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Table 1. Mechanical properties of glass-fiber reinforced polypropylene composite [34]
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6  Hot vacuum bag

7 Flow

8  Over Heating

9  Design Of Experiments (DOE)
10 Orthogonal Array
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Compliance Calibration Method (CCM)
Compliance-Based Beam Method (CBBM)
Classical Beam Theory (CBT)

Embedded Process Zone (EPZ)
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Fig. 1. Fixture sketch and the ENF test sample inside the fixture.
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Table 2. Effective parameters in ultrasonic welding and the levels of its changes based on the Design Of
Experiments (DOE).
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Fig. 2. Ultrasonic welding of the arms to make an ENF sample.
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Fig. 3. Dimensions and components of ENF specimens according to the ASTM D7905/D7905M standard.
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Fig. 4. ENF sample under three point bending test
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Fig. 6. Three-point bending test (ENF) finite element model.
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Fig. 7. Force-displacement diagram for ENF samples.
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Table 3. Variance analysis of experimental data
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Table 4. Variance analysis of the maximum force endured by the ENF samples according to the effective
terms in ultrasonic welding

Sl Mde Slaye Sl Olaye ez oll a4z o 1356
P-Value F-Value Adj MS Adj SS DF F

dleee NRJAF o[e-OVAA <[ FEYE A g
XY B [ N000 <[+ V000 ) P (bar)
dleve YY[AR o[+ oSFFA +[oo£88 )\ 4 (um)
SOYY O BIXY o[ VAFA </ VAFA Y T(s)
oYY SIS oo AAVE [ VAVE ) P
cfeee YRR +fe cASVD o[- ASYD A
e\ NBIOA o[ FA-A oo FAR ) ud
SPEVe VY efeeeXeY ofeeeYeY N piy
SAYYY/eY efeeeBAR +[e DA\ pET
oo e YR o[ FATY VY s

eOVYYY YO gseme

Main Effects Plot for Maximum Force (lkN)
Fitted Means

Mean of Maximum Force (KIN)

15 20 25 1w 30 32 o4 08 12

Pressure (har) Amplitude (pm) Time (s)

ENF (505 (sdiges bwgi Jooie (59 p5 10 (59, 32 (6 Sedon 31 S0 51 el by Jiiiuwo 5l A JSUS

Fig. 8. The independent influence of the effective parameters on welding on the maximum force endured by the
ENF samples.
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Table 5. Optimization
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Fig. 9. GII-6'TI diagram calculated by the CBT method.
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Fig. 11. GII-3"1I diagram calculated by the CBBM method.
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Table 6. Calculated energy characteristics for ENF samples in Mode II.
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Table 7. Experimental parameters obtained from bridging Mode II laws for ENF samples.
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Fig. 12. The independent influence of the effective parameters on welding on the bridging stress obtained by
the CBBM method in the ENF samples
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Table 8. Traction-separation law parameters calculated using the three data reduction methods for ENF samples.
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Table 9. Maximum force required for crack growth obtained from experimental investigations and extracted from
numerical analysis for the three data reduction methods
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Fig. 13. Fit diagram of GII-6*II and experimental bridging laws calculated for ENF 1 sample using three data
reduction methods.
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Fig. 14. Fit diagram of GII-6"1I and experimental bridging laws calculated for ENF 2 sample using three data
reduction methods.
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Fig. 15. Fit diagram of GII-6*II and experimental bridging laws calculated for ENF 3 sample using three
data reduction methods.
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Fig. 16. Fit diagram of GII-6'1I and experimental bridging laws calculated for ENF 4 sample using three data re-
duction methods.
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Fig. 17. Fit diagram of GII-3°II and experimental bridging laws calculated for ENF 5 sample using three data
reduction methods.
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Fig. 18. Fit diagram of GII-6*II and experimental bridging laws calculated for ENF 6 sample using
three data reduction methods.
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Fig. 19- Fit diagram of GII-6"II and experimental bridging laws calculated for ENF 7 sample using three
data reduction methods.
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Fig. 20. Fit diagram of GII-6"1I and experimental bridging laws calculated for ENF 8 sample using three
data reduction methods.
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