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Timing-chain gear mounting
Rod journals or pins flange

S oo 0 pSos V-Y
oy Ghee 8 4 T o 5 Gy (2585 S oAby oS ol (nile 350 50 S5 ankad Sy S e
Ll 510yl 1y eile izl 100 4 09,9 Sl g0 <85 (S5 0dl (60,25 Wl ad gy (S 5 5 S8 S5 1
L S IUON- Y PIRL E ] ISC L IRV SR PV FRPE WK E ) BRI RLIC UL CIRLISY VoI PRGIUNE - JUE I B EUPVOWTRA e Ly
4 Oy s 9 SS9 e S > b S e 4y 0l pl 05d (o Ll 4 dnao Sl 05 e 1505 05

www.lran-mavad.com

Slgo ks 5 lglild 22 0



Sikzo 5095 sl 9 Clasio

b K o £lgil 1-F

A £95 90 L o
(Monolithic) aile; ez slaysise sl a2,k o S Jes -)

(Assembled) ailoje slo,gi90 (sly 00l p2 s LS Joo -Y

Oil hole

Crankpin

S oo 555 (59,5 V-0

g andle wled Sobi (g bxe b s j5bo @ S e ol sleals 4SS (5,lme (nl 03gr 29, (5 e s S e
Lol 5l S ot LS cull slo S 5l g, 098 (0 oy S e lo S 4 Sl (6 lome 590 5 lome dhes:
9 89l gz yodkew ooz 5l (89 Sy Ay e Wiled (0 S5 89, 1) G OF Gher 9 e o)l (il Elygm ]

g (oo 0ulo S 515 &

O o g5 NP

cel g ool S Juo ol GlBLL (9, 0L slaylad g (55 o Jolatal (slag i (93 00,5 Jolaio auls ds coles

225 Vb (ol 5 (Sbial b 4 S e (Sl @29 0l 5l 659k (sl 005 (o0 ST Jee (S b (Saes

www.lran-mavad.com

S0 Cmsigen 5 (Hlgeeddld 22y



B <. 55 slauts, 3 Closio

S o yeSts o g S G551 Y

b el gl Sl sl o 092g 4 (cham DLl T )0 50l 418 sl 5 alisee glag i (o yme 5o S e
53 el S S il o W (grme Sy )3 (S e 552 50 (5550l G 05 (oo S e SIS
Gl 4880 j0 ;g3 VFe e LAY v 0 slo g0 jo Sliley )l ol v p 5STas 4 adBo )0 g0 YFe e LVFe e VY-« gla g0
(00,5 o it S e il )| YEe o B V5o o alols )0 5 g

oy 0 5 Jan il 9 45 K bl S, 31 e Bl i s IS S 2l ey 411, S e i)
205 o Ol olyes g ol ool uSiis o Jlasl oaso 2 b I o SKhsl axas g S sl s

90 JalS @ge ;8 03g0d Cd 1 (6551 51 (5 lake wie s (ST sbojl @dge 0 S e sloil Jp M wiile 5 30

@ o)lgem aS o)ls )18 g aly ey Slg plos wiile elge S o g9l j0 000 (o0 higd ST e 4 1) 095 (655
5 00 65 i SaS o8 bles | ey 0l Lelge il i gl s - 5yl s S e ssle oyibls oS
S oo S e

W) et a S el oad (2Ll S oo sl 25 Bl g9 90

Sl 55 hles )l -

1459 55 s, =Y

Sy S ol )11-V-)

oo o 00 4y (89, (g abhize b atgy iST oo )5 el 5Ll (85, (5 alhize po 4T J M cw il el M1 Gl
S o 33 (6551 S o 5l s oy, Sl (59505 51 2 gy JB I J5d S e (30,5 ol ol e cond dy S
WS oo (5 1) S e 511 g sl oo 5L S 2 ) S s eiaren

Slaijg S kel V-Y-Y

e 09l (oo dias 9 (55 @ige Wi 10 (SHn SV G o Seew S5 )3 il (o0 e S oo Jip @

S Jpb oy JSi 50 03l oo e Jgp |y 15 3la,l JeM8 00,5 jeue saims Jlasl slags o] S lawg

www.lran-mavad.com

Slgo ks 5 lglild 22 0



Sikzo 5095 sl 9 Clasio

WS oo Jos S0 £98 90 0 S

Ly
b,._;f > . Z . “,/
[ \
v S |
\\ 7
! -
3 27 .
% Y S o=y
L)
(S af ‘

65 Sl 5 S Jn g g (ool [ S oo U Lo yo 5l ol 5 5Lt
S o YL 5 (65 S ol [ S b b Lo o 5l ol 9 poslss

(Y) S0 Jao ¥l 9 65 S [ ool | S0 oo & S0 6l ol 9 9k

www.lran-mavad.com

Slgo ks 5 lglild 22 0



B <. -5 slauts, 3 Closio

P3d o
S oo o 519 Slog g Jukoxs

Vb 4 a5 (,Lid L oS sl alaims (39,0 3l 5l ol g9, S oo (595 2 9565 00 (el e (5,1
Sy dd g AiSe 01y gy

S Jo 59y 2 5L oo

S oo odalin Ssled g (aBly D ygo 1) S e 59, 2 Lad Salejl bl ) pgas 99 40

(a) Schematic of test set-up.

Figure 7 Test set-up for the crankshaft. (a) Schematic, and (b) Forged steel
crankshaft
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(a) Forged steel crankshaft

(b) Cast iron crankshaft

Figure 9 Typical fatigue fractures of the crankshafts.
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(a) Forged steel crankshaft
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(b) Cast iron crankshatft

o Cewl S e sLlgs 4 4z gi b oy s oy s Jelodd oS e 205 slog i Jedod & bgejo slocm ) S0 (S

lodls J13 (c) 2 3 90 1) £9050 (nl 5y iy Jloses aw jo jolate (ren

25000

20000 +— Fy

m— \agnitude {\
15000

10000

Force (N)

5000

-5000

-10000

Crankshaft Angle (Deg)

200

— With torsion
= = 'Without torsion

= =
=] 43
o o
T
SR

von Mises Stress (MPa)
w
(=]
———

-50

Crankshaft Angle (Deg)

(a) Forged steel crankshaft
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(b) Cast iron crankshaft
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(b) Forged steel crankshaft

© Cast iron crankshaft
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Closed die forging. Upsetting. Piercing.
Open die forging. Trimming.
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OVERVIEW OF CRANK FORGING PRESS MODELS

Maodel PK 1250 PK 2000 PK 3150 PK 4000 PK 5000 PK 6300

Nominal force [kN] 12,500 20,000 31,500 40,000 50,000 63,000

Stroke rate continuous [1/min] 70 65 60 60 50 40
Working capacity single [kJ] 180 320 550 750 1,000 1,300
Ram stroke [mm] 300 300 400 425 450 450
Ram adjustment [mm] 15 20 25 20 20 20
Shut height [mm] 850 1,100 1,500 1,600 1,700 1,700
Bed depth [mm] 1,050 1,500 1,390 1,450 1,500 1,600
Bed width [mm] 1,280 1,640 2,170 2,200 2,250 2,300

Subject to technical modifications.
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1. Roll forged (first pass)

<~

2. Roll forged (second pass)

5. Trimmed (before twisting)
4. Finish forged in closed dies
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Production stages of a
drop-forged crankshaft
form left to right:

- Steel blank

- Pre-formed blank

- Rough-forged part

- Finish-forged part

- Forging and trimmed
- flash

- Crankshaft

Lower rough forging die  Lower finish forging die  Trimming tool Trimming punch
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COMPARISON OF FORGED VERSUS CAST CRANKSHAFTS*

Property Casting Forging
Ultimate tensile strength, psi 36,400 102,900
Yield strength, psi 36.400 78.000
Elongation, % 0 38.0
Reduction of area, % 0 63.6
Charpy V-notch impact, ft-1b

test @ room temperature 1.5 103.0

@ -40°F - 19.0

@ 300°F 3.0 -

Chemical analysis, wt. %

Element © Mn P: S Si Ni Cr Mo
Cast 3.97 27 033 0l4 65 08 01 01
Forged .45 .66 019 .049 24 12 24 .09

* Forged 1045 steel/ductile iron
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Table 1 Summary of monotonic and cyelic properties for the two materials.

Monotonic Properties Forged Steel Cast Iron Ratio
Average Hardness, HRC 23 18 0.8
ﬁ\é&éage Hardness, 101 97 0.96
Modulus of elasticity, E, Gpa (ksi) 221 (32,088) 178 (25,838) 0.81
?;:iseil}d Strength (0.2%offset), ¥YS, MPa 625 (91) 412 (60) 066
Ulimate strength, S, MPa (ksi) 827 (120) 658 (95) 0.80
Percent elongation, %EL 54% 10% 019
Percent reduction in area, %RA 58% 6% 0.10
Strength coefficient, K, MPa (ksi) 1316 (191) 1199 (174) 0.91
Strain hardening exponent, n 0.152 0.183 1.20
True fracture strength, o;, MPa (ksi) 980 (142) 658 (95) 0.67
True fracture ductility, & 87% 6% 0.07

Cyclic Properties Forged Steel Castlron Ratio
(ch;tii?ue strength coefficient, o/, MPa 1124 163 907 (134) 082
Fatigue strength exponent, b -0.079 -0.087 1.10
Fatigue ductility coefficient, &/ 0.671 0.202 0.30
Fatigue ductility exponent, c -0.597 -0.696 117
Cyclic yield strength, YS', MPa (ksi) 505 73 519 (75) 1.03
Cyclic strength coefficient, K', MPa (ksi) 1159 168 1061 (154) 0.91
Cyclic strain hardening exponent, n' 0.128 0.114 0.89
Se= of(2Ng)° at N:= 10°, MPa (ksi) 359 (52) 263 (38) 0.73
Average E' Gpa (ksi) 204 (31,437) 174 (25,229) 0.85

Note: Forged steel taken as the base for all ratio calculations
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Chemistry of Crankshaft Alloys
Nominal Percentages of Alloying Elements

Material AMS Cc Mn Cr Ni Mo Si v
4340 6414 | 0.40 0.75 0.82 1.85 0.25
EN-30B 0.30 0.55 1.20 4.15 0.30 0.22

4330-M 6427 | 0.30 0.85 0.90 1.80 045 030 0.07
32-CrMoV-13| 6481 | 0.34  0.55 3.00 <0.30 0.90 025 0.28

300-M 6419 | 043 0.75 0.82 1.85 0.40 170 0.07
Key: C = Carbon Mn = Manganese Cr = Chromium
Ni = Nickel Mo = Molybdenum Si = Silicon
V = Vanadium AMS = Aircraft Material Spec Number
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