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Fig. 1.2 The typical precision cold forgings
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Fig. 1.3 Typical precision cold forgings [26]
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(b) Flanged cylinder after forming (c) Link shaft original (left) and forged (right) [13]
and after machining [13]

(d) Forming steps of flanged cylinder [13]

Fig. 1.7 Components by sheet-forming and cold forming
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Fig. 1.8 Die design schematics of cold forging spur gears [12]
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Fig. 1.9 Cold forging of CVJ housing and helical gear
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Fig. 1.10 Forging force and material divided flow[31]
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Fig. 1.21 Lubrication principle and approaches choice
for cold forging aluminum and aluminum alloys [50]
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Fig. 1.24 Schematic diagram of injecting experimental device [55]
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Fig. 1.28 Material separation (a) 15% clearance, sharp tool, low carbon steel;
(b) 4.5% clearance, sharp tool, low carbon steel [64]
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Fig. 1.30 Schematic of the factors affecting dimensional accuracy In deformation processes [67]

31




Diagrams for Chapter 1

[¢7] ssaxd [eoruey ool JO SOIISLIAJORIRYD "SA syred pagio] Jo Aoemooy [€°[ "S13

'51010%] 181]10 5}03]J% I 10
Papaanans 81 ANQLIN e
U] YSIUA U UDIOSINT ‘- ==~

[suinyoy ]
S [suoisuaung ' [[ wonous apys -y HMNM_E!EE“_
TS A T [sdeys] jo suonpucs | e . [edens]
- - = ---[SUONIPUOD 80BLMG] [7uBtey Inyg i s o e = BRI ORIEN]
- - < - --[[BLI)BW Jo sarpedol ] -- - = -[£tionyfpuoo sovzang
- - <5 - - [[BLIZEUE Jo sumonaig] +~ | smon _, e YN [43nqewdojeq
- - == - - -[uonIsodulod [eatwayy] ol gy ot ol g [s8a138 Moy
) b S’ ---=--[eunEw jo amponag
o I -+ < =z - -|UOIiSOdWIOD jeTW
| . wesmbha. BBLI igau-—..lll. .—ﬂmwwr * - —. | VH—Q—
P e o SRl Lyvavenanse -y
A guissasoldisod gsadolxd Furdao,] Zuissasoxdaag
syxed
i s1etia Ll

32



Diagrams for Chapter 1

Elastic-deflection and thermal expansion

—

A

""""""""""""" AP b
Secondary vielding

1. Punch moves down

O

sring-back 2. Retraction of punch
Ay | 3. Ejection of billet
9 TSR A, 4. Cooling of component
Ag
e T A 4'
dimensional Cooling
errors

(a) Component-form error cumulation

Upper tool _
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Diagrams for Chapter Two
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Diagrams for Chapter Three
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Heat source
Upper tool |
Contact surfaces %
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LA 5
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7
Specimen
| g
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Lower tool
Heat sink

Fig, 3.2 Temperature based method
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Diagrams for Chapter 3.

1. Loadcell;
2. Upper-cooler;

3. Radiation shield;

4. Insulator;

5. Upper-tool;

6. Upper insulator;
7. Main heater;
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8. Upper frame;

9. Upper compensation heater,
10. Insulator,

11.Thermocouples in upper tool;
12. Insulator;

13. Lower compensation heater;
14. Specimen;

T
r;;a’
.'_,!

A

15. Insulator,

16. Thermocouples in lower tool;
17. Lower tool;

18. Lower frame;

19, Outer cooler;

20. Inner cooler;

21. Seat;

22. Connector

Fig. 3.3 Experimental equipment
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Fig. 3.5 The variation of thermal conductivity of N910 with temperature



Fig. 3.6 Possible distribution of temperature
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Fig. 3.7 The FE geometric model of heat transfer
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The first
experiment

FE simulaion
under corresponding boundary
conditions

Comparison of
emperature fields fram
FE and Experiment

No
Yes No Yes
da>qy?
Increasing AT, Decreasing AT,
ATwn &and T, Ay &0 T
Increasing AT, Increasing AT,q, and
and decreasingar,, decreasingar,,,
Experiment and FE Experiment and FE
simulation _under gimulation under
new conditions new conditions
Experiment and FE Experiment and FE
simulation under simulation under
new conditions new conditions
Improved? Improvad?
No No
Yeos Yos
Accurate Accurale
No enough? enough? No
Yes Accurate Accurate Yes
enough? No No enough?
Yes es
End the
experiment

T,. : Outer cooler temperature

AT,y + Upper compensation heater control temperature difference

Al ¢ Lower compensation heater control temperature difference

Fig. 3.8 Flowchart for control parameters setting
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pressure
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Clean specimen
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Setting control
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Data processing and
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thermal contact
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No

All specimens are
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Yos

Exprimental
results are stable?

No
End of the
exparment

Fig. 3.9 Flow-chart of experiment procedure
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Fig. 3.10 Upper tool surface texture along direction
transverse to grinding direction
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Fig.3.11 Upper tool surface texture along direction

parallel to grinding direction
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(b) Relative difference of h-value in repeated experiments

Fig. 3.24 Uncertainties in evaluation of h-values
under interfacial pressure of 30 MPa
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