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Knowledge of Material Technologies for Engine Valves from Studying
the Past

Shigeki UETA

Synopsis

An engine valve controls flow of air with fuel and exhaust gas into and out of a piston cylinder, and is an important engine
part. Daido Steel has long been a main supplier of engine valves in Japan and has developed new materials and manufacturing
technologies to meet changing market demands. As new development will also be required in the future, it is important to
understand the history of engine valve development when working on new development, in order to utilize knowledge and
determine the direction of development. However, regarding engine valve material technologies, although some of our seniors
have summarized early development in Japan and the overall conditions of about half a century ago, there have been few
technical reviews since then. As over 100 years have now passed since Daido Steel was founded, an opportunity is presented to
summarize the history of technological trends from pre-war days to the present.
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Fig. 1. Appearance of an engine valve.
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Fig. 2. Schematic illustration of typical valve design.
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Fig. 3. Schematic illustration of valve manufacturing
process: (a) Electrode upset, (b) Hot extrusion.
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Table 1. Nominal chemical composition of representative intake valve materials.
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Country | Alloy | ¢ | Si [ Mn| Ni|JCr|[Mo| W] A | Ti | Nb| Fe [Others
Heat-resistant steels
JIS-SNB16 04 | 03 | 0.6 1 [055]| - - - Bal. |V:0.3
JIS-SUH1 05| 33|03 9 - - - - Bal.
JIS-SUH11 05| 15 | 0.2 9 - - - - Bal.
JPN [J1S-SUH3 04 | 20 | 02 | - 11 [ 1.0 | - - - Bal.
JIS-SUH4 08 | 20| 04 | 14| 20 Bal.
HR28 05 | 1.7 | - - 5 - - - - Bal.
1302 (Before WWII)| 0.4 | 2.0 [<0.60 12 | 10| - - - Bal.
1332 (Before WWII)| 0.4 | 2.0 [<0.60 12 - 10| - - Bal.
SAE1541 04 | 03 | 15 - - - - - Bal.
Usa  [HNV1 06 | 1.5 | 0.4 8 075 - - - Bal.
HNV3 05| 33| 04| - 9 - - - - Bal.
HNV6 08 | 23 [ 04 | 1.3 | 20 - - - - Bal.
UK |En52 05| 34| 05| - 8 - - - - Bal.
En59 08| 2 |04 | 14| 20 - - - - Bal.
Heat-resistant Ti alloy
USA [TieAI4V | -] -1 -1 -1 -1 -71-14# |Bal] | | v:4
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Table 2. Nominal chemical composition of representative exhaust valve materials. (mass%)
Country | Alloy | ¢ | Si [Mn]| Ni | Cr|[Mo| W] Al | Ti | Nb|[ Fe | Others
Heat-resistant steels
JIS-SUH31 04 | 2.0 |<0.60| 14 15 - 2.5 - - - Bal.
JIS-SUH35 0.5 | 01 9 4 21 - - - - - Bal. N: 0.4
JIS-SUH37 0.2 | 0.9 1 15| 21 - - - - - Bal. N: 0.2
JIS-SUH38 (CRK22) | 0.3 | 0.5 | 05 11 20 | 2.0 - - - - Bal. | P: 0.2, B :0.05
21-2N 0.5 | 01 9 2 21 - - - - - Bal. N: 0.3
DY2-D 0.5 | 01 9 6 21 3.2 - - - 0.1 | Bal. N :0.4
JPN DY2-H 0.3 | 01 1 11 20 | 0.5 - - - 0.1 | Bal. |P:0.22, N: 0.18
1301 (Before WWII)| 0.4 | 2.0 |<0.60| 14 15 2.5 - - - Bal.
1307 (Before WWII)| 0.2 | 1.0 16 - 11 | <05 2.0 - - - Bal.
1308 (Before WWII)| 0.4 | 1.0 16 - 13 | <0.5]| 2.0 - - - Bal.
1309 (Before WWII)| 0.2 | 1.0 16 - 11 - - - - - Bal. V:0.5-1.0
1310 (Before WWII)| 0.4 | 1.0 16 - 12 - - - - - Bal. V:1.0-1.5
N: 0.15-0.20
1311 (Before WWI) | 0.2 | 1.0 | 16 - 11 - - - - - Bal. V: 0.6-0.8
SAE EV-3 02 | 1.0 1 11.5 | 21 - - - - - Bal.
SAE EV-4 02 | 1.0 1 115 | 21 - - - - - Bal. | N:0.15-0.25
USA |SAE EV-9 0.5 | 0.6 |<1.00] 14 14 | 0.35]| 2.4 - - - Bal.
23-8N 04 | 08 | 25 8 23 - - - - - Bal. N: 0.3
21-4N+Nb+W 05| 03 9 5 21 - 1.0 - - 2.0 | Bal. N: 0.5
UK |En54 04 | 1.8 | 1.2 14 15 - 2.5 - - - Bal.
Ni-based superalloys
NCF2415C 0.03 | 0.1 | 0.1 24 15 - - 16 | 22 | 0.5 | Bal Cu: 2
NCF3015H 0.03| 0.1 | 0.1 32 14 | 2.0 - 19 | 26 | 0.6 | Bal
NCF3015D 0.03| 0.1 | 0.1 32 16 - - 1.2 | 27 | 0.8 | Bal
NCF4015H 0.03| 0.1 | 0.1 41 15 | 0.7 - 19 | 23 | 1.3 | Bal
JPN NCF4015D 0.03] 0.1 | 0.1 42 16 - - 09 | 27 | 0.8 | Bal
H1461 0.27 | 0.02 | 0.01 | 46 18 - - 1.2 | 4.0 - Bal.
NCF5015H 0.03]| 0.1 | 01 55 16 | 3.7 - 1.8 | 2.1 1.2 | Bal
NCF5015D 0.05]| 0.1 | 01 50 15 1.0 | 1.5 | 14 | 25 | 1.3 | Bal
NCF6018 0.05| 0.1 | 0.1 60 18 - - 1.0 | 25 | 0.9 | Bal
NCF440 005| 01 | 0.1 | Bal. | 19 10 | 15 [ 14 ] 25 | 1.3 3
Nimonic®80A 005 01 | 01 | Bal. | 21 - - 14 | 23 - 2
Nimonic®90 0.05 | 0.1 0.1 | Bal. | 20 - - 1.4 | 24 - Bal. Co: 18
USA Inconel®751 0.05]| 01 | 0.1 | Bal. | 16 - - 1.2 | 24 | 1.0 7
Pyromet®31 0.04] 01 | 01 57 23 | 2.0 - 1.25 | 2.25 - Bal.
Waspaloy® 0.05 | - - | Bal.| 19 | 40 | - 14 | 30 | - - Co: 13
Udimet®520 0.04 - - Bal. | 19 | 6.0 | 1.0 | 20 | 3.0 - - Co: 12
Heat-resistant Ti alloys
JPN  [DAT"54 0.06 | 0.4 - - - 2.8 - 5.8 | Bal. | 0.7 - |Sn:4.0,7Zr:3.5
USA Ti6242S _ - 0.1 - - - 2.0 - 6.0 | Bal. - - |Sn:2.0,7r: 4.0
TIMETAL"1100 - 0.5 - - - 0.4 - 5.0 | Bal. - - |Sn:2.7,7Zr:4.0

Inconel, Nimonic, Udimet: SMC, Waspaloy: Raytheon Technologies, Pyromet: Carpenter Technology Corp., TIMETAL: Titanium Metals Corp., DAT: Daido Steel

800 C D7 IR & HiRAE S 278925, 24RO SUH35
AT, BESIEMARE D X OEIRE S A5E .
SUH35 7% E OB O 6, Z OminkE S 24 720
T EEREME DS B2 NV 7 7 = — AEBIZ Co N — A 72
EOWMEMEREGCENERET LI ENH L. L
LBEEOWEIZIE, SEEIFAEWD, ZORE
EAREE D, oA A EITE 2 A KR P I i 22
WYz N Uy EORBIT R RIS A
B O EEICRANTERESEE AL -V v T

N=RAR=Y =, RKE+Fv7DL) LRRHkET
YV YHOPRAVTORCHEB ERTWEY. £ 2
AH, 1970 FERE LI CoDEEMTH LT 7Y I T
EELEILICL o TCoMRELAZ LT, —HDh —
A= =137 = — RO REEEDAZE L 72 % Inconel”
751 (Inconel : Special Metals £t D ZFRFHIE) L IFIEN 2
BEEDOPL NN T 2 —KFIZHEHT 2 L)%k o7
W A SORE, SRR D, EEEHO
WA E L) bMIBELTE 22 L5, T



24 ELAEM 1% 15 20204

400 Solid: Ordinary alloy Alloy U520

Open: Daido’s developed —
O
NCF440 (70 %Ni)

w

wu

o
T

w
o
o

Alloy 751 (72 %Ni) o)

[ ] NCF5015D (50 %Ni)
NCF6018 (60 %Ni)

o)

N
vl
o

O

NCF3015D (32 %Ni) Higher strength and

durability at elevated
r temperature

@ SUH35 (21-4N)

Rotating fatigue strength
of 107 cycles at 800 °C (MPa)

N
o
o

150 . . .
750 800 850 900 950

Temperature at which fatigue strength
of 107 cycles reaches 200 MPa (°C)

Fig. 4. Rotating fatigue strength of various exhaust valve
materials at high temperature.

1000
Solid: Ordinary alloy

. AlloyU520 W
Open: Daido’s developed

900 Higher strength

and wear resistance
800
NCF440 (70 %Ni) O
700 NCF6018 (60 %Ni) O

NCF5015D (50 %Ni) O

600 Alloy 751 (72 %Ni‘

NCF3015D (32 %nNi) ©

Tensile strength at 800 °C (MPa)
3
o

N

o

o
T

SUH35 (21-4N)
p 1

100 150 200 250 300 350
Hardness at 800 °C  (HV: 5 kgf)

Fig. 5. Tensile strength and hardness of various exhaust

w
o
o

valve materials at 800 °C.

VYREINEREEDLRELH Y, T T R

M ET&5. 22T, Inconel® 751 £ ) b & HIZHEEE
b L 72 NCF440 7% 1980 4E X2 BAZE S ™, AR —
A TOBEICHEHAINTWS, —JF, KE{Lo=—X
LD, Inconel® 751 L W LENifLT AR LITHN
7o, 7B, BN OB CoBEDOLRI»SMEF S
THED, 1971 FIZIE NI OFEIZOWT, KNifbiz &

DRI S DMK 5 & & R IS LT NI AY 55 %
DLESBEE W) SRS TWE Y, £72, Ni %
40 % 2 L72EE VBB S NH O Y BEHIHEHT Y
J o Tnizzoll, mERMICIZES ko,
ZZTHA V) YIS RTIGH EEZR NCF6018 & \» 9 60
%Ni &4 DB E N, Inconel® 751 1248 O LA B~

sz, [FEHIZT X)) H T 57T %Ni CTCr k&
72 Pyromet” 31 (Pyromet : Carpenter Technology #1: 0D %
B MRS E Y, KRBT — BV HICEH SR
72, EINTIE 1990 iﬁ OB V) DA
&b e, 55% % FlAlA Ni &= T b M g A%
MTDH LR, 40 %BNi A5 30 %Ni DNEIZE Ni &
4 NCF4015-D, -H, NCF3015-D, -H 2B %6 & ™, i
R ICERINZ, AR I —THE N LOHNT
NCF440 % X — Z |2 50 %Ni & 4 Ni{t L 72 NCF5015-D,
HABEENTWS ™ ¥ Fig. 6 |2 NCF5015 @ 800
IBUDIETEE BORTAS, NCF440 L 0 I35 T
b DD Inconel® 751 £ ) L EWIEFHMEZ AL TH
D, Nim2AL 2 WZb bbb dmmE bz ERL T
Wh Zofh, il OiEGREIRRIC, FALREERHEE, H
&R & EETHBRET O A SN S N FEH
fLENTVED, FHEFBEROADRETHLI LD,
HESIE TV 2B, NNV THBESEOES
REETTCIE, TBGEEE 721 T2 IRIE IR T o 24
THOBRLIIEFICEETH L. MBmELEHTLH L
W) ZEE A TEAMIN TSR T ¢4, NVTD X
WINEOFEMZEET 256, MALTHHART
< . BT B t%ﬂﬂ#%%é LTLEYH. 7
INVTE LUCERBIMER L2, Yo~ Henbis
&9 RIEALHAT L2 2 L2 BIFLUNEDXRH L. D
7290, Nim7ZZiF T4 <, Cr® Al Ti, Nb, Mo, W &
WS IR DNT Y APEBINTEE&RFTE o T
5.

500 [
y NCF440  NGFs015-H
© [
a NCF5015-D
g 400 |7
E 300 [ T T 18
E- r e T T
s 200 [ / / -
. - NCF3015 Aloy?51
@ r
L L
& 100 F
0 | L L1l L L1l

1.0E+04 1.0E+05 1.0E+06 1.0E+07 1.0E+08
Cvcles to failure
Fig. 6. Rotating fatigue properties of NCF5015 and
NCF440 at 800 °C.

Z @ 1%, Waspaloy (Pratt & Whitney ¥L @ B 5§ #1) <
Udimet”® 520 (Udimet : Special Metals ¥ D &%) &
5 72 NCF440 % b8l % & 9 % T A 5 — ¥ & RN 24
HMESOBM bR SN2, midEER Lo



T, HOMWEGH % N— 212 L7z &S LB b T
Wh, &b 5H, 2000 FREFEISEZ 572 Ni miETH
BHR=——AbEE D, Fe-Ni A EDENILTIE
WA D 2728, peAtisnf LA 20 % ms (b3 % 2
& T, A Ni %h%5 Fe-Ni B 20 A & VLHd % S i
STREE A FEH L /28 DY2-D, -H SRR S, FEHAL
ENTVD P Y Fig. 712 DY2 ® 800 T2 BT 295
KRS %7873 75, NCF3015 & [d4 L~V 9 57 3R 2 A
BHENTWE, ZOERNE LT, DY2D Z Mo #RML
At s X AR L% BRI T & WA C & 2 HipH
TIRAKBEH LG8 v AR RL-2 bz b .
—}7® DY2-H |X SUH38 L HERICP ZIEH L, S5612
N Nb LIFEMT 52 & CHRBEL B G8Hi s
o Twd, TOPHRMOERELA S =X HIZDOWN
TULRAL DR~ —HTHIC L 2 b D & EhT
WEA, EDEHIZPABRAMIERICEFET T L0 5
Mot shTng Y,

500
®DY2-D
@ DY2-H
~ 400 AsuH3s [
a \ @ NCF3015
2 o S
$ 300
= —
£ A-a .\'\!’\L
£ 200 u ﬁ%—‘
© R
@ e
$ P~ __ A
5 100
0
1.E+05 1.E+06 1.E+07 1.E+08

Cycles to failure
Fig. 7. Rotating fatigue properties of latest developed
heat resistant steel DY2 at 800 °C.
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Fig. 8. Schematic illustrations of various hollow valves:
(a) Conventional stem hollow type, head and
stem hollow types (b) By plate forming and
welded cover, (c) By plate forming and pipe
combination by welding, (d) By back forward
extrusion and squeezing, (e) By machining and
welded cover.
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