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Prediction Method of Low-cycle Fatigue Breakdown in HSDI Diesel Cylinder Head
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This paper introduces a method of predicting low-
cycle fatigue breakdown that takes as its focus the
area around the glow plug hole of the diesel engine
cylinder head, where cracks frequently occur during
operating modes in which hot and cold cycles are
repeated. Because an understanding of the strain
amplitude and temperature of the areas in which
cracks originate is necessary in predicting fatigue
breakdown, strain analyses were conducted using
CAE, and at the same time a method of calculating
temperature from hardness measurements was used to
determine local temperatures. This made it possible
to study the local conditions of the cylinder head
combustion chamber, which had previously represented
a challenge. In addition, a hot-and-cold cycle
endurance test using a prototype engine demonstrated
the validity of predictions of low-cycle fatigue
breakdown using the new method. The project also
proposes the incorporation of the method in the design
process in order to employ it as a tool for the review
of specifications in new engine development.

1. 13U®IC

INETOTF 4 —ELIT VY VERIZEWT, B4
INMIZED T ) v EANy NIRIEEDO NIV T Y — IS REA
T525v2 (Fig. )id, KREABEELE>TEL. ZD&
ShY Ty, BUENBHR THBEE ALY, Wiy
A 7 NIZ K B0 B U E RS 1D 5 B, BHLETE
PHROR &N, ZZEEEIZZ T v 7 BRRET 5.

ZOEIBEYA I NDBORLIZKDE 7 T 907D
4, Manson-Coffin DX, 2 CREh s k512, ®RAETZ09
ARG A FREN DI I R in & VI 2 A S Tn 5.

* Ui R&D £ > & —

https://doi.org/10.69239/hondatechnicalreview.2010 22 2 21

RO R IZIRIE IS K » TEL T 5728, FEIZY )
VAN FIRBEE QNI A & VT 2125 725 T, R
MR B &5 2 B D O BRI IS N A W & HE 3 2 3L
Ndhb.

L2L, FIZOFARIRRE = v v VEERECilE 5 2
TS E S <, 2R E TR Fig. 212§ & 91,
FRE Y 7 IR T 72 O 9 ARG & S OB tR 2 JRi2, g
HRIE 235 2 25 g & D O ARIE A 2 3 2 F0F k%
MRATEZZ, LA LELRS, ZOHEEBEIZLTLE T4
TEAL, EHAMERERS VT2 LA TEhr o
2. ZDR, TV YV OMAEEEOMRIX, AT X

— 141 —



Honda R&D Technical Review

Vol.22 No.2 (October 2010)

Mz & B FEBEMRAE FRE 56T, 2y ViklEk
DIERIZEN 5 Tz,

ZIZT, 7Ty OREE EBHNOEE, BLUOT
A AR B < IE, TS 5 FIAOREEICELD i &
iz, MBEE ROV AR - WEOREAEEL, 2
NET )V ENy FEMOBIEIIRERE S5 2L
T, BB A I NICBITB 279 0 DREETHT S22 L
IZHLD LA 72

Fig. 1 Crack found beside glow plug hole
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Fig. 2 Estimation of combustion chamber surface
condition based on measured temperature
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Fig. 3 Hot and cold cycle test mode 1
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Fig. 4 SEM image of broken-out section of crack
beside glow plug hole
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Table 1

Hot and cold cycle endurance test conditions and resulting cracks

Prototype engine A

O

Indicates location of crack
observed after test

Case No.

1

Occurrence of cracks

Intake valve

F-‘
e <
Exhaust valve
Engine load Full load Full load Full load Full load
Coolant temperature [°C] 96 97 80 82
Coolant flow rate Base Base +75% Base +26% Base +39%
Nozzle cone angle Base Base Base Base -3 deg
Temperature beside glow
plug hole [°C] 282 253 226 225
Temperature between 208 256 236 230

exhaust valve seats [°C]
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[Examples of parameter adjustments]

[Validation of analysis accuracy]

In-port pulsation analysis

\ 4

In-cylinder flow analysis
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Start velocity of injection
Spray cone angle
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\ 4

—} Spray analysis _> (e.g., spray penetration)

\ 4

Combustion analysis —> Heat release rate
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Temperature

Intake air volume

Swirl ratio

Spray development process

Mixture formation
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Combustion gas temperature

Procedure of setting thermal boundary conditions

by CFD combustion analysis
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Fig. 8 Procedure of CFD combustion analysis and examples of parameters and validation at each step
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Fig. 10 Measured and calculated values of

Fig. 9 Combustion chamber thermal boundary
conditions (high-temperature state of

endurance test)

— 145 —

combustion chamber surface
temperature (high-temperature state of
endurance test)



Honda R&D Technical Review Vol.22 No.2 (October 2010)

"Glow plug hole
L

_1 ® 1 O Intake
r valve
seat

Temperature measuring point Strain measuring point
(with thermocouple) (with strain gauge)

© Measuring point

Fig. 11 Temperature and strain measuring points
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Fig. 12 Measured and calculated strain amplitudes
and temperature beside glow plug hole
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Fig. 13  Strain amplitudes in hot and cold cycle
endurance test

(3) B X 1Z & 2 il 5 3 7 i & sl 6 S i oD A B B8 45 %
55, ZOMmEIZE, AT A FE— FRoOREDE
HEERHNS.

(4) FEE O OWEAME L, (3) TRD MBI
&0, BIRRE RN T 5.

W E & R E D ERER, Fo kO & DB
BB % Fig. 14(a), (b), (c) IZ& 4R, WE4 70
Mt AT 2 ORI & BRI O BRITHIEISERIT
XL ZhICKD, Ty POMEN»S Ty YOWREERD
55,

ZOFHIZKORD 727 — 2 2 DWENY 4 2 LA T 2
MIBiFbra—7 57k — LEEORE % Fig. 15 128
T WEnEL RO T VORI 278 CTH D, B
HZ R DS N FHERRE XD & 25 CTEv. Ko 11
HLIFL21I2H 5T, HTH 1.5 mm OFPANTE KX &
WEAREF > THD, 75 v rilEmDT v DIEEHIMIC
ERIZ R S T Z ENZDOFEICLDHE N k572

RIS, T=23&r—240ra—75 k= LJEI
DO LA Fig. 16 12 g, BV K 0 JllRE L 72 F
HIRE I Z NN 226 C, 225 C &ENBEND, 75 92
ORFIZZENECTZ. F—241F, A VP28
I — U FAOZEFIZPE S MBEIREOZEIZ L b, BIEE DR
JEA & R ANCEL B Z L2 BRI LD TH 5.
ZZTC, Mir—22k3570 -3 K- LDIy D
WEATEBEICLDFANREZEZA, 759 s BRELE
=2 3TIE255 CIZET DA, 77 v B8 RELED >
2r—24TE235 CTTHD, 20 COREENE LT
BT EeNbhotz. ZORNEIREZEDS S T v 7R ED
FREEIZBDR SR T 20, 2O X1, IEIFHED

L 4 - o
[ RS i [ N o A

[Temperature] [Hardness]
350

)

2~ 300 ~— () |

o °,

=) o\

® 250

% No\°\°

<IEJ 200

l_
150

40 60 80 100 120

Surface hardness [HV0.1]

Fig. 14 Relationship between temperature and
hardness of combustion chamber surface

— 146 —



TA—ENT) ANy FRBEDRY 1 7 IVEFEIRTAFE

FHNZZESEE A3y VOIRE AR ZLENEETH
5. LTI MENEIC X ARESH S E R s Tk
ThHbHI L rEMERL 7=

2.4. V1) ANy RZRMOBIEFRE
2.2. B KV 2.3, 2 & 06N 20FARIRNE, WE &L
WSO PHlA B 255720121, YV v aANy FE
MOBERFEA I L 2 HEREABETH B, 22Tl
V) ANy FIZHWZRZMOBEEKGAE % B Z 20, G
U 72 BREE O 4 A dIRiE 2 9% 7 O Y E R & 4 % Z & &k
ATz,
BRE O AIRIEZ L TOTIE (1) 25 (5) 12k ke
7= (Fig. 17).
(1) #RBRFFEMIE AC2B-T6'Y & Hv%. Table 2
FM OIS 2R, BALFES L, 500 °C T 4
R R, AKBEATLL 200 'C T 4 M O RERhALEE %
JiL T\ 5. ARERFZIRIEAME 7 mm, FE5E PEEE 12
mm DREFIRTH 5.
(2) 277 v 2 RAEGNE2TE L, BRIEICIEEREO 3 A
23, KIRIFICIEFIR D O T ARBD IR LA L 2 1%

Case No. 2
Crack occurrence Yes
Flat area temperature 253 °C

Edge temperature 278 °C
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Flat area temperature
measuring point
(with thermocouple)

[Hardness measuring position]

Hardness was measured along lines L1 and L2
from the edge as the origin.

(crack starting point to propagation area)
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Fig. 15 Edge temperature calculation from measured
hardness

Table 2 Chemical compositions of AC2B alloy [wt%]

Si Cu Mg Zn Fe Mn Ni Al
6.3 3.2 | 017 | 0.01 | 0.13 | <0.01 | <0.01 |Balance
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Case No. 3 4
Crack occurrence Yes No
Nozzle cone angle Base Base -3 deg

Flat area temperature 226 °C 225°C
Edge temperature 255 °C 235°C
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Fig. 16 Influence of nozzle cone angle on edge
temperature
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Fig. 17 Steps taken to obtain material fatigue limit diagram for heat cycle
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Table 3  Prototype engines A and B - changes in
specifications

Prototype engine A | Prototype engine B

Engine output Base Base +10%
Fuel injection timing Base Base +2 deg
advance
Valve skew angle Provided None
Coolant flow
direction in Longitudinal flow Cross flow

cylinder head

Coolant flow rate Base Base +17%
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Fig. 19  Strain amplitudes and temperature of
prototype engine B
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Fig. 20 Proposal of low-cycle fatigue evaluation in
design process
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