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The material forming through the forging process is one of the
manufacturing methods in which the metal is compressed or
subjected to high forces to create high-strength parts. Before the
process, a lubricant is added to the mould to increase the metal
flow, reduce friction and wear, and help separate the final part
from the mould. The lubricant in hot forging process and
lubrication are key factors for increasing production quality. One
of the best ways to study the effect of lubricants in this process is
ring compression testing (RCT). In this study, the effect of
nanoparticles (Aluminum oxide (AL203) and Nano-glass) as an
additive to base oil (SAE10) at 1050 °C on the friction behaviour
of 7-17 PH stainless steel using RCT and finite element analysis
(FEA) was studied. Finally, the importance of using nano-
lubricants in hot forging process was investigated. The results
showed that nanoparticles as lubricant additives performed
better than conventional lubricants (such as graphite) for the
frictional behaviour of 7-17 PH stainless steel in hot forging
process. For 7-17PH stainless steel at 1050 ° C, the friction factor
was reduced by approximately 36% with the addition of AL203
nanoparticles and by approximately 40% with the addition of
glass nanoparticles. Therefore, adding nano-glass presented
better results compared to AL203 nanoparticles.
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EXTENDED ABSTRACT

Introduction

Friction is an important variable and has significant effects on both workpiece and
forming process. Lubricants have been widely used in bulk metal forming to reduce the
friction and improve the process. RCT has been used in different research to study the
friction behavior and lubrication effects in the forging process. A set of calibration curves
were obtained experimentally by using reduction in inner diameter and height of ring. The
correct way for calculating friction coefficient in RCT is establishing the relationship
between inner diameter decrease percentage and height decrease percentage. This
relationship was made by FEA. The results were presented by calibration curves for the
rings with the standard ratio in outer diameter, inner diameter, thickness respectively
such as (6:3:2) and (6:3:4). In this research, RCT and FE results were compared and
validity of common calibration curve investigated. Then, friction calibration curves of 17-
7PH stainless steel under a certain temperature (1000°C) was diagramed using DEFORM-
3D Engineering Software.

Methodology
The ring compression test conditions (lubricant types, temperature and height
reduction percentage) are presented in Table 1.

Table.1. Different RCTs conditions.

Test No. 1 2 3 4 5 6
Lubricants type DRY DRY Graphite  Graphite Glass Glass
Temperature 1000°C  1000°C  1000°C 1000°C  1000°C  1000°C
Thickness percentage 30% 50% 30% 50% 30% 50%

For different thickness percentages (30% and 50%), experimental results are shown in
generalized friction calibration curve in Figure 1.
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Figure 1. RCT results for different lubrication conditions and thickness percentages.
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Results and discussion

In the present research, FEA was performed with the DEFORM-3D Engineering
Software. Load - time diagram for different lubrication conditions were utilized in
DEFORM-3D Engineering Software for FE simulation as shown in Figure 2. As illustrated,
by using screw press, the load-time slope increased rapidly at the initial step. In addition,
the diagram slope for graphite lubricant was less than glass powder lubricant because
graphite is more effective in lubricating than glass powder. Glass powder is also more
effective than dry condition. For graphite and glass powder lubricants, initial step of load-
time diagram is somewhat similar because contact was started and lubricant had less
effect. However, after creating pressure by top die on the part, lubricants were more
effective. For instance, the required load for 50% thickness percentage using powder glass
was approximately 140,000N and using graphite was approximately 120,000N.
Experimental and simulated friction factors for thickness percentages of 30% and 50%
under different lubrication conditions (dry, graphite and glass) obtained are presented in
Table 2. The maximum error between experimental and simulated averaged friction
factors was related to the graphite lubricant.

Time{sec) Time(sec) Timeisec)

Figure 2. Load-time curve for FEA.

Table 2. Obtained friction factors from simulation and experimental results.

Do:Di:H

(18:9:6) Dry Condition Graphite Lubricant Glass Lubricant
Height . . . . . . . . .
> Simulation experimental Simulation experimental Simulation experimental
reduction%
50% 0.94 0.98 0.46 0.50 0.63 0.68
30% 0.96 0.94 0.50 0.54 0.71 0.64
Average 0.95 0.96 0.48 0.52 0.67 0.66

To study the effect of H/T on calibration curve, two values of H/T coefficients (5 and 10
kW (m?k)-1) under dry conditions were considered and the related calibration curves
illustrated in Figure 3. As shown, for dry conditions, thickness reduction percentage of
30% and the H/T coefficient of 5 m?k-1, inner diameter reduction was approximately
19%; under similar conditions for the H/T coefficient of 10 m?k-1, inner diameter
reduction was approximately 16%.
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Figure 3. The effect of H/T coefficient value on calibration curve under dry conditions.

Conclusion

The experimental friction factor results under different conditions (different lubricants
and thickness percentages) for 17-7 PH stainless steel were obtained and diagramed in
standard calibration curves. Friction calibration curve must be diagramed for special
material and under a certain temperature of ring. However, under cold forging, researches
have shown that friction calibration could be used as a general method. Under hot forging,
friction calibration curve for any special material and under a specific temperature and
different lubricants must be determined. Difference of friction factor values between
experimental and simulated results obtained are presented in Table 2. Thus, the
generalized calibration curve could not be used for 17-7 PH stainless steel in hot forging
and under different conditions of experiments. The related calibration curve for 17-7 PH
stainless steel at a temperature of 1000°C was diagramed in Figure 4. The FE simulated
data under different conditions (thickness percentage of 30% and 50% - using glass and
graphite lubricants and dry condition) was also determined. Finally, the findings of the
present research are listed below:

1- By comparing data in Table 3, for both thickness reduction percentages (30% and
50%), graphite powder obtained a better result (low friction factor) than glass
powder lubricant.

2- By comparing calibration curves for the two different H/T coefficients, the result
showed that friction factor was less than 5 kW (m?k)-1 by using the value of 10
kW (m?2k)-1. Thus, using H/T coefficient factor of 10 kW (m?k)-1 in hot forging of
17-7 PH stainless steel is more effective and applicable.
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Figure 4. Calibration curve for 17-7 PH stainless steel in 1000°C by FE simulation.

NOMENCLATURE

T: Shear stress

m: Friction factor

k: Shear yield stress
u: Friction coefficient
p: Normal pressure
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