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Study On the Computer Aided Design of Lathe Feed Driving Unit

AR - =EnTE=TE

Y.H. Yum, J.M. Lee; W.H. Lee

Abstract

As a basic study on the rﬁachine tools of modular structure, a Computer Aided Design
of feed driving unit and an optimization of the dynamic characteristics of a machine tool

structure are carried out.

Computer-aided design technique enables designers to save time and to easily do the
job in variant design by effectively documenting design techniques and data. In this study a
computer program package was developed for automatic design of a proper feed driving units
by utilizing building block principle of IOWA CADET.
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Fig.1 Gear trains for cutting meter screw
(KOHEMA- 860 lathe)
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Table 1. Feed rtes for meter screw (KOHEMA-
860 Feed rates lathe)
1,2 3, - , 10; Norton gear step
L, T, S, H; Four step gear trains

Stel 1 [ 2 afa[s 6789w
L 105 0.7
T 1 1.25 1.5 1,75
8 2 12.25 2.5 |2.7% 3 135 35
H 4 |45 [4.75] 5 |[5.5 |5.75]| 6 [6.5 |16.75] 7
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Table 2. Feed rates for meter screw (Daewoo

A -20 lathe)

1,2 3,:--6; Norton gear step

2,1,1/2, 1/4; Four step gear trains

Normal (N) Coarse (C)
step 2 1 |1/2(|1/4] 2 1 | 1/2|1/4

1 2.25 3B 18[9 |4k
2 2.5 | L.25 0|22 (1W0] 5
3 2.75 44 | 22 5.5
4 3 |15 [0.7% 48 | 24 | 12 6
5 3.5 | L7 56 | 28 | 14 7
6 42| 105 |64 |32 ]16]8
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Fig. 2. Gear trains for cutting meter screw
(Daewoo A-20 lathe)
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Table 5 Feed rates for module-screw (KOHEMA-
860 lathe)
1,2,---,10; Norton gear step
L,'T,S,H: Four step gear trains
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s |2 e 2.5 |2.75 3 |33 3.5
H| 4|45 5 |55 6 |65 7
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Table 6. Feed rates for module-screw (Daewoo
A-20 lathe)

1,2,---,6; Norton gear step
2,1,1/2,1/4; Four step gear trains

2-2-4 . Diametric pitch (DP) L}A}

KOHEMA 414
‘Table 7o o 2w}

7/DP =pitch(in) & ¥ 32 DP1h4ALe] =& al
Auabe] +oizt FAFLL QA vhah A9
7lo)deofl 72 WRLA ol o] S-de A Abufd 2
27k 2 DPhAbe] Aatol A%sl Alch

KOHEMA-860414k2] 7% DPub4}e] 4tg
$15hed QA VAF AabAl ©] Flo] 93 Foll 4l change
Aol %F BBAF TE Telste] WAL
% KOHEMA-860 4142 DPuba} AL 24
78] WAL kgt ot

110 114y (24 80 40 60
(65x58)( )__—’

96, 40, 80, 60
(change g4)  (Erd<)

' ( 32
32, 36, 38, 40, 44, 46, 48, 52, 54, 56 )

(Zl L
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lathe) .
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Table 8. Values of bending-moment factor Cn
and torsional-moment factor C.

Type of loading Ch Ch

Stationary shaft :
Load applied gradually 1.0 1.0
Load applied suddenly 1.5~2.0]1.5~2.0

Rotating shaft @
Load applied gradually 1.5 1.0
Steady load 1.5 1.0

Load applied suddenly, |[1.5~2.0}1.0~1.5

minor shocks

Load applied suddenly, (2.0~3.0|1.5~3.0

heavy shocks
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Fig. 4. Shafts and gear train of feed system
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Table 9. Overload factor

(For speed increasing and decreasing drives)

Load on driven machine

Power

souree | Uniform | MOTetRte] Hog
Uniform 1.00 1.25 }l-ig o
Light shock | 1.25 1. 50 %i%%eof
Mediwm =~ | 150 | 175 | G2
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?.: - 22// in mating gear
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number of teeth for which geometry faclor is desired
Fig. 9. Geometry factors-20 Spur-standard
addendumn.
160
T Np=50 Table 10. Material factor.
s ] om0
S .12 = - = — T | Np-24
= =1 Np=16 G
| 4 —— ear Hardness :
g M0 Material MFt‘:-a.tenal
£ 080 Bhn Re actor
8
& 060
0L 2 3 4 5 6 7 8 9 Steel 55 - 63 1.00
ear ratio , .
& ' Steel 500min 50 min 1.20
(A) 20 degree pressure angle full depth teeth-standard
1 Steal 450-500 1. 30
addendum ~B
i Steel 400-450 1.40
(Pt =transverse diametral pitch)
(Np=number of teeth in pinion) Steel 350-400 1. 50
- Steel 300-350 1.63
§ .1 Np-30 Steel | 250-300 1.86
8 N Np=24 e .
o
= Z Np=16 Steel  |200-250 2. 20
£ 080 eanl
& 050 L1 Steel 150-200 3. 00
& 0 1 2z 3 ¢ 5 6 7 8 9
gear ratio ﬁkc()}%\)/IA %ass 200min 5. 00
(B) 20 degree pressure angle stub teeth-standard ast Lron
ddend ='£
addendum = py AGMA Class| 175 7.865
Note : all curves are for the lowest point of single 30 Cast Lron
tooth contact on pinion

Fig. 10. External spur gear geometry factor-|.




Table 11. Surface durability material factors.
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Gear Pinion Material
Material Bhn  |Rc 'min Material Bhn  |Rc'min| Factors
Case-Hardened Steel 58 | Case-Hardened Steel 60 90
Case-Hardened Steel 55 | Case-Hardened Steel 55 1. 00
Flame or Induction-

Hardened Steel 50 | Case-Hardened Steel 55 1. 05
Flame or Induction- Flame or Induction-

Hardened Steel 50 Hardened Steel o0 1.05
Oil-Hardened Steel |500min Case-Hardened Steel 55 1. 00
Oil-Hardened Steel [500min Qil-Hardened Steel 500 min 1. 05
Oil-Hardened Steel |450-500 Oil-Hardened Steel |450-500 1.10
Oil -Hardened Steel |400- 450 0il-Hardened Steel 400450 1. 20
Qil-Hardened Steel |350-400 Oil-Hardened Steel | 350-400 1. 30
Heat-Treated Steel [300-— 350 Heat-Treated Steel |300-350 1.50
Heat-Treated Steel |[250-300 Case-Hardened Steel 55 1.65
Heat-Treated Steel |210- 250 Heat-Treated Steed | 245-280 1.90
A(l}ll_\‘/)[fl\ Grade 40 Cast Case - Hardened Steel 55 2.2
AGMA Grade 40 Cast Heat-Treated Steel |300-350 2.3
AGMA Grade 40 Cast Annealed Steel 160~200 2.5
AGMA Grade 40 Cast AGMA Grade 40

lron lron 200 2.75
Table 12, Load distribut_ion factor.

Spur and Helical Gears
Face Width

Condition of Support 2in. Face . . 16 in, Face

and Under 6in. Face 9in. Face and Qver

Spur | Helical | Spur | Helical | Spur | Helical | Spur | Helical
Accurate mounting, low
bearing clearances,
minimam elastic diflec- 13 1.2 1.4 1.3 1.5 1.4 1.8 1.7
tion Precision gears
Less rigid mountings,

less accurate gears, 1.6 1.5 1.7 1.6 1.8 L7 2.0 2.0

contact acro full face

Accuracy and mounting

such that less than full Over 2.0

face contact exists

Bevel Gears
Auvplicari Both Members One Members N.either Members
pplicarion Straddle Mounted Straddle Mounted | Straddle Mounted
General Industrial 1.00 to 1.10 1.10 to 1.25 1.25 to 1.40
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Table 13. Life factor.

Spur, Helical & Herringbone Gears Bevel Gears
Number of Cycles case case
160 Bhn 250 Bhn 450 Bhn carburized**| carburized**
Up to 1,000 1.6 2.4 3.4 2.7 4.6
10,000 1.4 L9 2.4 2.0 3.1
100,000 1.2 1.4 1.7 1.5 2.1
1 million 1.1 1.1 12 L1 1.4
10 million 1.0 1.0 10 1.0 1.0
100 million andover | 1.0 — 0.8% | 1.0 —-0.8%* 1.L0—-08%* 1.0-0.8% Lo
" Table 14. Allowable stress.
Min. Sat-psi.

Material Hardness

Fig. 11. Gear tooth pattern (Model A and B)

Material Heat Treatment or Min. Tensile | Spir, Helical Bevel
- Strength and Herringbone e
Normalized 140 BHN 19- 25,000 (11,000
Quenched and Tempered| 180 BHN 25-33,000 14,000
Quenched and Tempered | 300 BHN 36 - 47,000 (19,000
Quenched and Tempered| 450 BHN 44 - 59,000 |25,000
Case Carburized 55 Re 55-65 000 |27 500
Steel Case Carburized 60Rc 60 - 170, 000 (30,000
Induction or Flame
Hardened Hardness
Pattern A of
Footnote 1 } 54 Re 45~ 55,_000*
Hardness Pattern B 54 Re at
of Footnote 1 } Hardened Surface 22,000 |13,500
. 3 Re Case** 37-42,000% 20,
Nitrided AISI 4140 | 00 mese™ 7~ 42.000%120,000
Cast lron
AGMA Grade 20 5, 000 2,700
AGMA Grade 30 175 BHN 8, 500 4,600
AGMA Grade 40 200 BHN 13,000 | 7,000
Nodular Iron
ASTM Grade 60 -40-18| Annealed 15, 000 8,000
ASTM Grade 80-55-06 20,000 |11, 000
ASTM Grade 100-70~03 | Normalized 26,000 (14,000
ASTM Grade 120-90-02 [ Quenched and Tempered 30, 000 118,500
Bronze
AGMA 2c¢(10%-12% Tin) 1 40, 000 psi 5700 | 3,000
Aluminum Bronze
ASTM B-148-52
| Alloy 9C -H.T. 90, 000 psi 23, 600 (12,000
pattern A v"“”:_e“d Footnote (1) :
* Values for teeth 6DP and finer.
*#% For heavy gears these hardnesses
lower values will be lower hence,
pattern B

of allowable stress should be used.




Table 15. Allowable contact stress' number.

Allowable Contact Stress Number-sac

: Minimum
Material . | Surface Hard+ sac
ness
Th
Iggxgldl.ened
180 Bhn 85- 95,000
240Bhn 105~ 115,000
300 Bhn 120~135,000
360Bhn | 145-160,000
Steel 440 Bhn 170-190,000
Case . '
Carburized
56 Re 180~ 200,000
60Rc | 200-225,000
Flame of In-
duction Hardened
50 Re 170~ 190,000
Cast lron
AGMA Grade 20 - 30, 000
AGMA Grade 30| 175 Bhn 50, 000
AGMA Grade 40" 200 Bhn 65, 000
Nodular 1ron 90-100% of
' .| sac value of |
Annealed ) 165 Bhn steel withthe
‘Nodular- lron 210Bhn | game hard-
Ol upoch . | 255Bhn  |nmess
Tensile Strend -
Bronze, | gthpsi Min)] s8¢
Tin Bronze i
AgMA 2e] 40,000 30, 000 -
Aluminum Bronze
AN 34| 90, 000 65, 000

Table 16. Elastic coefficient.
Non-Localized Contact

Qear Matarial and Modulus of Elasticity

Pinion Material

Alumi i
and Mgdulu? of | Steel |Cast lron|™gr P Tg:-o'nz
Elasticiry- E 30 % 10 19% 108 | 17.5%107 | 16 % 10°

Steal 30 x 108 2300 2000 1950 1900
Cast Iron |19 x10% 2000 1800 - 1800 1750
Alaminum | 175x108 1950 | 1800 | 1750° | 1700
Tin Bronza| 16 % 108 1900 1750 1700 1650

8 E8ETREFE/Vol. 5, No. 1, 1983/75

Table 17. Elastic coefficient. Localized Contact.

Pinion Material Gear Material and Modulus of Elasticity
inion Materi - .
T
and Modulus of Steal  [Cast lron Al%rgl:l\;:n ‘Bronze
Elasticiry- B 30x 108 19 x 105 17.5%10¢ | 16 % 10°
Steal - 30 % 10F 2800 2450 2400 2350
Cast lron |19 % 10%| 2450 2250 2200 2150
Alurninum Y
Bronze 17.5x108 2400 2200 2150 2100
Tin Bronze| 16 x 108 2350 2150 2100 2050

4. KOHEMA - 860 {812 O|&EHX|2] A3

Fig. 125 KOHEMA- 860 41ute] ojal=] 4F
2HH 8] slolwi A wbgbEle 29l Holch,

olEFEL FHoERH AEsTS 53
o wke] 8 & o5 Azt FMo e A
Aok,

MZol My, M, Mo, Mg 7le]rt 2l
om o] Z1dEL 12 78] L, la, Lo
shEe 2, 1/2, 192 {58 P} 1/4 9
42 My 71019 L7lo) B 5o Bl I,
a3 dAZ AFHS dr Gl AR FLE
£ Fgkslelr), FIv 2Felal %“’]‘% Lo, Luo.
Ioo7le7k SHBARA 2Zebal 2 T4 1|
DHAEFE A LRSS YR 7)o
= RIS Jo|E wielgor A&skn glo
A FI9lel A Yy s A

KOHEMAAI{k2] o) 743+ 1022 Norton

w4 ash ware]l Sn, N&$12] Ny, Nu, N

Nu. Nuo, Nao, Ngg, Nio, Nog 2] 10%E2] Z]ef7}
K& 919 Ky 7lelsh ofelEe] #le] 13 W&
H Norton WEAAE H4QE Ka 7lolt

K& flel AFYEe g mlzy Aolel 23k

FE 1%33 K2E 59 3440 g
I12¢ K&2WE odaxs]e] bearing K, 742 4
Asjo] geh.  EF o] F & 4beloll olw
ve}ee] AASe] golA FHLE UEd 3)
AT 4 sleh olelgt Mo &8 A=3ls] 9
g Feladsh el Pe] HoE HER FEAHo

(%) Fig.11-& Tableld allow-able stressel 2lel4 A%
¢) 9ae) Awel =2 71512 hardened sections]
W3l pattern A2} patternB 2| 4w 5§ 22 viebieh
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5. Computer& O|Zst A4t
5-1 F4ERE]

4 22 Eg etz Aad FYE

( Main)
Calgulation of
ratio of speed —
number of
speed tatio

CFFDCF
Determination
DETFWF YINTEF
equipmants of - CFFGTE
feeding shaft XMDMOF

R RFORCE
Calculation of . BEARFC ’_
bearing force SINGU

Calculation of

diameter of
DIAMFT

intermadiate
shaft

Flg 13. Flow diagram of the computer program.

Input of the operating
condition of gears

!
! v

Determination of

approximate piteh approximate pitch
diameter in sur- diameter in stren-
face durability gth

Determination of

Choice of maxirmur

4

Calculation of transmitted
horsepower by surface du-
rability

v

Modification of pitch diam-
eter
v

Calculation of transmitted
horsepower by strength

!

Modification of pitch di-
ameter

Fig. 14. Flow chart of calculation of pitch
diameter,




Design condition input

Calculation of bearing

force

v
Calculation of reaction
force

!

Calculation of bending
moments by singularity
function

)

Superposition of diam-
eters of each elements

v

Determination of max-
imun value of each shaft

Fig. 15. Flow chart of calculation of shafts.
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A

2
A ALyl AA 22 KOHEM A-860-414k2] »ll4l =}
2] v|m A7 7} Table 200 Fo]z] glu}.

Table 18. Input data for design of gear train.

Number of out speed 40
0.2 P

Horsepower for feeding

Table 19. Input data, for calculation of shaft.

Radius of gear (mm)
Shaft
Driving Following
No. T 08.3 30.0
No. Il 28.0 43.0
No. M 53.6 28.0
No. IV 60.0 36.6
No. V 47.3 37.5

Table 20 Comparison of calculated output vs

KOHE MA -860.
KOHEMA - 860 Calculated Output
24:96 80:40 40:80| 24:96 80:40 40:80
Nurber of | 80160 62:76 32:32| 60:60 52:76 32:32
tmh"of° 36:32 83:32 40:32( 36:32 38:32 d40:32
44:32 48:32 48:32 44:32 46:32 48:32
gears 52:32 54:32 56:82|52:32 54:32 56:32
58:63 58:63
36 14 120 60 |36 1461 268 537
60 120 B0 90 |38 758 442 442
735 107.5 56 63 |40.2 588 44.6 446
Pitch 665 70 77 805|435 489 434 615
diameter 84 91 945 98 |42.7 536 422 58
56 87 945 563 787 364 BL6
481 741 38.2 90.0
343 92.2
Module 1.5 18P 175 15[15 20 20 15
Width of ‘
o 10 75 10 10 7.5
Diameter of 17.6 32.7 22.4
;;:Zl;gxedmte 22 - 38 2L5 242
) %.13 224 100.3
Bearing load)| AL 1358
6. 8 oA

£ ATl e FEA0A T4 fFUES 33
AAlel Lagh AFe] Zo 798 Aualgdch
13hisel & Ao #5 F% fuEe] 3
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