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Appendix 4

Supportive Material for the Calculation of Diesel

Vehicle Assurance Distance

1) Calculation of Yearly

Operation Hours

Distance between work place
including Saturdays: 40 km
40km/dayx6day/weekxSweeks/year
=12,000 km

Distance on Holidays and Sundays : 120 km
( Sundays: 52 weeks one day +

Holidays: 13 days) x120km/day

= About 8,000 km

2) Vehicle Operating Distance

10 years
200,000 km (=20,000 km/year x10 year)

3) The Operating Distance of Small Diesel Vehicle Manual Transmission

Life Guaranteed forSmall Diesel

Vehicle Manual Transmission

Equivalent Distance: 200,000 km
Operating Distance: 200,000 km
(10 years)
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Appendix 6-1

FMMA

(Failure Mode & Mechanism Analysis)

No Primary Failure Modes Failure Mechanisms
Components
1-1 Overstress Fracture
1 Metal Hou.lsmgs Hydraulic Fluid -0 External Corrosion
and Crimp Leakage
1-3 Cyclic Pressure Fatigue Cracking
2-1 Excessive pressure and blowout
: ; 2-2 Thermal aging and cracking
2 Coupling Seals l-ll_ydr:uhc Fluid
eaxage 2-3 | Chemical degradation from contamination
2—-4 | Degradation from lubricant incompatibility
3-1 Contamination
3 | Detent Assembly | Jammed
3-2 Corrosion
4~1 Wear of valve seat
Leakage 4-2 Particle contamination of valve seat
4-3 Corrosion of valve seat
4-4 Contamination
4 | Poppet Assembly
Poppet Jammed 4-5 Misalignment
Open
4-6 Spring fracture due to fatigue failure
Poppet Jammed 4-7 Contamination
Closed 4-8 Misalignment
5-1 Excessive pressure and blowout
5-2 Thermal aging and cracking
5-3 | Chemical degradation from contamination
; ; 5-4 | Degradation from lubricant incompatibility
5 | Hydraulic Hoses l—ll—ydrka ulic Fluid
eakage 5-5 Vibration fatigue
5-6 External wear of braiding and tube
5-7 Loss of electrical conductivity
5-8 Cyclic Pressure Fatigue Cracking
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Appendix 6-2

FME

CA

(Failure Mode Effects & Criticality Analysis)

Criticality Evaluation

Primal . , .
No c Y t Failure Modes | Failure Mechanisms Effects
omponents Frequency| Severity | Criticality
Overstress Fracture Loss of fluid pressure 2 3 7
Metal and system failure
al . . 3 e
1 | Housings Hydraulic Fluid External Corrosion Coupiling difficulty. > 5 5
h Leakage Leakage.
and Crimp e
yclic Pressure .
Fatigue Cracking Loss of fluid pressure 2 2 5
Excessive pressure Loss of fluid pressure 2 3 7
and blowout and system failure
Thermal aging .
" . . > Loss of fluid pressure 2 2 5
2 Coupling Hydraulic Fluid | and cracking P
J Leak i i
Seals eakage Chemical degrad_ahon Loss of fluid pressure o > 5
from contamination
Degradation from R
lubricant incompatibility | “SS ©f fluid pressure 2 3 7
Contamination Inability to Couple 2 2 5
Detent or Uncouple
3 Jammed —~
Assembly . Inability to Couple
Corrosion 2 2 5
or Uncouple
Wear of valve seat Leakage uncoupled 2 2 5
Particle contamination
Leakage of valve seat Leakage uncoupled 2 2 5
Corrosion of valve seat Leakage uncoupled 2 2 5
Contamination Leakage uncoupled 2 2 5
4 Poppet
Assembly Poppet
Misalignment Leakage uncoupled
Jammed Open 9 9 P 2 2 5
Spring fracture due to
fatique failure Leakage uncoupled 2 2 5
Contamination Inability to Couple 2 2 5
Poppet
Jammed Closed Misalignment Inability to Couple 2 2 5
Excessive pressure Loss of fluid pressure 2 3 7
and biowout and system failure
Thermal aging Loss of fluid pressure 2 2 5
and cracking and system failure
Chemical degradation
from contamination Leakage and pressure loss 2 3 7
Oegradation from Leakage and pressure loss 2 2 5
5 Hydraulic Hydraulic Fluid | lubricant incompatibility
Hoses Leakage Vibration fatigue Leakage and pressure loss 2 3 7
External wear of
braiding and tube Leakage and pressure loss 3 2 7
Loss of .elgctrlcal Open current condition 1 3 5
conductivity
Cyclic Pressure Loss of fluid pressure 2 3 7
Fatigue Cracking and system failure
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Appendix 6-3

FTA

(Fault Tree Analysis)

G4

. Hydraulic Hose Failure

. Leakage

. External Failure

Hose Blowout

. Fitting Failure

. Hose Bend

Expanding of Inner rubber

. Flexibleness Rigidity

. Rubber Damage

. Construction of wire reinforcement

© O N U AW N

-
- O

. Degradation of clamp joint

o
N

. Degradation of swaging

o
w

. Damage of screw part
. Rubber hardening

-
E-N
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Appendix 6-5

Quality Function Deployment Level 11

(Failure Mechanism vs. Standard Test Matrix)

Standard Tests
03 1) =] =
0o S » wlol=2|» -3 3 b m
No | Component FailureMechan'ismL §-§, n?, 3 9% 5 o | @ 2 olSElsE py § s B o
£} Ed Q Qo = N = =] 2 o |®
8328 312285 |v|a|E38828 5|8 |5 38
*Sle e 2|2 |83 eS| ®|S|3|g2
27 - 2 |® al 2 g
Overstress Fracture 2 1@ o o Al A o
Metal Housings v
1 and Crimps External Corrosion 37
Cyclic P F
Y ko | 37 |@ | @ ) OO0 e
Excessive pressure and
Coupling Seals blowout 2 0|0 o A A|O
Thermal nd
, Meractong | 27 A oo eOle
Chemical degradation
from contamination 22 o .
Degradation from
lubricant incompatibility 20 A o A A
3 Detent Contamination 12
Assembly Corrosion 36 A
Wearofvalvejeat 1 23
Leakage Particlev:l)\r/\eta;:i:taﬁonof 12
Corrosion of valve seat 39 A
Contamination 12
4 |Poppet :
Open Misalignment 14
Spring fracture due to 14
fatigue failure
Contamination 12
Closed
Misalignment 14
Excessi s$sure and
e lowout % | 0/0/0|0|0 A A|O A|lA
Thermal aging and
oracking. 36 AlA AlAlO O AlA
Chemical degradation
from contamination 28 A o . . .
Degradation from
lubricant incompatibility 28 A A A A o ' A . . .
5 Hoses
Vibration Fatigue 32 A A A A
ExfernalWear 32 A .
Loss Conductivity 23 o
Cyclic Pressure Fatigue
Cracking % |A|O A|O| A O|O|e
6 Test Effectiveness 746 (1444|750 |1745| 858 {1197 750 |1581]1889{1387| 207 [ 532 | 532
Score
9 4 8 2 7 6 8 3 1 5 11§10 { 10
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Appendix 7 | Component Failure Mode &
Representative Accelerated Life Test Model

Component

Shape o
Parameter Stress Factor Accelerated Life test Model
B, Temperature - Arrhenius Model

Eyring Model

Non thermal Stress
B, (Voltage, Load, - Inverse Power Law Model

Pressure, etc)

|

B; Accumulated Fatigue Miner Rule

B Temperature & Temperature—Humidity Model
4 Humidity ( Transformed model of Eyring Model)

Temperature—Nonthermal Model

( Combined models of Arrhenius Mode
and Inverse Power Law Model)

Temperature &

Bs Non thermal Stress




Appendix 8

‘Welbull Shape Parameter

Beta Values Eta Values
ltem (Weibull Shape Factor) | (Weibull Characteristic Life--hours)
- Low. | Typical | High Low Typical High
Ball bearing 0.7 13 35 14,000 40,000 250,000
Roller bearings 0.7 13 35 9,000 50,000 125,000
Sleeve bearing 0.7 1 3 10,000 50,000 143,000
Belts, drive 0.5 1.2 28 9,000 30,000 91,000
Bellows, hydraulic 0.5 1.3 3 14,000 50,000 100,000
Bolts 0.5 3 10 125,000 300,000 | 100,000,000
Industrial Air Breake Clutches, friction 0.5 14 3 67,000 100,000 500,000
Clutches, magnetic 0.8 1 1.6 | 100,000 150,000 333,000
Couplings 0.8 2 6 25,000 75,000 333,000
Couplings, gear 0.8 2.5 4 25,000 75,000 1,250,000
Hydraulic Act.uator for Cylinders, hydraulic 1 2 3.8 |9,000,000| 900,000 |200,000,000
Aircraft Landing Gear
Diaphragm, metal 05 3 6 50,000 65,000 500,000
Diaphragm, rubber 0.5 11 1.4 50,000 60,000 300,000
Gaskets, hydraulics 0.5 11 1.4 | 700,000 75,000 3,300,000
Filter, oil 0.5 11 14 20,000 25,000 125,000
[Manual Transmission for,
Small Size Diesel Gears 05 2 6 33,000 75,000 500,000
Vehicle
High Capacity Impellers, pumps 0.5 25 6 125,000 150,000 1,400,000
Hydrodynamic Clutch ' ’ T
Joints, mechanical 0.5 1.2 6 |1,400,000| 150,000 10,000,000
Knife edges, fulcrum 0.5 1 6 | 1,700,000 | 2,000,000 | 16,700,000
Liner, recip. comp. cyl. 05 1.8 3 20,000 50,000 300,000
Nuts 0.5 1.1 1.4 14,000 50,000 500,000
"Q"-rings, elastomeric 0.5 11 1.4 5,000 20,000 33,000
Packings, recip. comp.rod| 0.5 11 1.4 5,000 20,000 33,000
Pins 0.5 14 5 17,000 50,000 170,000
Pivots 0.5 14 5 300,000 400,000 1,400,000
Pistons, engines 0.5 14 3 20,000 75,000 170,000
Pumps, lubricators 05 11 14 13,000 50,000 125,000
Seals, mechanical 0.8 14 4 3,000 25,000 50,000
Shafts, cent. pumps 0.8 1.2 3 50,000 50,000 300,000
Springs 0.5 1.1 3 14,000 25,000 5,000,000
Vibration mounts 05 1.1 2.2 17,000 50,000 200,000
Wear rings, cent. pumps 0.5 1.1 4 10,000 50,000 90,000
Electro—hydraulic
Proportional Pressure Valves, recip comp. 05 14 4 3,000 40,000 80,000
Reducing Valve
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Machinery Equipment

Eta Values

ibull Characteristic Life-—hours

Circuit breakers 05 1.5 3 67,000 100,000 1,400,000
Compressors, centrifugal | 0.5 19 3 20,000 60,000 120,000
Compressor blades 0.5 25 3 400,000 800,000 1,500,000
Compressor vanes 0.5 3 4 500,000 | 1,000,000 | 2,000,000
Diaphgram couplings 05 2 4 125,000 300,000 600,000
Gas turb. comp. blades/ivanes| 1.2 25 6.6 10,000 250,000 300,000
Gas turb. blades/vanes 09 1.6 27 10,000 125,000 160,000
Motors, AC 0.5 1.2 3 1,000 100,000 200,000
Motors, DC 0.5 1.2 3 100 50,000 100,000
Pumps, centrifugal 05 1.2 3 1,000 35,000 125,000
Steam turbines 0.5 1.7 3 11,000 65,000 170,000
Steam turbine blades 05 2.5 3 400,000 800,000 1,500,000
Steam turbine vanes 05 3 3 500,000 900,000 1,800,000
Transformers 05 11 3 14,000 200,000 14,200,000
Instrumentation
Controllers, pneumatic 0.5 11 2 1,000 25,000 1,000,000
Controllers, solid state 05 0.7 1.1 20,000 100,000 200,000
Control valves 05 1 2 14,000 100,000 333,000
Motorized valves 0.5 11 3 17,000 25,000 1,000,000
Solenoid valves 05 11 3 50,000 75,000 1,000,000
Transducers 05 1 3 11,000 20,000 90,000
Transmitters 05 1 2 100,000 150,000 1,100,000
Temperature indicators 05 1 2 140,000 150,000 3,300,000
Pressure indicators 05 1.2 3 110,000 125,000 3,300,000
Flow instrumentation 0.5 1 3 100,000 125,000 10,000,000
Level instrumentation 0.5 1 3 14,000 25,000 500,000
Electro-mechanical parts | 0.5 1 3 13,000 25,000 1,000,000
Static Equipment
i’::::sT:;e"B:;;' Boilers, condensers | 05 | 1.2 | 3 | 11,000 | 50,000 | 3,300,000
Pressure vessels 0.5 1.5 6 [1,250,000( 2,000,000 | 33,000,000
Filters, strainers 0.5 1 3 15,000,000 | 5,000,000 |200,000,000
Check valves 0.5 1 3 100,000 100,000 1,250,000
Relief valves 0.5 1 3 100,000 100,000 1,000,000
Service Liquids
Coolants 0.5 11 2 11,000 15,000 33,000
Lubricants, screw compr. | 0.5 1.1 3 11,000 15,000 40,000
Lube oils, mineral 0.5 141 3 3,000 10,000 25,000
Lube oils, synthetic 0.5 1.1 3 33,000 50,000 250,000
Greases 05 1.1 3 7,000 10,000 33,000
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Appendix 10

1. No failure Acceptance Rule

Requirement Equation
1
BI0 life =B nd— Cp) ] g
1021 nin(1—p)

MITF [ _ (- C)) ]‘b

=
MrE e T

* Acceptance Rule : If all the samples n show no failure during testing time t,
the tested component will pass on the reliability qualification test.

* Equation for no failure testing time
where 1t : testing time
C; : confidence level
: percent number, p=0.1 for B10 life
: Gammer function
: shape parameter of Weibull distribution

= T o~ Ty B o}

. sample size

2. One failure Acceptance Rule

*Acceptance Rule : If one sample fails during no failure testing time t and if
the failure mode is not critical one to the component functions, then we give a
chance to additional test to the remainder component (n-1). And all the (n-1)
samples show no failure during additional testing time t’, then the tested component

will pass on the reliability qualification test.

* Equation for additional testing time t’ for (n-1) samples
c— t;—(n—1t
n—1

t’' =

where t’ : additional testing time for (n-1) samples
c : testing time for n samples in case one sample is allowed to fail.
t, ' failure time of one sample during no failure time test

t : no failure testing time for sample n
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Appendix 12

Component List for Reliability Assessment

Items

2
9

Year

Hydraulic Cylinder

2000 - -
Pneumatic Cylinder

Hydraulic Valve

Pneumatic Valve

Rubber Type Anti-Vibration Mount

Transmission

2001 Gear Box

Oil Pump

Hydraulic Motors

Ultrasonic Components

Clutches

Bearing

Brake for Industries

Flexible Hose & Fitting

Seal & Packing

Mechanical Springs

2
200 Spindle Shaft Unit

Proportional Valves

Breaker

QIV NN | WIN|O (RN [N [ -

Diesel Engines

[a—y
o

Qil Cooler

High Pressure Injection Pump

Track Drive Unit

High Pressure Control Valve

Hydrostatic Transmission

Swing Drive Unit

Tandem Pump

Accumulator

2003
Industrial Continuously Variable Speed Changer

Mol Ro ol IEN I Re >N o) I RV NGV RGN B

Servo Actuator

[
(]

Lubricator

—
[

Servo Valve

p—
[\]

Multiple control Valve

-
w

Compressed Air Pressure Regulator

p—
2N

Hydraulic Filter




Appendix 12

Component List for Reliability Assessment

year No _ Items
1 Compressor
2 Centrifugal Pump

3 Mechanical Seal

4 Axle
5 Industrial Solenoid
6 Pressure Transducer

7 Coupling

8 Load Cell
9 Heat Exchanger
2004 10 Industrial Nozzle

11 Industrial Damper

12 Rotary Actuator

13 Chuck

14 Industrial Lift

15 Industrial Propeller Shaft

16 Vacuum Pump

17 Linear Motor

18 Ball Screw

19 Aerial Ladder
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Appendix 14

Determination of Test Items for Performance Degradation

Determination of

Priority by Importance test items
No|Component Test Item for QFD Lelx)r(:al 2 for Performance
degradation
@ Precision test @ Rigidity certification test
@ Rigidity certification test @ Vibration & Noise test
® Friction certification test ® Lubrication test o o
@ Adhesion test @ Environmental test @ Rx.glcyty cert.lf'lcat.xon test
. . . ® Friction certification test
1 Bearing ® High temperature oil test ® Wear test
® Low temperature test ® Flame test
@ Contamination test @ Grease Leakage test
Vibration & Noise test Low temperature torque test
©® Wear test © Water washing test
(D Warming up test @ Brake performance test
@ Leakage test ® Brake strength test
@ Brake performance test @ Parking brake performance test
@ Pressure proof test @ Parking brake strength test
® Brake strength test ® Surface temperature test @ Brake performance test
® Residual drag test ® Leakage test @ Parking brake performance test
5 Brake (@ Surface temperature test @ High & Low temperature test
Parking brake performance test Pressure proof test
@ Self-adjustor test © Residual drag test
(0 Parking brake strength test @ Corrosion test
@ Vibration test @ Vibration test
@ Corrosion test @ Under water test
@® Under water test @ Waming up test
@ High & Low temperature test | @ Self-adjustor test
@D Load test (D Spring constant test
@ Spring constant test @ Load test )
. 3 Permanent set test (3 Permanent set test @ Spring constant test
3 Mech:fmlcal @ High temperature resistant test | @ Humidity test @ Load test
Spring
® Low temperature test ® Salt spray test
® Humidity test ® Low temperature test
@ Salt spray test (@ High temperature resistant test
@ Length variation test @ Burst test
@ Internal pressure test @ Impulse pressure test
© Low temperature F)ending test @ Internal pressure test
@ Low temperature internal @ Low temperature bending test @ Length variation test
Flexible Hose pressure test L @ Internal pressure test
4 ® Length variation test

& Fitting

® Ozon aging test

® Burst test

@ Impulse pressure test

Rubber modulus expansion test
@ Temperature resistance test

® Internal fluidity test
@ Vacumm test
Rubber modulus expansion test

® Temperature resistance test
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