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Bucket teeth are a part of the coal process circuit in bucket excavator machine.
It is used to dredge the overburden or a piece of the land that covers coal piles.
Bandung Polytechnic of Manufacturing produces the product with AISI 4140
steel. The problem with batch production is that it has a wide variety of hard-
ness as the result of using a quenching by blower. Therefore, there needs an
alternative to a thinner hardness of bucket teeth. This research explores the
possibility of using spray quenching method. The method uses the spray to
quench the samples on the rotated concrete steel shelf evenly. The Shore sclero-
scope hardness test performs three times on the products at two points: the tip
and 80 mm from the tip. The results are averaged later on. They show that
spray quenching produced a thinner hardness variety compared to the blower
product. Product using blower has the hardness of 25.16 HRB at point 1 and
15.66 HRB at point 2. Product with the first spray quenching has the hardness
of 15.1 HRB at point 1 and 11.56 HRB at point 2, and after the second spray
quenching became 7.3 HRB at point 1 and 8.4 HRB at point 2. Thus, spray
quenching provides a more uniform hardness along the teeth and can be a sub-
stitute for the traditional quenching method.

Corresponding author: Mochamad Achyarsyah
E-mail: achyarsyah@polman-bandung.ac.id

Citation: Mochamad Achyarsyah and Poppy Puspitasari, Hardness Uniformity in AISI

4140 Using Spray Quenching Method, Metallofiz. Noveishie Tekhnol., 42, No. 3: 401—
414 (2020), DOI: 10.15407 /mfint.42.03.0401.

401


https://doi.org/10.15407/mfint.42.03.0401
https://doi.org/10.15407/mfint.42.03.0401

402 MOCHAMAD ACHYARSYAH and POPPY PUSPITASARI

Key words: spray quench, blower quench, hardness, product batch.

HocrigkeHo XapaKTepUCTUKY MIiITHOCTI 3y6I[iB KOBIIIa eKCKaBaToOpa, AKUM BU-
KOPHCTOBYIOTH Y ByrJieoOyBaHHi. EKCKaBaTOp BUKOPUCTOBYIOTH AJIS PO3KPUT-
TSI IOBEPXHi a00 3HATTSA IIIMATKiB I'PYHTY, II10 IIOKPUBAIOTh BYTiJIbHI POLOBUIIA.
3y0Ili KOBIlIa eKcKaBaTopa BUIOTOBJeHI Ha BaHAYHICHKOMY IOJIiTeXHIUHOMY
3aBoyi 3i craii AISI 4140. ¥V npoiieci cepifiHoro BUPOOHUIITBA BUHUKJIA IPOO.JIe-
Ma, IIM0 HmOJIATAJa y MIMPOKOMY Miama30oHi BeJIMYMHYU TBEPAOCTi BHACTIOK BUKO-
pucCTaHHS rapTyBaHHA MPOAYyBKOI0. ToMy mOTPiOHUIT 6YB MOITYK aJbTepPHATHB-
HOT'O MeTony AJiA 3a0e3leueHHsA BYsKUOro AialladoHy TBEPAOCTi 3yOIliB KOBIIIA.
Js 1bOoT0o BUBYEHA MOYKJIMBICTD 3aCTOCYBAHHSA METO/A rapTyBaHHSA POSIUIIIO-
BaAHHAM. ¥ IPOBEAEHUX JOCTIAKEHHSIX BUKOPUCTAHO METOJ PiBHOMipPHOTO PO3-
MUJII0BAaHHS HA 3pasKiy, PO3TAIlOBaHi Ha 00epToBiil cramesiit moauili. Bumipio-
BaHHS TBEPOCTi IIPOBOAMIN TPUUi 3a TOIOMOT0I0 cKJjepockoia Illopa Ha 3pas-
KaxX y JIBOX TOYKAaX: Ha KiHIEX 3yOIliB KoBIIIa Ta Ha Bifcraui 80 MM Big KiHIis.
Haui sHaxogum cepefHe 3HAUEHHSA Pe3yJbTaTiB BUMiproBaHb. Omep:kaHi pe-
3yJIbTATU IIOKA3aJIU, IO TapTyBaHHA PO3MUJIIOBAHHAM Ja€ BY)KUHUU Aialla3oH
TBEPAOCTi MOPiBHAHO 3 rapTyBaHHSIM HOPOAYBKOI0. BUpoOM 3 BUKOPUCTAHHAM
MIPOAYBKU Maju TBepaicTs 25,16 HRB B Toulri 11 15,66 HRB B Touri 2. Bupobu
3 BUKOPUCTAHHAM IIEPBUHHOTO TapTyBaHHS PO3MUIIOBAHHAM MaJii TBEPHiCTh
15,1 HRB B Tournii 11i 11,56 HRB B Touilli 2, a IIicjigd BTOPUHHOIO rapTyBaHHS
posnunaioBaHHAM — 7,3 HRB y Touri 1 Ta 8,4 HRB y Touri 2. Takum unHOM,
rapTyBaHHS PO3NUJIIOBAHHSAM JO3BOJIAE OfeP:KaTu OiJbII PiBHOMipHY TBEpIiCTh
Y3IO0BK 3yOI[iB i MOJKe cTaTH 3aMiHOIO AJIA TPAAUIIIMHOTO METOAY rapTyBaHHAd.

KarouoBi coaoBa: rapTyBaHHSA POSIUJIIOBAHHSAM, TapTyBaHHSA 3 IPOIYBKOIO,
TBEepPAiCTh, cepiliHe BUPOOHUIITEO.

UccrmenoBalbl TPOUYHOCTHBIE XapaKTEPUCTUKU 3yObEB KOBIIA 3KCKaBaTOpa,
HUCIIOJIb3YeMOT'0 IIPU HOOBIUEe YIVIA. OKCKABATOP MCIOJBL3YIOT IJIsI BCKPBITHSA
TIOBEPXHOCTHU UJUW BBIEMKH I'DYHTA, KOTOPbI€ IPUKDPHIBAIOT YTIOJbHBIE MECTO-
pokaeHusa. 3y0bs KOBIIA SKCKABATOPA M3rOTOBJIEHbI BaHIYHICKUM IIOJUTEX-
HuuecKuM 3aBogoM u3 craau AISI 4140. B mpoiiecce cepruiiHOTO IPOM3BOACTBA
BO3HUKJIA IIpo0jieMa, CBA3aHHAS C HIMPOKUM Pas3bpocoM 3HAUEHUU TBEPAOCTU
BCJIEICTBHE HCIIOJIb30BAHU A 3aKaJIKU IIPOAyBKoi. [loaToMy BoO3HUKJIa HEOGXO-
IUMOCTh IIOMCKA aJbTePHATHBHOIO METOAA IJis obeciieueHus 0ojee y3KOro
ImatnasoHa pasdpoca TBEPAOCTHU 3yObeB KoBIma. [[1s aToro ObLIa M3yUeHa BO3-
MOXKHOCTb WCIIOJIb30BAHUSA MeTOJa 3aKaJKMu 3yObeB IyTEM pacIblieHus. B
TIPOBENEHHBIX MCCJIENOBAHUAX MCIIOJb30BAJIU METOJ PABHOMEPHOTO PaCIIbLiIe-
HUA Ha 00pasIibl, pacIlojiosKeHHbIe Ha Bpalllalolieiicsa cTaJbHOU moake. Mame-
peHne TBEPAOCTU HPOBOAUJIU TPHKIBLI cKJepockomom Illopa ma obpasmax B
IBYX TOYKAaX: HA KOHIIAX 3y0beB KOBIIA M Ha paccTossuuu 80 MM OT KOHIIOB.
3aTeM ompee AN cpeJHee 3HaUeHNe Pe3yJabTaToB uaMepenuii. [IposeéHHbIE
HUCCJIeTOBaHUS TTOKAa3al, YTO 3aKajlKa paclblIeHrueM JaéT MeHbBIMUH pasbpoc
TBEPAOCTHU II0 CPABHEHUIO C 3aKAJIKOM ¢ mponyBKoiui. IlomydueHHbIe usdgennsd
HWCIIOJIb30BaHUEM IIPOAYBKM uMesu TBEpmocTh 25,16 HRB B Touke 1 u 15,66
HRB B Touke 2. U3nenusa ¢ UCIOJb30BAHMEM IIEPBUYHON 3aKaJKU pPaciblje-
HHueM umeau TBépaoctb 15,1 HRB B Touke 1 u 11,56 HRB B TouKe 2, a mocJjie
BTOPUYHOH 3aKaJKu pacublienueM — 7,3 HRB B Touke 1 u 8,4 HRB B TOuKe
2. Takum oO6pasoM, 3aKaJIKa pacIblieHueM obecleunBaeT IIOJydeHHe 0oJiee



HARDNESS UNIFORMITY IN AISI 4140 USING SPRAY QUENCHING METHOD 403

PaBHOMEPHOI TBEPAOCTU BIOJb 3yOITOB 1 MOJKET CTATh 3aMeHO IJISd TPagUuIu-
OHHOT'O MEeTO/Ia 3aKaJIKHU.

KaroueBbie cioBa: 3aKaiKa paclblIeHNeM, 3aKaJIKa ¢ IPOAYBKOil, TBEPAOCTD,
cepuiiHOe IIPOU3BOACTBO.

(Received March 15,2019)

1.INTRODUCTION

To compete in the casting industry, manufacturers have to create
products with good quality and competitive price suitable for the con-
sumers’ needs. An effective, efficient, and optimize process becomes
important to eliminate waste during the production process [1]. Ban-
dung Polytechnic of Manufacturing already produced standardized
batches of bucket teeth with AISI 4140 from HSLA, or low steel alloys
with high strength, as used in the coal industry particularly in PT
Bukit Asam. However, there was non-uniformity of hardness in the
products. The non-uniformity caused different qualities in the product
batch [2].

Figure 1 displays the nose diagram of AISI 4140 CCT (Continuous
Cooling Transformation) using blower quench at Bandung Polytechnic
of Manufacturing [3]. The method caused a wide variety of hardness
and a slower cooling compared to water or oil method [2, 4].

There needed another method, apart for the blower method but at a
similar cooling rate, to produce a batch with uniform hardness. The
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Fig. 1. AISI 4140 CCT diagram [3].
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method used in this research was spray quenching [5]. Spray quench-
ing terminology refers to a variety of quenching, a heat transfer by
bumping the heated surface with quench medium [6]. All quench pro-
cesses varied on the turbulence degree, e.g., adding gas to the water
points or other volatile liquids to spray in the fog quenches process.
This research conducted and controlled the cooling process in several
trials. However, there were two main problems of spray quenching,
such as hardness similarity between spray quenching and blower
quenching methods also how both method compared on uniformity of
hardness.

The hardness test used shore scleroscope hardness test as the ASTM
A448 standardized test, with the working principle of dropping dia-
monds from a fixed height to the surface of the test object. The poten-
tial energy changes into kinetic energy at the point on the object. The
point will undergo plastic deformation so that half the energy is ab-
sorbed for the deformation. The absorbed energy bounces back into the
energy that bounces the indenter [7].

Spraying distance and water pressure influenced the spray quench-
ing process (Fig. 2) [8]. The spraying distance, be it horizontal or verti-
cal, affected the droplet size and thus influenced the cooling rate. The
spray quenching method also required constant water pressure to pre-
vent the Leidenfrost effect. Hence this research used the device from
Nilfisk C110-3-5 X-TRA type [9].

2. EXPERIMENTAL DETAILS

This research’s success rate depended on the steps taken. Formulating
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Fig. 2. Droplet size and water pressure diagram [8].
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the problem took place first before formulating the clear and systemat-
ic steps and problem-solving methods [5].

This research started with literature studies, process planning, and
determining the number of samples [10]. The starting point to compare
the hardness and cooling rate was the existing blower process. Then,
the research moved into the n™ quenching process to obtain a compari-
son and conclusions. The changing variable from quenching spray was
the distance variables, both vertically and horizontally [11].

The spray quenching process used a specific device from Nilfisk
C110-3-5 X-TRA using normal pressure 7.5 MPa (75 bar), maximum
pressure 11 MPa (110 bar), maximum temperature 40°C, AC power
230/240 V—1 kW, and maximum debit (out) 5.2 litre/minute.

3. RESULTS AND DISCUSSION

This section discusses the conducted processes and the hardness test
results from the blower existing, spray quenching 1 and spray quench-
ing 2 processes.

3.1. Heat Treatment

Taken from the [3] heat treatment for the AISI 4140 material consists
of normalizing, annealing, tempering, and spheroidizing. This re-
search only conducted normalizing and hardening [2].

Normalizing the product aimed to uniform the matrix to create a
smooth particle after hardening. Also, generally on as-cast products, a

Fig. 3. As-cast microstructure.
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Widmanstiatten pattern is often found that makes the product fragile,
which is why it needs a normalizing process [12].

The recommended temperature from the book for the normalizing
process is around 840-900°C and the recommended temperature for
hardening is 830—-870°C. Because the maximum hardening tempera-
ture is in the normalizing range, to simplify, this research used 870°C
both for normalizing and hardening with 4 hours of holding time. Fig-
ure 3 displays an image of the as-cast while Fig. 4 displays the metal
microstructure after normalizing [13].

The hardness value after normalizing dropped although the tough-
ness increased due to the finer structure. The next process was harden-
ing to increase the hardness value. Figure 5 illustrates the comparison

Fig. 4. Normalizing microstructure.
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Fig. 5. Histogram of as-cast, normalizing, and hardening hardness values.
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of the hardness of as-cast, normalizing, and hardening products as a
reference for the hardening process after normalizing [14].

3.2. Hardness Test

This research carried out the hardness test at two points: at the tip and
80 mm from the tip. Figure 6 presents two points. Each point was ad-
ministered three tests and then averaged [7].

The hardness test operation plan started from the sample numbering
then smoothened the objected area. The samples were the base for the
testing device. The next process was measuring the testing distance,
testing, and logging the data before processing.

» 1st Point

_—» 2nd Point

i

Fig. 6. Positions of tested points.

Y\ (7)) [T\ I\ 3\ @)\ (o7}, )\
)\ o o, ) )\ A BN A
)\ A\ )\ )\ 2\ (29 5\ 2]\
B\ )\ =)\ mm\ B\ o))\ =)\ am\

Line 1 Line4 Lineb Line 8

Pyrometer

Fig. 7. The existing blower layout.
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The existing blower process was conducted at 870°C with 4 hours
holding time. This process used two blowers at the front to blow the
air. There were 12 out of 40 samples, marked in red, was measured
with a pyrometer as displayed by Fig. 7.

Figure 7 depicts the layout from the production of batch bucket
teeth with AISI 4140 material in Bandung Polytechnic of Manufactur-
ing workshop. Because the air distance to each line was different, it
caused a relatively higher cooling rate on the front compared to areas
farther away from the blower, thus causing a wide range of hardness

TABLE 1. Hardness test results from the existing blower.

Hardness number (HRB) from existing blower”

AVG 85.5
Range 71.2-96.4
w 25.2

“Information: AVG (average), W (lowest—highest value).

TABLE 2. Cooling rate and hardness value from the existing blower process.

Sample Cooling rate, | Hardness number (HRB)| Hardness number (HRB)
°C/s at 1-st point 2-nd point
1A 0.70 96.4 87.2
3B 0.59 90.7 83.3
5C 0.56 95.5 84.1
16D 0.51 93.3 84.9
18E 0.50 80.3 76.8
20F 0.55 86.3 79.8
21G 0.56 87.0 90.9
23H 0.45 83.0 78.4
251 0.52 82.4 81.3
36dJ 0.52 78.6 75.9
38K 0.52 72.8 69.9
40L 0.46 76.3 75.9

TABLE 3. Frame design scoring™.

No Material type |Machinability| Surface area | Strength | Total
Design 1 1 1 1 3 6
Design 2 2 2 1 2 7
Design 3 2 2 1 2 7
Design 4 3 3 3 1 10

“Information: 1 (bad), 2 (adequate), 3 (good).
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values. Table 1 presents the results of the hardness testing data on the
existing blower process and Table 2—the results of hardness testing
with the cooling rate on 12 samples[15].

There were four frame designs, but only the best was applied. Table 3
states that design number 4 was the best design to use (Fig. 8). The
spraying was conducted in rotary or rotated in the hope that the object’s
surface would be sprayed evenly by the droplets as shown at Fig. 9.

This research used horizontal and vertical spraying. However, the
further the nozzle from the object resulted in smaller droplets and a
more distributed water debit compared to closer distance. Thus, this

180 |

| | Ogs
120 0

150

722) ‘ ¥

Fig. 9. Spraying method.



410 MOCHAMAD ACHYARSYAH and POPPY PUSPITASARI

research determined the distance as below (Fig. 10): spray quench-
ing 1: 3 meter horizontal and 2.5 meters vertical; spray quenching 2:
1.5 meter horizontal and 2 meters vertical.

3.3. Spray Quenching Process

Figure 11 explains the spray quenching process. Twelve out of 20 sam-
ples were marked to observe the cooling process. The samples had been
administered normalizing and hardening process with holding time of
4 hours at 870°C then administered spray quenching. The 20 samples
were divided into four lines or area that represented the cooling rate of
the conducted spray.

Table 4 explains the hardness test and cooling rate from spray 1 and
2. Table 4 shows that the hardness ranges from T'1 (the tipping point)
is 15.1 HRB and 11.56 HRB at T2 (80 mm from T1). Thus, the hard-
ness variety was thinner compared to the blower process. After meas-
urements with a pyrometer, the cooling rate using the spray quenching
process was faster with more uniform hardness. However, to obtain
comparative data on the spray process, the second spray process was

Spray 1 Spray 2
/ /
- Steamer

..... . Steamer
e et " -
- < e g
a” g ks °
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3 meter 1.5 meter
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Fig. 10. Spray quenching 1 and 2.
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Fig. 11. Spray quenching layout.
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carried out to see the distance function to the hardness and distribu-
tion[8, 16].

Table 5 shows that the average hardness value increases compared to
the spray quenching 1 process, which is 91.6 HRB at point 1 and 92.4
HRB at point 2. Likewise, the range of hardness produced is leaner for
point 1 that is 7.3 HRB and for point 2 that is 8.4 HRB. Table 5 pre-
sents, which the cooling rate using this process is greater than the pre-
vious processes. The spray quenching 2 processes had a leaner range of
hardness than quenching 1 spray so that it could be used as compara-
tive data for the blower process and spray quenching 1 process in terms
of hardness, cooling rate, and distribution [8, 16].

TABLE 4. Spray 1 cooling rate.

Sample Cooling rate, | Hardness number (HRB)|Hardness number (H RB)
°C/s at 1-st Point 2-nd Point
1 1.53 97.1 88.6
3 1.46 93.0 89.3
5 1.37 90.9 84.6
6 1.23 82.6 81.5
8 1.28 88.4 83.7
10 1.16 89.3 85.7
11 1.21 86.3 85.7
13 1.19 91.9 83.1
15 1.15 84.7 87.1
16 1.31 88.8 86.4
18 1.00 88.7 87.1
20 1.11 90.0 88.7
TABLE 5. Spray 2 cooling rate.
Sample Cooling rate, | Hardness number (HRB)| Hardness number (HRB)
°C/s at 1-st point 2-nd point
1 1.67 94.6 93.1
3 1.70 88.9 90.9
5 1.68 94.9 91.6
6 1.64 90.3 96.2
8 1.55 94.0 92.4
10 1.56 95.6 91.8
11 1.53 94.8 93.6
13 1.49 94.9 97.2
15 1.41 88.9 92.4
16 1.37 94.0 91.1
18 1.38 90.3 90.3
20 1.35 88.9 92.1




412 MOCHAMAD ACHYARSYAH and POPPY PUSPITASARI

3.4. Comparison of Hardness Value

After testing the hardness, the entire samples that had been tested
from the three processes were compared and seen through the scatter
diagram. The following diagram illustrates the distribution of the
three processes (Fig. 12).

The Scatter diagram describes the distribution of data in the sam-
ples, in this case, to compare the range of hardness. Figure 13 is a stock
diagram created by the researcher, the Y-axis shows information from
sample hardness in HRB units, and X-axis is the information from
sample numbers 1 to 20.

The red arrow shows the hardness range at point 1. The first arrow
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Fig. 12. Scatter diagram from the three processes.
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Fig. 13. Comparison diagram of blower existing and spray quenching method.
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shows the range of the existing blower process with the hardness of
25.16 HRB and the average hardness of 85.46 HRB. The second arrow
line shows the spray quenching 1 with the hardness range of 15.1 HRB
and the average hardness is 89.82 HRB. The third arrow shows the
spray quenching 2 with the hardness range of 7.3 HRB and hardness
average of 91.6 HRB. The spray quenching process made a thinner
hardness compared to the existing blower process. Besides, the varied
distance in the spray 1 and 2 processes influenced higher hardness val-
ue because of the faster cooling rate [4, 11].

4. CONCLUSION

The hardening process of batch production at the Bandung State Poly-
technic Manufacturing through a spray quenching process produces a
smaller hardness range and a higher average hardness value than the
hardening method using a blower.

The spraying distance during the spray quenching process affected
the range and value of hardness with the result of 15.1 HRB at point 1
and 11.56 HRB at the point 2 from the spray 1 to 7.3 HRB at point 1
and 8.3 HRB at point 2 after the second quenching spray.

The research data showed that the closer the spraying distance re-
sulted in the higher heat transfer and hardness as well as a thinner dis-
tribution of hardness values.
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