Damascus University Journal of Engineering Sceinces
Vo 42 No2. (2023): 152 - 165

Aaigh ej&:ﬂé‘iadauhaiu

165 -152 :(2026) 2 2321 42 Alaall

seaiall i) dadall milal) Bagay §uill ghsi\ SN G e dgal )38

Jaal afiahl Ao lalas) (FDM)

2w daaa dgaaa TF Sy ol o
Apal 58V daalal) e cugll asle (B piiale (atiga 1#
alibarakat637@SyrianVirtualUniversity.edu.sy
i) dxalall G cagll agle (A jiiale (eaigs 2
mahmoudhusain60@SyrianVirtualUniversity.edu.sy

T oadlal)

)y g\}'&\ o Fused deposition modeling (FDM) jgwaiall carwyill dadai 23
oz Y de g caadlsall dlsy Saan Ally « Additive Manufacturing gulill auaill
@l o (bl 20 G AST) miaail) clahls cre daall (e (gging gl 13a S
Ay Aol alsdlly giiall s29 (o bl oyl Al il o3 a3 s
B Aadlad) ciahls i Gl el Feid) e daladl ciluhall b slaeY) o
Linear sl jlasiV adiey Guesa mdgad =1y Adliall 028 8 23 cpiiall 835
gaiall Cuwill A3 (tensile strength 2all 898 ) miiall 52950 sasiliRegression
bl pe Lgy gl a3 ) sl A laeg cAalladdl ciiehly e lalaiel (FDM)
PRI

@.L.aﬂ\ ‘LFL';J\ Jlaasy) Yy eeJxJ ‘M\ L_\:Luu‘)ﬂ‘ dalda :\_”\Aw\ cilalsl)
2l 5 cAalleal il sl

2023/7/31 :glay) &
2023/9/10 sl s

OO

— (el daaly i) (3 9B
Gy Ogdlgall Badiay dyygu
CCBY-NC-SA g yiill

113


mailto:alibarakat637@SyrianVirtualUniversity.edu.sy
mailto:alibarakat637@SyrianVirtualUniversity.edu.sy
mailto:mahmoudhusain60@SyrianVirtualUniversity.edu.sy
mailto:mahmoudhusain60@SyrianVirtualUniversity.edu.sy

O u".\\S).)

.......... n._\:u.u)'ﬂ\ dahal G:\.'\.A\ Blgaa j.\.\:\“ L:;Lij\ )\.\A.'N\ (w (na CJ}M Cbﬁ\

Proposing an improved model of linear regression to predict product
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Abstract:

Fused deposition modeling (FDM) is one of the popular types of additive
manufacturing, which is characterized by low costs and speed of production,
but this type contains many manufacturing parameters (more than 20
parameters). Any change in the values of these parameters has a direct effect
on product quality and mechanical properties. In previous studies, the
experimental approach was relied upon to demonstrate the effect of
processing parameters on product quality. In this article, an improved model
based on the linear regression was proposed to predict product quality
(tensile strength) for fused deposition modeling (FDM) based on processing
parameters, and comparing the predicted results with the real results.
Keywords: fused deposition modeling, machine learning, linear regression,

additive manufacturing, processing parameters, tensile strength.
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x.columns(before pre_process data): Index(['layer_height®, 'wall_thickness', "infill_density’, 'infill_pattern’,
‘nozzle_temperature’, 'bed_temperature’, 'print_spesd’, 'material’,
‘fan_spesd’, "roughness’, ‘'elongation'],
dtype="object")
OLS Regression Results

Dep. Variable: tension_strenght R-squared: 8.818
Model: 0OLS  Adj. R-squared: 8.771
Method: Least Squares  F-statistic: 17.49
Date: Fri, 12 Aug 2822 Prob (F-statistic): 1.75e-11
Time: 16:41:44  Log-Likelihood: -137.34
No. Observations: 5@  AIC: 296.7
Df Residuals: 39 BIC: 317.7
of Model: 1@
Covariance Type: nonrobust

coef std err t Pt [@.825 8.975]
const 6.8178 9.025 0.718 0.482 -8.833 @.069
layer_height -9.9434 28.645 -0.347 0.738 -67.883 47.996
wall_thickness 8.7988 9.254 3.1@9 0.8e3 @.276 1.:285
infill_density 6.8818 @.038 2.728 0.e1e @.821 @.142
infill_pattern -6.628@ 1.264 -0.497 0.622 -3.184 1.028
nozzle_temperature -6.2963 9.398 -0.745 0.461 -1.181 @.5e8
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tob LS Al i € s Al et dliledl) e ol (< (1) Aalad) e
tension_strength= +0.018 -9.943*layer_height +0.791*wall_thickness +0.082*infill_density
0.628*infill_pattern -0.296*nozzle_temperature +1.040*bed_temperature +0.006*print_speed
5.640*material -0.146*fan_speed +0.010*roughness +8.244*elongation

#enable visualization using .show(} function of matplot
plt.show()
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x column: material, y column: nozzle_temperature,
correlation: -0.784

x column: fan_speed, y column: nozzle_temperature,
correlation: 0.602

x column: fan_speed, y column: bed_temperature,
correlation: 1.000

roughness, y column: layer_height,
correlation: 0.801

X column: elongation, y column: layer_height,
correlation: 0.508

X column: elongation, y column:
nozzle_temperature, correlation: -0.527
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X column:  bed_temperature, 'y  column:
nozzle_temperature, correlation: 0.602
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‘roughness*layer_height',  [layer_height', ‘wall_thickness', ‘infill_density’,
<'elongation*layer_height' dinfill_pattern’

‘elongation*nozzle_temperature'] 'nozzle_temperature', 'bed_temperature’,

) ¢print_speed', 'material’

gl 20 Balely ARl il e Jadl @l (aet =3 ¢ 'fan_speed', 'roughness', ‘elongation’
LAl 8 hadl LS cpaaal) byl A e ~5aal) 'bed_temperature*nozzle_temperature’,
S (6 JSA) 1 Adsi g el & 3sailly dalsl) 'material*nozzle_temperature'
‘fan_speed*nozzle_temperature’,

<'fan_speed*bed_temperature’

atype= opject |
OLS Regression Results

Dep. Variable: tension_strenght  R-squared: B.883
Model: 0OLS  Adj. R-squared: B.828
Method: Least Sguares F-statistic: 15.55
Date: Fri, 12 Aug 2822 Prob (F-statistic): 5.51e-11
Time: 12:83:18  Log-Likelihood: -126.27
No. Observations: 5@  AIC: 286.5
Df Residuals: 33 BIC: 319.8
Df Model: 16
Covariance Type: nonrobust

coef std err t P> t] [@.825 8.975]
const -@.243% 8.137 1.788 8.824 8.523 8.83%
layer_height 22.42062 41.3281 8.543 a.501 61.687 186.448
wall _thickness a.6197 8.241 2.575 6.815 8.138 1.189
infill_density @.8668 8.6832 2.859 6.847 .88l 8.131
infill_pattern -1.1313 1.288 -@.815 6.421 3.0955 1.692
nozzle temperature a.eall @.881 1.778 8.826 -@.ee88 8.882

1 dduimz ikl 7 3saills daldd) Ladal) (6) Jsall
1(2 daleall) b LS saaall dslad) (5855 R2-squared=0.883 dad (i Jaadls
tension_strength=-0.244 +22.420*layer_height +0.620*wall_thickness +0.066*infill_density -
1.131*infill_pattern +0.001*nozzle_temperature -13.157*bed_temperature -0.011*print_speed
+714.689*material +7.385* fan_speed +0.012* roughness +0.112* elongation +0.059*bed_temperature*
nozzle_temperature -3.217*material* nozzle_temperature -0.047*fan_speed* nozzle_temperature

+0.037*fan_speed™* bed_temperature +0.099*roughness* layer_height -43.381*elongation*layer_height
+0.069*elongation* nozzle_temperature

(2) Aaledll

O omd il DA (g bl s e Jsaamsll correlation_edge st S e dbladl kel )< (Kar 4
Lalall adlall & dsmll yelng (R2-squared=0.917 b das dai Joadl b0 correlation_edge=0.2 4.8
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OLS Regression Results

tension_strenght  R-sguared: 8.917
0OLS  Adj. R-squared: 8.831
Least Squares F-statistic: 18.62

Fri, 12 Aug 2822 Prob (F-statistic): 8.15e-88
12:14:55 Log-Likelihood: -117.64
ta AIC: 287 .3
24 BIC: 337.0
25
nonrobust

2 da —g kel g dsaills Aaldl) DAY (7)Jsid
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x column: nozzle_temperature, y column: infill_density, correlation: 0.239
x column: bed_temperature, y column: nozzle_temperature, correlation: 0.602
x column: print_speed, y column: wall_thickness, correlation: -0.420
x column: material, y column: infill_density, correlation: -0.263
x column: material, y column: nozzle_temperature, correlation: -0.784
x column: fan_speed, y column: nozzle_temperature, correlation: 0.602
x column: fan_speed, y column: bed_temperature, correlation: 1.000
x column: roughness, y column: layer_height, correlation: 0.801
x column: roughness, y column: wall_thickness, correlation: -0.227
x column: roughness, y column: nozzle_temperature, correlation: 0.349
x column: roughness, y column: material, correlation: -0.233
x column: elongation, y column: layer_height, correlation: 0.508
x column: elongation, y column: nozzle_temperature, correlation: -0.527
x column: elongation, y column: bed_temperature, correlation: -0.301
x column: elongation, y column: print_speed, correlation: -0.234
x column: elongation, y column: material, correlation: 0.395
x column: elongation, y column: fan_speed, correlation: -0.301

t b LS (3) Al o i) Sl z3saill Q] Aloledll ()85

tension_strength=-0.193 +3.385*layer_height +0.559*wall_thickness -1.085*infill_density -
1.382*infill_pattern +0.001*nozzle_temperature -10.075*bed_temperature +0.006*print_speed
+731.711*material +7.585*fan_speed -0.200*roughness -0.031*elongation
+0.005*nozzle_temperature*infill_density +0.046*bed_temperature*nozzle_temperature -
0.000*print_speed*wall_thickness +0.220*material*infill_density -3.400*material*nozzle_temperature -
0.049*fan_speed*nozzle_temperature +0.041*fan_speed*bed_temperature +0.058*roughness*layer_height

+0.000*roughness*wall_thickness +0.001*roughness*nozzle_temperature -0.004*roughness*material -

20.506*elongation*layer_height +0.568*elongation*nozzle_temperature -
1.843*elongation*bed_temperature -0.019*elongation*print_speed +10.446*elongation*material

tension_strenght, elongation, roughness lac sacy!

s Baael Caaly il Basel LIS lalae y @l

+0.216*elongation*fan_speed
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1 golw ¥ Cyan) & OsSy zasaill By Pla (4w R2-squared=0.673 i b - Sa -1
oo e Al (8 JKal) (JAsY) z3saill summary delia

*.columns (before pre process data): Index(['layer height', 'wall thickness', 'infill density', 'infill pattern',
'nozzle_temperature', 'bed temperature', 'print speed', 'material’,
"fan speed'],
doype="aobject")
OLS Regression Results

Dep. Variable: tension strenght R-squared: 0.673
Medel: QLS Zdj. B-sguared: 0.60%
Metheod: Least Sguares F-statistic: 10.55
Date: Fri, 12 Rug 2022 Probk (F-statistic): 6.91e-08
Time: 13:16:25 Log-Likelihood: -151.94
No. Observations: 50 RIC: 321.%
Df Residuals: 41 BIC: 335.1
Df Model: a

Covariance Type: nonrobust

A kel ¢ dgaill b (8) Jeall
tob LS Al s <8 aes ) dgladll dliledl) e ol (<5 (4) Alaled) s
tension_strength= +0.066 +55.597*layer_height +1.069*wall_thickness +0.163*infill_density -
1.143*infill_pattern -1.047*nozzle_temperature +3.865*bed_temperature -0.016*print_speed -

(4) 4alxal) 17.305*material -0.572*fan_speed
o il el (gea3 il 7 ADa)) 038 (he iiiddag el BaacY) paa2
x column: nozzle_temperature, y column: infill_density, correlation: 0.239
x column: bed_temperature, y column: nozzle_temperature, correlation: 0.602
x column: print_speed, y column: wall_thickness, correlation: -0.420
x column: material, y column: infill_density, correlation: -0.263
x column: material, y column: nozzle_temperature, correlation: -0.784

x column: fan_speed, y column: nozzle temperature, correlation: 0.602
x column: fan_speed, y column: bed_temperature, correlation: 1.000

406l saacYl (gpal s iy ABS Ll oy el ilasipe (s IS slaa e Aail saa saecl 7 dilaa) V) (Ko
:(‘columnl*column2' JS& e G slan oo A3l saaeY) anl 283 )

«(['layer_height', 'wall_thickness', 'infill_density', 'infill_pattern'

¢ 'nozzle_temperature', '‘bed_temperature', ‘print_speed’, 'material’

«  'fan_speed', 'nozzle_temperature*infill_density'

¢ 'bed_temperature*nozzle_temperature’, 'print_speed*wall_thickness'

«  'material*infill_density', 'material*nozzle_temperature'
'fan_speed*nozzle_temperature’, ‘fan_speed*bed_temperature’]

&b Eua ccorrelation_edge=0.2 4w aladiul ) pigall Ao cupaill JHSE DA o Jualdl Aoy axd =3
(9 JSa).2 Adusi g fiaall oz gailly Aualal) Aadall b dagill eliis <R2-squared=0.789
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x.columns (after pre process data): Index(['layer height', 'wall thickness', 'infill density', 'infill pattern',
'nozzle temperature', 'bed temperature', 'print speed', 'material’,
'fan speed', 'mozzle temperature*infill density',
'ved temperature*nozzle temperature', 'print speed*wall thickness',

'material*infill density', 'material*nozzle
'fan speed*nozzle temperature', 'fan speed?*
dtype="object'}

0OLS Begression Results

_temperature’,
bed temperature'],

Dep. Variable: tension_strenght R-sguared: 0.78%
Model: QLS Adj. R-sguared: 0.705
Methed: Least Squares F-statistic: 9.333
Date: Fri, 12 RAug 2022 Prob (F-statistic): 4, 58e-08
Time: 13:16:25 Log-Likelihoed: -140.98
No. Observations: 50 RIC: 312.0
Df Residuals: 35 BIC: 340.6
Df Model: 14

Covariance Type: nonrobust

g 7 dgaills Aaldl) AadAY) (9) Jsad)

1(5 Aalaall) b LS Bl dlalaal) (5859 R2-squared=0.789 dad sl Laadls
tension_strength=-0.154 +52.930*layer_height +1.040*wall_thickness -0.160*infill_density -

1.262*infill_pattern +0.001*nozzle_temperature -8.495*bed_temperature -0.039*print_speed
+110.406*material +3.826*fan_speed +0.001*nozzle_temperature*infill_density

+0.040*bed_temperature*nozzle_tempe

rature +0.001*print_speed*wall_thickness

+0.221*material*infill_density -0.384*material*nozzle_temperature -0.025*fan_speed*nozzle_temperature
+0.015*fan_speed*bed temperature

FDM (J s cadsill 383 (e a0y liahlll 2o 305 o
pladial g o3 caoiall dglaal jiahli 25 e ST (gpa
Adlad) Auall b Lgie il 12

11 Lyl cilalivnay) e t-4-1

A maall o Bl cp o bRl dade JLgh) <o
z sl alaan Ll avally ¢(real_tension_strength)z &l
«(predicted_tension_strength) 14l ‘;j\z\ il

(5) ol

ralatitiay) —4

z s Linear Regression (hall jlasiy) jie -1
DS (e FDM delial il s3gas suil) 20lSa) 3hay
Lally ¢ IgY1 dicaill R2-squared=0.818 dwall dasda
Aoll) L Wl R2-squared=0.673

@llyg  ganil) il Gaaead dajidall Aoy leall S 2
R2- 3ol & 834 i o waid Taadla Pl o«
R2- i aillg ¢ 1Y) & all squared=0.917
40l dum Wl squared=0.789

V) Al sy ) ABy 8 Gydll dpas 3
@ dao albbs aana ) clpd Ll sae ) Al
J2S (bl 11) padies 1 dwayill of Cus il dules
O 1385 ¢(liiebls 9) 2 Apa il paid Laiy edsa sl

11



O cn".\\Sﬁ
(8,30

custom regression

mdex of point .

5 Alslaally 4 Aslaally Lafafial) padl (o AijNee Jabda (11)JSad)
244 Al

ogaill a8 (389 (3adied daals (e Jgen Sinall 138 gl
-(501100020595)
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Custom reqression

e it
3 Aaaally 14eally ddial) il (s Aijlia Jalaia (10) JSA
1424l

¢(10 Jal)) (predicted_tensio preprocessed)3alalall
L)) Jaeall z3gail) of Adaadall Dla e b
Lladl) s O g 3saill e Juadl il ek (slaall
(£ Lalaill)diiall aill ae Ajlie (slyaal)
12 L @l laliiiay) e slili-4-2
Aagal pdll o ol (11 ISl ) late el 0<e
z il alaai b aadlly o(real_tension_strength) =&l
4 - 1Y) 2
z il aladiuly arally ¢(predicted_tension_strength)
) 5 A sl Sl gill 5kl
z3sill of Adaadll DL e yglar 5 «(preprocessed
09 z3gall) (e Juadl il el (shieall Baladll) Jaeal

1ol

predicted_tension
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