obgbouooboobougoobgd

oood
gboobdoboobobooobobooboboboboobooboooboaoo

Development of Ductile Cast Iron Flywheel Gear by Hot Form-Rolling and Controlled
Cooling

Toshiaki Tanaka, Masatoshi Sawamura, Shintaro Igarashi, Yoshinari Tsuchiya,
Masazumi Ohnishi, Yasuyuki Fujiwara, |zuru Yamamoto
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Abstract

A new ductile cast iron flywheel integrated with agear and its manufacturing process were developed to reduce the manufacturing
steps and costs compared with a conventional flywheel around which a steel ring gear isfit.

In this process, the ring gear teeth around a spheroidal graphite cast iron flywheel are formed directly in a net shape and free from
any defects using the hot form-rolling method, followed by the thermomechanical treatment with controlled cooling in a short time.
To obtain the strength and properties required for the flywheel gear, the matrix structure of martensite and pearlite in the gear teethis
made at the tooth face and the tooth bottom, respectively, by controlling the cooling rate after the hot form-rolling operation.

The developed thermomechanical treatment gear is superior to that made by the conventional hobbing and heat treatment with
respect to accuracy, strength and anti-wear property. The developed gear showed no problem in the endurance test using a practical
engine.

Cast iron, Flywheel, Spheroidal graphite cast iron, Gear, Hot form-rolling, Thermomechanical treatment, Toughness, Strength,
Anti-wear property, Controlled cooling
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Cast iron flywheel
Steel ring gear by hobbing and heat
treatment and cast iron flywheel
(a) Conventional flywheel gear
(Face width 9mm with chamfering)

—»  Fitting steel ring gear on flywheel

Flywheel and gear blank with —

spheroidal graphite cast iron Formed gear on flywhed!

(b) Developed flywheel gear
(Face width 13mm with chamfering )

Fig. 1  Conventional and developed flywheel gear for
automobile engine. [Spur Gear : Module 2.54,

Number of teeth 106, Tip diameter 271.3mm)]
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Projection for forming chamfering

Normal module:2.548
Number of teeth:
78(NC Type)
61(Hydr. type)
Tooth depth:5.59
Accuracy :JIS Class No.4

10.4

1 Vi 1

I)AIU\IIII :
Side plate

. 92703 " ‘

Blank for rolling
[Ductile cast iron]

Roller die [High speed tool steel |
(a) Blank for rolling and roller die

w7

Nozzle of WdlCl' for ¥
controlled coolmg
5 .

Roller die

(b) NC type machine

Fig. 2 Roaller dies, blank and hot gear rolling and

controlled cooling machine.



Table 1 Hot form-rolling and controlled cooling condition.

Item

Hydr. type NC type

Roller dies in feed method | Hydraulic cylinder and positive stopper A servi mpterand bl soew

Accuracy of roller dies in feed : 5um

1.Floating
. hod 2.Floating & fixed center at roller dies Rigid
Blank support metho stroke end (Stiffness: 0.05mm/9.8kN)

(Stiffness: 0.1mm/9.8kN )

Rotational speed of roller die

180rpm 300rpm

100kw-10kHz 600kw-3kHz

Induction heating
condition

1353K at surface of blank, 1173K at 8mm depth from surface

Heating time 80~120s Heating time 20~50s

Infeed rate of roller die

(0.15) X (Normal module), one half of blank rotation

Blank rotation in finishing

5 10 times 10 — 45 times
operation
Lubrication Spray of colloidal graphite in water to roller die teeth during rolling
Rolling temperature 1273K(start)-723K(finish) 1223K(start)-773K(finish)
and time Ts 3.55-17s

Cooling method

Water spray and dies contact

Cooling ratio

5-60K/s (from 1023K to 773K)

Temper

Furnace : 433K-T73K, 3600s
Induction: 523K-873K, 30s

Martensite
( For anti-wear property )
Pearlite
=+ (For toughness)
Martensite+Pearlite
(a) Preferable tooth structure and properties

1500
Cooling curves after heating
X Small deformation
Form-rolling (tooth face and tip)
Large deformation
(tooth root)
1000 |~

Pearlite transformation area

Temperature / K

Air cooli

S
0 b7

Time/s

(b) Experimentally determined cooling curves
superimposed on CCT diagrams for ductile cast iron

Controlled
cooling

04

Fig. 3  Preferable tooth structure and
experimentally determined cooling curves.

V=0.03mm/s

Impact tool

V=3.5m/s %Zzzzj
1 tooth of gear
Sa

haN
1 tooth of gear

(a) Impact test (b) Bending test

Starter pinion

Length of wear

Loadi ni torque

H i
| Theother gear =

zed gear) /
: Engine starter

Flywheel gear tooth
after test to 10,000 times

Test flywheel gear
(Fixgd

Flywheel (Fixed)

(c)O Fatigue test (d) Accelerated endurance test for wear
and failure of flywheel gears

Fig. 4 Test methods of gears.
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Fig. 5

Form-rolled gear and chamfer with spheroidal
graphite cast iron. (Temperature at 90% formation
of total tooth depth : 1100K)
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Follower side Driven side

(a) Metal flow in form-rolled gear and measurement
position of graphite forming ratio

d Forming ratio e= (d-h)/d X 100 (%)
h
,./ — —
Graphite
100 #— Driven side
80 r —O0— Follower side

60 A

40 '

20

0

Distance from surface /mm

Forming ratio of graphite e/%
¥
[l

(b) Forming ratio of graphite in formed gear and blank

Fig. 6 Meta flow and forming ratio of graphitein form-

rolled gear.



gooooooboooboobooobooobooooa
goooooooooobooobooobooboooo
obooooooooobooooooooJase-rod
gobodoooooooo

cobooooboooooobooooooo

Fig. 80 00000O3GK/sOOOOOOO0O0O0O00O
gooooooooobbooboooobooboooo
gooooooskKobooooooooooooo
O0o0oooo(Ddddde=24%)000000
00000000 (e=80%0000005mmO0O )0O
goboooooboooboboobooboooboooa
oooooooboooboobooobooobooooo
gbooboobgerskOOOOOOOs823KkOOOOO
oc3mmiboOooooOooooonooOog9rskoono
gooooooooobooboobooobooog
ooooboOOo0o0ooOooooboooobDOoO00Fg. 3

Number of teeth 36

250 3l Model gear
= [ [ T
8 g 200} l
5 = @A
g %150—
< élOO- ¢ %

>
g g % o
1 1

FCD450 S55C
Run out

FCD450 S55C
Roundness

(a) Ductile cast iron gear's accuracy compare with steel
gear's one with hydr. type machine (blank support: floating)

250
2001
1501
100
50} Q ®
0 ] |

Hyadr. type Hydr. type
0 Floating blank support ) O Floating blank support

+rigid at roller stroke end)

(b) Run out of form-rolled gear
0 Blank rotation in finishing operation Hydr. type 1001 NC type 200

Tooth spacerunout/ UM

NC type

c 80

S8

O 60F o o

g) o) Tooth space run out

5 40

g 20 | Drivenside  Follower side Tooth profile

8 N Y

< 0 - R ST ?ﬂ
0 5 10 15

Finishing operationtime 0 s
(c)O Relation between finishing operation time
and accuracy of gear(] [0 NC typed

Fig. 7 Accuracy of ductile cast iron gear.
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700 —@— Tooth edge ]
- - A- - Tooth root at driven side

600 Martensite
6=24% M)

.\‘_‘ / structure
500

E o A P+M
e-s-q%; -4 “_} .- . I structure
400 y 5

Vickers hardness at tooth (198N)

4
A Pearlite (P)
300 structure
200
600 800 1000 1200
Rolling finish temperature /K
Fig. 8 Relation between rolling finish temperature and

hardness at tooth. (Hydr. type, cooling rate 36K/s)
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—@— Tooth edge(NCType)
- =O- - Tooth root at driven side(NCType)
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P+M
structure

Pearlite (P)
structure

At tooth root

Relation between cooling rate after hot form-rolling and hardness at tooth.

[Rolling finish temperature : 823K (hydr. Type), 773K (NC Type)]
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# Developed gear

O Only form-rolling

B Quench and temper after form-rolled
A 548C(Face width 9mm)

Q 0 A S48C (convert in Face width 13mm)
HE A=
o
§ %0 o 4 o
5 xsos g gl
"é_ hardness
5 30 at oross sectjon
2 . 4
S 20 ~ﬂ N A
§ 10 —e=t———%
g, .,
200 300 400 500 600 700
Vickers hardness at tooth (load:198N)
(a) Impact absorption energy
@ Developed gear
B Quench and temper after form—rolled
& 2000 A S48C (Face width 9mm)
§ A S48C (convert in Face width 13mm)
;E__B £ 1800 O Quench and temper after cutting
Y
5 < 1600 F\T
o o /
2 o A °
43 E 1400 Measuring point of
a : A vickers hardness
(E“ =) 1200 Nt cross sectjon
D B-....
g ® 1000 p————= B A g
.
o A
= 800 . . A
300 400 500 600 700

Vickers hardness at tooth (load:198N)

(c) Fatigue strength

Load at bending test for

fracture. KN

Length of wear.” mm
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(d) Wear property

Fig. 10 Influence of vickers hardness at tooth on strength and wear property.
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