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Abstract The purpose of the present study is to compare

investment castings prepared with conventional wax based

patterns and acrylonitrile butadiene styrene (ABS) based

patterns for industrial applications. Starting from the iden-

tification of component, patterns with three different types of

pattern materials (namely: wax, ABS and ABS coated with

wax) were prepared under different experimental conditions.

The measurement of hardness was made on the final castings

prepared. The results of study highlights that casting with

wax based pattern gives better hardness as compared to other

pattern materials (under given experimental conditions). The

value of Cpk [1 for hardness measurement highlights that

proposed process is highly capable. The adopted procedure

is better for proof of concept. Strong possibilities are

observed for the process under statistical control at suggested

optimized settings. Hence the process can be used for mass

production at proposed settings with controlled hardness.

Further components prepared at proposed parametric settings

have been studied for functional validation of the parts. The

results are supported by microstructure analysis.
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1 Introduction

The use of acrylonitrile butadiene styrene (ABS) based

patterns in investment castings (IC) for preparing biomedical

implants is expanding at high rate [1]. These implants should

be highly compatible physically and chemically with human

body [2]. No compromise can be made regarding properties

like surface quality and dimensional accuracy of the

implants [3]. Hip joint in human body with an aid to rapid

prototyping technique and IC has been developed satisfac-

torily by many researchers in past [4, 5]. Investment castings

process in general is always preferred in order to produce

extremely good surface quality and with close tolerance [6–

8] and fused deposition modelling (FDM) is one of the rapid

prototyping technology by which physical object (replica) is

created directly from CAD data [9]. The literature review

reveals that lot of research work has been reported on hip

joint fabrication, FDM and IC process [10–14] but hitherto

very less work has been reported to compare IC prepared

with conventional wax based patterns and ABS based pat-

terns for bio-medical implant (hip joint). In the present

study, a bio-medical implant (hip joint) has been selected as

the benchmark. The detailed drawing (Ref. Fig. 1) for the

benchmark was made using CAD software (solid works).

The drawing has served as the input to the FDM

machine and ABS pattern for IC process has been gener-

ated. Figure 2a–c respectively shows standard triangulation

language (STL) file format, cross section layers and pattern

assembly of hip joint.

As regards to wax pattern the same has been prepared

with conventional die. These replicas of wax and ABS were

dipped into the slurry and sprinkled with coarse refractory.

The process is repeated with suitable drying time, until

mould of specific thickness was attained.

2 Experimentation

In pilot experimentation it has been found that by changing

number of layers and pattern material, strength of cavity/
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shell was affected. Observations made from pilot experi-

mentation are shown in Table 1. The parameters selected

for pilot experimentation includes number of slurry layers,

three type of pattern material (namely: wax, ABS and

ABS ? wax). As observed from Table 1 shells coated on

wax based pattern was sustainable with ‘7’ No. of slurry

layer coatings, where as ABS and ABS ? Wax based

shells were sustainable with ‘6’ No. of slurry layers. The

reason for this difference may be attributed to drain out

mechanism of wax and ABS before pouring of molten

metal. The wax come out from shell in liquid state by

heating the shell in the range of 150–200 �C, where as ABS

is drained out in gasses state by heating in the range of

1,050–1,100 �C. It should be noted that when material

comes out in liquid state from interstitial sites of IC tree,

normally the branches may break because of expansion.

This problem is less while dealing the matter in gaseous

state (i.e. drain out of ABS at 1,050–1,100 �C).

Based upon trial runs of pilot experimentation, selected

levels of input parameter for final experimentation are

shown in Table 2. The number of slurry layers has been

kept minimum ‘8’ in order to be on safer side for shell wall

thickness. Figure 3a–c respectively shows pattern prepared

after final coating, mould cavity prepared after de-waxing

and components prepared during shakeout stage of IC.

Control log of experimentation is shown in Table 3.

Mild steel has been used as casting material (for demon-

stration purpose, but commercial casting will be made of

SS) and casted hip joint is shown in Fig. 4.

3 Result and Discussion

The hardness of the hip joint has been measured using

micro Vickers (HV) hardness tester (Ref. Table 4).

Here H1, H2 and H3 are three repetitions for experi-

mentation in order to reduce the experimental error. Based

Fig. 1 CAD created hip joint

Fig. 2 a STL format of hip joint; b Cross sectional layers of hip joint; c Pattern assembly

Table 1 Observations of pilot experimentation

S.No. Pattern material No. of slurry layers Result

1 Wax 5 Shell cracked

2 Wax 6 Shell cracked

3 Wax 7 Not cracked

4 ABS 5 Shell cracked

5 ABS 6 Not cracked

6 ABS 7 Not cracked

7 ABS ? Wax 5 Shell cracked

8 ABS ? Wax 6 Not cracked

9 ABS ? Wax 7 Not cracked

Table 2 Input parameter

Parameter 1 Parameter 2

Number of layers Pattern material

L1 L2 L3 L1 L2 L3

8 9 10 Wax ABS ABS dipped in wax (ABS ? Wax)

Here L1, L2 and L3 are the levels of selected input parameters
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upon Table 4, it has been observed that ‘Wax’ based pat-

tern results into more hardness as compared to ‘ABS’ or

‘ABS ? Wax’ based patterns. Further for the present

experimental study ‘wax pattern’ with 8 no. of slurry layers

comes out as a better solution. In order to ascertain this

fact, microstructure analysis of all nine set of samples (as

per Table 3) has been performed (Ref. Fig. 5).

As observed from Fig. 5 for wax based pattern material

(Exp. No.1–3) with increase in No. of slurry layers, cooling

rate has been reduced, resulting in formation of smaller

grains, hence hardness has been reduced with increase in

no. of layers. For ABS and ABS ? Wax based pattern

more dendrite structure formation was observed with 10

no. of slurry layers resulting into more hardness in Exp. no.

6 and 9. This may be because of the fact that for removing

ABS, ABS ? Wax during de-waxing stage of IC, one has

to heat the pattern up to 1,050 �C, whereas for conven-

tional wax pattern it can be attained at just 150 �C. Now

with change in No. of slurry layers the quantity of heat

dissipation and rate of heat decapitated contributes to this

behavior.

3.1 Calculation of Process Capability

As observed from Table 4 (counter verified by Fig. 5), wax

based patterns resulted into better hardness as compared to

ABS and ABS ? Wax based patterns so,‘16’ no. of

experiments were performed using 8 no. of slurry layers

around wax based patterns for process capability analysis.

The result of hardness is shown in Table 5. Based upon

Table 5, Fig. 6 shows histogram with specification limits

entered. As observed from Fig. 6, two ‘BELL’ curves

shows theoretical normal distribution curves, having

mean = the average of the sample readings. It should be

noted that these are not the curves fitted to data/histogram.

They simply serve as an approximate ‘Eyeball test’ to see

Fig. 3 a Pattern prepared after

final coating; b Mould cavity

after de-waxing; c Component

during shakeout stage

Table 3 Control log of experimentation

S.No. Number of layers Pattern material

1 8 Wax

2 9 Wax

3 10 Wax

4 8 ABS

5 9 ABS

6 10 ABS

7 8 ABS ? Wax

8 9 ABS ? Wax

9 10 ABS ? Wax

Table 4 Results for micro hardness

S.No. Pattern

material

No. of slurry layers Micro hardness (HV)

H1 H2 H3

1 Wax 8 390.1 389 392.2

2 Wax 9 360.42 361.12 359.92

3 Wax 10 349.29 350 349.10

4 ABS 8 213.6 214.3 212

5 ABS 9 221.6 220 221.9

6 ABS 10 300.8 300 301.2

7 ABS ? Wax 8 208.1 207.4 208.3

8 ABS ? Wax 9 219 218.8 219.3

9 ABS ? Wax 10 289.41 289.5 288.91

Fig. 4 Casted hip joint
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the distribution of data—represented by the histogram—is

close to normal. Further normal probability plot (Ref.

Fig. 7) shows that the data is normally distributed. The

observed values are plotted on the X-axis against a theo-

retical normal distribution on the Y-axis. A regression line

is drawn from these XY pairs which shows values closer to

straight line (confirming normal distribution). Further

based upon Tables 5 and 6 shows Cp, Cpk values for micro

hardness with ‘16’ set of readings with sub group size ‘1’.

The upper specification limit (USL) is 391HV and lower

specification limit (LSL) is 389 with tolerance range 2.

As process capability indices (Cp and Cpk) is measure

of potential ability of a process to produce acceptable

Fig. 6 Histogram for observed values

Fig. 7 Normal distribution curve for observed values

Table 5 Observations of micro

hardness
S.No. Micro hardness (HV)

1 390.12

2 390.11

3 390.1

4 390.11

5 389.85

6 389.98

7 389.97

8 390.11

9 390.08

10 389.89

11 390.9

12 389.88

13 389.88

14 389.94

15 390.14

16 390.09

Table 6 Cp and Cpk values for micro hardness

Readings 16 Sub-group Size 1

Tolerance range Data range

USL 391 Maximum 390.90

Target 390 Average (X-Bar) 390.071875

LSL 389 Minimum 389.85

Tolerance 2 Data range 1.05

Potential capability

Std. deviation 0.184988

Cp 1.802

Cpk 1.672

CR 0.554

Pattern material Wax  
(Note 1: 8 No. of slurry layers, 2: 9 No. of slurry layers, 3: 10 No. of slurry layers) 

Pattern material ABS
(Note 4: 8 No. of slurry layers, 5: 9 No. of slurry layers, 6: 10 No. of slurry layers)

Pattern material ABS+Wax 
(Note 7: 8 No. of slurry layers, 8: 9 No. of slurry layers, 9: 10 No. of slurry layers)

×400 ×400 ×400 

×400 ×400 ×400 

×400 ×400 ×400×400 ×400 ×400 

Fig. 5 Microstructures of experiments from 1–9 (as per Table 3)
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output by meeting the specified requirements. The value of

Cp and Cpk more than 1 strongly confirming the process to

be under statistical control (Ref. Table 6). Here CR is

inverse of Cp.

The similar trend for Cp and Cpk values C1 has been

observed for ABS and ABS ? Wax based patterns. This

means that for tailor made requirements or for batch pro-

duction activities ABS based or ABS ? Wax based pat-

terns may be used.

4 Conclusions

The results of the study suggests that although ABS,

ABS ? Wax based patterns can be gainfully employed in

place of conventional wax patterns but as regards to micro

hardness of bio-medical implant is concerned conventional

wax based pattern is a better option. Moreover for wax

based patterns less number of slurry coated layers are

required which will appreciably reduce the process cycle

time. The confirmatory experiments were conducted for

process capability analysis. The value of Cp and Cpk [1

highlights that the conventional wax, ABS, ABS ? Wax

based process are highly capable and strong possibilities

are observed for the process under statistical control.
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