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Modulator Main Parts —— Solenoid Valve —y— Nozzle Holder

|- Body

- Spool

— Armature

— Bushing

— Nozzle T-Nozzle
—E P-Nozzle

C-Nozzle
— O-Ring

I Filter T-Filter

—E P-Filter
C-Fiiter

l— Check Valve

- Spring

— Solenoid

— Core

L Sieeve

Mount
Plate

- Low Pressure Accumulator -E Piston

Spring
- Damper Cap
Chamber
Orifice
O-Ring

—~ Modulator Biock —E Block

Chamber
O-Ring
Backup Ring
- Pump Cap
Head
Cylinder
Piston
Spring
Cam
Check Valve
- DC Motor

-~ Etc.

2] 1. Components of ABS T-1 Modulator.
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18! 2, Cost Distribution of ABS Parts and
Modulator Parts.
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Basic Algorithm —— Wheel Speed Calculation

— Wheel Acceleration Estimation
— Vehicle Speed Estimation

— Brake Pressure Control

— Road Condition Adjustment

~ Yaw Moment Compensation

— Self Diagnosis

2l 4(a). Basic ABS Algorithm.

Additional Algorithm —— ABS Control at Low Vehicle Speed

- Improvement of Driver Feeling

— Compensation of Brake Hysterisis

— Preventing Resonance of Wheel
Torsional Vibration

— Compensation of Normal Force
Variation

— Compensation of Wheel Inertia
Variation

22! 4(b). Additional ABS Algorithm.
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Typical ABS  ABS Enable Relay
Fault Open, Short(Contact Circuit, Coil Circuit)
Conditions [~ System Voltage
High, Low
— Wheel Speed
Zero, Unreasonable, Excessive Variation
~ Motor
Open, Short(Ground, Battery), Free Spin
I~ Solenoid Circuit
Open, Short(Ground, Battery)
—Brake Warning Lamp
Open, Short(Battery)
— Brake Switch
Circuit Open, Contact Mulfunction

18 5. Typical ABS Fault Conditions.
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B 1. ABS Performance Requirements.

Test Items Surface Test Conditions Criteria
Operating Requirements I;rl;‘ulon Cocff. 5 kph~Max. Speed Limit Wheel Lock Max. 200 ms
Straight Line | Umform Under 100 kph Avg Yaw Rate<3 Deg/s
Stability Surface 0 Degree Fixed Steering Max Yaw Rate<5 Deg/s
Directional Cornering Uniform Under 100 kph Yaw Ratio <1.15
Control Stability Surface 80% of Max Lateral Acc Lateral Acc Ratio <1.25
Split Coeff. Ice/Concrete Under 70 kph, Fixed 0 Deg Max Yaw Rate < 30 Deg/s
of Friction Epoxy/Asphalt Under 70 kph, Fixed 0 Deg Max Yaw Rate < 30 Deg/s
Stability Basalt/Asphalt Under 70 kph, Fixed 0 Deg Max Yaw Rate < 22 Deg/s
Dist(ABS) <Dist(DBE)
Avg Over Entire Stop
ési‘fie 50, 100, 135 kph a, <a, (DBE)
0 Avg Over Any 0.5 Sec Period
Straieht Li a,<0.9a, (DBE)
t t
Max. Decel. THET M Wet Asphalt 50, 100 kph Dist(ABS) <Dist(DBE)
and Ice 50, 75 kph Dist{( ABS) < Dist(DBE)
Stopping Gravel 70 kph Dist(ABS) <1.4Dist(DBE)
Distance Packed Snow 75 kph Dist( ABS) <1.4Dist(DBE)
Chatter bump 70, 100 kph Dist(ABS) <1.4Dist(DBE)
Avg Over Entire Stop
. aLS 083.]_(DBE)
Cornering Asphalt 100 kph Avg Over Any 0.5 Sec Period
aLs 0753L(DBE)
Split Coeff. Ice/Asphalt 50, 85 kph Dist(ABS) < 1.1Dist(DBE)
. High to Low Dist(ABS) < Dist(DBE)
Transition | piction Coeff | /2SPBaIl/Ic0 85 kph Wheel Lock < 300ms
Response L High Dist(ABS) < Dist(DBE)
Time ow to Hig 1S <Dis
Friction Coeff lce/Asphalt 85 kph
Yaw Ratio=Max(Yaw Ratio) sps/Max(Yaw Rate)no sraing
Lateral Acc Ratio=Max(Lateral Acc)y, raing/Max(Lateral Ace)aps
Dist(ABS) : ABS Stopping Distance
Dist(DBE) : Driver Best Effort Stopping Distance
a, . Longitudinal Vehicle Acc
a,(DBE) : Driver Best Effort Longitudinal Vehicle Acc
- 2 s2e fAaAE Rah) 2 5719 Ao)2g wEan
o { ] Adee & F Utk AT oA EHiolE HHEAE
. e W | o} On/Olf §2& A&ejoiolAel |28 A&Ed 24
- 48 459 544 248 FPozA Ao gnze
:- Bee 53 28 5 e 2Aolh
§ i T 78 Wet Epoxy wHZ71AMe 8 &94018 4
el e A 7otk #md sdo] WAgo] glof Alojrt 3 &
[ R I 7 oy &dwols Wrel AER} HEa BE
o LML i ﬂ“ ﬂlﬂm{} L el &As oee BAE Al gaelzel ues
| bl e ogdad FRAS FYoR #78 ¥ & Uk B
712! 6. Experimental Results of Wheel Slip Control o|t}.
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2! 7. Experlmental Resuits of Wheel slip Control
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2l 8. Experimental Results of Wheel Slip Control
on Transition Road(from Wet Epoxy to
Dry Concrete).
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