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ABSTRACT

The injector spring in cylinder #2 of diesel engine in Ampenan PLTD which is operated by PT. X damaged. After
visual inspection, a helical spring of the injector was broken. The spring broke in the lower part, in winding 2 of
the spring. Before the damage was known, with a diesel load of 1100 kW, the exhaust manifold the cylinder #2
was glowing. Root eause analysis of the broken spiral spring was carried out by visual observation, metallography,
and maintenance management analysis. Results indicated that the damaged of the broken injector spring based on
visual observation of the helical spring was due to alternating bending loads. The fracture angle was at 45°
indicated a bending load. Beachmark shows the beginning of the fault, followed by a static fracture. Metallographic
and microstructure examination results found too many sulphide possibly making the formation of the onset of the
fatigue. To minimize the damage, the sulphide amount of the spring must be reduced, and the spring injector
material must be redesigned. Maintenance management must check every time the new spring is received and the
cam lobe dimensions and wear of the roller must be lifted every 1000 hours.

Keywords: Diesel Engine; Exhaust manifold; Glowing; Injector spring; Maintenance management

1.1 Pendahuluan.

Unit pembangkit PLTD adalah pembangkit listrik yang di operasikan oleh PT. X untuk
memenuhi kebutuhan listrik di Wilayah Mataram. Kapasitas unit pembangkit 1 x 1200 kW yang dalam
operasinya beban dasar (base load), dengan total 8 unit dan daya kontrak 7,000 kW atau 7 MW.

Salah satu Gen-Set mengalami kerusakan injector yang menyebabkan Gen-Set tidak bisa
beroperasi dan setelah dilakukan pengecekan ditemukan pegas spiral injektor patah di bagian bawah
yang ditampilkan gambar 1

Pada saat pegas spiral injektor patah tekanan di injektor turunnya lambat, dan durasi
penyemprotan bahan bakar akan lebih lama, karena tekanan didalam injektor turunnya lambat, akibatnya
akan terjadi over fueling dan glowing, sesuai dengan gambar 1
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Gambar 1. Pegas Injektor Patah (Sumber:A Dokumentasi kerusakan komponen).

Suplai bahan bakar mengalir melalui saluran bertekanan tinggi menuju injektor yang terletak di
kepala silinder. Fungsi dari injektor adalah untuk mengabutkan bahan bakar ke dalam sistem
pembakaran dan cara kerja injektor mempunyai katup yang membuka pada saat tekanan bahan bakar
cukup tinggi (supply, 2010). Ketika katup membuka, bahan bakar dikabutkan dan disemprotkan ke
dalam ruang pembakaran. Pada akhir penyemprotan, tekanan turun secara dratis dan menyebabkan
katup menutup kembali.

Sistem eletronik unit injection (EUI) menggunakan beberapa komponen yang sama seperti yang
dipakai oleh sistem pump dan line. Sistem EUI menggunakan, 1. Fuel tank, 2. Primary fuel filter, 3.
Fuel transfer pump, 4. Secondary fuel filter, 5.Injector, 6. Return line, yang dijelaskan pada gambar 3.

Gambar 2. Fuel Line Diesel Engine (Sumber: Dasar-Dasar Diesel Engine-Caterpillar)

2 Tinjauan Pustaka.

Menurut berbagai sumber analisis ternadap kerusakan helica spring sebagai berikut:

Kerusakan injektor bertekanan tinggi yang digunakan pada common rail, analisis yang
dilakukan tentang penyebab kerusakan dan hasil penelitian mikroskopis komponen yang rusak.
Kerusakan tribological ari injektor tekanan tinggi bersifat lokal dan lubang kavitasi. Posisi kavitasi
terutama dilakukan pada katup, dimana pengurangan jumlah bahan bakar yang di
injeksikan(lgnaciuk & Gil, 2014).

Mesin diesel yang digunakan pada truk mengalami masalah saat di servis. Inspeksi
menunjukkan bahwa empat katup buang dan katup intake serta dua katup buang dan katup masuk
retak. Studi fraktografi menunjukkan bahwa kelelahan adalah mekanisme kegagalan utama untuk
semua empat pegas katup. Dibawah aksi tegangan nominal maksimum, retak kelelahan dimulai pada
kawat pegas kumparan 1.3-1.5 dari ujung atas pegas Wilayah ini juga merupakan lokasi yang aling
rusak karena gesekan kontak. Fraktur katup intake dan batang katup buang juga menunjukkan
kegagalan kelelahan mungkin sebagai akibat kegagalan pegas katup(Yu & Xu, 2009).

Sebagian besar kegagalan diesel engine baru baru ini terjadi ada diesel engine modern, yang
dapat langsung disalahkan pada kualitas bahan bakar yang digunakan. Karena pelumasan yang
buruk dari bahan bakar, serta beberapa kontaminasi partikel, injektor gagal sebelum waktunya,
menyebabkan pembakaran yang buruk dan kerusakan mesin, kerusakan yang disebabkan oleh
kualitas bahan bakar terjadi kerusakan pada tip injektor, abrasif pada plunger, dan barrel (Wielligh,
Burger, & Vaal, 2004).



3

Lendutan pada pegas berkurang dengan berkurangnya tegangan saat perubahan parameter
tertentu. Spring index akan mempengaruhi lendutan dan stres. Ketika jumlah belokan meningkat,
defleksi berkurang dan tekanan juga berkurang. Efek ini tidak mungkin terjadi tanpa perubahan
diameter kawat karena diameter kawat memiliki pengaruh pada defleksi dan tekanan. Oleh karena
itu ketika diameter kawat meningkatkan defleksi dan tekanan juga berkurang. Ini terjadi karena
pencapaian indeks pegas yang lebih baik (Thakare & Kadlag, 2017).

Pegas adalah sistem peredam kejut mekanis. Pegas mekanis didefinisikan sebagai benda
elastis yang memiliki fungsi utama untuk membelokkan atau memutarbalikkan beban, dan untuk
kembali ke bentuk aslinya ketika beban dilepaskan. Para peneliti selama bertahun-tahun telah
memberikan berbagai metode penelitian seperti Teoritis, Numerik dan Eksperimental. Para peneliti
menggunakan metode Teoritis, Numerik dan FEM. Penelitian ini menyimpulkan metode Elemen
Hingga adalah metode terbaik untuk solusi numerik dan menghitung tegangan lelah, siklus hidup
dan tegangan geser pegas kompresi heliks (Rathore & Joshi, 2013)

Metode
Dalam melakukan penelitian pegas injektor patah menggunakan metodologi kualitatif, yang

dilakukan oleh peneliti diantaranya:

o PE

© N O

Melakukan observasi lapangan terhadap kerusakan komponen injektor.

Melakukan pemeriksaan visual pegas injektor patah, terhadap operasional.

Melakukan pengambilan sampel uji pada pegas injektor.

Pemeriksaan laboratorium fractografi pada sampel uji untuk mengetahui kerusakan pegas injektor
yang patah.

Pemeriksaan metalografi pada sampel uji untuk mengetahui mikrostruktur pada pegas injektor.
Pemeriksaan uji kekerasan sampel uji terhadap kualitas material.

Pemeriksaan komposisi kimia terhadap kualitas material.

Pemeriksaan terhadap laju korosi pada material pegas injektor.

Pemeriksaan data pemeliharaan preventive maintenance dan breakdown maintenance.

Adapun dalam diagram alir dalam melakukan analisa pada pegas injektor sebagai berikut:

Identification Failure

Information and Data
Collection

Maintenance

Time Base (Preventive Breakdown
Maintenance) Maintenance

) 4
Spring Injector Broken

Sampling Componen

Spring Injector

Check Sampling
Visual Check

Visual Check
Laboratory testing

v v v

Laboratory testing

Chemical
composition test

Chemical composition test

‘ Metallography

Result & Discussion [«

Conclusion

(o)
\ Start

Gambar 3. Metode penelitian
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Dalam penelitian kerusakan pegas injektor dilakukan beberapa pengujian, agar hasi dapat
menentukan akar penyebab kerusakan.

Pemeriksaan visual.

Dalam pemeriksaan visual pada injektor Pegas spiral A diameter kawat @ 7,0 mm dan @
lingkar pegas 48 mm mengalami patah dilingkar pertama

Gambar 4. Photo makro injektor

Photo makro gambar 8 pada pegas injektor titik pusat patah merupakan daerah tumpuan
beban dan termasuk pusat konsentrasi tegangan yang cukup tinggi, hal tersebut dapat dilihat dari
daerah lingkar lokasi patah adanya cacat himpitan antar pegas dan cacat aus pegas.

Gambar 5. Photo makro pada permukaan patahan injektor
Gambar 6 pegas spiral lingkaran 2 merupakan awal patah yang terlebih dahulu terjadi

penipisan beban bending, adapun bentuk patahan mempunyai sudut 45° merupakan patah statik,
sedangkan gambar 7 beachmark pada patahan pegas injektor.

Gambar 6. Awal patah



Gmbr_%. Bchark patahan pegas injetor

Gambar 14 dengan pembesaran 100x dan 500x terdapat secondary cracks akibat beban
dinamis. Adapun secondary crack ini disebabkan saat terjadi patah dan bukan penyebab
kerusakan

| Gambar 8. No.2 Pebsaran 100x n50x
Gambar 15. no 3 di daerah tepi terjadi perubahan bentuk (deformation) struktur akibat

shot pining proses produksi, proses tersebut akan meningkatkan performa pegas spiral.
Sedangkan no 4 struktur mikro berupa martensit tamper dan terdapat mangan sulfida

200x8 B

Gabar 9. No 3 & No 4 Sulfide at helical Spring

Kandungan komposisi kimia pada pegas spiral 1 mengandung low alloy steel dimana
nilai C 0,609 dan Fe 98,8 yang dijelaskan pada tabel 4.2 dan komposisinya homogen dan tidak
ada korelasinya terhadap kerusakan pegas spiral. Adapun low carbon steel, komposisi kimia
C: 0.05-0.35%, Mn: 0.25-0.90%, medium carbon steel komposisi kimia C: 0.36-0.65%, Mn:
0.70-0.90%, high carbon steel nilai karbon diatas 0.65-1.6%, Mn 0.65-0.90% bersifat getas,
ketangguhan turun, nilai kekerasan dan kekuatan meningkat.

Tabel 1. Komposisi Kimia

No Result(wt%)

Unsur "
Pegas Spiral 1

1. Fe 98.8

2. C 0.609

3. Si 2.15

4, Mn 0.753

5. Cr 1.03

6. Ni 0.257

7. Mo 0.0181

8. Cu 0.0060




9. Al 0.0010
10. \Y 0.0932
11. Ti 0.0018
12. S 0.0047
13. P 0.0077
14. Co 0.0015
15. Nb 0.0447
16. w 0.0400
17. Pb 0,0222

Hasil pengujian kekerasan material pegas 2 di posisi A dengan nilai rata-rata 576,

posisi B 586, posisi C 581, perbedaan di setiap titik pengambilan sampel uji dengan nilai
yang homogen dan tidak ada keterkaitan dengan kerusakan pegas.

Tabel 2. Hasil Pengujian Kekerasan Material Pegas Spiral 1

No Nilai Kekerasan, HV

1 Sample A | Sample B | Sample C
2 593 612 576
3 593 593 585
4 567 585 567
5 541 592 567
6 567 593 576
7 693 576
8 585
9 576
10 576

5 Kesimpulan.

Dari pembahasan tersebut kerusakan pegas injektor patah disebabkan oleh:

Kerusakan pegas spiral injektor 1 dan 2 yang mengalami patah berdampak terhadap tidak

beroperasinya unit pembangkit dan kejadian kerusakan tersebut sering terjadi pada unit pembangkit
diesel engine.

Dari visual inspeksi pada pegas spiral 1 patah terjadi di lingkaran kedua dari bawah dan
penipisan pada permukaan pegas dan pembanding kerusakan pada pegas spiral 2 dibagian
lingkaran ketiga.

Hasil metalografi terindikasi beachmark pada bentuk patahan, yang mengindikasikan patah
lelah (fatigue fracture).

Bentuk dari initial fracture awal dari patahnya injektor.

Secondary crack pada permukaan patahan sebagai akibat beban overload.

Hasil pengujian komposisi kimia kandungan Fe 98.8, Cr 1.03, C 0,609, bahwa material
pegas spiral low alloy steel kandungan C tinggi. Elastisitas pegas tersebut cukup tinggi.
Hasil pengujian kekerasan material pegas spiral 1 nilai rata-rata titik A: 592, titik B: 595,
titik C: 576, sedangkan pegas spiral 2 nilai rata-rata titik A: 576, titik B: 586, titik C: 561.
Kandungan sulfide pada struktur mikro pegas spiral 1 dan 2 terlihat pada keseluruhan
material cukup banyak, kemungkinan membuat terbentuknya awal patah fatigue

Keausan cam lobe maupun roller lifter injektor akan menimbulkan abnormal ketinggian
injektor, dan jika setiap interval PM ditemukan abnormality ketinggian akan berdampak
pada kinerja pegas injektor dan bisa mengakibatkan kerusakan pegas spiral injektor patah.
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ABSTRACT. The injector spring in cylinder #2 of a diesel engine in Ampenan PLTD which is
operated by PT. X damaged. After visual inspection, a helical spring of the injector was
broken. The spring broke in the lower part, in winding 2 of the spring. Before the damage was
known, with a diesel load of 1100 kW, the exhaust manifold the cylinder #2 was glowing. Root
cause analysis of the broken spiral spring was carried out by visual observation, metallography,
and maintenance management analysis. Results indicated that the damaged of the broken
injector spring based on visual observation of the helical spring was due to alternating bending
loads. The fracture angle was at 45° indicated a bending load. Benchmark shows the beginning
of the fault, followed by a static fracture. Metallographic and microstructure examination
results found too many sulfides possibly making the formation of the onset of the fatigue. To
minimize the damage, the sulfide amount of the spring must be reduced, and the spring injector
material must be redesigned. Maintenance management must check every time the new spring
is received and the cam lobe dimensions and wear of the roller must be lifted every 1000 hours.

1. Introduction

The injector functions for the process of ignition of the fuel, and in the process of fogging the
performance of the injector using Mechanical springs are used in the machine to provide flexibility,
save or absorb energy [1]. In general, it is classified as a spring wire, a flat spring or a special shape
and there are other variances. Round or square wire round helical wire or spring and made to resist
tensile, compressive or torsional loads.

When the spiral spring of the injector breaks the pressure on the injector it drops slowly, and the
duration of the fuel spraying will take longer, because the pressure inside the injector drops slowly, as
a result, it will occur over fueling and glowing. On 30 minutes prior to the red or glowing damage to
the exhaust manifold and then an emergency trip (normal stop) by the operator is explained in Figure
1. Damage to the injector that causes Gen-Set to be inoperable and after checking the injector helical
spring is found Broken at the bottom shown in figure 1. After checking, it was found that a broken
injector spring at the bottom as shown in Figure 2.
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Figure 1. Exhaust manifold glowing

Figure 2. Spring injector broken

The supply of fuel flows through a high-pressure channel to the injector located on the cylinder
head. The function of the injector is to atomize the fuel into the combustion system and how it works
the injector has a valve that opens when the fuel pressure is high enough [2]. When the valve opens,
the fuel is atomized and sprayed into the combustion chamber. At the end of the spraying, the pressure
drops drastically and causes the valve to close again.

The electronic unit injection (EUI) system uses several of the same components as those used by
the pump and line systems. The EUI system uses 1. Fuel tank, 2. Primary fuel filter, 3. Fuel transfer
pump, 4. Secondary fuel filter, 5. Injector, 6. Return line, which is described in figure 3.

Figure 3. Fuel line diesel engine

A paper is high-pressure injector damage used on a common rail, an analysis is carried out of the
cause of the damage and the results of a microscopic study of damaged components. Tribological
damage from high-pressure injectors is local and cavitation holes. Cavitation position is mainly carried
out on the valve, where the reduction in the amount of fuel injected [3].

The diesel engine used in trucks has problems when serviced. Inspection shows that four exhaust
valves and intake valves and two exhaust valves and inlet valves are cracked. Fractographic studies
show that fatigue is the main failure mechanism for all four valve springs. Under the action of the
maximum nominal voltage, fatigue cracks begin in coil spring wire 1.3-1.5 from the top end of the
spring. This region is also a location that is damaged by contact friction. The fracture of the intake
valve and exhaust valve stem also indicate possible fatigue failure as a result of valve spring failure
[4].

Most recent diesel engine failures have occurred in modern diesel engines, which can be directly
blamed on the quality of the fuel used. Due to poor fuel lubrication, as well as some particle



contamination, the injector fails prematurely, causing bad combustion and engine damage, damage
caused by fuel quality damage to the injector tip, abrasive on the plunger and barrel [5].

The deflection in the spring decreases with less stress when changing certain parameters. The
Spring index will affect deflection and stress. When the number of turns increases, the deflection
decreases, and the pressure also decreases. This effect is not possible without changes in wire diameter
because the wire diameter has an influence on deflection and pressure. Therefore when the wire
diameter increases the deflection and the pressure also decreases. This happens because of the
achievement of a better spring index [6].

Spring is a mechanical shock absorbing system. Mechanical springs are defined as elastic objects

that have the main function to bend or twist the load and to return to their original shape when the load
is released. Researchers for many years have provided various research methods such as Theoretical,
Numerical and Experimental. The researchers used theoretical, numerical and FEM methods. This
study concludes that the Finite Element method is the best method for numerical solutions and
calculates fatigue stress, life cycle and helical compression spring shear stress [7].
The helical compression spring is commonly used in diesel engine fuel injection systems, where it
undergoes cyclic loading for more than 10 cycles. To predict the possible position of failure in the
helical compression spring, which is used in the fuel injection system, along with the inner spring,
finite element analysis is carried out, using ABAQUS 6.10. Simulation results show the behavior of
pressure oscillations along the length on the inside. It is ensured that oscillations are caused by
bending associated with compression. It was also revealed that bending was caused by the geometry of
a spring. The shear stress along the spring is found to be asymmetrical and with local maxims at the
beginning of each middle coil. Asymmetry is caused by a coiled-coil smaller than 360 degrees.

2. Methods
2.1. Remove Cover Cylinder Head and Visual Inspection

In a visual inspection of a spiral spring injector, A @ wire diameter 7.0 mm and @ 48 mm spring
circumference has a broken first circle.

g
<

Figure 4. Macro photo injector
2.2. Visual Observation.
Photo macro image 8 on the injector spring the broken center point is a load bearing area and
includes a fairly high center of stress concentration, it can be seen from the circumference area of the
fracture there is a defect between the spring and spring wear.




Figure 5. Photo macro on the injector fracture surface

Figure 6 spiral spring circle 2 is the beginning of a fracture which first occurs the bending load
thinning, while the shape of the fault has a 45° angle is a static fracture, while the 7 benchmark
image on the injector spring fracture.

Dnse fraceure dae ik Y )
nghar ke dari bavah

Figure 6. Early broken

2.3. Metallographic testing
Metallographic testing Figure 7 describes a benchmark that occurs in a spiral spring, that a
benchmark indication is a form of fatigue in the injector spring.

Figre 7 ‘Ig.énchmark injector sprin fault
2.4. Microstructure Testing

Figure 8 with 100x magnification and 500x there are secondary cracks due to dynamic loads. The
secondary crack is caused when a break occurs and is not the cause of damage.

igure 8. No.2 100x and 00x manlication

Figure 9. no. 3 in the edge area deformation of the structure due to the shot pining of the production
process, the process will improve the performance of the spiral spring. While the number 4
microstructure is a martensite tamper and there is manganese sulfide. Where manganese sulfide is
formed during the manufacturing process.

Figure 9. No 3 & No 4 Sulfide at helical compression spring
2.5. Testing of Chemical Composition

The chemical composition of spiral 1 spring contains low alloy steel where the values of C 0.609
and Fe 98.8 are described in table 1 and the composition is homogeneous and there is no correlation



with the spiral spring damage. As for low carbon steel, the chemical composition C: 0.05-0.35%, Mn:
0.25-0.90%, medium carbon steel Chemical composition C: 0.36-0.65%, Mn: 0.70-0.90%, high carbon
steel carbon values above 0.65-1.6% , Mn 0.65-0.90% is brittle, toughness drops, hardness and
strength increase.

2.6.

Table 1. Chemical composition

Result(wt%) Result(wto%)
No Unsur No  Unsur
Pegas Spiral 1 Pegas Spiral 1

1 Fe 98.8 10 Al 0.0010

2 C 0.609 11 \% 0.0932

3 Si 2.15 12 Ti 0.0018

4 Mn 0.753 13 S 0.0047

5 Cr 1.03 14 P 0.0077

6 Ni 0.257 15 Co 0.0015

7 Mo 0.0181 17 Nb 0.0447

8 Cu 0.0060 18 w 0.0400

9 Pb 0,0222

Testing for material hardness

Testing injector springs using 1 sample and 3 (three) points to compare the points of each sample
and compare the material hardness of the values obtained from the testing of the material hardness and
in table 2 with an average value for samples A: 592, sample B: 595, sample C: 576 is homogeneous.

Table 2. Test Results for Hardness of Injector Spring Materials

No Value Hardness, HV
Sample A SampleB  Sample C

1 593 612 576
2 593 593 585
3 567 585 567
4 541 592 567
5 567 593 576
6 693 576
7 585
8 576
9 576

3. Results and Discussion

From this discussion, the damage of the broken injector spring is caused by:

Metallographic results indicate a benchmark in the form of a fault, which indicates fatigue
fracture (fatigue fracture). The initial form of initial fracture from the fracture of the injector
Secondary cracks on the fault surface as a result of overloads

Chemical composition of injector spring with low alloy steel with Cr 1.03%, and Mo content
of 0.753%, that spiral spring material is low alloy steel with high C content. The spring
elasticity is quite high

The spiral spring material hardness 1 average value of point A: 592, point B: 595, point C:
576, while the spiral spring 2 the average value of point A: 576, point B: 586, point C: 561
Sulfide content in spiral 1 microstructure is seen in a large amount of material, possibly
making early fatigue

The wear of cam lobes and roller lifter injectors will cause an abnormal height of the injector,
and if each PM interval is found an abnormality of altitude will have an impact on the
performance of the injector spring and can cause damage to the spring spiral injector broken.



4, Conclusions

5.

Sulfide content in spiral spring microstructure is seen in the whole material quite a lot, possibly
making the formation of early fatigue, with an indication of the beach mark in the form of a
fatigue fracture in the injector spring.
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Abstract. The injector spring in cylinder #2 of a diesel engine in Ampenan PLTD which is
operated by PT. X damaged. After visual inspection, a helical spring of the injector was broken.
The spring broke in the lower part, in winding 2 of the spring. Before the damage was known,
with a diesel load of 1100 kW, the exhaust manifold the cylinder #2 was glowing. Root €ause
analysis of the broken spiral spring was carried out by visual observation, metallography, and
maintenance management analysis. Results indicated that the damaged of the broken injector
spring based on visual observation of the helical spring was due to alternating bending loads.
The fracture angle was at 45° indicated a bending load. Benchmark shows the beginning of the
fault, followed by a static fracture. Metallographic and microstructure examination results found
too many sulphides possibly making the formation of the onset of the fatigue. To minimize the
damage, the sulphide amount of the spring must be reduced, and the spring injector material must
be redesigned. Maintenance management must check every time the new spring is received and
the cam lobe dimensions and wear of the roller must be lifted every 1000 hours.

1. Introduction

The injector functions for the process of ignition of the fuel, and in the process of fogging the
performance of the injector using Mechanical springs are used in the machine to provide flexibility, save
or absorb energy [1]. In general, it is classified as a spring wire, a flat spring or a special shape and there
are other variances. Round or square wire round helical wire or spring and made to resist tensile,
compressive or torsional loads.

When the spiral spring of the injector breaks the pressure on the injector it drops slowly, and the
duration of the fuel spraying will take longer, because the pressure inside the injector drops slowly, as a
result, it will occur over fuelling and glowing. On 30 minutes prior to the red or glowing damage to the
exhaust manifold and then an emergency trip (normal stop) by the operator is explained in Figure 1.
Damage to the injector that causes Gen-Set to be inoperable and after checking the injector helical spring
is found Broken at the bottom shown in figure 1. After checking, it was found that a broken injector
spring at the bottom as shown in Figure 2.

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOIL.
Published under licence by IOP Publishing Ltd 1
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Figure 1. Exhaust manifold glowing.

Figure 2. Spring injector broken.

The supply of fuel flows through a high-pressure channel to the injector located on the cylinder head.
The function of the injector is to atomize the fuel into the combustion system and how it works the
injector has a valve that opens when the fuel pressure is high enough [2]. When the valve opens, the fuel
is atomized and sprayed into the combustion chamber. At the end of the spraying, the pressure drops
drastically and causes the valve to close again.

The electronic unit injection (EUI) system uses several of the same components as those used by the
pump and line systems. The EUI system uses 1. Fuel tank, 2. Primary fuel filter, 3. Fuel transfer pump,
4. Secondary fuel filter, 5. Injector, 6. Return line, which is described in figure 3.

Figure 3. Fuel line diesel engine.

A paper is high-pressure injector damage used on a common rail, an analysis is carried out of the cause
of the damage and the results of a microscopic study of damaged components. Tribological damage
from high-pressure injectors is local and cavitation holes. Cavitation position is mainly carried out on
the valve, where the reduction in the amount of fuel injected [3].

The diesel engine used in trucks has problems when serviced. Inspection shows that four exhaust
valves and intake valves and two exhaust valves and inlet valves are cracked. Fractographic studies
show that fatigue is the main failure mechanism for all four valve springs. Under the action of the
maximum nominal voltage, fatigue cracks begin in coil spring wire 1.3-1.5 from the top end of the
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spring. This region is also a location that is damaged by contact friction. The fracture of the intake valve
and exhaust valve stem also indicate possible fatigue failure as a result of valve spring failure [4].

Most recent diesel engine failures have occurred in modern diesel engines, which can be directly
blamed on the quality of the fuel used. Due to poor fuel lubrication, as well as some particle
contamination, the injector fails prematurely, causing bad combustion and engine damage, damage
caused by fuel quality damage to the injector tip, abrasive on the plunger and barrel [5].

The deflection in the spring decreases with less stress when changing certain parameters. The spring
index will affect deflection and stress. When the number of turns increases, the deflection decreases,
and the pressure also decreases. This effect is not possible without changes in wire diameter because the
wire diameter has an influence on deflection and pressure. Therefore when the wire diameter increases
the deflection and the pressure also decreases. This happens because of the achievement of a better
spring index [6].

Spring is a mechanical shock absorbing system. Mechanical springs are defined as elastic objects

that have the main function to bend or twist the load and to return to their original shape when the load
is released. Researchers for many years have provided various research methods such as Theoretical,
Numerical and Experimental. The researchers used theoretical, numerical and FEM methods. This study
concludes that the Finite Element method is the best method for numerical solutions and calculates
fatigue stress, life cycle and helical compression spring shear stress [7].
The helical compression spring is commonly used in diesel engine fuel injection systems, where it
undergoes cyclic loading for more than 10 cycles. To predict the possible position of failure in the helical
compression spring, which is used in the fuel injection system, along with the inner spring, finite element
analysis is carried out, using ABAQUS 6.10. Simulation results show the behaviour of pressure
oscillations along the length on the inside. It is ensured that oscillations are caused by bending associated
with compression. It was also revealed that bending was caused by the geometry of a spring. The shear
stress along the spring is found to be asymmetrical and with local maxims at the beginning of each
middle coil. Asymmetry is caused by a coiled-coil smaller than 360 degrees.

2. Methods
2.1. Remove cover cylinder head and visual inspection

In a visual inspection of a spiral spring injector, A @ wire diameter 7.0 mm and @ 48 mm spring
circumference has a broken first circle.

92,0 mm
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Figure 4. Macro photo injector.
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2.2. Visual observation

Photo macro image 8 on the injector spring the broken center point is a load bearing area and includes
a fairly high center of stress concentration, it can be seen from the circumference area of the fracture
there is a defect between the spring and spring wear.

Figure 5. Photo macro on the injector fracture surface.

Figure 6 spiral spring circle 2 is the beginning of a fracture which first occurs the bending load thinning,
while the shape of the fault has a 45° angle is a static fracture, while the 7 benchmark image on the
injector spring fracture.

Figure 6. Early broken.

2.3. Metallographic testing
Metallographic testing Figure 7 describes a benchmark that occurs in a spiral spring, that a benchmark
indication is a form of fatigue in the injector spring.

Figure 7. Benchmark injector spring fault.
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2.4. Microstructure testing
Figure 8 with 100x magnification and 500x there are secondary cracks due to dynamic loads. The
secondary crack is caused when a break occurs and is not the cause of damage.

Figure 8. No.2 100x and 500x magnification.

Figure 9. No. 3 in the edge area deformation of the structure due to the shot pining of the production
process, the process will improve the performance of the spiral spring. While the number 4
microstructure is a marten site tamper and there is manganese sulphide. Where manganese sulphide is
formed during the manufacturing process.

Figure 9. No 3 and No 4 Sulphide at helical compression spring.

2.5. Testing of chemical composition

The chemical composition of spiral 1 spring contains low alloy steel where the values of C 0.609 and
Fe 98.8 are described in table 1 and the composition is homogeneous and there is no correlation with
the spiral spring damage. As for low carbon steel, the chemical composition C: 0.05-0.35%, Mn: 0.25-
0.90%, medium carbon steel Chemical composition C: 0.36-0.65%, Mn: 0.70-0.90%, high carbon steel

carbon values above 0.65-1.6% , Mn 0.65-0.90% is brittle, toughness drops, hardness and strength
increase.
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Table 1. Chemical composition.

Result (wt %) Result (wt %)
No Element No Element
Spiral Spring 1 Spiral Spring 1
1 Fe 98.8 10 Al 0.0010
2 C 0.609 11 Vv 0.0932
3 Si 2.15 12 Ti 0.0018
4 Mn 0.753 13 S 0.0047
5 Cr 1.03 14 P 0.0077
6 Ni 0.257 15 Co 0.0015
7 Mo 0.0181 17 Nb 0.0447
8 Cu 0.0060 18 w 0.0400
9 Pb 0,0222

2.6. Testing for material hardness

Testing injector springs using 1 sample and 3 (three) points to compare the points of each sample and
compare the material hardness of the values obtained from the testing of the material hardness and in
table 2 with an average value for samples A: 592, sample B: 595, sample C: 576 is homogeneous.

Table 2. Test results for hardness of injector spring materials.

No Value Hardness, HV
Sample A Sample B Sample C

1 593 612 576
2 593 593 585
3 567 585 567
4 541 592 567
5 567 593 576
6 693 576
7 585
8 576
9 576

3. Results and discussion
From this discussion, the damage of the broken injector spring is caused by:

Metallographic results indicate a benchmark in the form of a fault, which indicates fatigue
fracture (fatigue fracture). The initial form of initial fracture from the fracture of the injector
Secondary cracks on the fault surface as a result of overloads

Chemical composition of injector spring with low alloy steel with Cr 1.03%, and Mo content of
0.753%, that spiral spring material is low alloy steel with high C content. The spring elasticity
is quite high

The spiral spring material hardness 1 average value of point A: 592, point B: 595, point C: 576,
while the spiral spring 2 the average value of point A: 576, point B: 586, point C: 561
Sulphide content in spiral 1 microstructure is seen in a large amount of material, possibly
making early fatigue

The wear of cam lobes and roller lifter injectors will cause an abnormal height of the injector,
and if each PM interval is found an abnormality of altitude will have an impact on the
performance of the injector spring and can cause damage to the spring spiral injector broken.
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4. Conclusions

Sulphide content in spiral spring microstructure is seen in the whole material quite a lot, possibly making
the formation of early fatigue, with an indication of the beach mark in the form of a fatigue fracture in
the injector spring.

Acknowledgments

Thank you, | convey to Mr. Bambang Teguh Prasetyo, Mr. Tri Wibowo, Mr. Koswara, and Mr. Mujiarto
and all colleagues who have helped this research. I hope that what has been conveyed is useful for others
and the gentlemen all make it easy, carry out their efforts and be protected by the Almighty God. Success
for all.

References

[1] Marghitu D B 3005 Mechanical Springs Kinematic Chain Mach. Components Des. 723-754

[2] supply 2010 “1 - Basic diesel fuel systems” pp 1-39

[3] Ignaciuk P and Gil L 2014 Damages To Injectors in Diesel Engines Adv. Sci. Technol. Res. J. 8
(21) 58-61

[4] YuZW and Xu X L 2009 Failure analysis on diesel-engine valve springs J. Fail. Anal. Prev. 9
(4) 329-334

[5] von Wielligh A, Burger N and de Vaal P 2004 Diesel Injector Failures and the Consequences-
caused by fuel quality-Case Studies Int. Conf. South African Inst. Tribol. 1-19

[6] Thakare PP and Kadlag V L 2017 Design and Analysis of Helical Compression Spring for Special
Purpose Application 3 (4) 849-858

[71 Rathore G S and Joshi U K 2013 Fatigue stress analysis of helical compression spring: a review
Int. J. Emerg. Trends Eng. Dev. 2 (3) 512-520



