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Abstract

We addressed quality stabilization and productivity enhancement of the automatic forging of drive pinions.
Compared to manual machines, automatic forging systems offer superior mass-production capability due to
shorter cycle times. However, elevated die temperatures hinder the formation of lubricant films, resulting in
defects such as reduced shaft length and underfill. Our initial attempts to improve cooling through increased
lubricant volume and plunger mechanisms proved insufficient due to significant frictional heat. To overcome

this challenge, we developed a dual-circuit die cooling system integrating warm-air preheating and water
cooling. This system successfully maintained die temperatures within the optimal range of 100-300°C,
thereby suppressing defects. Consequently, our approach achieved both high productivity and improved

product quality, contributing to the advancement of efficient forging processes.
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Fig. 1. Load Forecast of Manual Forging Machine
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Fig. 3. Shaft Length Data from Image Recognition
System
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Cause
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Fig.4. Cause Analysis (FTA)

Fig. 5 |2 RT A 7 =4 OiiHipIZ 01T 5 SAREEEER
HFE SR ORRZ T, SRS TR I ROEEMe)
DASE T E CloaRE~EED T DO RZHE T,
FHITREOHFTHERARE N 3 BT (D~Q) TEGELS
(R DBNRRE AR L, fRTIC L2 R R O
Wl EAT o7, WO bR M bR EZVVRDIZIBNT
TR - BFREERE R EIUCER L I oTe, DIT, ARICET
DRI CROTUE LI b D TH D,

(a) (b)
500

400
300 @m
200 @ ®
100

0
0 5 10 15 20

[ x 103MPa- mm]

Q

Die Tempurature [°C]

Die Wear Index

Fig.5. Die Temperature Measurement Location
(a) Measurement Points
(b) Die Temperature and Wear Index

Fig. 6 (CFEi% L AEE COSRERERIER 27~ 1]
il AR, ot S TR AR, SRR, TR
TR A IO TRREE 2 100°C £ THIR L=, T30
250°CDO—EIRE CHlgERE N IR Th -T2, — T HENET
I, SBERRAAD S HR) 20 EOREC, T OBamEIR
PG L TD, B EERE ORI RSED =01
VR, TR A (EATE CHERE L7 RRE O L7e < T
AV AN



500

. e Manual
L
= 400 |eAutomatic Upper Limit
(5]
E 300

N . o ) Mgt

5 200 p 0OR100 00000 00aes SN0 9000003000 o
5
[—
o 100 Lower Limit
=0

0 10 20 30 40 50 60 70
Production Quantity
Fig.6. Die Temperature in Manual/Automatic

Forging
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Fig. 7. Heat Balance of Hot Forging Dies
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Fig.8. Lubricant Volume and Die Temperature
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Fig.9. Diagram of Plunger Mechanism
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Fig.10. Die Temperature during plunger operation
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Fig. 11. Die Temperature and Wear Index

3. BiEssE

R RO RZDIE T, BB K 2983 5D
AHET TIRRE EHZHICE vy, 2 2T, APkinE
EZEALT, Bk 57 100~300°CORNREE Tt
BeETHZ L AL L,

4. BRKKEEDEA
4. 1 Z[ERALSTIDEET

RINGEIZAT O 2L, BRCFEMPORINTEE OFehnd
UDSIRE T o 7, MNE, SRR IR R L C T2
ATV, TEGE TRRIE CIEIC ANVURD W K& E D L L
7o LinL, 2O XML, KO L 0 IREFRA:
HE LIRS T8N0 0D, £ 2 ClERE SRy
Bl U CRJE & K 2RI i 2 ARG LT, Fig. 12 (2
IR ASRIOBIEX 2R, oA LT, C gD
SARRFEIE % Fh LT- Fig. 13), BigakiEhoORNEE
(ZDUNT, ) 250 CFHREDZEE LT CIREFT 2 Z & A3A]
REL 7207,

WarmAir sy = Cooling water

Fig.12. Schematic Diagram of Dual-Circuit



400
g; 350
— 300
(5]

_5 250
o 200
g 150
2 100 F
<5}
a 58 Preheating ~100°C

0 100 200 300

Production Quantity

Fig. 13. Die Temperature (C)
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Fig. 14. Temperature change after forging cessation
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