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Fig.1 - 1 Applications of electric actuators
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Table 2 - 1 Gear data

Normal module (mm) 0.9

Number of teeth 2

Normal pressure angle (deg.) 17.5

Helix angle (deg.) 60

Tip diameter (mm) 7.6

Root diameter (mm) 3.3

Material S45C Steel(JIS G4051)
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Fig.2 + 1 Overview of form rolling machine
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Fig.2 -+ 2 Schematic design of rack dies
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Fig.2 - 3 Schematic design of setting using flat dies
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Fig.2 « 4 Gear blank support unit and machine base
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Fig.2 - 5 Photograph of a form rolled gear
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Fig.2 -+ 7 Profile and lead errors of each gears
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Fig.2 -+ 8  Surface roughness of gear flank

Fig.2 + 9  Surface of gear flank

Fig.2 - 10  Axial sections of gear teeth

42+ 10 1%, AUPESEHRE, 3 KO T7 810 o2 fhirim COll L7-#%, BIRICHEDIAL, Wf
JE, Ty F U7 L TEREME TR L UHREEETHD. B IR L TWRWNA, T
RTOFEMIIL, A TRBMERENBR SN, 202 La2EETH L, RT7U i TIXHE
MIACH - T2 iRE D D K& RBAITRAZ T b, —JF, G lE B ClX, i - =i E
LM E G m~ORE) (Sl FEE e G m) NEEORE LTHEEIND. £, wiEHmIcix
MEED e O [EI D Z Fx, “BRFED E A7 LRI D RFERRE AT (1210 £ D C )
MO BILD. Lo, DAAEWHEIPFSNOWE LTI THH 2 &, BLOHFHRE & L CiE
ZEELTBY, WHEOBEIZOWTIIRMENRRWEEZEZ TV,

W, BRIERTE, LR T OB O L L Z 2720, HoORmBLONEHOE > B
— AR ZWE L, K2 110%, ©y FAMHED O mER G PES, B2 - 12 1 3TE KD
BT MNE SOy I — A S Az (AENE, Wz K-PIcEAXRIT R L TN D).

-20-



400 g

Hardness(HV)
w
o
o

N
o
o

—l— Form rolled
100 F —0— Hobbed

0 0.5 1.0 1.5 2.0 2.5
Depth from surface (mm)

Fig.2 - 11 Hardness of a tooth (tooth flank)
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Fig.2 + 13 Power transmission testing
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Fig.2 + 14 Transmission efficiency under rotation speed
2000min™*
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Fig.2 « 15 Transmission efficiency under torque 3Nm
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(A) Hobbed pinion and gear pair (B) Rolled pinion and gear pair

Fig.2 - 16 Photograph of gears after endurance testing
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Fig.2 - 17 Profile and lead errors before and after endurance testing
using form rolled pinion
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Table 2 - 2 Gear data of form rolled gears

Number of [Normal |Normal pressure | Helix Tip dia. |[Rootdia. |Face width
teeth module | angle (deg.) Angle(deg.) | (mm) (mm) (mm)

A 2 0.32 175 60 3.2 1.0 11
B 2 0.9 175 60 7.56 3.25 10
C 2 1.17 175 45 8.2 2.8 16
D[ 2 1.25 17.5 45 7.8 35 17
|l » 15 175 30 75 33 30
F 2 1.75 175 45 11.3 5.2 24
G 2 2 175 35 114 5 23
H 2 2.2 175 30 12 51 30
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Fig.2 - 18  Capability evaluation of form rolled gear

using Sumitani’s chart
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Fig.2 - 19 Photographs of form rolled gears
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Fig.2 - 20  New capability evaluation of form rolled gears
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Fig.3-1 An example of form rolled gears
(Mmn=1.25,z=2, B=45°)

-29.



Driven

Followed

Helix deviatior<:§;:--—

Fig.3-2 Helix deviations
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Driving pinion

Work

Fig.3-3 Form rolling machine

Table3-1 Gear data

Number of teeth 2

Normal module (mm) 1.25

Normal pressure angle (deg) 17.5

Profile shift coefficient 11

Helix angle (deg) 45

Tip diameter (mm) 7.8

Root diameter (mm) 3.5

Material S45C Steel(JISG4051)

-30-



3:2:2 I LDOSRVIZRETERYIAHESVEDEE

3412, HRUNAHAWERLERERIEH HOW T U050 DRRE R T, ERVINAEWENRE
K THLG AT, BT LOIRDPN NS TWNDIEN DD, BT R TWNAIINIH T
DHFAVAS 50um FE ThHIUTTEIEMEREIC K EUTHBL D 702800, oo DR A
A 50um &7 5. X340, EARVOAEWVENBRB e RERIDI57e LT 52T, BiE%
BERTEDLENZD.

250

O, -0— Right flank
/ —-B— Left flank

200 F

150 f

100 F

Helix deviations (um)

50 F

0.0 1.0 2.0 3.0 4.0 5.0 6.0
Overlap ratio

Fig.3-4 Relationships between helix deviations and overlap ratio
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Fig.3+5 Concept of the phase angle
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Fig.3-8 Profile slope deviation
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Fig.3-9 Schematic diagram of tooth thickness, profile root radii, slope error, and helix
deviation on tooth flanks of form rolled gear
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Fig. 3-10 Coordinate systems
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Fig.3-11 Tooth trace

-37-



WIZ, HCHFROIRIE DR KMEZ 3T Lo EERL, K 312 IZZOEHRIZLIZA> TR
W LD EFEH OB LROBHREZ R T, X 3-1205, F5HOBELRNRKEIRDE, T Lo
DA R T HI LD DOND.

725, K36 DHJEMEDIZSSENB LT 5um Th-o7-dinidE it #1009 7220 DR EfE R, X 3-
12 OFEFERE B LIZEZA, I Ui R DR O 7a0IE 40um, FHERSFIT 58.3um THY
BRURA—HL TN, 202D, BT L0V ORAETERIZHEIVE YT 03I/ > Tz
72O ENZD.

=

N

o
|

¢
¢

60 | &
40 } <>
20 | <>

0 b <>
0 0.05 0.1 0.15 0.2 0.25

Helix deviations (um)

Eccentricity
Fig.3-12 Helix deviations

3:5 YUY EvFAREAIZCELLTEAHD=XL

34 TIE, Oy FHBFEM THLGE, BIRRSHLD B Ot 3~ UJ7 I [BEEA7FE /4 frad]
ZIEHILTHIRNIEAETAILEMGR L -, 22T, ISR I EM O Y F M0 e DA
A=A LZDWTHRAET D, IR HRET, Tv 77 A AL S TEM R TIER 32851 O )
&Y, To 7B AARHUAR T BB L TS AREMNER S D, 22T, KBtRE O, FHHLIA
BIFIAV DT 7 F A AD TN E LTz

3:5-1 KREE - &H

FWTindiig, BLOTy s 2 AR, 2:1 THRARZBDOLFRIUTHD. RIFRESRIL, 3. LR
TEATHITIZTHEETHD. X313 T IS, LEADTYIE A ARNZ OB OfiE1E G —
BRI T LIAREOEENZ, L—VEN a2 O CHIELT-.

-38 -



Rack dies

Measurement point

Base

|
1
A\
4_

Fig.3-13 Schematic diagram of measurement of variations in rack penetrations

3:5°2 LAAARANDT VI F4 ADEE

3-14 12, fRiERIE 1R O AT NENDOL A ADIFLIAB BOE B Z/R7T. 708, X 3-14
(ZHRIE R H Ot O R e A R UK Z 0 ORLIZ. A O ARE, EHOHLLIAA
FhZkBthrh—EDEM TEBL TWDHIENDND.

3:151%, X 3+14 O A7 =V BT 52T, NIREWETE I D IRIERE ISR L
7=bDTHD. 14Hz DO — 2713707 L O NIHA NIRRT, 28HZ T O — 713 B B
W ZIRFSHEHRIE T 5. [ 3-15 030, INAE WK DE — DB RENZEN DD, ZOTEND,
B O [EHANAE 180° ZEFAHIEL T, XA ADIFUIAL BEDEEINIEAEL TNDHENZD.

(a) Initial contact

N ® O C)

(e) Complete

+003 | /
S E 03 F Rightdies
[
= S
|
g -lé +0.03
S o 0.00
T o
> a -0.03
I 1 1 1 1 I 1 1 ] ] I 1
0 0.5 1
Time (sec)

Fig.3-14 Variations in dies penetration
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Fig.3-15 Power spectrum
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Table 3-2 Gear data

Number of teeth 2

Normal module (mm) 2.0

Normal pressure angle (deg) 17.5

Profile shift coefficient 1.0

Helix angle (deg) 35

Tip diameter (mm) 11.5

Root diameter (mm) 4.9

Material S45C Steel(JISG4051)
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Fig.3-18 Relationship between phase shifts and helix deviations
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Fig.3-19 Comparison between new process
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Fig.4 - 1 Schematic diagram of form rolling
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Table4 « 1 Gear data

Number of teeth 2
Normal module [mm] 1.25
Normal pressure angle [deg.] 17.5
Profile shift coefficient 11
Helix angle [deg.] 45 L/H
Tip diameter [mm] 7.3
Root diameter [mm] 4.0
Face width [mm] 33

Fig.4 - 2 A photograph of a target gear

Table4 « 2 Die data

Number of teeth 85
Normal module [mm] 1.25
Normal pressure angle [deg.] 17.5
Profile shift coefficient 36.1
Helix angle [deg.] 45 RMH
Tip diameter [mm] 242.3
Root diameter [mm] 237.6
Face width [mm] 33
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(a) Axial plane (b) x-x Plane of rotation

Fig.4 - 3 Schematic diagrams of contact points and lines during form rolling
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(a)Pitch surface without die _ .
penetration movement A

AX|aI pitch

(b)Pitch surface with die
penetration movement ) ---------
Die penetratlon Pitch circle at a moment
in 180° rota%/

Pitch circle after a 180° rotation

Fig.4 - 4 Paths of pitch points and pitch surfaces
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Fig.4 - 5 Coordinate systems
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Fig. 4 + 7 Generated tooth form
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Fig. 4 + 9 Tooth form deviations at z = 2.75
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Fig. 4 - 10 Tooth form deviations at z = -2.75
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Fig.4 - 11 Tooth trace
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Fig.4 -+ 12 Formrolling rig
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Fig.4 - 13 Work piece constraint jig
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Fig.4 - 14 Specifications of blank
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Fig.4 - 15 Formrolling test cicle
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Fig.4 - 16 Profile deviations on formed gear with 0.62mm penetration
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Tip 757
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Root 4.8 -
Tip 75T

(b)Follower flank
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Fig.4 - 17 Profile deviations on formed gear with 0.94mm penetration in different planes
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Fig. 4 -+ 18 Root radius deviations on formed gear
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Fig. 4 + 19 Helix deviations on formed gear
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Fig.4 - 20 Root radius deviations on formed gears under various types of penetration
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Fig. 4 - 21 Helix deviations on formed gears under various types of penetration
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100} Die rotation torque
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Fig. 4 - 22 Die penetration force and die rotation torque during form rolling
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Fig. 4 - 23 Variation in work piece rotation speed during form rolling
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Fig.4 - 24 Helix deviations on formed gears with various face widths
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Fig.4 - 25  Helix deviations on formed gear by suggested method
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Work piece

Dies / |

Fig.5 « 1 Explanatory drawing of form rolling
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Table5 < 1 Gear data

Number ofteeth 2
Normal module [mm] 1.25
Normal pressureangle [deg.] 17.5
Profile shift coefficient 1.1
Helix angle [deg.] 45L/H
Tip diameter [mm] 7.8
Root diameter [mm] 3.5
Face width [mm)] 33

Fig.5 «+ 2 A photograph of a target gear
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Fig.5 « 3 Determination concept of blank diameter
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Section on plane of rotation:

Face width

Axial pitch: 5.5mm

Fig.5 « 4 Schematic diagrams of form rolling process
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Fig.5 «+ 5 Changes in work piece rotation speeds during die penetration
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Fig.5 « 6 Work piece rotation speed at intermediate stage
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HDEWRET D, LA ADOWHEIL, EMICHE SN EZETZ e, ZOHEEICH->T
HENT DX T THLIND, ZOLEEFMEINEETLILEEXOND. ZOEBEE)L, Al
NitETe X D72 (ThbbhLaiioftirs), WiEEEE B2 ON5. 777205, ZOEE)EE
W WBRBT LB XD HESTMM OFEM (ZE TOMBIZEIT 5 IEMRED 810 OS54 Tk
TESNDHEMER) TIE, HLEA A% 0.1mm#f LIAATE & X ITIX T TITFEM O [BlfsE#H =037
EL, ER48mmOFEHM LR UL AR UNET L) R EER N BET L EB52005. £
ZREIEWAIT, 56128 LTWRNAS, AL 6.3mm OFEMOLAEIE, ERUNREDS L7 (F
bbb LEEDD) WHEEENZ /13T B 25, T7hbb, BhrEEtZOHnE, Zohal
OFEDT, ROBEADET VEHAND Z L THIAAREEEZD.

ZDOETFNAOEE, FEMBEEREE D Npoier D & X, T L, EM LT A ZDNEVINE
BHE OB/ L W L X%, EEESIIRATT, LB TRBEEAE LRV, [k, #
MIEHEHE DS Npgear D & X, TG, FM &L A ADOEE LT 1L HFExfONHAEW & e
5L X HEMEHIBELT, LENoTHRERNILILRD. ZOLEEEZMBFA ANDE
D AT A N, WG ANCAER T 28 LIAB TN KDL VITHLIE SN b D LB %
HILD.

HRIER B MG t B2 DFEM O T aALE y(t) [mm]iZ, SEM OEESEE % ny(t) [mm™], 1Z31E
WO — Rz LmmlET 5L, UTFTOXTTFHTELEEZLND.

y) = (L/60)+ [, {ny(t) — ny_gear} dt (4)

RB, ZITIE, FmoOEAIR, ARUNAERFRAES Lz,

FeDHE, FMEHLFERNEDICT DI, FIVEIVDBEANLT D, T2, Nproller & No-gear
N—ETHHOERZ, MEOH DO L O IZHEMAEOBERLIZT 5D TIE <, InEw#HEREIC
FIE ST DR dgex E T 52 &, 7205,

dal = dindex A /ZZ (5)

LI RETHHEEZOND. HilzlE, LA A LUIALE 0.1lmm THIENTExH LT 5L

Z @%/ﬁ\, lE:?% 5.9mm @%*ﬁ%mb\ HZ & —(“, %*ﬁwlﬁliﬁﬁ}g %JE%JZ))L: No-roller o E’ nz—gear L:%
ITSHDHZENTE, TORKE, FMOLHLBEEZRBTEL LB 2D, FEMITHENTE LY
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A 2D UIABEIZHOWTIE, MESCHEZETCICKFET 5 L B s, 55«2 OliEEERD
R LV E L.

5:4 SAHABREEBBTEIAT A RADB/EHE

5+3 TlX, HAHBEEXEET H720O0F 272800 OF ZITFHKSW2, A A ADOw M E
BOWREEERZ LTZ. T2 TIE, ¥ A RAOFEMERFHEIZ SOV TR S,

5. 71%, EBEREHO, A AR EFBHMOKMFINEREREZ R ITHEUXCTHS. K57
(@) 1%, HZA R LBMDBEIBREEEZ YO THEfR L7REEZ R T, (b) 1X, R %FEM IR
NI SR BB A3, (o) 1F, BEmIBOMt EITERE AR, a, a;, a i, #hE
i, M5-7@ , (), () DEETO, WFARXELFEMEORLEMTHS. d i, 5.9mm
T, (b) IZBITDd ingex (X 5.7mm THDH. () IZBITFD dpld, F# (EERIE I ziE i
) OMEMERE, d, hiIENEh, LA ARWNITIEREO Ly FHER, d' 5 A A
@ﬁﬁmﬁ AN
ZTHA AN S 72 e 5720 RIFIE, (b) DBRBE TR D H LD H\EHER dy, KT,

(®®&ET&%ﬁ%®i?iw$k/~ﬂ/77//f IOHIE A AL & RIERT R DILT
WEHEEOWEE DI VT T AN THAEAI LH)REHEOE T THD.

K (B) BT D dy 13, 242.25mm &7 o72. L LR D, XA ADOFEAEMEL di’ 1% 150.3mm
T,%@MM]Wﬂ&@%;%mm%@ﬁ%&%#ffb,;@iifi%ﬁ#%ib&w.
X581, IAAADHWBIZOWTHATEZDITER LT, XA 2AOMAKTHD. dylT
EHEMERTH S, 45mm OIEFITREREGGICEY, RODEIHEMER dy & HEFETT (5
%)@ﬁﬁ%ﬁﬁ?%é’&ﬁbﬁé =L, HROWHEHEG Y 7 by =T 2HWTYH, FER
ICRERIRMETH DD, WA ADOREE TR AN TERWGEER®HDH. £2T, “H5L
aEtiE” @z i@.:%m%ﬁr%#é Thbb, BAEFHIESE, AN E Yy FM (B dy
AR L THIZICE Y a—)b, JENf, RUNAZHETH. BRIETHRUA VAR Y 2— b
VoA NihmzHW5720, EEMEL, UV — RPEBAEFRIHZ TE LN ENnD, ERLowEE
FILEROD LM TED, £5-21C %umﬁﬁfﬁﬁbtﬂ&4x®$m% #5-31THs
NfREE AW CRO AL A ZADFTLERT. 6 2 00ORF A ATE TN ER DN, 2L (A
UHmEafa7 5.
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() First contact (b) First threads formed (c) Finishing

Work ) Work
piece Die piece

Die

0.1mm

Profile shift d, : 137.2mm

d;’: 150.3mm
d; : 240.1mm
da1 @ 242.3mm
as . 55.2°

Fig.5 - 8 Profile of die

Table 5 - 2 Die data without profile shift coefficient

Number of teeth 85
Normal module [mm] 15
Normal pressure angle [deg.] 37.4
Profile shift coefficient 0
Helix angle [deg.] 58 R/H
Tip diameter [mm] 242.3
Root diameter [mm] 237.6
Face width [mm] 33
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Table5 - 3 Die data with profile shift coefficient

Number of teeth 85
Normal module [mm] 1.25
Normal pressure angle [deg.] 175
Profile shift coefficient 36.1
Helix angle [deg.] 45 RH
Tip diameter [mm] 242.3
Root diameter [mm] 237.6
Face width [mm] 33

55 RiMERERER

5e4 THEFTLIZFES52(FS5-3) DA AZI N ERICALEZ KB TX D), F-EM0
(AR Ao A2 D3 5« 3 TR L7 & —E T 20 MEND DT80, MIPIREER 1T -
7=,

5.5-1 ERERRLAEEH
&%%L X, EREAH LA 196kN OFEHER] 2 o —F —JHEH LA A finidis 2 vz,

X 5-912, EEEORXKZRT. LA XD LIAL S OFIEITIMITEIZ X VATV, (Bl E
DOHIFENZ iAC% RE—ZEHNDHMATHL. EHEOIK A AOW LiAA g, KO EHERHE
FEIX, CNC #EICX W FEMIT 2. FME, misio s X zblist s 2 N CTHFFL, A1 A
DEFZIZEMBENRBIY 35, EMiT~y A My Z70lEEE, 7—/VA by ZllzdTmic
AENT D K DT L, ZERIEICK Y BM 2w LA TR L7z, X5-1018, B #4EE
DA ZRT. B2 HEEARIE, Ry REORXT A RHA RICRELTWDHD, FHM
DHHERR LI NE DT D720, FECTHTRECRWITH G RICENT I N TES.
FMOBHEEZRET D720, L—WEMGH (F—x 2 A4 1L-030 38 L OVIL-1000) % VT
o ZIEE O TN A FOEk LTz, M OREREEIL, ~y RX by ZflloElsE o Z IZHY
7, —FEliEdH720 300 NV AEZREIELAY v haeboMlfEEHWT, HEXEEEE
P (F—x 2 AR VP-90 35 LY KV-3000) (Z & D IE L. #Fb & Ellst ok Claliia
T 5D, iRt X ERME U IUTIET RO BEE LW EEERLTWD. ILF A AH]
R 1T 6.47min™ —E T, BIEEHFAIIRGF £ THDH. LA AOM LIAZEIX, LA A
—[FiEH 720 0.68mm & L7z, FZHEEEMICIZIKBED O & -,
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Work  Hydraulic cylinder
piece

Centering device

Fig.5 « 9 Form rolling rig

Photoelectric detector

Laser detector
Rotary encoder

Tail stock
Air cylinder

Head stock Work piece

Axial direction | € = » Sliding guide
L7/ 7777777777777777 77777 77777777777
Front Machine base Rear

Fig.5 - 10 Blank constraint jig

ZDHEA ATER 5.9mm OFEMEHND Z LT, FTEDITTIEHEENRIE TE, 1 oBAN
K T& b tazahRbo TkFtanTW5b. LinL, 5+3 TTl LsidEaIE T OFM O
HRdR A L BB T MR 720, FMELL 4.3mm, 4.8mm, 5.7mm, 6.3mm, 6.8mm D H D
HRIE SRR LT,

ELL5.9mm OFMITKT 2 LIALEIT LAmm THD. LM LERL, £ TOEMIZHL
T Limm M LiATe &, B 4.3mm, 4.8mm, 5.7mm OFEMICEBW CUIHEEEZNNEL Y4
X N ET AR D . WICEL 6.3mm, 6.8mm OFMITBNTIL, Y ERomFHE
MO, LA ARIEE THT MRS D, 20w, RS2t dio # s H EAEAA
3.5mm LLET, NOWENILLY A ADREIZTF W LRNTZDDOIT A ZOMP LiIALEE, &
M1EIZ CAD Z VTR 72, 2 OFER, i LiAZ &L, B 4.3mm, 4.8mm, 5.7mm, 6.3mm,
6.8mm DOFEF I LT, £HFH 0.5, 0.65 1.0, 0.90, 0.65mm & L7=. 2B, ZN5DMLIA
HECIE, A 5.9mm DO FEF LSS, K 5.2 OIT T HEICERIERIE TE Wi, IEREIL,
EAE5.9mm OFMITKE L CTORAN L, B 5Tmm OFEMICOWTITRIEIZ LR, &L L
7o, Filo, ERUANOFEMITE L TIAEEHT O & LTz,
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5-5-2 fiiREDRRE

ELAE 4.3mm, 6.8mm OFEH A RN T, Sl ORI LiIAZEE TH LA Z E R AEETH - 7-.
LU 5, B 4.3mm B XU 6.8mm OFMIZOWTIE, BRI HERE ) 5 B 7% o
FAEZRRDIZT2D, A AMRHED T OERIERRIE A FHIE Lz, 2 b DRMIZONT, A A
Z 0.2mm LA TEREICHRISERE 2 UL L, SR OR/MERM A LT, MBI LT,
X511 1%, WA LEEMONMEEETHD. EHE 4.3mm, 6.8mm OFEH T, EE 5.9mm
DFEMO XD 7, IEMREGAIE Y F O L X050 B 2 H\IEN, RSN,

T

O

L

$4.3mm $5.9mm $6.8mm

IL
[
R

Fig.5 « 11 Photographs of work pieces in indexing stage

5«12 1%, HEA59mm OFEMIZHOWT 0.1, 0.3, 0.6, 1.1mm O LiAHL DR fixE
ZIEOT, ZNOHEMVANLIRE LIAMBIEETH S, XA A% 0.1mmf LIAATIRHET, 5.
3.4 TYHELELEBY, EMITITHIENKIEINTEY, MLAZOENE & HITHEHED AL
B GEL DTN DDND.

5-13 12, ERIE CEEMOT D, —fFlé LT, B 4.8mm OFEH OIE% DI
BREzZRT. SHICERT 5 BE R RERRIGED, WA RO 5D, ZOX D RAES
RRIEERIL, EAE 4.8mm OFEM 72T T2 <, 6.3mm OFRMIZHIFEL T

0.1mm penetration
0.3mm penetration

0.6mm penetration

1.1mm penetration

Fig.5 - 12 Photographs of ¢ 5.9mm work piece at every penetration stage

-75-



Shiftdirection

Fig.5 « 13 Photographs of ¢ 4.8mm work piece

5-14 (2, [EFE5.9mm ORI S LTtk O & O3 Cirz2llE@pl 2 ~7. X5 -
14 5, FRIBREIL, EE DT B EOEREME O ERERD Lkl L <, BIFThd &
W2 5.

5-15(2, t#kE LT, EESLImm OEMICHKE SN-HED, wEE L O LidEo
BIEF 2T, A AOKRILIAZED, EHZX L 0.1mm /hEWne), HETHEET
HHMN, 5.9mm OFEM LT DL, EHA CARY 2— FHENLOBMENKEIWE Bbs.
FEIZ, 5.9mm OFMIZEN ST CD IR0 N, oD,

Profile deviation Lead deviation

c 1mm 10mm

= E $5oum $50um

D "'_— :::/:/'

g

-_— )

L= | Tip Root Top Bottom

Fig.5 « 14 Profile and lead deviations on rolled ¢ 5.9mm work piece

Profile deviation Lead deviation

s 1mm 10mm

> ‘é $50um _ $50um

5 S ) 3

g

X
=< | ~ Root '
L? = Tip Top Bottom

Fig.5 - 15 Profile and lead deviations on rolled ¢ 5.7mm work piece

-76 -



5:5+3 RIBEBEFORMEGEEENELLLESAHE

5-16 2, FIBEAEFICHIE L2, EA:4.8mm, 5.7mm, 5.9mm, 6.3 mm O FEFf o [aliizk i
bz rd. 7o, K5-16 121, kD=, KX (2), KO (3) THE L7 EMEHESEE (Nprolter
BEO Npgear) BEHPITR LTz, BERABMM OFEMIZEHTD L, MUARNIED &, FEHIE
HRIH VL Npronier £ THM L, Z DEECDNE Npgear DIEIZIT DN TN AR T GHIERSEIR) 230
2%, EAE 5. Tmm OFEM OEMEHEEIL, — H nponer [ CIEWIEI L 7o HARBL, (1 RIF BT
Nogear & — 3T 5. [EAE 6.3mm OFEH b [BlfiE3H O ZEALIZE R 5.7mm OFEM O F FUHFLL L T
D73, AREIRSE AR & 0 4R 2 (2 EESEHEE M L GRIEAIBEID , Npgar & —ET 5. EAE5.9mm
DM O BIESEFE L, 0.1mm 7 LA A T2 FELZ Nygotier 7 B No.gear (CEAE L, Z D% O [BIEEHE 13 Ny gear
EHEFFL TV Z ERbn5. 5.6 TTHILZZ ny(WITFE Y3 2 ERIMEEIE, LA =
0.1mm (BEIEDERIE S4L, Ny SFE T T2 L BDND) LV S ST LIAE N IR THRAT
5 EBbnD DT, B 5.Imm OFM LN OETOHEMICERD b, TOEBIZB BT TH
LiceBy LEbns.

350 |

Measured |[N2-oller

w
o
o

250§

Rotation speed (min-1)

200 — L L L 1

|
0 0.5 1

Penetration depth (mm)

Fig.5 «+ 16 Changes in work piece rotation speeds
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— 10 $4.8mm
£
E
s>l
= $5.7mm
o
e $5.9mm
<>LS $6.3mm
'5= 1 1 1 | | | 1 | 1 | |
0.5 1

Penetration depth (mm)
Fig.5 - 17 Changes in work piece positions during die penetration

X5+ 1712, HEA ADOHFH LIARBIIHT D, o X B0 MO 2R3, fthorr
Fl%, K510 IR LIZIERREA, ARFRHI~OEMEZRL TS, HE 4.8mm OFEM T,

(FER U ZHED D J51) ~ 10mm LLESZNREAE L TV D 2 E DR TE 72, (| LiAA & 0.5mm
PLEDOEN T, Mt Y OMmHEHZE 2 CLEWAE CE o7, ) B 5.7mm O FE

DI EITEA~ 1.7Tmm & 72~ 7. B 6.3mm OFEHIE, 0.1mm 225 0.25mm # LiATer £ T, b
FTINNTBITHB LR FA LT, FAl (ERCZED D) ICKRESBERPFEAE L. Bhibha
IZ3mm THHo7-. HELS.9mm OFEM OAALREIL0.6mm THY, Kb/ hotz.

WG BEEE L L CHERL TV 5D & Ebid Wb HHRE R B C i, BT HRAITIE
LTV, F2, 3FTIEHEEE LRz L T\ 5 & Bbn bt LIFBEE T, Bz s
WERBELTHWRWEHIEITE S, 202 &Y, ﬁﬁﬁ@%?ﬂ”k*ﬁbf% . IS DOFEERAE
BRIV, EMOREREE L X OFEMOBEZOMEE, 1ZIX5-3 TPRILZEEBY THHo7-.

B, BHEDIXCOXEMRT D20, S‘EL@G@"‘E@?%H@O%M@*E xR UCHEE, #R
ERRIE A T > 72, X 5+ 18 12, 0.5mm #f LiIAATZBERE COFM DS g & FEME L OBIfRE R
T BBBEORXIITIELOXITIDRN LD,

IO DOEBRFERND, RFRICTIRELIZHEHEICL VEE CEZRE LI A A EZH WD
ZEIZRY, N RAUAAZAT 23T IR EORRIERIZICE T 2 54584, KgAK
TEHE0nzD.
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Ul
@e

o

Work piece shift (mm)
n
[

8

Work piece diameter (mm)
Fig.5 - 18 Relationship between work piece shift and

-10]

work piece diameter

5.6 #

i

N R UNWAZ BT LT TITHEEZROPEE T ORISR & 22D, M OBH & FH
EHEAZDENDEIIZHOWTHFIL, HFA ADFTRBREFHEARRE L. REE L DT,
LLFIZRd.
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