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Abstract : The domestic remanufacturing industry has been growing mainly in the field of auto parts, but it has grown into a price
priority market, not quality. Thus, a low quality and low price market has been formed. In particular, although automobile parts are
very important to the safety of both drivers and pedestrians, it is very difficult to secure quality from small manufacturers. Among
them, power steering gearboxes are applied to almost all vehicles, and the demand for remanufacturing is increasing. In this paper,
we analyzed the main damage analysis of the power steering gearbox after use to optimize plating technology by improving the
performance of wear, the main damage factor, and confirm the performance recovery of the steering gearbox.
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Table 1 Environment impact comparisions between remanufacturing,
reuse and material recycling

Parts Material recycling | Remanufacturing | Reuse
Resource
. A @) @)
conservation
Energy saving X O O
Quality A O X

(notation) X: Bad, 2A: Normal, O: Good, ©: Great

—— Material recycle

Scrap
------------------- reduce

Raw Material Products

Material Part Product Use after use
'Y -~ Z' Y i
Reuse E

- Energy
Remanufacturing ! recovery

i
1
1
1

Fig. 1 Comparison between remanufacturing, reuse and material recycling
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BELLOWS
Prevention of moisture penetration <—mi

RACK & PINION GEAR
Convert the rotational motion of the handle
into a linear motion

'/

V4

VALVE
Supply hydraulic oil selectively by left and
right cylinder at steering

FEED TUBE
Connecting the Valve to the Cylinder

/

CYLINDER
Power assisted by supplied hydraulic oil

INNER BALL JOINT
Steering force transmission

MOUNTING BUSH

Vehicle mounting, vibration absorption

MOUNTING CLAMP

Vehicle mounting, vibration absorption

TIE ROD END
Transfer steering force to tires

Fig. 3 Rack-and-pinion power steering gearbox main components and functions
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Pinion Valve Ass’y

e [

Valve Ass'y

Valve Housing

Fig. 4 Valve Ass’y component constructions
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Fig. 5 Rack bar main special feature
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Table 2 Failure mode and cause of parts manufacturing of steering gearbox

Failure mode Failure cause Failure environment
Hang Rack bar mount pinion, Defective separation, Character fault Manufacture process
Leakage Inner / Outer seal assembly fault, Top seal fault, Top Key detachment fault Manufacture process
Shiver Center fault, Maintenance fault Manufacture process / Use
Handle heavy Valve fault, Sensor fault, Sensor disconnection, IBJ torque fault Manufacture process
Noise IBJ fault, Outer fine defect, Y oke clearance over, Pinion wear abration overcharge Manufacture process
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Failure total volume : 624

REMANUFACTURED R/P ASSY FAILURE STATUS

Deflection Hang
2% 10%

Noise
31% Leakage
22%

Shiver
1%

Heaviness
34%

Fig. 6 Rack and pinion assembly breakdown status (Remanu-
facturing a company standard)
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Table 3 Surface roughness and outer diameter test results according to rackbar coating method

Coating Surface roughness Outer diameter dimension
Case Coating method thickness (Ra) (mm) 7] €}
(um) Before coating | After coating | Before coating | After coating

1-1 1.44 0.37 0.13 27.68 27.68

1-2 1.30 0.40 0.05 27.68 27.68 Degreasing, Buffing
1-3 . 1.02 0.39 0.05 27.67 27.67

Chrome plating

2-1 2.84 0.42 0.14 27.68 27.68

2-2 3.15 0.41 0.11 27.68 27.68 Degreasing, Buffing
2-3 3.04 0.38 0.13 27.68 27.68

3-1 1.06 0.38 0.24 27.65 27.65

3-2 Nickel plating 1.11 0.40 0.25 27.68 27.68 Degreasing, Buffing
3-3 1.11 0.43 0.14 27.68 27.68

4-1 CrC + 20 YNiLC - 0.35 0.34 27.70 27.71 Und

+ _
12 " oN-Cr i 041 037 2769 2771 ndereut,
Spray coating Post process required

4-3 - 0.38 0.33 27.70 27.71

5-1 WC-10%Cod %C - 0.38 0.34 27.69 27.71 Und

52 Coen A - 0.43 035 27.69 27.71 nder out,

Spray coating Post process required
5-3 - 0.29 0.29 27.70 27.71
36 BIRASAIZSE=2Z M27H M15, 2019
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Table 4 Performance test results according to rackbar coating method

Case | Coating method | Coating thickness (im) | Mechanical efficiency | Static torque /0O Characteristic test Internal leakage
Ave Difference between Each left and right
Standard 70% 1 0.3~ left and right (50 bar) 1/min |
1.4 Nm 5 kgf/em” | Left Right
1-1 82.8 0.437 2.47 0.48 0.48
1-2 914 0.446 2.01 0.36 0.23
1.5 um
1-3 79.6 0.397 0.21 0.21 0.28
Ave Chrome 84.6 0.43 1.56 0.35 0.33
2-1 plating 75.7 0.369 0.76 0.36 0.45
2-2 86.0 0.408 0.82 0.72 0.70
2-3 3 um 83.8 0.573 0.51 0.68 0.45
Ave 81.83 0.45 0.70 0.59 0.53
3-1 79.7 0.448 1.13 0.14 0.23
32 Nickel | m 86.0 0.398 1.30 0.33 0.28
3-3 plating 72.5 0.393 0.63 0.28 0.26
Ave 79.4 0.41 1.02 0.25 0.26
4-1 - 73.5 0.440 2.45 0.24 0.36
4-2 Normal - 76.2 0.331 4.47 0.19 0.29
4-3 remanufactured - 69.8 0.426 1.11 0.33 0.34
Ave - 73.2 0.40 2.68 0.25 0.33
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olo] E A A = AZE (1.5 um) HAHE A8
sk Blo] 7Hg A gstebal shetaeith
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