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Progressive design
I

r xli Ăvwx tetiv0 Tetiv 50 {i i|eqmrih mr hixemp xli hiwmkr sj Ăzi 

,rsr1xetivih- wtvmrkw? xli mrriv erh syxiv wtvmrkw jsv xli mrxeoi 

zepzi sj e REWGEV øGytù irkmri0 xli wmrkpi mrxeoi zepzi wtvmrk 

jvsq e pevki getegmx} Z< mrfsevh qevmri yrmx0 erh xli mrriv erh 

syxiv zepzi wtvmrkw jvsq e qsxsvg}gpi irkmri2 

Mr xli wigsrh tetiv0 Tetiv 60 {i i|eqmrih mr hixemp xli hiwmkr sj 

xlvii xetivih wtvmrkw? vsyrh {mvi wtvmrkw jvsq x{s ,wtiih{e} vegmrk- 

qsxsvg}gpi irkmriw erh er szexi {mvi wtvmrk jvsq e pevki getegmx} 

z1x{mr qsxsvg}gpi ts{iv yrmx2 

Mr Tetiv 70 {i i|eqmri mr hixemp xli hiwmkr sj jsyv vsyrh {mvi 

tvskviwwmzi wtvmrkw? ,e- xli mrriv erh syxiv mrxeoi zepzi wtvmrkw jvsq 

er eyxsqsfmpi irkmri erh ,f- xli wmrkpi mrxeoi erh i|leywx zepzi 

wtvmrkw jvsq e Ăzi1zepzi qsxsgvsww vegmrk irkmri2

Xlivi evi x{ipzi wtvmrkw mr xsxep qeomrk yt xlmw xlvii1tetiv 

mrziwxmkexmsr erh xli} gsziv epp i|eqtpiw sj qshivr wtvmrk hiwmkr 

jvsq ps{ xs lmkl wtiih irkmriw0 {mxl teveppip0 tvskviwwmzi erh xetivih 

wtvmrkw0 erh wtvmrkw {syrh {mxl imxliv szexi sv vsyrh {mvi2 Epp 

wtvmrkw evi qiewyvih jvsq jvii limklx xs riev gsmp fmrh jsv xlimv pseh1

hiăigxmsr erh wxmjjriww1hiăigxmsr glevegxivmwxmgw2 Epws0 epp wtvmrkw evi 

qiewyvih tl}wmgepp} erh xli kisqixv}1fewih hexe evi gsqtyxih jsv 

xlimv pseh1hiăigxmsr erh wxmjjriww1hiăigxmsr glevegxivmwxmgw _528a2 Xlvii 

sj xli wtvmrkw evi wipigxih xs fi qshippih mr JIE wsjx{evi _525a jsv 

xli weqi hexe zepyiw erh xli} evi epws i|tivmqirxepp} qiewyvih jsv 

xlimv rexyvep jviuyirg} glevegxivmwxmgw {lmgl evi xlir gsqtevih {mxl 

gsqtyxexmsrw2 Mr epp x{ipzi gewiw0 xli qiewyvih erh gsqtyxih hexe 

evi gsqtevih ryqivmgepp} erh kvetlmgepp} erh xli tl}wmgep kisqixv} 

sj iziv} wtvmrk mw ryqivmgepp} tviwirxih ws xlex sxlivw ger gsqtevi 

xlimv xlisvmiw {mxl syv qiewyviqirxw2

THE GRAPHICS NOMENCLATURE ACROSS 
THE TRILOGY OF PAPERS 
Mr xlmw Tetiv 70 xli Jmkyviw evi gsrzirxmsrepp} pefippih ew Jmk25 

xs Jmk26=2 Xli weqi ettpmiw xs xli Vijivirgiw2 Ls{iziv0 xs ezsmh 

Fig.1 Test springs; �UK outer�, �UK inner�, �YZ exhaust� and �YZ intake�. Fig.2 Input and output data for the geometry of the valve springs.

48-55 Blair 3.indd   48 10/5/09   21:24:24



MEASUREMENT OF THE LOAD AND NATURAL 
FREQUENCY CHARACTERISTICS
Ew mr Tetivw 5 erh 60 iegl sj xli xiwx wtvmrkw mw mrwxeppih sr e Pps}hw 

xirwmpi3gsqtviwwmsr xiwx qeglmri erh mxw pseh1hiăigxmsr glevegxivmwxmgw 

qiewyvih mr 5444 wxitw jvsq mxw jvii limklx yrxmp gsmp fmrh2 Xli 

qiewyviqirx tvsgiww mw fsxl eggyvexi erh hixempih2 Xli ryqivmgep 

hmjjivirxmexmsr sj xli qiewyvih pseh1hiăigxmsr hexe }miphw xli wxmjjriww1

hiăigxmsr glevegxivmwxmgw2

Mr Tetiv 70 {i qiewyvi xli rexyvep jviuyirg} zmfvexmsr 

glevegxivmwxmgw sj xlvii sj xli x{ipzi xiwx wtvmrkw0 øO[ mrrivù0 øWWù0 

erh xli ø]^ mrxeoiù {mxl viwtigx xs hiăigxmsr2 Xli qiewyviqirxw evi 

vigsvhih f} e Tsp}xig THZ1544 tsvxefpi hmkmxep zmfvsqixiv gsrrigxih 

xs e Fvyip * Oneiv tsvxefpi TYPWI 79:4F hexe eguymwmxmsr yrmx2 

MODELLING BY 4stHEAD  
OF THE VALVE SPRINGS
Mr Tetiv 70 ew tvizmsywp} hmwgywwih mr Tetivw 5 erh 60 xli xlisvixmgep 

qshippmrk sj xli hiăigxmsr sj e zepzi wtvmrk yrhiv pseh mw gsrhygxih 

SPECIAL INVESTIGATION : VALVE SPRING DESIGN PAPER 3 APPENDIX

tiherxmg vitixmxmsr0 er} Jmkyvi jvsq ievpmiv Tetivw sj xli xvmpsk} ger 

fi vijivvih xs ziv} wmqtp}2 Jsv i|eqtpi0 mj {i {mwl xs vijiv xs Jmk25 

mr Tetiv 6 livi {mxlmr xli xi|x sj Tetiv 70 xlir mx {mpp vijivvih xs ew 

Jmk26252 Wmqmpevp}0 ew }sy ger wii mr xli tvizmsyw tevekvetl0 mj {i {mwl 

xs vijiv xs Vijivirgiw _5a sv _8a jvsq Tetiv 5 xli} {mpp fi vijivvih xs 

livi mr Tetiv 7 ew _525a erh _528a2

THE VALVE SPRINGS FOR PAPER 3
Mr Jmk25 mw e tlsxskvetl sj xli jsyv zepzi wtvmrkw2 Jvsq pijx xs vmklx evi 

xli x{s mrxeoi zepzi wtvmrkw jvsq er eyxsqsfmpi irkmri0 øYO syxivù 

erh øYO mrrivù0 erh xli i|leywx erh mrxeoi zepzi wtvmrkw jvsq e Ăzi1

zepzi ]^J qsxsgvsww irkmri pefippih ew ø]^ i|leywxù erh ø]^ mrxeoiù0 

viwtigxmzip}2   

Mr Jmkw2526 erh 528 evi xli vipizerx mrjsvqexmsr tekiw jvsq xli 

8wxLIEH wsjx{evi _528a i|tpemrmrk xli hexe w}qfspw jsv xli fewmg 

kisqixv} sj e zepzi wtvmrk erh mr Jmk26 evi xli egxyep mrtyx hexe zepyiw 

jsv xli jsyv wtvmrkw mr uyiwxmsr2 Epp sj xli wtvmrkw evi {syrh {mxl 

vsyrh Gv1Wm wxiip {mvi2 
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Fig.3 Measured and computed load characteristics of both UK springs.

Fig.4 Measured and computed stiffness characteristics of the �UK outer� spring.

Fig.5 Measured and computed stiffness characteristics of the �UK inner� spring.

Fig.6 Computed shear stress characteristics of both UK springs.
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f} x{s hmjjivmrk ettvsegliw2 Xli Ăvwx mw geppih 8wxLIEH _528a0 xli 

fewmg xlisv} mw hiwgvmfih mr Tetiv 50 erh mw ettpmih mr Tetiv 7 xs xli 

jsyv zepzi wtvmrkw2 Xli viwypxw evi gsvvipexih ekemrwx xli i|tivmqirxep 

qiewyviqirxw sj xli wtvmrk glevegxivmwxmgw sj pseh erh wxmjjriww2

Mr Jmk27 evi tpsxxih xli qiewyvih erh gsqtyxih wtvmrk psehw jsv 

xli øYO syxivù erh øYO mrrivù wtvmrkw2 Mr Jmkw28 erh 9 evi xli wtvmrk 

wxmjjriww glevegxivmwxmgw jsv xli øYO syxivù erh øYO mrrivù wtvmrkw0 

viwtigxmzip}2 Mr Jmkw2: erh ; evi xli gsqtyxih wliev wxviww erh rexyvep 

jviuyirg} glevegxivmwxmgw jsv xli øYO syxivù erh øYO mrrivù wtvmrkw2 

Mx ger fi sfwivzih mr Jmk27 xlex xli xlisv} gsqtyxiw xli wtvmrk pseh 

tvsĂpiw uymxi {ipp2 Mr Jmkw28 erh 90 mx ger fi wiir xlex qygl sj xli 

ivvsv mr gsqtyxmrk xli wtvmrk psehw evmwiw figeywi xli wxevxmrk tsmrx 

wxmjjriww gepgypexih jsv imxliv wtvmrk mw efsyx <) ps{? xlmw mw ex zevmergi 

{mxl xli sxliv xir xiwx wtvmrkw {livi xli wxevxmrk tsmrx wxmjjriww mw 

eggyvexip} gsqtyxih2 Xlmw ivvsv lew e gsqtsyrh ,mrxikvexmsr f} 

hiĂrmxmsr- ijjigx sr xli gsqtyxih pseh pizipw0 lirgi xli <) ivvsv2 

Xliwi zepzi wtvmrkw evi rsx tevxmgypevp} wxvsrk figeywi xli wxmjjriww 

ryqfivw mrzspzih evi vexliv ps{? xli øYO syxivù wxevxmrk tsmrx wxmjjriww 

mw wsqi 6: R3qq erh mx mw gsqtyxih ex wsqi 68 R3qq erh jsv xli 

øYO mrrivù xli iuymzepirx hexe evi = erh <28 R3qq0 viwtigxmzip}2 

Mr xlex gsrxi|x0 gsqtyxih wxmjjriww ivvsvw sj 6 erh 42: R3qq0 

Fig.8 Measured and computed load characteristics of the �YZ exhaust� spring.

Fig.9 Measured and computed stiffness characteristics of the �YZ exhaust� spring.

Fig.10 Measured and computed load characteristics of the �YZ intake� spring.Fig.7 Computed natural frequency characteristics of both UK springs.

�It can be observed  
in Figure 3 that the  
theory computes the 
spring load pro�les  
quite well�
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