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A.1 MATLAB® script to to obtain J-R curves using the normalization 
method

 

FATIGUE BEHAVIOUR OF POLYAMIDE 12 MANUFACTURED BY SELECTIVE LASER 
SINTERING 

ANNEX 
AA..11  MMAATTLLAABB®®  ssccrriipptt  ttoo  ttoo  oobbttaaiinn  JJ--RR  ccuurrvveess  uussiinngg  tthhee  nnoorrmmaalliizzaattiioonn  mmeetthhoodd  

%NORMALIZATION METHOD FOR PA-12 
%DATA 

1. W=  ;             % [mm]   WIDTH (40 mm) 
2. B=  ;              % [mm]  THICKNESS (mm) 
3. Bn= ;                     % [mm]     NET THICKNESS(mm) 
4. a0= ;              % [mm]     INITIAL CRACK SIZE (mm) 
5. aF= ;              % [mm]    FINAL CRACK SIZE (mm) 
6. v=  ;               % [-]     POISSON'S RATIO  
7. E=  ;              % [MPa]     YOUNG'S MODULUS (GPa) 
8. LIC= ;               % [MPa]     ULTIMATE TENSILE STRENGHT(MPa) 
9. C=  ;          % [mm/N]   COMPLIANCE (mm/N) 

 
%            PART 1                   %% 
 

10. if 0.4<=a0/W<=0.70;                                            %-1- GEOMETRY COND 1. 
11. elseif aF-a0<=(0.15*(W-a0))||aF-a0<8;                               %-2- GEOMETRY COND 2. 
12.    Pexcel= xlsread('SPECIMEN_NAME.xls', 1,'B4:B144');          %-3- [N] LOAD FORCE 

DATA FROM EXCEL (N) 
13.    Dexcel= xlsread('SPECIMEN_NAME.xls', 1,'C4:C144');          %-3- [mm] LOAD 

DISPLACEMENT DATA FROM EXCEL (mm) 
14.    funD=fit(Dexcel,Pexcel,'poly9'); 
15.    Dim_Pexcel=numel(Pexcel); 
16.    Div_Pexcel=fix(Dim_Pexcel/3); 
17.    counterX_P=1; 
18.    for i=1:Div_Pexcel 
19.         X_P=counterX_P; 
20.         D(i,1)=Dexcel(X_P,1); 
21.         P(i,1)=funD(D(i,1)); 
22.         counterX_P=X_P+3; 
23.    end 
24.    P(Div_Pexcel,1)=Pexcel(Dim_Pexcel,1); 

%[N] MAXIMUM FORCE OBTAINED AND LOCATION IN THE CURVE 
25.    P_MAX= max(P);                              
26.    LOC=zeros(Div_Pexcel,1);      
27.    for i=1:Div_Pexcel;            
28.        if P(i,1)==P_MAX;           
29.         LOC(i,1)=1;                
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30.        elseif P(i,1)~=P_MAX;       
31.         LOC(i,1)=0;                
32.        end                          
33.    end                               
34.    [x_P_MAX,y_P_MAX]=find(LOC);     %LOCATION P_MAX.     

%[N] P INCREASE 
35.    P1= P(1:x_P_MAX-1);                         
36.    AP=zeros(x_P_MAX-1,1);                      
37.    for i=1:x_P_MAX-1;           
38.        if i==1;                     
39.            AP(i,1)=0;                    
40.        elseif 1<i<=x_P_MAX-1;             
41.            AP(i,1)=P1(i,1)-P1(i-1,1);     
42.        end                             
43.    end 

%[mm]  D INCREASE 
44.    D1= D(1:x_P_MAX-1);                         
45.    AD=zeros(x_P_MAX-1,1);                      
46.    for i=1:x_P_MAX-1;                                                         
47.        if i==1;                                
48.            AD(i,1)=0;                          
49.        elseif 1<i<=x_P_MAX-1;                 
50.            AD(i,1)=D1(i,1)-D1(i-1,1);          
51.        end                                                                                   
52.    end 

               
% [mm/N] DISPLACEMENT COEFICIENT AGAINST FORCE;    

53.    CL= AD./AP;                                 
54.    CL(1,1)=0; 

 
% CRACK SIZE ESTIMATION 

55.    Be= B-((B-Bn)^2)/B; 
56.    U= 1./(((Be*E*CL).^(1/2))+1);     %A2.13  
57.    U(1,1)=0; 
58.    f_ai= 1.000196-(4.06319*U)+(11.242*U.^2)-(106.043*U.^3)+(464.335*U.^4)-

(650.677*U.^5);     %A2.12 
59.    f_ai(1,1)=W-a0;                                                                        
60.    ai= f_ai*W;    

% PLASTIC DIPLACEMENT (CL/CLL) 
61.    DP=D1-(P1.*C);                             
62.    DPL= D1-(P1.*CL);             %A15.4                             
63.    DN= DP./W;     % NORMALIZED PLASTIC DISPLACEMENT 
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% PLASTIC AREA INCREASE 
64.    APL= zeros(x_P_MAX-1,1);                                                        
65.    for i=1:x_P_MAX-1                                                 
66.       if i==1                                                        
67.           APL(1,1)=0;                                                
68.       elseif 1<i<=x_P_MAX-1                                          
69.           APL(i,1)=((P1(i,1)+P1(i-1,1))*(DPL(i,1)-DPL(i-1,1)))/2;       %A2.9 
70.       end                                                            
71.    end   

    
% BLUNTING CORRECTED CRACK SIZE 

72.    b_i= W-ai;                      
73.    n_i= 2+(0.522*b_i)/W; 
74.    r_i= 1.0+(0.76*b_i)/W; 
75.    Jp_i= zeros(x_P_MAX-1,1);                                                                               
76.    for i=1:x_P_MAX-1                                                                                       
77.       if i==1                                                                                              
78.           Jp_i(1,1)=0;                                                                                     
79.       elseif 1<i<=x_P_MAX-1                                                                                    
80.           Jp_i(i,1)=(Jp_i(i-1,1)+(n_i(i-1,1)/b_i(i-1,1))*((APL(i,1)-APL(i-1,1))/Bn))*(1-

(r_i(i-1,1))*((ai(i,1)-ai(i-1,1))/b_i(i-1,1)));     %A2.8 
81.       end                                                                                                         
82.    end      
83.   F=((2+f_ai).*(0.886+(4.64*f_ai)-(13.32*f_ai.^2)+(14.72*f_ai.^3)-

(5.6*f_ai.^4)))./((1-f_ai).^(3/2));     %A2.3 
84.    Ki=(P1/((B*Bn*W)^(1/2))).*F;    %A2.2  
85.    Ji=(Ki.^2*(1-v^2)/E)+Jp_i;   %A2.5 

% CRACK GROWTH(mm) 
86.    ab_i= a0+(Ji/(2*LIC));       %A15.2 
87. % NORMALIZED FORCE (N) 
88.    counter1=0;           %- COUNTER N.FORCE 
89.    for i=1:x_P_MAX-1                                      
90.       if ab_i(i,1)<=aF                                    
91.          cDN1=counter1+1;                                %-CONDITION ab_i<=aF 
92.          PNS(i,1)= P1(i,1)/(W*B*(((W-ab_i(i,1))/W)^(2+0.522*(W-ab_i(i,1))/W)));  %-

LOWER CRACK GROWTH 
93.          DNS(i,1)=DN(i,1);                                
94.          counter1=cDN1;          
95.       elseif ab_i(i,1)>aF                                 
96.          break                   
97.       end                                                    
98.    end 
99.    PN(1,1)=0;         
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100.    countersmooth=0;                                    
101.    for i=1:cDN1;                                    
102.       if i<=cDN1-3 
103.         APN=(PNS(i+1,1)+PNS(i+2,1)+PNS(i+3,1))/3; 
104.       elseif i>=cDN1-3 && i==cDN1-2 
105.         APN=(PNS(i+1,1)+PNS(i+2,1))/2; 
106.       else  
107.           break 
108.       end           
109.       if PNS(i,1)>APN                               
110.          break                                      
111.       elseif PNS(i,1)<=APN;                         
112.          cDN1smooth=countersmooth+1;                
113.       end                                           
114.       countersmooth=cDN1smooth;                     
115.       DN1(1,i)=DNS(i,1);                                
116.       PN(1,i)=PNS(i,1);                             
117.    end 
118. end 

  
%%%     FIGURES     %%% 

119. Pg=P'; 
120. Dg=D'; 
121. figure; hold on; grid; 
122. plot(Dg,Pg); 
123. axis([0 4 0 2000]); 
124. legend('Curve 1 Force-Displa.'); 
125. ylabel('Force (N)'); 
126. xlabel('Displacement (TOTAL) (mm)');  
127. P1g=P1'; 
128. D1g=D1'; 
129. figure; hold on; grid; 
130. plot(D1g,P1g); 
131. axis([0 3 0 2000]); 
132. legend('Curva 2 Force-Displa.'); 
133. ylabel('Force (N)'); 
134. xlabel('Desplazamiento (MAX) (mm)'); 
135. PNg=PN'; 
136. DN1g=DN1; 
137. LineWidht=2; 
138. figure; hold on; grid; 
139. plot(DN1g, PNg); 
140. axis([0 0.5 0 25]); 
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141. legend('Curva 3 NORMALIZED  Force-Displ.'); 
142. ylabel('Force (N/mm2)'); 
143. xlabel('Displacement (mm/W)') 

 
% PART 2 EXCLUSION OF Vpli/W<=0.001  %%%%% 
 

144. counter2=0;                                  
145. for i=1:cDN1smooth 
146.     if DNS(i,1)>=0.001;                       
147.         cDN2=counter2+1; 
148.         DN2(cDN2,1)=DNS(i,1); 
149.         PN2(cDN2,1)=PNS(i,1); 
150.         counter2=cDN2; 
151.     end 
152. end  

%%%   FIGURES WITH EXCLUSION OF Vpli/W<=0.001   %%%%% 
153. PN2g=PN2'; 
154. DN2g=DN2'; 
155. figure; hold on; grid; 
156. plot(DN2g,PN2g); 
157. axis([0 0.25 0 25]); 
158. legend('Curve 4 NORMALIZED  Force-Displ.'); 
159. ylabel('Force (N/mm2)'); 
160. xlabel('Displacement (Vpli/W<=0.001) (mm/W)'); 

 
%%%%%%     PART 3  LINE CREATION    %%%%%%% 
 

161. x_D_MAX_ARRAY=Div_Pexcel;        
162. x_P_MAX_ARRAY=x_D_MAX_ARRAY;       
163. cDN3=x_D_MAX_ARRAY-((cDN1smooth-cDN2)); 
164. DN3=zeros(cDN3,1); 
165. PN3=zeros(cDN3,1); 
166. for i=1:cDN2; 
167.     PN3(i,1)=PN2(i,1); 
168.    DN3(i,1)=DN2(i,1); 
169. end   
170. DN3(cDN3,1)= (D(x_D_MAX_ARRAY,1)-P(x_P_MAX_ARRAY,1)*C)/W; 
171. PN3(cDN3,1)= P(x_P_MAX_ARRAY,1)/(W*B*(((W-aF)/W)^(2+0.522*(W-

a0)/W))); 
172. m=(PN3(cDN3,1)-(PN3(cDN2,1)))/(DN3(cDN3,1)-DN3(cDN2,1)); 
173. counter3=cDN2; 
174. for i=(cDN1smooth+1):x_P_MAX_ARRAY; 
175.     cDN3=counter3+1; 
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176.     DN3(cDN3,1)= (D(i,1)-P(i,1)*C)/W; 
177.     counter3=cDN3; 
178. end 
179. counter4=cDN2; 
180. for i=(cDN1smooth+1):x_P_MAX_ARRAY; 
181.     cPN3=counter4+1; 
182.     PN3(cPN3,1)=PN3(cDN2,1)+(m*(DN3(cPN3,1)-DN3(cDN2,1))); 
183.     counter4=cPN3; 
184. end 

%%%  LINE CREATION FIGURE     %%% 
185. PN3g=PN3'; 
186. DN3g=DN3'; 
187. figure; hold on; grid; 
188. plot(DN3g, PN3g); 
189. axis([0 0.25 0 25]); 
190. legend('Curve 5 NORMALIZED  Force-Displ.'); 
191. ylabel('Force (N/mm2)'); 
192. xlabel('Displacement (mm/W)'); 

 
%   PART 4 FITTING FUNCTION      %%%%% 
 
%cftool(DN3,PN3) 

193. p1=228.3; 
194. p2=7.44; 
195. p3=0; 
196. q1=0; 
197. PN4=((p3+(DN3*p2)+((DN3.^2)*p1))./(DN3+q1));   %R-square=0.9765  

%%% FIGURE 4 FITTING FUNCTION  %%% 
198. PN4g=PN4'; 
199. DN3g=DN3'; 
200. figure; hold on; grid; 
201. plot(DN3g, PN4g); 
202. axis([0 0.1 0 25]); 
203. legend('Curve 6 NORMALIZED  Force-Displ.'); 
204. ylabel('Force (N/mm2)'); 
205. xlabel('Displacement (mm/W)'); 

 
%%%    PART 5          ITERATION              %%%%% 
  

206. counter5=0; 
207. counter6=x_D_MAX_ARRAY-cDN3; 
208. if counter6==0; 
209.    counter6=1; 
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210. end  
211. ag=0.001;                    % CRACK INCREMENT. 
212. AF4(1,1)=a0;                 % FINAL CRACK LENGHT 
213. eta=2+0.522*(W-a0)/W;         %PLASTIC ETHA 
214. for i=1:cDN3; 
215.       if DN3(i,1)>=0.002; 
216.            cDN5=counter5+1;          
217.            cPN6=counter6;            
218.            DN5(cDN5,1)=DN3(i,1);    % NORM. DISPLACEMENT 
219.            PN5(cDN5,1)=P(counter6,1)/(W*Be*(((W-AF4(cDN5,1))/W)^eta)); 
220.            PN6=PN4(cDN5,1);          % NORM. FORCE WITH ADJUST 
221.            grieta=AF4(cDN5,1);        
222.            con=(PN5(cDN5,1)-PN6)/PN6*100;  
223.            while ~(con>=-0.1 && con<=0.1);  
224.                if PN5(cDN5,1)<PN6 
225.                  AF4(cDN5,1)=grieta+ag; 
226.                  PN5(cDN5,1)=P(cPN6,1)/(W*Be*(((W-AF4(cDN5,1))/W)^eta));       
227.                  con=((PN5(cDN5,1)-PN6)/PN6)*100; 
228.                  grieta=AF4(cDN5,1); 
229.                end 
230.                if PN5(cDN5,1)>PN6; 
231.                  AF4(cDN5,1)=grieta-ag; 
232.                  PN5(cDN5,1)=P(cPN6,1)/(W*Be*((W-AF4(cDN5,1))/W)^eta);       
233.                  con=((PN5(cDN5,1)-PN6)/PN6)*100; 
234.                  grieta=AF4(cDN5,1); 
235.                end;        
236.            end 
237.          counter5=cDN5; 
238.          AF4((cDN5+1),1)=AF4(cDN5,1); 
239.          counter6=cPN6+1; 
240.       end 
241.       if AF4(1,1)<a0 
242.          return 
243.       end 
244. end 
245. Dim_AF4=numel(AF4); 
246. AF5=AF4; 
247. for i=2:Dim_AF4; 
248.      if AF5(i,1)<AF5(i-1,1); 
249.         AF5(i,1)=AF5(i-1,1); 
250.      end 
251. end  
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%   PART 5    FIGURE WITH FITTING ITERATION      %%%%% 
      

252. PN5g=PN5'; 
253. DN5g=DN5'; 
254. figure; hold on; grid; 
255. z=plot(DN5g, PN5g); 
256. plot(DN3g, PN4g); 
257. set(z,'Color','y'); 
258. axis([0 0.3 0 20]); 
259. legend('Curve 7 NORMALIZED FORCE-DISPL.'); 
260. ylabel('Force (N/mm2)'); 
261. xlabel('Displacement (mm/W)');    

 
  %%%           J-R       %%%      
                        

262. Ri=(AF4-a0); 
263. funD1=fit(D,P,'poly9'); 
264. counter7=Div_Pexcel-cDN3; 
265.     for i=1:Dim_AF4; 
266.         ic=counter7; 
267.         UJR(i,1)=integrate(funD1,D(ic,1),D(1,1)); 
268.         JoF(i,1)=(eta*UJR(i,1))/(Be*(W-a0));      %A2.6 
269.         JiF(i,1)=JoF(i,1)*(1-(((0.75*eta)-1)*Ri(i,1))/(W-a0)); 
270.         counter7=ic+1; 
271.     End 

 
%%%  SMOOTH J-R   %%%%% 
 

272. smooth_AF6=zeros(Dim_AF4,1); 
273. for i=2:Dim_AF4-20 
274.     if JiF(i,1)>=JiF(i-1,1)&& Ri(i,1)<=Ri(i-1,1) 
275.         smooth_AF6(i,1)=1; 
276.         for v=2:i-1 
277.             if smooth_AF6(v,1)==1 
278.                smooth_AF6(v,1)=0; 
279.             end 
280.         end 
281.     end 
282. end 
283. [x_smooth_AF6,y_smooth_AF6]=find(smooth_AF6); 
284. JiF6(1,1)=0; 
285. Ri6(1,1)=0; 
286. cAF6=1; 
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287. for i=x_smooth_AF6:Dim_AF4 
288.     counter9=cAF6+1; 
289.     JiF6(counter9,1)=JiF(i,1); 
290.     Ri6(counter9,1)=Ri(i,1); 
291.     cAF6=counter9; 
292. end 
293. for i=1:cAF6-1 
294.       PJiF6(i,1)=JiF6(i+1,1); 
295.       PRi6(i,1)=Ri6(i+1,1);    %a=16.99 b=0.4845  f(x) = a*x^b 
296. end    

 
%%%              FIGURE R-J        %%%         
              

297. JiFg=JiF'; 
298. Rig=Ri'; 
299. JiFg6=JiF6'; 
300. Rig6=Ri6'; 
301. figure; hold on; grid; 
302. plot(Rig, JiFg); 
303. z=plot(Rig6, JiFg6); 
304. set(z,'Color','g'); 
305. axis([0 3 0 25]); 
306. legend('Curva 8 NORMALIZADA  J-R'); 
307. ylabel('J (N/mm2)'); 
308. xlabel('R');    

%  DATA EXPORT TO EXCEL %% 
 
%Curve 1 SMOOTH FORCE-DISPL. --F(N)/D(mm)-- 

309. xlswrite('SPECIMEN_NAME.xls',P, 1,'D4') 
310. xlswrite('SPECIMEN_NAME.xls',D, 1,'E4') 

  
%Curve 2    MAX FORCE.-DISPL. --F(N)/D(mm)-- 

311. xlswrite('SPECIMEN_NAME.xls',P1, 1,'F4') 
312. xlswrite('SPECIMEN_NAME.xls',D1, 1,'G4') 

  
%Curve 3 NORMALIZED  FORCE-DISPL. --F(N/mm2)/D(mm/W)-- 

313. xlswrite('SPECIMEN_NAME.xls',PN', 1,'H4') 
314. xlswrite('SPECIMEN_NAME.xls',DN1', 1,'I4') 

  
%%%Curve 4 EXCLUSION OF Vpli/W<=0.001  --F(N/mm2)/D(mm/W)-- 

315. xlswrite('SPECIMEN_NAME.xls',PN2, 1,'J4') 
316. xlswrite('SPECIMEN_NAME.xls',DN2, 1,'K4')  
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%Curve 5 FORCE-DISPL LINE. --F(N/mm2)/D(mm/W) 
317. xlswrite('SPECIMEN_NAME.xls',PN3, 1,'L4') 
318. xlswrite('SPECIMEN_NAME.xls',DN3, 1,'M4')  

 
%Curve 6 FITTING --F(N/mm2)/D(mm/W) 

319.   
320. xlswrite('SPECIMEN_NAME.xls',PN4, 1,'N4') 
321. xlswrite('SPECIMEN_NAME.xls',DN3, 1,'O4')  

  
%Curve 7 ITERATIVE FITTING --F(N/mm2)/D(mm/W) 

322. xlswrite('SPECIMEN_NAME.xls',PN5, 1,'P4') 
323. xlswrite('SPECIMEN_NAME.xls',DN5, 1,'Q4')   

 
%Curve 8 NORMALIZED  J-R 

324. xlswrite('SPECIMEN_NAME.xls',JiF, 1,'R4') 
325. xlswrite('SPECIMEN_NAME.xls',Ri, 1,'S4')  

 
%Curve 8 NORMALIZED  J-R SMOOTH 

326. xlswrite('SPECIMEN_NAME.xls',JiF6, 1,'T4') 
327. xlswrite('SPECIMEN_NAME.xls',Ri6, 1,'U4')
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AA..22  MMAATTLLAABB®®  ssccrriipptt  ffoorr  tthhee  MMaaxxiimmuumm  lliikkeelliihhoooodd  ffuunnccttiioonn    

1. function FatigueLimit 
%FATIGUE LIMIT (Matlab 7.0.0 code: fatiguelimit.m) 
%It reads an Excel table with three columns: 
%Stress, Number of Failures, Number of Run-outs. 
%A normal distribution for the stress limit is assumed. 
%MAXIMUM LIKELIHOOD is used. 
%Function at likelihood.m is required 

2. clear all 
3. namefile=input('Name.xlsx', 's'); 
4. data=xlsread(namefile); 
5. S=data(:,1); %The stresses (or loads, or strains) in the first column 
6. f=data(:,2); %Number of failures 
7. r=data(:,3); %Number of run-outs 
8. mu=S(fix(length(S)/2)); %Initial value for the mean 
9. sigma=S(2)-S(1); %Initial value for the standard deviation 
10. mu0_sig0=[mu sigma]; %Initial values for mu and sigma 
11. [optmusig]=fminsearch(@likelihood,mu0_sig0,[],S,f,r) 
12. function like = likelihood(vmus,S,f,r) %Computes likelihood 
13. mu =vmus(1); %Mean value for the normal distribution 
14. sigma=vmus(2); %Standard deviation 
15. like=-1; %Likelihood. Negative because 'fminsearch' searches minimums 
16. for i=1:length(S); 
17. like=like*(1-normcdf(S(i),mu,sigma)).^r(i).*normcdf(S(i),mu,sigma).^f(i); 
18. end 
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