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Comparative Study of the Manufacturing Cost and Productivity of Spiral
and Straight Bevel Gear

Chang-Seop Park*, Yan-Seok Yang', Su-Jin Kim""

Abstract

The tractor front axle has the lower standard for noise and vibration relatively and it increase the possibility to develop
of the alternative straight bevel gear of the expensive spiral bevel gear. The purpose of this paper is to compare of the
spiral vs. the straight bevel gear manufacturing process. The manufacturing cost and productivity are compared after the
spiral bevel gear of the tractor front axle is replaced of to the straight bevel gear. If spiral bevel gear is replaced to straight

bevel gear, the cost is reduce 4.6% and productivity is increase 18%.
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Bevel Gear

(b) Spiral bevel & pinion (¢) Straight bevel & pinion

Fig. 1 The Final Drive Gear of Tractor Front Axel
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Fig. 2 Manufacturing Process

(b) Straight bevel cutting

(a) Spiral bevel cutting
Fig. 3 Spiral vs. Straight Bevel Cutting Process
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Table 1 Spiral vs. Straight Bevel Gear Specification

Spiral Gear Straight Gear
Module 5.5 6.5
Pressure angle 20° 20°
Helix angle 5° 0°
Number | Pinion 10T 10T
of Tooth | Bevel 51T 43T

Table 2 Spiral vs. Straight Bevel Gear Strength (kgf/mmz)

Spiral Gear Straight Gear
Flank Pressure 312 344
Bending | Pinion 155 180
Strength | Bevel 145 169

kgd/mm’o| e}, 2Ed o= u]d7]ojel Huidz]ele] gk}
£ 344kg/mm’e] AT e o} WPRE 2L W}
o 2eafold w7]o] F3 G 145kg/mm’o] 1, Autold
guel7]e] FRAEE 155kgimm'oleh. LE#H 0= w7
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Table 3 Straight Bevel & Pinion Gear Inspection (um)

Bevel Gear Pinion Gear
Item
JIS4 Data JIS4 Data
Pitch Variation 62 23~27 56 46~42
Pitch Error 81 39~45 73 68~61
Acc. Pit. Er. 250 157~194 230 101~106
Run Out 200 165 100 77

2717

(c) Contact area inspection

Fig. 4 Straight Bevel & Pinion Gear Inspection
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Table 5 Spiral vs. Straight Bevel Gear Cost (W/ea)
Cg = cg + cg1 Ta ) i i
Process Bejerz)llrz‘}ear Bes\zaluil;ar Difference
Co: ©9 o] 7}H]4(W/T) Materia] | 1:400/kex14.5kg | 1.400/kgx14.4kg 140
ceor TAHAF(WIT) cqrr AIZHHIAF(W/min) 00 0168
. 1,100/kgx4.5kg | 1,100/kgx4.4kg
A 3)2 4] @l o] &8 TAH FHY A= Table 40] o 2 0 -
= . 335/minx15.2min | 335/minx14.7min
2] 5H9Ack. Table 49+ o] Zule) 7}etd S AMgats WY Tumning =500 4925 167
Broaching 400/13:2)2 Imin 400/13‘112; Imin 0
Table 4 Bevel cutting equation constants
Bevel 300/Tx51T 250/Tx43T
Eq. | Constant | Straight Bevel | Pinion(times) | Spiral(times) Cutting ~15300 10,750 4,550
3 t 0.527s/mm’ 25 1.18 < <
54; cggo 75W/T 1.94 12 Carburizing 8503(1%),(;31(.)8kg 85Mig9,1lg§82kg 833
@) cgl 175W/min 1 1.2 Total 56,072 50,272 -5,800
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Table 7 Spiral vs. Straight Bevel Gear Annual Production

Table 6 Spiral vs. Straight Pinion Gear Cost (W/ea)

Spiral

Straight

Process Pinion Gear Pinion Gear Difference
. 1,400x1.3kg 1,400x2.3kg
+
Material ~1.820 3220 1,400
. 1,100/kgx1.3kg 1,100/kgx2.3kg
+
Forging —1.430 530 1,100
Turnin 335/minx3.5min 335/minx4min 1167
& =1,173 ~1,340
Broachin 400/minx0.5min | 400/minx0.5min 0
¢ =200 =200
Bevel 700/Tx10T 670/Tx10T 1300
Cutting =7,000 =6,700
.. 850/kg>0.85kg 850/kgx1.2kg
+
Carburizing -3 1020 297
Grindin 400/minx Imin 400/minx Imin 0
& =400 =400
Total 12,746 15,410 +2,664

Quantity(ea/y)
Spiral Straight .
Process Bevel Gear Bevel Gear Difference
. . Imin/1Tx51T/ea | 1min/1Tx43T/ea .
Cutting Time —51min/ea —43min/ea -8min/ea
Day 480min/51min/ea | 480min/43min/ea 1.5ea/d
(8hours) x0.85%=8ea/d | x0.85%=9.5ea/d ’
Year 8ea/dx220d/y 9.5ea/d=x220d/y | +330ealy
(220days) =1,760caly =2,090¢a/y +18.8%

Table 8 Spiral vs. Straight Pinion Gear Annual Production

Quantity(ea’y)
Spiral Straight .
Process Bevel Gear Bevel Gear Difference
. . 2.5min/Tx10T/ea | 3min/1Tx10T/ea .
+
Cutting Time —Smin/ea —30min/ea Smin/ea
Day 480min/25min/ea | 480min/30min/ea 2 Teald
(8hours) x85%=16.3ea/d | x85%=13.6ea/d '
Year 16.3ea/d=x220d/y | 13.6ea/dx220d/y | -594ealy
(220days) =3,586ealy =2,992¢aly -16.5%
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