け 

A C 
HS6000 
条件 B 低温 

(A6061 
類似) 

B B 
HS6000 
条件 C 低温 小型機 C A 

※オレンジ色は強度向上に、青色はコスト低減に寄与する項目 
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 方案 Q（歯面精度） D（工程数） C（コスト相対比） 

①切削歯切り ±0.02 ○ 工程:6 △ 1.0 - 

②冷間鍛造 
1 工程 ±0.02 ○ 工程:4 ○ 0.5 

(▲50%) ○ 

③熱間鍛造 
+冷間鍛造 
（複合鍛造） 

±0.02 ○ 工程:6 △ 0.6 
(▲40%) △ 
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Inline-4cylinder Turbocharged 

Displacement 2.0 
Bore × Stroke, mm 87.5 × 83.0 

Compression ratio 10.0 
Fuel injection type Direct injection 

 

Table 1  Engine specification 

 
Engine speed, rpm 5600 

Volumetric efficiency, % 206.5 
Air fuel ratio 12.7 
Power, kW 222 

Intake pressure, kPa abs 213 

 

Table 2  Engine operation condition 

 
Mesh Resolution mm 0.4 

Number of Cells 4 million 
Time Step deg.CA 0.02 

Number of Chemical Species 1387 
Number of Reaction Formula 5739 

 

Table 3  Calculation condition 
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Displaced volume [cm3] 500 
Stroke [mm] 86 
Bore [mm] 86 
Connecting rod length [mm] 139 
Compression ratio [-] 9.2 
Number of valves  4 
Intake valve opening (IVO) [deg.ATDC] 360 
Intake valve closing (IVC) [deg.ATDC] 600 
Exhaust valve opening 
(EVO) [deg.ATDC] 130 

Exhaust valve closing (EVC) [deg.ATDC] 360 
Injection type  PFI 
Material of cylinder liner  Quartz glass 
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 PIV Direct photo-

graphing 
Laser type  Doubled Nd:YLF none 
Wave length [nm] 527 (SHG) 400 ~ 500 
Sheet thickness [mm] 1 none 
Shot timings [deg.ATDC] 358 ~ 714 -27 ~ 153 
Time resolution in C.A. [deg.] 2.0 (3 kHz) 1.0 (6 kHz) 

t between two laser shots 
(for TR-PIV) [µs] 25@Intake stroke  

50@Comp. stroke none 

Frame rate [fps] 20000 6000 
Shutter speed [l/s] 20416 6102 

Spatial resolution [Pix.] 672 x 1024  
(0.8 mm/vector) 

1024 x 1024  
(7.5 pix./mm) 

Measured cycles [cycles] 45 45 

 

Table 2  Specifications of optical setup. 
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Engine speed  [rpm] 1000 
Water temperature (inlet)  [deg.C] 70 
Equivalence ratio  [-] 1.0 
Ignition timing  [deg.ATDC] -5.0 
Ignition dwell  [ms] 3.0 
Start timing of fuel 
injection SOI  [deg.ATDC] 180 (Exhaust stroke) 

Fuel pressure (abs.)  [kPa] 350 
Load (net IMEP)  [kPa] 140 350 
Injection duration  [ms] 2.89 4.12 
Fuel  iso-octane 
Warm up time  [sec] 30 
Number of measurement 
cycles  [cycles] 45 

 

Table 3  Experimental conditions. 

4

3

 

3.  

3 1000 rpm  
70 deg.C A/F
1

 -5 deg.ATDC
3.0 ms

180 deg.ATDC
350 kPa abs.

net IMEP
140 kPa 350 kPa

iso-octane  
 

30 45
45 PIV

2 deg.
 

 
 
Engine speed  [rpm] 1000 
Water temperature (inlet)  [deg.C] 70 
Equivalence ratio  [-] 1.0 
Ignition timing  [deg.ATDC] -5.0 
Ignition dwell  [ms] 3.0 
Start timing of fuel 
injection SOI  [deg.ATDC] 180 (Exhaust stroke) 

Fuel pressure (abs.)  [kPa] 350 
Load (net IMEP)  [kPa] 140 350 
Injection duration  [ms] 2.89 4.12 
Fuel  iso-octane 
Warm up time  [sec] 30 
Number of measurement 
cycles  [cycles] 45 

 
 
4. 

 
 

u (1) (2)

u
  u  u'  u u'

uc

(2) uc

(1) (2) (3)
 

 
 
 
 
 

Reuss et al., 2000
 u 

LES Large-eddy simulation

 
LDV

, 1987
PIV

PIV LDV
, 2013

Hokimoto et al., 2017
 

 

FFT
4 3

4

FFT

3 kHz
1.5 kHz 45

45

Table 3  Experimental conditions. 

ttt uuu '

tcttt uuuu '

uu

1  

2  

3  
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4 (a) net IMEP  140 kPa
4 (b) net IMEP  350 kPa  

PIV 179
358 deg. FFT 2

128 256 
deg.

1 deg.
51 179 - 128 data

FFT
Hanning window  

f = 100 Hz
f = 100 Hz

fc = 100 Hz  
 
 

5.  
5-1.  

45
5 6 5

5 (a) net IMEP  140 kPa 5 (b)
net IMEP  350 kPa

45 45 net IMEP

45  
5 (a) (b) -5 

deg.ATDC 10 
deg.ATDC

45 COV
Coefficient of Variation net IMEP  140 kPa

7.91% net IMEP  350 kPa 3.35% 2
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(a)  net IMEP 140 kPa condition (b)  net IMEP 350 kPa condition

Instantaneous flow Ensemble averaged flow

Turbulence

Main stream

Turbulence

Main stream

FFT analysis area
128 data (256 deg.)

Moving

Fig.4  Results of flow analysis. Time series data of the velocity magnitude at fixed point are shown in upper figure. 
Power spectrum of velocity magnitude are shown in lower figure. Instantaneous flows have high frequency component, 
compared with ensemble averaged flow. It can be considered that this high frequency components are turbulence. 
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Fig.5  In-cylinder pressure and rate of heat release in the cases of net IMEP  140 and 350 kPa condition. A big 
difference appears in the cylinder pressure between highest and lowest load cycle. Also heat release rate in the case of 
highest load cycle raises from an early period, compared with in the lowest load. 
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Fig.6  Results of combustion analysis in the two load conditions. As basic trend, net IMEP drops when MFB10 retards. 
The difference of net IMEP from the average in the lower load cycle is larger than that in higher load cycle. Relationships 
between net IMEP and MFB10, MFB50 and MFB90 are obtained linear. 
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Fig.5  In-cylinder pressure and rate of heat release in the cases of net IMEP  140 and 350 kPa condition. A big 
difference appears in the cylinder pressure between highest and lowest load cycle. Also heat release rate in the case of 
highest load cycle raises from an early period, compared with in the lowest load. 
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Fig.6  Results of combustion analysis in the two load conditions. As basic trend, net IMEP drops when MFB10 retards. 
The difference of net IMEP from the average in the lower load cycle is larger than that in higher load cycle. Relationships 
between net IMEP and MFB10, MFB50 and MFB90 are obtained linear. 
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Top Dead Center
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MFB10 MFB10
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net IMEP

MFB10
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6 MFB10  MFB50 MFB90
net IMEP 45
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MBT
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MFB50 MBT
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net 
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5-2.  
 7
PIV

7(a) net 
IMEP  140 kPa 7 (b)

7 (c) net IMEP  350 kPa

-5 deg.ATDC
(Ignition timing)

TDC 5 deg.ATDC 10 deg.ATDC 15 deg.ATDC 20 deg.ATDC

-5 deg.ATDC
(Ignition timing)

TDC 5 deg.ATDC 10 deg.ATDC 15 deg.ATDC 20 deg.ATDC

-5 deg.ATDC
(Ignition timing)

TDC 5 deg.ATDC 10 deg.ATDC 15 deg.ATDC 20 deg.ATDC

-5 deg.ATDC
(Ignition timing)

TDC 5 deg.ATDC 10 deg.ATDC 15 deg.ATDC 20 deg.ATDC

(a)  The highest load cycle in net IMEP 140 kPa condition

(b)  The lowest load cycle in net IMEP 140 kPa condition

(c)  The highest load cycle in net IMEP 350 kPa condition

(d)  The lowest load cycle in net IMEP 350 kPa condition

Tumble direction

Fig.7  Direct photographs of an early flame propagation. The flame propagates toward tumble direction in the net IMEP 
 140 kPa condition. However, the flame also grows toward counter tumble direction in the highest load cycle. 
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7 (d)
-5 deg.ATDC

5 deg. 6
 

 7 (a)
7 (b)

10 deg.ATDC

15 deg.ATDC
7 (a)

20 deg.ATDC

7 (a)
net 

IMEP  
 7 (c) 7 (d)

net IMEP  
 
5-3.  
 

8 net IMEP  140 kPa

fc = 100 Hz

0 ~ 25 m/s BDC 0 ~ 7 m/s

Fig.8  Comparison of the temporally-averaged flow pattern between the highest and the lowest load cycle in the case 
of net IMEP  140 kPa condition. The wind-up flow from a piston head during compression stroke in the highest load 
cycle is stronger than that in the lowest load cycle. 
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Fig.10  Comparison of spatially averaged kinetic energy and spatially averaged turbulent kinetic energy. KE in the high-
est load cycle becomes higher than that in the lowest load cycle during compression stroke. Similarly, TKE in the highest 
load cycle becomes higher in the latter half of compression stroke. 
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Fig.10  Comparison of spatially averaged kinetic energy and spatially averaged turbulent kinetic energy. KE in the high-
est load cycle becomes higher than that in the lowest load cycle during compression stroke. Similarly, TKE in the highest 
load cycle becomes higher in the latter half of compression stroke. 
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Fig.11  Comparison of spatially averaged turbulent kinetic energy and temporally-averaged flow pattern at BDC. TKE 
becomes higher in the latter half of compression stroke when flow pattern along the piston head existed at BDC. 
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