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ABSTRACT

Diverse research on gearing systems have been made to resolve gear NVH problems for many
decades, and transmission error (T.E.) has been identified as one of the main sources generating gear
noises. While gear profiles and amounts of tooth modifications have influences on gear noise in the
design aspect, it is found that bad manufacturing conditions such as burrs, bumps and damage,
which result in improper gear operating conditions, produce gear noise with respect to manufacturing
process. In this paper, T.E. measurement system was introduced to examine the gears damaged or
improperly manufactured, while they are assembled, by comparing T.E. values and various gear con-
ditions with theoretical ones. This T.E. measurement system, following grinding machining process,
has been installed in a manufacturing line in 2014, and it results that the transmission rework to re-
solve manufacturing problems is not needed at the end of line.
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Table 1 Gear quality levels and manufacturing methods

KS B ISO 1328
(IS B 1702) 0 1 2 3 4 5 6 7 8 9 10 11 12
Grinding O O O O O A
Honing O O O O O
Shaving O O O O O
Shaving + hear treatment @) O O @) O O O
Fig. 2 Transmission error
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Fig. 4 Transmission error measurement and analysis
methods
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Table 2 Specifications of a transmission error meas-
urement system (hardware)

Functions

Specifications (hardware)

Servo motor

SIMENSE 1.5kW (7.5 Nm)

Control mode

Drive : speed control
Driven : torque control

Encoder 25 000 pulse/rev
Drive : manual type
Clamping unit Driven : automatic type

(axis forces : 700 kgf)

Spindle + collet

Runout 5 um

Center distance

Automatic control

Size 1250 mm x 700 mm X% 1320 mm
Cycle time Ace 12, Dec 12s, Total 53 s
Etc. Camera exit transfer unit

Table 3 Codes

and causes of gear faults

Detecting codes

Explain (causes)

O _Rms TE average (several causes)
O_Peak TE max (several causes)
O_Crest Nick
fi_avg Tooth T.E avg (bumps)
fk_avg Tooth profile error avg (bumps)
O_Output_H1.0 ~ Gear mesh frequency
HS5.0 (profile error)

O_Output_S1.0 ~S5.0

Side band (gear run-out)

Spectrum pattern

O_Curve (bumps, cave-in)
Specified har
O_Output_HI.2 (profile/lead wave)
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Table 4 Some results caused by various causes and detecting codes

Cases Gear Condition Detect code Value (m+)
Gear nick A Dec O Crest 3380
Lead wave A Dec H1.2/H2.1/H2.2 830
Non manufacturing bottom of gear A Acc/Dec O Curve 51.10
Bump in the tooth A Acc 078, 0112 110
Profile & lead wave B Dec H2.1/H3.1/H4.1 1430
Incomplete manufacturing B Ace O fi 950
Tooth dent C Dec O Rms etc 1350
Non manufacturing bottom of gear D Ace O _Rms etc 38.70
Debris E Ace O_Crest 70
Different gear E Acc/Dec H1.0, O_Curve 16 0
Ak A5 AFsE 2000 Ag @Rl vehdy
Toota Sipe (S8 Fig 10& 229 o @3o] g 134 54 2
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Fig. 9 Frequency-domain T.E. signals from a
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