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Exciting Moment Analysis of V-Type 10-Cylinder Engine
(2nd Report, Concrete Calculation Examples and Evaluation)

Norio ITO, Yukitaka TAKAHASHI and Takahiro JOMEN

The demand for high quality and high performance of an automobile internal combustion engine
is increasing steadily. Thus the shift toward producing multi-cylinder engine and V-type engine has
also intensified. In the first report, we have clarified a general analytical method that reduces the
exciting moment and determines the suitable bank angle of V-type engine. We have also clarified
that the effective cylinder arrangements of a V-type 10-cylinder engine are divided into 24 groups. In
this report we calculated numerically the 1st-order exciting moment and obtained the suitable bank
angle for each group. We obtained practical bank angles of V-type 10-cylinder engine with small
pitching and yawing moment using a balance weight. We also describe in details concrete examples

and the evaluation of a V-type 10-cylinder engine.
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(a) Construction

(b) Angular relation

Fig.1 Crankshaft example of a V-10 engine
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Table 1 V-10 engine cylinder arrangements

Case i ii iii iv v

1 12354 23415 34521 45132 51243

(12354) (23415) (34521) {45132) (51243)

2 12354 23415 84521 45132 51243

(12643) (23154) (34215) (45321) (51432)

3 12354 23415 34521 45132 51243

(15234) (21345) (32451) (48512) (54123)

4 12354 23415 34521 45132 51243

(21534) (82145) (43251) (54312) (15423)

5 12364 23415 84521 45132 51243

(32145) (43251) (54312) {15423) (21534)

6 12354 23415 34521 45132 51243
(32451) (43512) (64128) (15234) (21345)

7 12354 23415 34521 45132 51243

(84215) (45321) (51432) (12543) (23154)

8 12354 23415 34521 45182 51248

(84521) {45133) (51243) (12354) (23415)

g 12354 23415 34521 45132 51243

{43251) (54312) (15423) (21534) (32145)

10 12354 23415 34521 45182 51243

(43512) (54123) (15234) (21345) (32451)

11 12354 23415 34521 45132 51243

(51243) (12354) (23415) (34521) (45132)

12 12354 23415 34521 45132 51243
(54312) (15423) (21534) (32145) (48251)

13 12354 23415 34521 45132 51243

(15423) (21584) (32145) (43251) (54312)

14 12354 23415 34521 45132 51243

(21346) (82451) (43512) (54123) (15234)

15 12354 23415 34521 45132 51243
(45321) (61432) (12543) (23154) (34215)

16 12364 23415 34521 45132 51243

(54123) (153234) (21845) (32451) (43512

17 12634 23145 34251 45312 51423

(15243) (21354) (32415) (43521) (54132)

18 12534 23145 34261 45312 51423

(23145) (34251) (45312) (51423) (12534)

19 12634 23145 34251 45312 51423

(32415) (43521) (54132) (15243) (21354)

20 12534 23145 34251 45312 514238

(34251) (45312) (51423) (12634) (23145

21 12345 23451 34512 45123 51234

(15432) (21543) | (32154) (43215) {54321

22 12345 23451 34512 45123 51284

(21543) (32154) (43215) (54321) (15432)

23 12345 23451 34612 45123 51234

{23451) (34512) (45123) (51234) (12345

24 - 12345 23451 34512 45123 51234

(84512) (45123) (51234) (12345) (23451)
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Table 2 Bank angle of V-10 engine

Case Bank angle Case Bank angle

1 180° (opposed) [ 13 99°14’

2 144° 14 —152°46

3 135°14° 15 0°(straight)
4 171°14' 16 63°14

5 —~116°46° 17 144°

6 —80°46’ 18 —108°

7 —72° 19 —72°

8 —36° 20 —386°

9 —44°46" 21 72°

10 —8°46° 22 144°

11 108° 23 —108°

12 27°14 24 —36°
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Exciting moment

Exciting moment

(a) Crankshaft form
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6 (b) Yawing moment

(a) Crankshaft form
Fig4

Engi neers
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Fig.2 63°14" V-10 Engine

Fig.3 Exciting moment of Case 16

(b) Bank angle

(b) Bank angle
-72° V-10 Engine
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(a) Pitching moment
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(b) Yawing moment

Fig.b Exciting moment of Case 19

(a) Crankshaft form

1885

(b) Bank angle

Fig.8 -36°V-10 Engine
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Fig.7 Exciting moment of Case 20
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(a) Crankshaft form )

Bank angle
Fig.8 72°V-10 Engine
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Exciting moment
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Exciting moment
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(a) Pitching moment
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(b) Yawing moment
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Fig.9 Exciting moment of Case 21
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