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Development of High Strength Bolt for Connecting Rod
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The connecting rod (conrod) bolt is required to be
compact and light, since its size and weight affect the
performance of the engine.

With the existing low-alloy steel, which is heat treated to
make the conrod strong enough to withstand the high load, the
bolt cannot be designed to exceed the strength limit of Class
12.9 because of the susceptability of the low-alloy steel to
delayed fracture which increases in proportion to its strength,
especially in excess of 980Mpa.

Thus a new steel alloy was developed by improving the
alloy elements that excels the existing steel alloys in rigidity
and yet helps the conrod bolts increase delayed fracture
resistance and secure a higher strength at Class 14.9, thereby
reducing the size of the bolt.

The new compact conrod bolt with high axial tension
fastening was developed and has been used in production
motorcycles since 1990.
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Table 1. Chemical compositions of test steels (wt%)

Material C Si | Mn P S Cu| Ni | Cr [Mo]| V [SolAll N |Fe
HB149 SPEC. 0.31to| 50.10| 0.20to| 50.015| <0.005| <0.30| 50.25| 1.00to| 0.90t0| 0.25t0 Bal.
0.35 0.40 140 1.10-( 0.35

Sample alloy No.
A 030 |0.02 [032 |0.011 0.001 <0.01] <001} 099 | 0497 |0.31 Bal.
B 030 {001 {032 |0.005 0.001 <0.01] <0.01]1.00 1099 ]0.30 Bal.
c 030 |0.02 |033 |0.004 0.002 <0.01] <0.01{ 1.00 | 099 |0.30 Bal.
D Wire| 030 (001 {032 |0.006 0.002 <0.01] <001} 1.00 1099 |030 §0.027|0.017 | Bal
F 034 1005 |032 (0006 |0.002 <0.01] <0.01}1.01 [0.99 |[0.31 ]0.031|0.015 | Bal
J Wire | 035 [0.06 |029 |0.010 0.002 002 |004 j098 |099 |0.28 |0.039(0.016 | Bal
K Wire| 034 |0.02 |032 |0.003 0.002 <0.01] <0.01} 1.18 | 099 |0.29 |0.033]0.016 | Bal.
L 033 1003 |021 |0.004 <0.001 | <0.01| <0.01) 1.00 |0.90 [0.25 {0.031 |0.009 | Bal.
M Wire| 0.35 [0.08 |030 |0.012 0.002 0.02 |004 |121 |1.02 |0.32 |0.037 |0.016 | Bal
u 037 (0.6 |042 |0.004 <0.001| <0.01] <0.01} 139 |1.10 |0.35 |0.035|0.012 | Bal.
SCr440 039 (026 |072 (0018 0008 |0.10 [0.09 |1.05 |[001 - 10026 | 0.006 | Bal.
SCM435 036 (025 {076 |0.020 0014 0.10 | 009 |1.05 |0.16 = 0.017 | 0.009 | Bal.
SCM435 Mod. 035 |025 |003 |0.001 0002 |Ti:Tr|B:Tr|1.01 |0.28 Nb0.032 Bal.
AMS6304E 044 1026 | 060 |0.022 0.021 5035 <025 1.02 |055 | 031 Bal.
AMS6304 Mod. 045 |[0.06 }|030 |0.015 0.004 0.10 |0.12 j1.00 | 056 |0.32 Bal.
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Table 2. Effect of quenching temperature on

the hardness of HB149

2-1. Hardness in quenched condition only.

Quenching Hardness, as-quenched. HRC

temperature

K Alloy No.

(X30min. 0.Q.) A B J L M U
1173 52.2
1183 45.0 53.0
1193
1198 48.2 | 528 | 465 | 51.9 | 63.0
1203
1213 543 | 495 53.0
1213 (60min.) 53.0
1213 (120min.) 52.8
1223 495 | 48.8 | 53.8
1323 495

2-2. Hardness in quenched and tempered
condition.Tempered for 60 minutes at 873K

Quenching Hardness, as-tempered. HRC

temperature

K Alloy No.

{x30min. 0.Q.) A B c 0 L M u
173 453
1183 44.9 44.0 47.0
1193 45.2
1198 445 449 | 452 | 48.0
1203 455
1213 457 | 46.3 | 46.0 48.0
1213 (60min.)
1213 (120min.) 47.2
1223 46.2 | 46.3 | 469
1323 46.7
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Table 3. Effect of tempering temperature
on the hardness of HB149

Tempering Hardness in quenched and tempered condition. HRC
temp. K
(X60min.  |Alloy No. A [ B L M u
AC) Quenching tsmp. K-

-~/ 11228)1323|1198(1223|1183[1198|1213|1198[1183{1198/1213

573 47.5(475
673 46.7|146.5/145.0(46.4
723 46.3(46.3 46.0
773 45.5|45.5/143.0(45.2(42.0/144.545.0 47.5(48.0/148.0
823 45.346.7(43.5(45.2|142.0{43.0/45.5|45.56|47.0{47.5|47.5

848 41.5(43.5(44.545.5|47.0/47.5|47.5
873 46.2|46.7|144.5|46.3(44.0(/44.0(46.0(45.2|147.0|48.0{48.0
898 45.0 44.7

923 44.1145.3|141.0/144.0(40.5|143.044.0 41.5|144.5/445

Table 4. Typical mechanical properties
in room temperature

Alloy Henwgatmennemp'l Tensile [0.2% proof[E! ion/Reduction| Charpy {ardne:
No. ﬁuunu_hmg Tom.uelrlng strength| stress of area | impact value
%30min.0.Q)xE0min.AC| MPa MPa % % Jem HRC

A 1023 il 1746 1177 | 15 52

873 |1451| 1363 | 18 65

898 |1442| 1334 | 21 67

923 |1402| 1324 | 21 65
B 1198 773 |1402| 1344 | 18 61 69

823 |1397| 1334 | 20 61 78

873 |1422| 1324 | 20 65 82

898 |1402| 1324 | 205 | 65
923 |1304| 1275 | 21 60.5 1286

c 1198 823 |1748| 1334
873 |1451| 1331
888 |1442] 1330
923 |1402| 1276

F 1198 1834| 1255 | 12 41 64 49
673 |1664| 1442 | 16 57 58 48
T73 | 1442( 1348 | 17 58 61 47.0
823 | 1432 1344 | 18 60.2 79 48.0
873 | 1447 1348 | 18 60 |. 88 46.5
898 |1427| 1334 | 18 60 88 455
923 |1353| 1304 | 185 | 60 93 43.0
973 |1010| 981 23 67 247 33.0

L 1198 848 |1422| 1376 | 20 65.7 83
873 |1393| 1383 | 205 | 66 96

U 1188 848 |1520| 1442 | 18 56.3 76
873 |1500| 1422 | 195 | 685 86
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Fig. 13 Comparison of fatigue strength for
M7 bolts made of HB149 and SCr440
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Table 5. Results of Tensile Test on Bolts
Material H?Qdﬁr’ce)ss 0.2% proof stress| Tensile strength [Elcngation
1401MPa 1512M| ,
HB14g 455 4z Skarmm) | (54 3@rmm | 35%
1218MPa 1284M|
scrd40 | 405 ohaenn | aar o ramy | 31%
1278M| 1357MPa ’
SCrad0 . 418 (130akermmd | (138ekasmm) | 27%
Specimen : M7 Connred bolt
Stress area : 31.136mm’
Gauge length : 41.5mm
6 —
HB149 HRC45.5
;
I
2 4 flrrumrormeee
5 q SEi
X i
e H SCr440 HRC41.9
o
@ /
9 ‘
2 [/
.,L_ 0.2% offset line
/
‘,' Gauge length : 41.5mm
L ] 1 1 |
0 0.4 0.8 1.2 1.6

Displacement (mm)

Fig. 14 Comparison of tensile curves for M7 bolts
made of HB149 and SCr440
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Fig. 15 Fatigue limit diagram of Haigh method
for conrod bolts

— 105 —



SMEIOy KKRIL SORERE

Table 6. Results of exposure test on M7 bolts dipping in 0.1N hydrochloric acid for 200hr

Hardness| Plastic | Stress

: Number of |Non fracture|
Material (HRC) strain | (MPa) |fractured Bolts ratio portion

Fractured

456 | 02% |12569
w452 | 02% |[1252

014 100 %
010 100 %

HB149 1" 4s5 | 139% |1447| o8 100 %
455 | 23% |1384| 0.8 100 %
405 | 02% [1101] o7 100 % e
SCr440 | 419 1.6% |1051 1,/8 88 % | Incomplete thread
419 | 19% | 995| 28 75 % Body (2)
ANSE0Mod %455 | 0.2% |1203] 216 889% |Thread (1) - Body (1)

¥ Bolts adopted double rolling process
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P M I N TS,

&
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K OV AL T R T BT BIRE B AL L R
ERLET,

2 E XK
(1)T. J. Hughel, “Delayed Fracture of Class
12.8 Bolts in Automotive Rear Suspensions”,
SAE paper 820122 (1982).
(2)HHr: @ $ M4, RBRAET. P.30-32, Vol.35,
No.11 (1986).

BE =l

(3) IR, DIRE: A2 U AF B ME A Bl i) — fR 3880 . & S8
& Bk, P.12-15, Vol.35, No.11 (1986).

(4)S. K. Banerji et. al., Metal. Trans. A, 9A (1979),
237.

(5)K. Namiki et. al., “High Strength Steel for
Cylinder Head Bolt”, SAE paper 840573 (1984).

(6) K% fli:gke . P.233 (' 86-S1517), Vol.72,
No.13 (1986).

(7) W fl: k& 8. P.140, Vol.73, No.1 (1987).

(8) M. $kL 8. P.167, Vol.73, No.1, (1987).

(9) BA 2R M 2, SRR ER, P12,
Dec., 1969.

(10)  BJ1I, oA FESRILM, Vol.55(1984), 101.

— 106 —





