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Progressive design

r xbi Awx tetiv Tetiv 50 {i i]egorihar hixem x1i hiwkr sj Azi

,rsrixetivih- wevirkw? xbi nrriv erh syxiv wewrkw jsv xbi nrxeoi

zepzi sj e REWGEV gGytl irknri0 xIi wirkpi nrxeoi zepzi wtvirk

jysq e pevki getegn} Z<nrfsevh geviri yrm) erh xbi nrriverh
syxiv zepzi wtvirkw jvsq e gsxsvg}gpi irkiri?

lir x0i wigsrh tetiv Tetiv 60 {1 i]egnrihar hixem x1i hiwkr sj
xIvii xetivih wovirkw? vsyrh Lwvi wevrkw jvsq x{s wtiih{e} vegnrk-
qgsxsvg}opi irkiriwerh er szexi {vi wtvirk jvsq e pevki getegn}
zixLnr gsxsvg}gpi ts{iav yrm

lir Tetiv 70 L1 i]eqgnri ar hixem xbi hiwkr sj jsyvvsyrh {mwi
tuskviwmzi wevarkw? ,e- x1i nrriv erh syxivirxeoi zepzi wewirkw jysq
er eyxsgsfipi irkiri erh ;- xli wirkpi nrxeoi erh i| leyw zepzi
wevirkw jysq e Azilzepzi gsxsgvsm vegirk irkiri?

Xbivi evi x{ipzi wevnrkw nr xsxep geonrk yt xImw xlviiltetiv
nrziwnkexmsr erh xli} gsziv ep i|eqtpiw sj gshivr wtwrk hiwkr
jvsq ps{ xs Ikl weith irkoriwd {nxl tevepip) tvskviwmzi erh xetivih
wevnrkwd erh wewnrkw Lsyrh Ll il iv szexi svvsyrh {wvi? Epp
wevnrkw evi giewyvih jvsq jvii FinkIxxs riev gsm farh jsv xlinv psehl
hidaignsr erh wajjrimthidigasr glevegxivmxngw? Epws0 epp wevnrkw evi
qgiewyvih th}wngep} erh xli Kisqix}ifewih hexe evi gsqtyxih jsv
xlinv psehlhidigasr erh wajjrimthidigmsr glevegxiviwngw 528a2 XIvii
sj xhi wevarkw evi wipigxih xs Fi gshipih nr JIE wsjx{evi _525a jsv
xIi weqi hexe zepyiwerh xli} evi epws i|tivmgirep} giewyvih jsv
xLinv rexyvep jviuyirg} glevegxivwngw {Ingl evi xlir gsgtevih {1

-

Fig.1 Test springs; UK outer, UK inner, YZ exhaust and YZ intake .
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gsqtyremsrw ir epp xLipzi gewiwd xIi qiewyvih erh gsqtyxih hexe
evi gsqtevih ryqivigep} erh kvetlIngep} erh xli th}ungep kisqixw}
sj iziv} wewrk v ryqivngepp} tviwirxih ws xlex sxliw ger gsqtevi
xEinv xBiswiiw {xl syv giewyvigirm

THE GRAPHICS NOMENCLATURE ACROSS
THE TRILOGY OF PAPERS

lr xBnw Tetav 70 x0i Jnkyviw evi gsrzirxnsrep} pefipih ew k25
xs Jnk26=2 X1i weqi ettmiwxs xhi Vijivirgiw Ls{izivxs ezsnh

TR = tapered round wire TO =tapered ovate wire

PR=progressive round wire PO= progressive ovate wire

BASIC INPUT DATA

SPRING Uk inner |UK outer |¥Z exh  |VZ int
TYFE PR FR PR PR

Sc 10 7.375 7.5 7.5
Mz (measured, o) 19.8 20,1 135.1 13.4
Hucs (mm) 4l 43.7 3775 36.45
Hes (mim) 7 ? ? ?

D's (rnm) 38.5 275 19 19
Ts [rom] 246 3.63 2.4 237
k [measured Nimm) g 263 12.5 126
Md 1 1 1 1
COIL SPACING

SPRING LIk inner |UK guter |¥Zexh  |¥Zint

cail space P11 (mm) 3.9 4.7 4 3.9
coil space P2 39 48 43 4.1
coil space P3 34 449 43 4.1
coil space P4 349 45 472 4
coil space P5 349 1.8 25 272
coil space PB 33 1 1.2 1.1
coil space P7 1.6

cail space PG 1.6

COMPLUTED OUTFUT COMPARED YWITH MEASUREMENT
SPRING Uk inner |UK outer |¥Z exh  |VZ int

Mz (measured, g) 19.6 50.6 13.1 13.4
Mz (calculated, g) 19.8 50.1 13.3 13.1
k (measured N/mm) g 265 12.5 12.1
k (calculated MYmm) 8.4 243 12.7 12.1
DEF kind (rmeasured) 26 22 203 19.5
DEF bind (calculated 26.4 222 20.5 19.4

Fig.2 Input and output data for the geometry of the valve springs.
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Fig.3 Measured and computed load characteristics of both UK springs.
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Fig.4 Measured and computed stiffness characteristics of the UK outer spring.

tiherag vitimnsri er} Jikyvi jysq ievpniv Tetiw sj xIi wmpsk} ger
fivijiwihxs ziv} mqtp} Jsv iJeqtpilnj Li Ll xs vijiv xs k25

nr Tetiv 6 Livi {mxMnr x0i xi|x sj Tetiv 70 x0ir oo Lopp vijiwih xs ew
Jnk26252 Wnqympevp}0 ew }sy ger wii nr x1i tviznsyw tevekvet 10 nj Li Ll
xs vijivxs Vijivirgiw 5asv_8ajvsq Tetiv 5 xbi} Lmp Fi vijiwihxs
Livi nr Tetiv 7 ew _525a erh _528a

THE VALVE SPRINGS FOR PAPER 3
lir Jnk25 mv e tlsiskvetl sjxIi jsyv zepzi wtvnrkw? Jvsq pijx xs wik Ix evi
xli x{{s nrxeoi zepzi wewirkw jvsq er eyxsqstmpi irkiri0 gYO syxivi
erh gYO nrrivi0 erh xIi i| leyw erh nrxeoi zepzi wtvirkw jysq e Azil
zepzi I gsxsgvsw irkari pefippih ew g]~ 1] leywd erh 6]/ nrxeoii
viwtigmzip}

lir Jnkw2526 erh 528 evi xhi vipizerxnrjsvgexisr tekiw jysq xli
8uxL IEH wsjx{evi 528a i|tpenrnrk x1i hexe w}qfspw jsv xli Fewng
kisqiw} sj e zepzi wtvirk erh nr Jnk26 evi x1i egxyep nrtyx hexe zepyiw
jsvxIi jsyvwevnrkw nr uyiwasr? Epp sj xbi wevirkw evi {syrh Ll
vsyrh GviWn wxiip {mvi2
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Fig.5 Measured and computed stiffness characteristics of the UK inner spring.
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Fig.6 Computed shear stress characteristics of both UK springs.
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MEASUREMENT OF THE LOAD AND NATURAL
FREQUENCY CHARACTERISTICS
Ewnr Tetiw 5 erh 60 iegl sj xi xiwx wevnrkw mv nrwxeppih sr e Pps}hw
xirimpidgsqtviwnsr xiwx qeglnri erh mw psehlhidigmsr glevegxivmmagw
qgiewyvih nr 5444 wxitw jvsg mw jvii LinkIx yrm gsmp firh2 X1i
qgiewyviqirx tvsgiw mw Fsxl eggyvexi erh hixempih2 X1i ryqivigep
hrjjivirmexsr sj xli giewyvih psehlhiaigmsr hexe dniphw x1i wxnjjriwwl
hiaiguosr glevegxivmxngw?

lir Tetiv 70 Li qiewyvi x1i rexyvep jviuyirg} znfvexisr
glevegxivmwagw sj xBvii sj xbi xLipzi xiwx wvnrkwd 60 [ nrrivi0 sWWi0
erh xLi 0] nrxeoit €l viwtigx xs hiaigasr2 XIi giewyviginw evi
vigsvhih f} e Tsphxig THZ1544 tswefpi hnkmep zrfvsqixiv gsrrigrih
xs e Fuyip > Oneiv tswefpi TYPWI 79:4F hexe equymmasr yrm?

MODELLING BY 4stHEAD

OF THE VALVE SPRINGS

lir Tetiv 70 ew tviznsywp} hmgywwih nr Tetivw 5 erh 60 xIi xlisvixgep
qgshipnrk sj xli hidigasr sj e zepzi wewrk yrhivpseh m gsrhygxih = #
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Fig.7 Computed natural frequency characteristics of both UK springs.
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Fig.8 Measured and computed load characteristics of the YZ exhaust spring.
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Fig.9 Measured and computed stiffness characteristics of the YZ exhaust spring.
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Fig.10 Measured and computed load characteristics of the YZ intake spring.

3 x{s hnjjivirk ettvsegliw X1i Awx m geppih 8ixLIEH 52820 x1i
Fewng xhisv} mw hiwgunFih nr Tetiv 50 erh mv ettmih nr Tetiv 7 xs xli
Jsyv zepzi wvarkw2 X1 viwypw evi gswipexih ekenrw xhi 1] tiviqirxep
qgiewyviginw sj xIi wtwirk glevegxivmngw sj pseh erh wajjriwi?

llir Ink27 evi tpsxxih xhi giewyvih erh gsqtyxih wtvirk psehw jsv
x1i 0YO syxivi erh gYO nrrivi wevnrkw? e Jnkw28 erh 9 evi xli wewrk
wajjriw glevegxivmwagw jsv x1i gYO syxivi erh sYO nrrivi wevnrkw)
viwtigmzip} lir Jnkw2: erh ; evi xbi gsgtyxih whiev wyviw erh rexyvep
jviuyirg} glevegxiviwngw jsv xI1 6YO syxivi erh ¢YO nrrivi wevirkw?

Ix ger i sfwivzih nr Jnk27 xBex x1i xIisv} gsqgtyxiw xIi wtwirk pseh
tusApiw uynxi Lip lir kw28 erh 90 m ger Fi wiir xlex qygl sjxli
iwsvnr gsgtymrk xhi wevark psehw eviwiw Figeywi x1i wxevark tsnrx
wajjriww gepgypexih jsv inxivwtvirk v efsyx <) ps{? xInw v ex zevnergi
LxB xi sxliv xir xawcowtvarke LHivi xLi wxevkirk £snrx wnjjr i
eggyvexip} gsqtyxih? Xk iwsv lew e gsqtsyrh nrxikvexisr T}
hiArmasr- ijjigcsrxli gsqtyxih pseh pizipn Lirgi xli <) iwsy
XUiwi zepzi wevirkw evi rsx tevingypevp} wivsrk Figeywi xBi wnjjriww
ryqfiw nrzspzih evi vexhiv ps{? xbi 0YO syxivi wxevxnrk tsmrx wajjr iww
mwwsqi 6: RIgq erh mxm gsgtyxih exwsqi 68 Riqq erh jsvxli
gYO nrrivi xIi iuynzepirx hexe evi = erh <28 R3qq viwtigmzippR
lir xlex gsrxi |X0 gsgtyxih wjjriw iwsw sj 6 erh 42: R3qq

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