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ABSTRACT

Fluctuation of crankshaft speed in a turbo charged
direct-injection diesel (i-CTDi) engine significantly
increases the load on the transmission chain.

A simulation method which enables the load on the
chain caused by these fluctuations to be predicted was
therefore developed. All moving parts, centering on the
crankshaft, have been connected in the simulation, which
is therefore able to faithfully reproduce a working engine
on computer. The model was simplified by focusing on
the frequency response of each component when it was
being constructed, enabling accuracy to be reconciled
with a reduction in calculation time.

This has enabled the load on the chain in an i-CTDi
engine to be both accurately and rapidly predicted. The
virtual engine contributed significantly to the
optimization of the design of the transmission chain in
an actual engine.
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Table 1 General specification of i-CTDi engine

Number of cylinders | 4 cylinders

Flywheel Dual mass flywheel

Crank pulley Isolation pulley

Balancer Balancer driven by roller chain

Cam drive Roller chain and gear

Number of cams 2 camshafts

Number of valves Intake: 2 valves / Exhaust: 2 valves

Valve train Roller rocker arm with hydraulic adjuster

Fuel injection pump | Common rail injection pump

Auxiliary belt Serpentine poly-V belt
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Fig. 2 i-CTDi engine
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Fig. 3 Virtual i-CTDi engine
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Fig. 5 Crankshaft rotational stiffness analysis
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Fig. 7 Crankshaft rotational acceleration (order 10)
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Fig. 8 Crankshaft rotational speed
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Fig. 13 Influence of step torque on chain resonance

0 2290



Honda R&D Technical Review Vol.16 No.1 (April 2004)

gboboooboooboooboobobobobobooboooo ooooo00o0o0oOo0oOoO0oO0oOoOoOoUn Fig. 170000
gbobooooooobobobobobobooboooo gboboooooooboboboboboboooooo
god gbobobobooobooobooboobobobooboooo

gboobooboboboboobooooooooobooo
gbooooboobobooooobooboboooo
obobooooooobooboboboboboboooog

kx < FO k-x = FO
00000000000000000000000000
0000000000000000000O0O0Fig. 130 S
00000000000000000000000000 X
00000000000000000000000000 2" éi
00000000 213-250Hz 000000000000 F oo

Fsz Fo—k'X FI = F0+k'X s— Ft = F0+k'X
000000000000000000000000000
00000000000000000000000000 T= (F=Fr = 2kxr T= (FFr = kxr
00000000000000000000000000 &m:é%:zmﬂ “Mzé%:k”z
r r

00000000000000000000000000
000000000000000000 Fig. 14 0000 Fi :Chainload at tension side

Fs :Chainload at slack side
000000000000000000000000000 F. : Preload

0000000000000000000000000 X : Displacement of chain

k : Stiffness of chain
0000000 Fig. 15 000000000000000 ) -éaWawmmwmm
00000000000000000000000000 T :Torque
000000000000000215-250Hz000000 Kioat + EQuivalent torsional stiffness
pooooooooobooonoooonboooo Fig. 14 Equivalent torsional stiffness of chain

gooooooooooboooobobbbbbobobooo
gbobooobooooobooboboboboboboooo
gboboooooobooboboboboboboooo
gboobd
gobobooboobobobooboooooooooon
gboboooboooboooboobobobobobobooo

|215Hz
| 1250Hz

5000

goooooooobooobobooooooooooooa g
goooooobboobbbbbooooooooooog 3
(3]
O0OFig. 16 O 20000 300004000rpm OO OOOOOO &
3]
gooooobobobbbbbouooooooogg £
c
goooooooooooobooooooooooooa w
gooooobbbobbbbbouoooooooooda
godddddoooooooooooooooo 850 *
goooooooooodoodododoggogoga 0 Frequency (Hz) 500
ooooooouoouoouoouoouoouood Fig. 15 Rotational velocity fluctuation FFT of
ooboooObOoobobOooboboooboooboooo balancer sprocket
2000rpm |——Measured 3000rpm |—— Measured 4000rpm |——Measured
2000 —— Simulation 2000 —— Simulation 2000 — Simulation
Z 1500 Z 1500 2 Z 1500
= 1000 [—H A < 1000 t < 1000 A A
g s00 WA a E 500,’, Al g so0 A AN
< 0 \v A < ) < 0 Yir Yy
& -500 & -500 & -500 V v
O -1000 O -1000 O -1000
-1500 -1500 -1500
360 450 540 630 720 360 450 540 630 720 360 450 540 630 720
Cam angle (deg) Cam angle (deg) Cam angle (deg)

Fig. 16 Oil pump chain load

0 2300



gbobooooboobobobooooooooboobobo

24.000

gboboboboobooboboooooooooooboo
goooOoOoOoOoOooooooo ctDioooooooo
obobooboooooooboobooboobobobooog
gboboobobooboooooooboobobobono
obobooboooooooboobooboobobooooo
gbobooooooobogoo

Fig. 180 0000000DOOCOO0OODODOOODOOOOO
gbobooboooboobooobooooboboboboonoo
oboboobooooooobooboobooboboboog
gboboobooooboooboobooboboboboooo
obobooooboobobobooooo

3000rpm

1700

1500

1300
1100 5] M.easurgd
B Simulation

900

700

500

2MPa  1MPa 0.8MPa

Chain load (N)

Relief pressure

Fig. 17 Oil pump chain load

Exhaust I Intake

Cam
shaft

Roller
rocker
arm

Hydraulic
lash
adjuster

Valve
spring

Valve

Fig. 18 Valve train

Cam shaft

Hydraulic
lash
adjuster Z

Valve spring |} i1

Rocker arm

2t

Fig. 19 Valve train simulation model

Fig. 19000000000 DOOOOO0ODOOOODOO
oboboobooooooobobobobobobooonog
gooooobooooooobobooooooooooooo
ogbobooooooooobooboobobobobooog
gboboobooooooobooboobooboboboonoo
gooboooooooooboooooobboobooogoog
gboboobooooobooboooobobobobooo
ogboboooooooooboboobobobobooog
gooooooooooooooiegm

Fig.20000000000D0OOOOODOOOODDOO
goooobooboooooooboboooooooobooboooooo
gboboboboboooobooobo

Fig.21000O0OOOOOOODODOOOOOOOOOO
obobooboooooooboboobooboboboog
gbobooboooobooobooboobobobobooog
obobooooooooobooboobobobobooog
gbobooboooobooobooboobobobobooog
ogboboooboooooooboobooboobobobooog
gbobooboooobooobooboobobobobooog
oooboboo

Fig.220 00000000 DOOOOODOOOODOO
oboboooooooooboboboboboboooog
gbobooboooooboobooboobobobobooo
gooooboooooobobooboooooooobobooog
gboboobooooooooooooobobobobo

—Measured IN

1000rpm | ——Measured EX

12

— Simulation IN
10 — Simulation EX
E s 7\ A\
£ ANA
s - I\ 1\
=, [ \l/
0 90 180 270 360
Cam angle (deg)
Fig. 20 Valve lift verification
sp(r:gcrﬂet Injection

pump
Exhaust cam shaft gears

Cam gears (Scissors gears)

(Scissors gears)

Intake cam shaft

Thrust journal

Fig. 21 Cam shafts

0 2310



Honda R&D Technical Review Vol.16 No.1 (April 2004)

gboboobooobooobooboobooboboboboonoog
gboboooooobobobooboboboboooo
gboood

Fig.230 0000000000000 DODOOOODODOO
gboboooboooboooboobobobobobobooo
obobooooooobooboboboboboboooog
gbobooobooobooobooboboboboboboooo
00000000 /3 0000000000

Fig.24 0D0O0O0O0ODOOOOOOOODOOOODOO
gbobooooooobooboboboboboboooo
goooooboooooobooboooooobooooooon
gboboooooooboobobobobobooooo
gbobooooooobobobobobobooooo
obobooooooobooboboboboboooooo
gboboboooooobogon

Cam gears
Cam (Scissors gears)
sprocket .

z ZEZ |njection
Intake cam shaft pump
_ gears

Fig. 22 Cam shafts simulation model

Injection pump gears

(Scissors gears) Injection pump
' N g %

Exhaust = D

cam shaft e |

Oldham joint

Fig. 23 Fuel injection pump driving system

Injection pump gears

(Scissors gears) Pump torque

Exhaust
cam shaft

Oldham joint Injection pump

Fig. 24 Fuel injection pump driving system simulation
model

gboobooboboboboooboooooooooboon
0000000000 0O0DOOFRg. 25000000000
gobooboobooboobooobooboooboobooobooon
gboboooooooboobobobobobooboooo
gbobooooooobooboboboboboboooo
goboboooooooboobobobobobooooo
O00000b00O0o00D Fg.26 DOODOOODDOO
goboboooooooboobobobobobooooo
gboboooooooboobobobobobooboooo
ooooooboo

25. 000000000
Fig.270000000D000O0CO0ODOODOODOOODOOO
go9s2smmO 000000000000 O00O000000d
4800rpm
8000 ‘
6000

4000 |
2000 (H

0
-2000 T

-4000

Load (N)

0 90 180 270 360
Cam angle (deg)

Fig. 25 Simulated camshaft thrust journal load

4800rpm

20 f
|

A
P TAND AR TNAC U IR/VSA

Y

o(MPa)

0 90 180 270 360
Cam angle (deg)

Fig. 26 Measured camshaft thrust journal load

Cam chain —¥
guide B

Vacuum chain
pump guide A
. 4
Tensioner
Tensioner ) ¥ Cam
_ chain

arm

Fig. 27 Timing chain system

0 2320



gbobooooboobobobooooooooboobobo

gboboboooboobooobooooboobobooboooo
oboboooboooooooboobooboboboboog
gboboobooooboooboooobooboboboonoo
obobooboooooooboobooboobobobooog
gboooobooboboooboobooboboooo
obobobooooooobooboboboboooooo
gbobooboobooboooboooobobobooboooo
oboboobooooooobooboobooboboboog
gbobooobooo

Fig.28 00O0O0OOODOOOOOOOODOOODOO
goooboboooooooboobooooooboooboooo
oboboobooooooobooboobooboboboog
gooOoOoOoOooooooaoeemmom

goooooboobbbboooooooooooo
gboboboooooboobooboobo

gobobobobooboobooooooooooooboo
gooooooooooobobobbbbbboboooooo
obobooboooooooboobooboboboboog
gbobooboooboobooobooooboobobobooog
obobooobooooooobooboobooboboboog
O00000000Fig.29 O 300004000rpm OODO0O

Cam sprocket

sprocket

Fig. 28 Timing chain simulation model

3000rpm | ——Measured
3000 ——Simulation
Z 2000
® 1000 A ”‘ A
< YA AVA Npe
£ 0TV W AAV 2N AS
]
§ -1000
-2000
0 90 180 270 360

Cam angle (deg)

Chain load (N)

gboboobooooboboobooboobobobobooo
ob 25 000000000O00D00DbO0ObOobOboOooOg
gbobooboooboobooobooboobobobobooo
o5 000000OboOobOobO

O000Fg. 3000000000000 DOOOODODOO
ogbobooboooooooboooobooboboboono
gboboobooooooobooboobooboboboonoog
obooogoboboboooobobobooooo
gooobobooooooobooboooooooooboobooo
ogboboooboooooooboboobobobobooonog
gboboobooobooobooobooooboobobobono
ogboboooboooooooboboobobobobooonog
gboboooooobgooo

O0Q0Table200000000000000O00O00O00OO
obo cpuO00OD0 15GHz O PC OODO 1000rpm O
goooooowgooogoooooooooooboboo
obobooboooooooboobooboboboboonoo
gbobobooboobooooooooobobobobo
ogboboobooooooobooboobooboboboonoog
gbobooboooboobooooooobobobobooboo
gboboboooboobobobooooo

=—Measured
3000 — Simulation with crankshaft
— Simulation without crankshaft
2500
2
= 2000 7 M
o AN
= 1500 N7 ‘
8 1000
O
500
0

0 1000 2000 3000 4000 5000 6000
Engine speed (rpm)

Fig. 30 Maximum and minimum load of timing chain

4000rpm | ——Measured
3000 ——Simulation
2000
1000 /ff\ /ﬂ AVA
0
\ N/
-1000 yJ v
-2000
0 90 180 270 360

Cam angle (deg)

Fig. 29 Time history of timing chain load

0 2330



Honda R&D Technical Review

Vol.16 No.1 (April 2004)

Table 2 Calculation time

T: Time (h)
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