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A Study on Restoration Technology of Unit Injector Spill Valve
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Abstract : Restorations of automotive parts have been done ever since the first vehicle was produced. Because the
most expensive parts of a vehicle are in the engine system, there have been various restoration methods developed for
engine parts. In the case of commercial diesel engines, the fuel injection device is a key and expensive component. It
also has a significant effect on vehicle performance. In particular, reduced engine power and increased exhaust gas
emissions may result from mechanical damage due to abrasion of the spill valve in the fuel injection system of a diesel
engine. In this paper, restoration techniques for damaged parts are applied to restore the abrasion of a spill valve of fuel
injection, also called as the “unit injector”, of commercial diesel engines. In order to recover the damage, optimized
polishing techniques using hard-metal and coating processes are applied. To evaluate restoration techniques for the spill
valve, performance and durability tests are performed on a test bench.

Key words : Unit injector(f%! <12 E]), Restoration(&-)), Failure analysis(32°g &49) Spill valve(Z=Z W H),
Polishing and coating($3 7} 3% % %] 2]), Remanufacturing( A 21 &), SEM(FAFE A A& w] 7))
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Table 1 FMEA of unit injector (UI)

Cluse Symptom Part Failure Type
. - Unit injector wear
Useofbad |~ Engine start delay and - Nozzle hole wear

fuel disable start - Nozzle hole clogging

- Soot generation .
§ - Spill valve wear

Different - Engine start delay - Spill valve wear
substance add | - Decrease engine power | - Nozzle hole clogging

Fuel filter
exchange cycle | - Decrease engine power | - No fuel flow

Exceeded

- Unit injector
corrosion
- Spill valve corrosion

- Clogged fuel lines

Water add .
- Decrease engine power

. .| - White smoke -
Excessive fatigue . - Unit injector wear
generation .
phenomenon . - Spill valve wear
- Engine start delay
Different - Engine hunting o
- Unit injector wear
substance add | phenomenon .
. . - Nozzle tip wear
in fuel tank | - Engine start delay

Table 2 Classification of used unit injector
A - Grade B - Grade
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Fig. 1 Spill valve design

Table 3 New and damaged spill valve

=4 Damaged New

Scratch

Spill
valve
breakage

Fig. 2 Scanning electron microscope(SEM) device
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Table 4 Unit injector spill valve check process

Remanufacturing
process

Photo Process contents

Core collection - Bare eyed inspection

- Remove foreign
matter
- Inspection of damaged

washing
part
| - Ultrasonic cleaning
Initial | - Measurement of wear
inspection - | - Values comparison
Microscopy - Precision measurement
inspection of damaged part

RS M e
Spill valve wear part
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Fig. 5 Spill valve surface treatment process
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Fig. 6 Test unit injector bench
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Fig. 6 ¥} Fig. 72 1 L%oﬂ g o)A el o] B L .
AL AR FEL QUAE el Y@ A HAhE e
7] gleko] AL ShERIAIALe] WA Bl ~E] 7] 9
Fo 7 PES Y3 ek 5 :
A e sk 2 A Ne A9 & w0 s
AL AHgEAom, Adel ALgd shER AL °
WA AR AR 81050 212 el ¥
A S Z&str] wiioll A=} idle Z71(700 rpm)< =% shim 1 I
ol A= 350 rpm(pulse 2 ms)ol A, T& 1L a s ' \l*
600 rpkm(pulse 4 ms), T.E371-2 900 rpm(pulse 3 ms) / 41
oz ANEe AFsialon], HEF 2= 40°C= ¢ ame A2
Stroke ‘
Table 6 Hartridge test equipment spec ZHELA
Supply pressure (5+0.5) bar £
Supply voltage 90V AME X2
Peak current 70A Fig. 7 Hartridge Main Components of Equipment
Peak width 1.00 ms
Hold current 354 Table 8 Test Conditions of durability for coating performance
Injector offset 56.0°
fyector o115 ltem | mpm | 20,000km | Add20% | Time
Injector delay 1.10 ms
Max speed 1150 tpm Idle 350 2,351,250 2,821,500 134.4
Resistance Max 1600 | 8242500 | 9,891,000 | 2748
High limit 1.700 Q torque
Low limit 1000 &2 Max | 900 | 6553750 | 7,864,500 | 1456
Coil response power
Frequency 2 Hz Total 554.7
Pulse width 5.000 ms
Table 7 Unit ini . ~ duots) A3 Ul AF0) A eg v askd o)
able nit injector performance spec (New products o . -
S s ) kit Table 8-& & ¥ 2~ Wro] j3t W74 H7}
Comment Speed (RPM) Pulse (ms) Delivery _
Tdle 350 2 41-49 ol ARl A A2 W=+ 715£(20,000 km)©l™ =
Max torque 600 4 252~ 267 TolA=20 % F7HE AlE 2= AIES TEE
Max power 900 3 229 ~ 247 GiasA=s
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Table 9 TiN coating performance test results before durability

test
Width Delivery (mm®/st)
Item rpm -
(ms) Min | Measure Max
Purge 350 5 214.0 218.0 228.0

Idle 350 2 41.0 43.4 49.0
Max torque | 600 4 252.0 256.6 267.0
3 229.0 2423 247.0

Max power | 900

Table 10 TiN coating performance test results after dura-

bility test
Width Delivery (mm3/st)
Item rpm - Remarks
(ms) | Min |Measure| Max
Purge 350 5 214.0 176 | 228.0
Idle 350 2 41.0 49.0 37.4
Max torque | 600 4 252.0 267.0 | 237.1
Max power | 900 3 229.0 247.0 | 217.1

Table 11 TiCN coating performance test results before dura-

bility test
Width Delivery (mm3/st)
Item rpm ;

(ms) Min Measure Max
Purge 350 5 214.0 221.7 228.0
Idle 350 2 41.0 46.0 49.0
Max torque | 600 4 252.0 258.4 267.0
Max power | 900 3 229.0 241.7 247.0
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Table 12 TiCN coating performance test results after dura-
bility test

Width Delivery (mm3/st)
(ms) | Min | Measure | Max
Purge 350 | 5 2140 2062 [228.0
Idle 350 | 2 41.0 413 49.0
Max torque | 600 4 | 2520 267.0| 247.1
3 1229.0 | 231.3 |247.0

Item rpm Remarks

Max power | 900

Table 13 DLC coating performance test results after dura-
bility test

Width Delivery (mm3/st)
(ms) Min Measure Max
Purge 350 5 214.0 223.5 228.0
Idle 350 2 41.0 47.0 49.0
Max torque | 600 4 252.0 259.2 267.0
3 229.0 244 .4 247.0

Item rpm

Max power | 900

TiN TiCN DLC
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