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PENGARUH COATING ALUMINIUM CHROMIUM NITRIDE (Al-CrN)
DENGAN TITANIUM NITRIDE (TiN) PADA PUNCH PIN, PRODUK
SPACER

Ndaru Yustiansyah!, Vina Nanda Garjati', Yuli Mafendro Dedet Eka Saputra!
Jurusan Teknik Mesin, Politeknik Negeri Jakarta. Kampus UI, Depok, 16434
*Fmail : vina.nanda@mesin.pnj.ac.id
ABSTRAK

Proses cold forging pada pembuatan produk Spacer memerlukan tooling yang memiliki, ketahanan aus
tinggi agar kualitas produk tetap terjaga. Punch pin sebagai salah satu komponen utama menerima beban
tekan dan‘gesekan secara berulang sehingga rentan mengalami keausan yang menyebabkan meningkatnya
jumlah‘produk cacat, penurunan kualitas permukaan, serta bertambahnya frekuensi penggantian tooling.
Penelitian ini bertujuan menganalisis pengaruh coating Titanium Nitride (TiN) dan Aluminium Chromium
Nitride (AICrN) terhadap ketahanan aus punch pin pada kualitas produk Spacer. Metode penelitian yang
digunakan adalah metode kuantitatif deskriptif pada coating TiN dan AICrN dengan pendekatan studi kasus
yang meliputi pengujian ketebalan lapisan menggunakan Fischer Dualscope MPO, pengujian keausan
menggunakan metode Qgoshi ASTM G99, serta analisa data hasil produksi berdasarkan jumlah produk
cacat. Hasil penelitian menunjukkan bahwa coating AICTN memiliki ketebalan rata-rata sebesar 4,782 um,
lebih tinggi dibandingkan coating TiN sebesar 3,702 um«Nilai abrasi coating AICtN sebesar 2,0544 % 10°
mm?*/mm, lebih rendah dibandingkan TiN sebesar 1,8747733 x 107 mm?/mm, yang menunjukkan
ketahanan aus lebih baik. Selain itu, penggunaan coating AICtN menghasilkan persentase produk cacat
sebesar 0,30%, sedangkan TiN sebesar 0,46%. Berdasarkan hasil tersebut dapat disimpulkan bahwa coating
AlICrN memberikan performa tribologi yang lebih baik dibandingkan coating TiN sehingga mampu
meningkatkan ketahanan aus punch pin pada kualitas produk'Spacer yang lebih baik.

Kata kunei:' Aluminium Chromium Nitride (AICrN), cold forging, ketahanan aus, punch pin, Titanium
Nitride (TiN).

“The cold forging process used in the manufacturing of Spacer products requires tooling with high wear
resistance to maintain consistent product quality. As one of the primary tooling components, the punch pin
is subjected to repeated compressive and frictional loads, making it susceptible to wear. This wear can lead
to an increase in defective products, deterioration of surface quality, and more frequent tooling
replacement. This study aims to analyze the effect of Titanium Nitride (TiN) and Aluminum Chromium
Nitride (AICrN) coatings on the wear resistance of punch pins and their impact on the quality of Spacer
products. The research employed ardescriptive quantitative method with a case study approach. Coating
thickness was measured using a Fischer.Dualscope MPO, wear resistancewas evaluated using the Ogoshi
ASTM G99 wear test, and production quality was assessed based on the percentage of defective products.
The results showed that the AICrN coating had an average thickness of 4.782 um, which was higher than
that of the TiN coating at 3.702 um. The abrasion value of the AICrN coating was 2.0544 x 10~° mm*/mm,
significantly lower than that of the TiN coating at 1.8747733 % 107 mm*mm, indicating superior wear
resistance. Furthermore, the use of the AICrN coating resulted in a defect rate of 0.30%, compared to 0.46%
for the TiN coating. Based on these findings, it can be concluded that the AICrN coating provides better
tribological performance than the TiN coating, thereby improving the wear resistance of punch pins and
enhancing the quality of Spacer products.”

Keywords: Aluminum Chromium Nitride (AICrN), cold forging, punch pin, Titanium Nitride (TiN), wear
resistance.
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KESIMPULAN DAN SARAN
5.1 Kesimpulan

5.1.1 Ketebalan dan keausan coating

Berdasarkan hasil pengujiang-coating AICrN memiliki, ketebalan rata-rata yang
lebih tinggi (4,782 um) dibandingkan TiN (3,702 pm), sehingga mampu memberikan
lapisan pelindung yang lebih baik pada permukaan punch pin. Selamvituy, nilai abrasi
AICrN (2,0544 %107 mm?*/mm) lebih rendah daripada TiN (1,8747733 x 107 mm?/mm),
yang menunjukkan ketahanan aus yang lebih baik. Oleh karena itu, penggunaan coating
AICtN lebih efektif dalam  mempertahankan kualitas' permukaan punch pin,
memperpanjang umur, pakai tooling, dan.mengurangi potensi produk cacat pada proses

cold forging.
5.1.2 Pengaruh coating

Berdasarkan hasil analisis kualitas produks punch pin dengan coating AICrN
menghasilkan kualitas produk yang lebih baik dibandingkan coating TiN, ditunjukkan
oleh persentase produk cacat yang lebih rendah, yaitu 0,3%, sedangkan TiN sebesar
0,46%. Selain itu, produk yang dihasilkan menggunakan punch pin berlapis TiN
cenderung memiliki cacat scratch dan burr yang lebih banyak dibandingkan A1CrN. Hasil
tersebut menunjukkan bahwa coating ‘AICrN lebih efektif dalam mempertahankan
kualitas permukaan punch pin, sehingga mampu menghasilkan kualitas produk yang

lebih konsisten dan meminimalkan terjadinya cacat pada proses cold forging.
5.2 Saran

Berdasarkan hasil penelitian. yang telah dilakukan mengenai pengaruh coating TiN
dan AICrN terhadap ketahanan aus punch pin serta kualitas produk spacer, terdapat
beberapa saran yang diharapkan dapat menjadi bahan pertimbangan bagi penelitian
selanjutnya maupun bagi pihak industri dalam upaya meningkatkan performa foo/ dan

kualitas produk seperti :

1. Penelitian selanjutnya disarankan untuk menggunakan jumlah spesimen yang lebih
banyak pada setiap jenis coating agar hasil pengujian yang diperoleh lebih

representatif dan memiliki tingkat kepercayaan yang lebih tinggi.

46
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2. Penelitian berikutnya dapat menambahkan variasi parameter pengujian keausan,

seperti variasi beban, kecepatan putar, dan jarak luncur, sehingga pengaruh kondisi

operasi terhadap ketahanan aus coating dapat dianalisis secara lebih mendalam.

-
m
*
8]
T
g

3. Perlu dilakukan pengujian tambahan, seperti uji kekerasan mikro, uji adhesi (scratch
test), dan analisis komposisi kimia menggunakan EDS untuk memperoleh informasi

ing TiIN dan AICrN.
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© Hak Cipta milik Politeknik Negeri Jakarta
Hak Cipta:

1. Dilarang mengutip sebagian atau seluruh karya tulis ini tanpa mencantumkan dan menyebutkan sumber :
a. Pengutipan hanya untuk kepentingan pendidikan, penelitian , penulisan karya ilmiah, penulisan laporan, penulisan kritik atau tinjauan suatu masalah.

b. Pengutipan tidak merugikan kepentingan yang wajar Politeknik Negeri Jakarta

2. Dilarang mengumumkan dan memperbanyak sebagian atau seluruh karya tulis ini dalam bentuk apapun
tanpa izin Politeknik Negeri Jakarta
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Lampiran 3. Spesimen uji coating TiN

Lampiran 4. Spesimen uji coating AICtN
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b. Pengutipan tidak merugikan kepentingan yang wajar Politeknik Negeri Jakarta
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Lampiran 5. Material properties of coating TiN

Physical Properties Metric English Comments

Density 522 glec 0188 Ibin®

Open Porosity 0.00 % 0.00 %

Thickness 3.00 microns 0.118 mil typical
0.250 - 12.0 microns 000984 - 0.472 mil range

Mechanical Properties Metric English Comments

Knoop Microhardness 2000 2000 kg/mm*

Hardness, Rockwell C 85 85 Approximale

Vickers Microhardness 2300 2300 kg/mm?

Modulus of Elasticity 600 GPa 87000 ksi

Poissons Ratio 025 025

Shear Modulus 240 GPa 34800 ksi Calculated

Coefficient of Friction 0865 065 between 100 Cr6 ball and coating

Electrical Properties Metric English Comments

Electrical Resistivity 0.0000250 ohm-cm 0.0000250 ohm-cm

Band Gap 3.35-345eV 335-345ev

Thermal Properties Metric English Comments

CTE, linear 8 40 pm/m-"C. 522 pinfin-"F

Thermal Conductivity 18.0 Wim-K 132 BTU-in'hr-f-"F

Melting Point 2050 °C 5340°F

Maximum Service Temperature, Air 600 *C 110 *F Oxidation Begins

Heal of Formation 337 kJimol 337 kd/mol

Descriptive Properties

Color Gold
Crystal Structure Face-Centered Cubic

Lampiran 6. Physical properties of coating TiN

Physical Properties of Titanium Nitride (TiN) Coatings

Composition TiN. = 99 % purity.
Process PVD Vacuum Deposited Coating.
Appearance Metallic Gold.
. Ranges from 0.25 to 12 microns. Typical applications are 1 to 5 microns. See the thickness conversion
Thickness o
Unifarmit Coating conforms uniformly to the substrate. No buildup occurs on corners (unlike plating operations).
¥ Coating "throws" well into features. In deep holes, coating tapers off from 1 to 7 diameters of depth.
Hardness Hardness > 2000 kg/mm2 Knoop or Vickers Microhardness. Values of 2500-3000 are typical. Equivalent
— to over 85 Rc. Three times harder than hard chrome and harder than carbide material.
The coating forms a metallurgical bond to the substrate that will not flake, blister, chip or peel. In fact, the
Adhesion coating is actually implanted slightly into the surface layer of the substrate. Adhesion is superior to plating

and other coating processes where mechanical adhesion occurs. Several adhesion test methods are
possible, contact BryCoat for more info.

Adhesion, Scratch Adhesion Value > 3.0 kgf on hard steel substrates

TiN generally provides low friction against steels, carbides, TiN, ceramics, platings, etc. Published values
range from 0.05 to 0.90. A typical value is 0.6 for TiN against steel. The inert surface creates outstanding
sliding wear performance.

Coefficient of Friction Note: The coefficient of friction is a system property, not a material property. It is dependant on many
factors such as material, counter-material, lubrication, temperature, speed, loading force, surface finish,
surface finish of the counter-material, and type of motion (reciprocating, rotating). Published values can
have large variations.

Mon-stick TiM is an excellent non-stick surface against most other materials.
Non-toxic. Meets FDA guidelines and has been approved for use in numerous medical/surgical devices,

Toxicity including implants. Meets requirements of FDA and USDA for food contact.

Temperature Resistance Begins to oxidize at 600° C. (1100°F.) in air. More resistant in an inert atmosphere.

Melting Temperature 2950°C.

Deposition Temperature Eg:; ::Jor\;n rif?g'::ﬁ ::g;;e Standard process is 400° C. and provides the toughest coating. See also the
Electrical Resistivity 25 pOhm-cm. To determine resistance, multiply by length and divide by cross sectional area.
Chemical Resistance Highly inert to acids, bases, solvents, caustic, etc.

Thermal Expansion Coefficient 9.4 x 10-6 /°C.

Thermal Conductivity 0.046 Cal/sec.-cm-°C.

Density 5.22 glcm3.

Crystal Structure Face Centered Cubic.

Residual Compressive Stress XXX

‘é‘:}zll;r:igc}-tsymgdulus, Modulus of 600 GPa.

Poisson's Ratio 0.25

Heat of Formation 80,750 Cal/mole. (3.5 eV/molecule).

Band Gap 3.35-3.45eV
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Lampiran 7. Material properties of SKH 51

Physical Properties Metric English
Density 814 gicc 0.284 Ibfin*
Mechanical Properties Metric English
Hardness, Brinell <= 255 <= 285
Modulus of Elasticity 207 GPa 30000 ksi
Charpy Impact 31.2-3680J 230-2801b
Electrical Properties Metric English
Elecirical Resistivity 0.0000540 ohm-cm 0.0000540 ohm-cm
Thermal Properties Metric English
GTE, linear [iL] 11.5 pmim-*C 6.3 pinfin-"F
11.7 pmim-"C. 650 pinfin-"F
12.2 pmim-“C .78 pinfin-"F
12.4 pmim-“C : 6.88 pinfin-F
12.7 pmim-“C 7.06 pinfin-"F
12.8 pmim-“C 747 pinfin-"F
13.0 pmim-*G 7.22 pinin-F
Specific Heat Capacity 0.460 Jig-*C 0.110 BTUML-°F
Thermal Conductvity 19.0 Wim-K 132 BTU-n/r-fE-°F
[Component Elements Properiies Metric Engiish
Carbon, € 0.80-0.90 % 0.80-0.60 %
Chromium, Cr 38-45% 38-45%
Copper, Cu <=025% <=025%
Iron, Fe 79-838% 79-838%
Manganese, Mn <=040% ==040%
Molybdenum, Mo 45-55% 45-55%
Nickel, Ni =025% 025%
Phospharus, P ==0030%
Silicon, $i =040 %
Sulfur, S ==0.030%
Tungsten, W 55-67%
Vanadium, V 16-22%

Lampiran 8. Punch pin yang mengalami-abrasive dan-adhesive wear

N

Comments

(AISI M2)

Comments
Bar/Forging Annealed

(AISI M2)

Ausienilized and Tempered

Comments

(RIS M2)

Comments

{AISI M2)
(AISI M2)
(AIS! M2)
(AISI M2)
(AISI M2)
(AISI M2)
(AISI M2y

(AISI M2)
(IS M2)

[

As Balance

4
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Lampiran 9. Punch pin yang mengalamni Fatigue cracking

k Cipta milik Politeknik Negeri Jakarta
Hak Cipta:

1. Dilarang mengutip sebagian atau seluruh karya tulis ini tanpa mencantumkan dan menyebutkan sumber :
a. Pengutipan hanya untuk kepentingan pendidikan, penelitian , penulisan karya ilmiah, penulisan laporan, penulisan kritik atau tinjauan suatu masalah.

b. Pengutipan tidak merugikan kepentingan yang wajar Politeknik Negeri Jakarta

2. Dilarang mengumumkan dan memperbanyak sebagian atau seluruh karya tulis ini dalam bentuk apapun
tanpa izin Politeknik Negeri Jakarta
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Lampiran 10. Data ketebalan coating TiN

QUALITY PROCESS REPORT

136/QPR/IV/26

-
cerlikon
balzers
Customer : PT. MULTI PRECISION UTAMA
Part Name : NO.4 MAIN DIE PIERCHING $13x78,5
Part Dimension 113X79
Quantity :3
Coating Type :Balinit® A3

SO No & Batch No 1502604692 (BA26-0591)

QC Check Incoming

Process

- Defect / Chipping / Dent v Jok | [noK

v Jox | [nok

- Surface Condition v |ok NOK

- Hardness

Process Temperature Coating
Standard Coating : < 500 °C v |OK NOK

v |ok NOK

Process Temperature Nitriding
Standard Nitriding : 450 °C

Outgoing

v ok |

[nok

v |ok

NOK

OK NOK

550
500 b=
450
wo b
350
300
250
20
150 [
100
50 /-

ol i e s b i T i b

0 60 120 180 240 300

Temperature

NO PROCESS

Grafik Nitriding

OK NOK

Adhetion Coating : HF1 v |OK NOK

NO PROCESS

Standard Thikness Coating :3-6 p/sisi

Foto Nitriding

OK NOK

Thickness Coating :3.702 Micron
s —

* hasil ketebalan coating by test piece |

NO PROCESS

Conclusion

Coating / Nitriding Result
Summary of Tool Condition

Keseluruhan hasil coating ok

22 Apr 2026
Prepared by,

7

Quality Co\utrol

FRM/QUA/009

Approved by, —

—gerlikon

balzers artoda indonksta

~N

Quality Assurance
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Lampiran 11. Data ketebalan coating AICtN

cerlikon
balzers

Customer

Part Name

Part Dimension
Quantity

Coating Type

SO No & Batch No

Qc Check

- Defect / Chipping / Dent
- Surface Condition

- Hardness

Process Temperature Coating
Standard Coating : <500 °C

QUALITY PROCESS REPORT

86/QPR/V/26

: PT. MULTI PRECISION UTAMA

:NO.5 MAIN DIE PIERCHING PIN D7X110
17X110

:1PCS

: Balinit® Alcrona Pro 3

:502608757.001 (BA26-1148)

Process

Outgoing

v Jok ] [nok v Jox ] [nok v Joxk |

[nok

v |OK NOK v |OK NOK v |oK

Process Temperature Nitriding
v |OoK NOK

Standard Nitriding : 450 °C OK

NOK

NOK

JL A

Temperature

NO PROCESS

e
g S

o0 o0 0 0w owow oW

DD W H WD W

NOK

Adhetion Coating : HF1

Incoming Photo OK

NO PROCESS

Standard Thikness Coating :
Thickness Coatinj

* hasil ketebalan coating by test piece

Conclusion

Coating / Nitriding Result
Summary of Tool Condition

Keseluruhan Hasil coating Ok

13 May 2026
Prepared by,

\
Quality Control
FRM/QUA/009

Approved by,

—oerlikon
hﬁaﬂud%

Quality Assurance

57



Laporan hasil pengujian ini hanya berlaku untuk sampel yang diuji di Laboratorium Uji — CMPFA FTUI ; publikasi serta
penggunaan dokumen ini atau sebagian harus dengan ijin dari Laboratorium Uji — CMPFA FTUI
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: % Lampiran 12. Hasil uji keausan coating TiN
0
N —
.U .U E ?Ol FAKULTAS TEKNIK-UNIVERSITAS INDONESIA
SR Sy LABORATORIUM UJI
g g ? s 2 3 @5 CENTER FOR MATERIALS PROCESSING AND FAILURE ANALYSIS
ﬁ'é (g ‘g 3 -2' E:' g Gedung MRC Lantai 2 Fakultas Teknik, Kampus UL, Depok 16424
55 5 25 Y e wvisiias— CIMIPFA WhatsApp. 0819-2884-0045 | Tel. 021-7884 9045
323 3 o email : cmpfaftui@ui.ac.id website : www.cmpfa-ui.co.id
pizE: W
%lﬂ S @ °_
o § &3 a =3 LAPORAN PENGUJIAN KEAUSAN
§: 95T 12 WEAR RESISTANCE TEST REPORT
=3 ;'gg ; Hal 1 dari 1
2y a8 — -
3 o ;g = No Laporan M0043 Tang.g?l Terima 26 Mei 2026
D & g g 8 = Report Nr Receiving Date
9 =, T
= ;
o3 92 D T8 Kb MO043/PT.02/FT04/P/2026 JanggAl UL 10 Juni 2026
o3 g S Q Luntract.;‘vr. Date of est
32 =5¢c ] Pemakai Jasa | yg, .y yustiansyah cume byl ASTM G99
a 3Pan =, Customer Testing method
o ','; '3 g o [ Alamat D3 Teknik Mesin Politeknik Negeri | Jenis Uji Aus
=4 % E ) Address Jakarta Type Of Test
S22 = TSN Fe Based L L OGOSHI
<9 5% - Material Testing machine
=375 g
w < Ng o Sketsa Sampel
3. g 3 - Sample Figure
o Q -g (= - —
e. E S @ ey /1
Q & ﬂ-' |
39 =32 l
Q0 T 0~ |
g v>s9
c OIS
w b5
oo S * Daerah penjejakan
e xEs3
SR=n e
€ =9 g = T
T =39 Lebar Jejak | Tebal | Diameter Beban Jarak
5 (1] 53 Kode S: 1 Rata-rata | Cincin | Cincin ®) Luncur | Kecepatan | Spesifik Abrasi
JBSE b (b) (B) @ K | @ [nvs] [mm¥mm|
s =9 ; [mm] [mm] | [mm] g [m]
-, . =
= ﬂ,', é,g Coating TiN 1.04 3 30 3.16 100 1.97 1.8747733 x 107
woo Sa
283 E 30 x 107
Q.
o E 2 |
o ==
w
3 3% ‘
g 52 o Depok, 12 Juni 2026
3 B -‘-:o_ Ketua Divisi Pengujian Material
c =0
~ =5 =
Q 7}
T T c
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Lampiran 13. Hasil uji keausan coating AICTN

FAKULTAS TEKNIK-UNIVERSITAS INDONESIA
LABORATORIUM UJI
CENTER FOR MATERIALS PROCESSING AND FAILURE ANALYSIS

r Gedung MRC Lantai 2 Fakultas Teknik, Kampus Ul, Depok 16424
yuvises  CMIPFA WhatsApp. 0819-2884-9045 | Tel. 021-7884 9045
email : cmpfaflui@ui.ac.id website : www.cmpfa-ui.co.id
LAPORAN PENGUJIAN KEAUSAN
WEAR RESISTANCE TEST REPORT
Hal 1 dari |

NpLaporan M0050 Janggl Terinry 18 Juni 2026
Report Nr Receiving Date
Ne Konfrak M0050/PT.02/FT04/P/2026 Tanggal Uji 23 Juni 2026
Contract Nr. Date of Test
Pemakai Jasa n Metode Uji
T Ndaru Yustiansyah Tosiing incifod ASTM G99
Alamat D3 Teknik Mesin Politeknik Negeri | Jenis Uji Al
Address Jakarta Tvpe Of Test
Bahan Mesin Uji
Material Ee Duel Testing machine GG

Sketsa Sampel

Sample Figure

tﬁT T 1
* Daerah penjejakan
Lebar Jejak | Tebal | Diameter Beban Jarak
Rata-rata | Cincin | Cincin Luncur | Kecepatan | Spesifik Abrasi
Kode Sampel (P) 3
(b) (B) (@ Ke) | ® (s} (mm¥/mm]
[mm] [mm] [mm] [m]
AICrN 2 0.231 3 30 3.16 100 1.97 2.0543985 x 109

Laporan hasil pengujian ini hanya berlaku untuk sampel yang diuji di Laboratorium Uji — CMPFA FTUI ; publikasi serta
penggunaan dokumen ini atau sebagian harus dengan ijin dari Laboratorium Uji — CMPFA FTUI
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