1. c     geometry of astatic leaf-spring suspensions   nov. 2000 ew

2. c

3. program leaffind
4. c

5. c     interne parameter:

6. c     acc: genauigkeitsforderung bei der iteration (cm)

7. c     xinc: inkrement beim berechnen der partiellen ableitungen (cm)

8. c     hstep: winkelinkrement bei der berechnung der pot. energie (rad)

9. c     maxit: abbruch der iteration nach maxit aufrufen von blf

10. c

11. c     achtung: es kommen drei verschiedene normierungen des drehmoments

12. c     vor. routine blf rechnet mit dimensionslosem drehmoment. bei der

13. c     inversion nach den startparametern ist dieses durch 5 dividiert.

14. c     das physikalische drehmoment in kp*cm ergibt sich durch multi-

15. c     plikation mit faktor*2*pi/180. derselbe faktor ist bei der

16. c     kraft anzuwenden.

17. c     analog kommt auch die kraft in zwei verschiedenen normierungen vor.

18. c

19. implicit double precision (a-h,o-z)

20. logical circle

21. dimension gg(3),hh(6),f(2,3,2),a(3),b(3),c(3)

22. common acc,xinc,ax,pi4,halb,ngg,gl,ramin,ramax,fl,itera,hstep,

23. -nix,bu,maxit,fakt,dfak,fekru,torad,dnull,itotal,itrace

24. itrace=0

25. strmax=280.d0

26. c   1/strmax is the maximum permitted strain of the spring material

27. dnull=0.d0

28. halb=5.d-1

29. pi4=datan2(halb,halb)

30. torad=pi4/45.d0

31. acc=1.d-10

32. xinc=1.d-4

33. maxit=333

34. nix=0

35. hstep=1.d-2

36. step=1.d-2

37. ng=64

38. ngg=ng-1

39. iter=17

40. itera=0

41. open(7,file='leaf.in')

42. open(8,file='leaf.out')

43. write(6,100)

44. write(8,100)

45. 100 format(' This program computes the mechanical characteristics'

46. &/' of a leaf-spring suspension and searches for a spring'

47. &/' geometry with a long and constant free period.'/

48. &/' Files:     leaf.in ==> leaffind ==> leaf.out'/)

49. write(6,140)

50. write(8,140)

51. 140 format(' Program option controlled by the first input parameter:'

52. &    /' iopt = 0, all done'

53. &    /'      = 1, compute properties of given spring geometry'

54. &    /'      = 2, find astatic geometry with constant frequency'

55. &    /'      = 3, find same with circular spring (xo,yo ignored)')

56. c    &    /'      = 4, compute partial derivatives of f^2 and mass'/)

57. 10 read (7,1,err=50,end=50) iopt,xu,yu,wu,xo,yo,wo,fl,ax,fekru,

58. & breite,dicke,emodul,xki,yki,di

59. 1 format(i1,1x,15f5.3)

60. if(iopt.eq.0) then

61. write(6,150)

62. format(' Option iopt=0 or blank in col.1 - stop')

63. stop

64. endif

65. if(iopt.le.4) goto 70

66. 50 if(iopt.eq.0) then

67. write(6,150)

68. stop

69. endif

70. write(6,60)

71. 60 format(' Input error. The file leaf.in must contain the following'

72. &/' 16 parameters in one line in format (i1,1x,15f5.3):'/)

73. write(6,40)

74. stop

75. 70 write(6,160) iopt

76. write(8,160) iopt

77. 160 format(' Option in effect: iopt=',i1)

78. if(iopt.eq.0) stop

79. write(6,4)     xu,yu,wu,xo,yo,wo,fl,ax,fekru,breite,dicke,emodul,

80. & xki,yki,di

81. write(8,4)     xu,yu,wu,xo,yo,wo,fl,ax,fekru,breite,dicke,emodul,

82. & xki,yki,di

83. 4 format(/' Parameters read from file leaf.in:'//

84. &'       xu      yu      wu      xo      yo      wo      fl      ax

85. &'/ 1x,8f8.3//

86. &'       fk      wi      th              em     xki     yki      di

87. &'/ 1x,3f8.3,f16.3,3f8.3/)

88. write(6,40)

89. write(8,40)

90. 40 format(' iopt:       program option, see above'/

91. &' xu, yu, wu: coordinates and angle of one end of the spring'/

92. &' xo, yo, wo: same for the other end of the spring. coordinates in

93. &'/'             cm from the hinge. angles in degrees ccw from the'

94. & /'             x axis. spring may be rotated around the hinge.'

95. & /' fl, ax, fk: length of the spring, angle of the axis of sensiti

96. &vity'/'             against the vertical, initial curvature of the 

97. & spring'/'             (end-to-end, without load) in degrees.

98. &'/' wi, th, em: width, thickness, elast. modulus of the spring

99. &'/' xki,yki,di: estimated spring force and moment'/)

100. raref=dicke*strmax/2.d0

101. fakt=emodul*breite*dicke**3/24.d0

102. dfak=fakt*2.d0*torad

103. gl=fl/ng

104. if(iopt.eq.3) then

105. wor=wu*torad

106. sehn=fl*dsin(wor)/wor

107. xo=xu+sehn

108. yo=yu

109. wo=-wu

110. xki=dnull

111. yki=dnull

112. di=2.d0*dfak*wu/fl

113. write(6,80)

114. write(8,80)

115. format(' The spring is assumed to be a circular arc with the'

116. & /' convex side upward. Input parameters xo, yo, and wo are ignore

117. &d'/' and replaced by values calculated from the spring geometry.'

118. &/' The same applies to xki, yki, and di.'/)

119. endif

120. write(6,2) breite,dicke*10.d0,emodul/100.d0

121. write(8,2) breite,dicke*10.d0,emodul/100.d0

122. 2 format(' spring: width ',f5.1,' cm, thickness ',f5.2,' mm, emodul 

123. &',f7.0,' kp/mm**2'/)

124. ax=ax*torad

125. fekru=fekru*torad/ng

126. xk=xki/dfak

127. yk=yki/dfak

128. d=di/dfak/5.d0

129. if(iopt.eq.1.or.iopt.eq.4) goto 110

130. write(6,*) 'Iterative search:'

131. write(8,*) 'Iterative search:'

132. 302 nix=0

133. 90 format(/' itera      fak        abalt        abneu         xk

134. &         yk          d'/)

135. do 5 l=1,2

136. xuv=xu+(l-1.5)*step

137. do 15 n=1,2

138. yuv=yu+(n-1.5)*step

139. if(iopt.eq.3) then

140. xo=xuv+sehn

141. yo=yuv

142. endif

143. r=dsqrt(xo*xo+yo*yo)

144. if(itrace.eq.1) write(6,90)  

145. call freq(xuv,yuv,wu,xo,yo,wo,fq,tq,gg,hh,ter,xk,yk,d,r)

146. f(l,1,n)=fq

f(l,2,n)=tq

147. f(l,3,n)=ter

148. 15 continue

149. 5 continue

150. c     write(8,12)

151. 12 format(/' frequency^2              nonlin1              nonlin2')

152. c     write(8,6) f

153. 6 format(2f6.3,9x,2f6.3,9x,2f6.3)

154. c     write(8,13)

155. 13 format(/' max. radius          min: radius              maxmass')

156. c     write(8,9) h

157. 9 format(2f6.2,9x,2f6.2,9x,2f6.3)

158. c     write(8,14)

159. 14 format(/'      xforce               yforce      torque at xu,yu')

160. c     write(8,19) g

161. 19 format(2f6.2,9x,2f6.2,9x,2f6.2)

162. do 301 j=1,3

163. c(j)=(f(1,j,1)+f(2,j,1)+f(1,j,2)+f(2,j,2))/4.d0

164. a(j)=(f(2,j,1)+f(2,j,2)-f(1,j,1)-f(1,j,2))/2./step

165. b(j)=(f(1,j,2)+f(2,j,2)-f(1,j,1)-f(2,j,1))/2./step

166. 301 continue

167. det=a(1)*b(2)-a(2)*b(1)    

168. write(6,303) xu,yu,c(1),c(2)

169. write(8,303) xu,yu,c(1),c(2)

170. 303 format(' xu=',f7.3,'    yu=',f7.3,'    fr^2=',f10.6,'    nlin=',

171. &f10.6)

172. xcor=(c(1)*b(2)-b(1)*c(2))/det

173. ycor=(a(1)*c(2)-a(2)*c(1))/det

174. eps=dsqrt(1.d0/(1.d0+(xcor**2+ycor**2)/1.d-1))

175. xu=xu-xcor*eps

176. yu=yu-ycor*eps

177. iter=iter-1

178. if(c(1)**2+c(2)**2.gt.1d-9.and.iter.gt.0) then

179. goto 302

180. endif         

181. 110 write(6,30)

182. write(8,30)

183. 30 format(/' Final spring geometry. Units are cm, kp, kg. Mass is at

184. & 5 cm from hinge.'/)

185. if(iopt.eq.3) then

186. xo=xu+sehn

187. yo=yu

188. endif

189. r=dsqrt(xo*xo+yo*yo)

190. if(itrace.eq.1) write(6,90)

191. nix=0

192. call freq(xu,yu,wu,xo,yo,wo,fq,tq,gg,hh,ter,xk,yk,d,r)

193. hh(3)=raref

194. hh(6)=hh(5)*(hh(2)/raref)**3

195. write(6,401) xu,yu,wu

196. write(8,401) xu,yu,wu

197. 401 format('      xu=',f7.3,'         yu=',f7.3,'         wu=',f7.3)

198. write(6,402) xo,yo,wo

199. write(8,402) xo,yo,wo

200. 402 format('      xo=',f7.3,'         yo=',f7.3,'         wo=',f7.3)

201. write(6,403) fq,tq,ter

202. write(8,403) fq,tq,ter

203. 403 format('    fr^2=',f7.3,'      nlin1=',f7.3,'      nlin2=',f7.3)

204. write(6,404) hh

205. write(8,404) hh

206. 404 format('    rmax=',f7.3,'       rmin=',f7.3,'       rlim=',f7.3/

207. &       '    mass=',f7.3,'  =?=  mass=',f7.3,'    masslim=',f7.3)

208. write(6,405) gg

209. write(8,405) gg

210. 405 format('    xfrc=',f7.3,'       yfrc=',f7.3,'       torq=',f7.3)

211. write(6,406) strmax

212. write(8,406) strmax

213. 406 format(/' Explanation of symbols: xu, yu, wu, xo, yo, wo as above.

214. &'/' fr^2, nlin1, nlin2: squared frequency and its first two'/' der

215. &ivatives with respect to the mass position (length unit = cm)'

216. & /' rmax, rmin: max. and min. radius of curvature of the spring'

217. & /' rlim: min. radius of curv. permitted by max. strain 1/',f4.0/

218. &' mass: weight of the mass in kp, calculated in two different ways

219. &'/' masslim: weight with a spring of same width but maximum thickn

220. &ess'/' xfrc, yfrc, torq: force and torque in both clamps (kp and k

221. &p*cm)')

222. write(6,407) itotal

223. write(8,407) itotal

224. 407 format(/' Routine BLF was called ',i6,' times.'

225. &/' Use xfrc, yfrc, torq as initial values xki, yki, di.'//

226. &' ============================================================='/)

227. goto 10

228. end

229. subroutine freq(xu,yu,wu,xo,yo,wo,fm,fdif,gg,hh,ter,xk,yk,d,r)

230. implicit double precision (a-h,o-z)

231. dimension e(5),fkr(4),fko(3),fq(3),gg(3),hh(6)

232. common acc,xinc,ax,pi4,halb,ngg,gl,ramin,ramax,fl,itera,hstep,

233. -nix,bu,maxit,fakt,dfak,fekru,torad,dnull,itotal,itrace

234. c     achtung... winkeleinheit fuer b ist 10 grad

235. c     achtung... wahres drehmoment ist  5.*d [*dfak]

236. if(itrace.eq.1) write(6,15) xk,yk,d

237. 15 format(' freq: xk=',f7.3,'   yk=',f7.3,'    d=',f7.3)

238. b=wo/10.d0

239. bu=wu/10.d0

240. zpiq = 8.*pi4

241. zpiq = zpiq*zpiq

242. rm=5.d0

243. ter=dnull

244. c  berechnen des elastischen potentials in 5 benachbarten lagen

245. do 30 l=1,5

246. h = hstep*(3-l)

247. call kreis(xo,yo,b,h,xz,yz,bz,r)

248. call such(xk,yk,d,xz-xu,yz-yu,bz,e(l))

249. e(l)=e(l)*fakt

250. if(nix.eq.0) goto 40

251. if(l.ne.3) goto 30

252. hh(1)=ramin

253. hh(2)=ramax

254. hh(4)=(5.d0*d+yk*xu-xk*yu)*dfak/dcos(ax)/rm

255. gg(1)=xk*dfak

256. gg(2)=yk*dfak

257. gg(3)=5.d0*d*dfak

258. 30 continue

259. c  drehmoment und seismische masse

260. dreh=(e(4)-e(2))/(2.*hstep)

261. rmg=dreh/dcos(ax)

262. gm=rmg/rm

263. hh(5)=gm

264. c  hinzunahme des schwerepotentials

265. do 71 l=1,5

266. 71 e(l)=e(l)+rmg*dsin(ax+hstep*(3-l))

267. fm=e(3)

268. do 31 l=1,5

269. 31 e(l)=e(l)-fm

270. c  drehmoment als ableitung des potentials nach dem drehwinkel

271. do 70 l=1,4

272. 70 fkr(l) =(e(l+1)-e(l))/hstep

273. c  rueckstellmoment als ableitung des drehmoments

274. do 80 l=1,3

275. fko(l) =(fkr(l+1)-fkr(l))/hstep

276. c  quadrat der eigenfrequenz

277. 80 fq(l) = fko(l)/gm*981./rm**2/zpiq

278. fm=fq(2)

279. fdif=0.5d0*(fq(3)-fq(1))/(hstep*rm)

280. ter=(fq(3)-fq(2)*2.+fq(1))/(hstep*rm)**2

281. return

282. 40 fm=dnull

283. fdif=dnull

284. do 50 j=1,3

285. gg(j)=dnull

286. hh(j+3)=dnull

287. 50 hh(j)=dnull

288. return

289. end

290. subroutine kreis(xo,yo,ba,defl,x,y,b,r)

291. implicit double precision (a-h,o-z)

292. common acc,xinc,ax,pi4,halb,ngg,gl,ramin,ramax,fl,itera,hstep,

293. -nix,bu,maxit,fakt,dfak,fekru,torad,dnull,itotal,itrace

294. del = datan2(yo,xo) +defl

295. x=r*dcos(del)

296. y=r*dsin(del)

297. b = ba+defl/torad/1.d1

298. return

299. end

300. subroutine such(xk,yk,d,xz,yz,bz,e)

301. implicit double precision (a-h,o-z)

302. dimension a(3,3),dif(3),xkor(3)

303. common acc,xinc,ax,pi4,halb,ngg,gl,ramin,ramax,fl,itera,hstep,

304. -nix,bu,maxit,fakt,dfak,fekru,torad,dnull,itotal,itrace

305. ab(a1,a2,a3)=a1*a1+a2*a2+a3*a3

306. abq=acc*acc

307. q=xinc

308. itotal=itotal+itera

309. itera=0

310. fak=1.d00

311. 7 if(nix.eq.0) call blf(xk,yk,d,x,y,b,e)

312. 6 dif(1)=xz-x

313. dif(2)=yz-y

314. dif(3)=bz-b

315. abneu=ab(dif(1),dif(2),dif(3))

316. if(nix.gt.0) goto 5

317. 2 call blf(xk+q,yk,d,a(1,1),a(2,1),a(3,1),e)

318. call blf(xk,yk+q,d,a(1,2),a(2,2),a(3,2),e)

319. call blf(xk,yk,d+q,a(1,3),a(2,3),a(3,3),e)

320. a(1,1)=(a(1,1)-x)/q

321. a(2,1)=(a(2,1)-y)/q

322. a(3,1)=(a(3,1)-b)/q

323. a(1,2)=(a(1,2)-x)/q

324. a(2,2)=(a(2,2)-y)/q

325. a(3,2)=(a(3,2)-b)/q

326. a(1,3)=(a(1,3)-x)/q

327. a(2,3)=(a(2,3)-y)/q

328. a(3,3)=(a(3,3)-b)/q

329. 5 xkalt=xk

330. ykalt=yk

331. dalt=d

332. abalt=abneu

333. xalt=x

334. yalt=y

335. balt=b

336. 3 call matin(a,dif,abneu*fak,xkor)

337. xk=xkalt+xkor(1)

338. yk=ykalt+xkor(2)

339. d= dalt+xkor(3)

340. nix=1

341. call blf(xk,yk,d,x,y,b,e)

342. dif(1) = xz-x

343. dif(2) = yz-y

344. dif(3) = bz-b

345. abneu=ab(dif(1),dif(2),dif(3))

346. if(itrace.eq.1) write(6,4) itera,fak,abalt,abneu,xk,yk,d

347. 4 format(1x,i5,3x,f6.0,2(3x,d10.3),3(3x,f8.2))

348. if(itera.lt.maxit) goto 11

349. nix=0

350. return

351. 11 if(abneu.le.abq) return

352. if(abneu.lt.abalt) goto 2

353. if(itera.gt.2) goto 14

354. nix=0

355. goto 7

356. 14 fak=fak*32.d00

357. dif(1)=xz-xalt

358. dif(2)=yz-yalt

359. dif(3)=bz-balt

360. goto 3

361. end

362. subroutine matin(a,dif,wq,xkor)

363. implicit double precision (a-h,o-z)

364. dimension a(3,3),dif(3),xkor(3),b(3,3),c(3)

365. dnull=0.d0

366. do 1 j=1,3

367. c(j)=dnull

368. do 1 k=1,3

369. c(j)=c(j)+a(k,j)*dif(k)

370. b(j,k)=dnull

371. if(j.eq.k) b(j,k)=wq

372. do 1 i=1,3

373. 1 b(j,k)=b(j,k)+a(i,j)*a(i,k)

374. call gaus3(b,c,xkor)

375. return

376. end

377. subroutine gaus3(aik,rs,f)

378. implicit double precision (a-h,o-z)

379. dimension aik(3,3),rs(3),f(3),h(4),imax(3)

380. dnull=0.d0

381. do 1401 j=1,3

382. aikmax=dnull

383. do 1402 k=1,3

384. h(k)=aik(j,k)

385. if(dabs(h(k)).le.aikmax) go to 1402

386. aikmax=dabs(h(k))

387. index=k

388. 1402 continue

389. h(4)=rs(j)

390. do 1403 k=1,3

391. q=aik(k,index)/h(index)

392. do 1404 l=1,3

393. 1404 aik(k,l)=aik(k,l)-q*h(l)

394. 1403 rs(k)=rs(k)-q*h(4)

395. do 1405 k=1,3

396. 1405 aik(j,k)=h(k)

397. rs(j)=h(4)

398. 1401 imax(j)=index

399. do 1406 j=1,3

400. index=imax(j)

401. 1406 f(index)=rs(j)/aik(j,index)

402. return

403. end

404. subroutine blf(xkk,ykk,dk,xx,yy,bb,ee)

405. implicit double precision (a-h,o-z)

406. common acc,xinc,ax,pi4,halb,ngg,gl,ramin,ramax,fl,itera,hstep,

407. -nix,bu,maxit,fakt,dfak,fekru,torad,dnull,itotal,itrace

408. itera=itera+1

409. xk = xkk

410. yk = ykk

411. d = dk*5.d0

412. w=torad*gl

413. e=dnull

414. b=10.d0*bu*w/gl

415. x=halb*dcos(b)*gl

416. y=halb*dsin(b)*gl

417. rmin=1.d12

418. rmax=dnull

419. do 1 j=1,ngg

420. db=w*(yk*x-xk*y-d)

421. b=b+db+fekru

422. bq=db*db

423. e=e+bq

424. rmin=dmin1(rmin,bq)

425. rmax=dmax1(rmax,bq)

426. x=x+dcos(b)*gl

427. 1 y=y+dsin(b)*gl

428. db=w*(yk*x-xk*y-d)

429. b=b+db+fekru

430. bq=db*db

431. e=e+bq

432. rmin=dmin1(rmin,bq)

433. rmax=dmax1(rmax,bq)

434. xx=x+halb*dcos(b)*gl

435. yy=y+halb*dsin(b)*gl

436. bb = b/w*gl/10.d0

437. ee = e/gl

438. ramin=gl/dsqrt(rmin)

439. ramax=gl/dsqrt(rmax)

440. return

441. end
