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Article history: Owing to a reliance on imported products from Europe and Japan, the use of
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Revised 7 October 2015 costs can lead to high operating costs for some domestic logistic centers. To lower

Accepted 9 October 2015 their operating costs, the logistic centers use motorized roller conveyors. In order
to commercialize this process, it is necessary to establish the test criteria and
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verification method to test the reliability of motorized roller conveyors. In this
study, we propose reliability assessment criteria for a: i) reliability test, ii)
environmental test, iii) safety test, and iv) lifetime test.
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Fig. 1 Structure of motorized roller conveyor
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Table 1 Component-specific requirements of motorized rolle:
conveyor

Components Requirements

- Energy loss and slippage are minimized
- Must be able to absorb eccentricity of the shaft

- No twists in the cable
- Connecting jack is successfully connected

Coupling

Motor cable

Bearing - Must hold up the fixed axis in the frame
Power s Power Sensor Power Sensor
Moller e Moller Moller

T H T H T

1 H 1 } 1 H 1 n 1

. CAN CAN
Control #1 | 145 || Commmi )| RIS C‘;“;“’[ RIS { Commmi | RIS C‘f;‘ al

. cation cation
Upper
Zone | Power | [Power | My [ Power | Power Dowa

Supply | | swply | Zon¢ | Supply | Supply Zone

PLC

T Inter Status PLC Status. PLC Status
working | | gD Interworking LED Interworking LED
: Speed : Speed Speed
Sgt\f;}g Controf Sgt&::g Control S;t‘t;ng Control
sSW SW SW
PLC
Run'Stop Signal
Power Line  +mmmmm Motor Control Signal ~ tss=assss Sensor Signal

Fig. 2 Architecture of control board system
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Table 2 Construction of control board

Division Description
CPU - Affiliatied with ARM, 8KB SRAM, 32KB memory

(Control#1,2,3) | and 50 MHz speed

- Motor driver, 24 V
- CAN driver, 5 V
- Logic level, 3.3 V

- Two-wire interface and high noise immunity

- High speed (1 Mbps)

-LEDI1 (green): Light blinks when power supply
is on or motor moves

-LED2 (orange): Light blinks when a sensor o1
jam error is detected

- LED3 (red): Light blinks on and off in 1 seconc
increments when thermistor operates or when motor
is overloaded; when both occur simultaneously
light blink quickly (6 Hz) and buzzing sound is

Power

CAN driver

Status LED

generated
Power Moller |- Torque and speed are controlled with PWM
driver signals
PLC - Must be able to transmit motor direction, forcec

actuation signal, and sensro input

Product structure analysis
Selection of test assessment
Examination of relating to guideline

Selection of test item

Determination of test procedure

Fig. 3 Establishment procedure of reliability assessment criteria



Young-Joo Kim et al.

Motorized Roller Conveyor

Emvironmental
Test

Performance

Test Test

Fig. 4 Test item of motorized roller conveyor

Table 3 Detailed test items for a motorized conveyor

Division Test item Detail test items

Feed rate test

Performance test — -
Initial operation of torque tes

t

transportation vibration test

Low temperature test

Environment test

Conveyor High temperature test

Humidity test

Over-load torque test

Safety test Insulation resistance test

Dielectric strength test

Power consumption test

Performance test —
Communication test

Transportation vibration test

Low temperature test

Environment test High temperature test

Control

board Humidity test

Dust precipitation test

Insulation resistance test

Dielectric strength test

Safety test - -
Surge voltage immunity test

Voltage source variation test
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Table 4 Assessment criteria for conveyor performance test

Test item Assessment criteria

Feed rate |- Within 5% of design specification

Starting torque |- Mean torque within 10% of design specification
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Table 5 Assessment criteria for conveyor environmental tests

Table 7 Assessment criteria for conveyor life test

Test item Assessment criteria
Transportation |- No damage to assembly unit (e.g., looseness,
vibration strain, breakage)

Low temperature
-No exterior damage (e.g., breakage, crack,

High temperature .
e TemperaniTe | transformation etc.)

Humidity

Table 6 Assessment criteria for conveyor safety tests

Test item Assessment criteria
- Satisfies the integrated and representative perfor-
mance tests
Life - After two samples, perform the life test for 3200

hours; the two samples must satisfy the integrated
and representative performance tests without failure

Table 8 Assessment criteria for control board performance tests

Test item Assessment criteria

Test item Assessment criteria

- No damage (e.g., strain, breakage) at torque
limit
- Must exceed 5 MQ.

-No dielectric breakdown

Torque overload

Insulation resistance

Dielectric strength
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Table 9 Assessment criteria of environment tests for the control

board
Test item Assessment criteria
- No damage to assembly unit (e.g., looseness,
Transportation | strain, breakage)
vibration - Satisfies the assessment criteria of represen-

tative performance tests.

Low temperature |- No exterior damage (e.g., breakage, crack,
transformation etc.).
- Satisfies the assessment criteria of representa-

tive performance tests.

High temperature

Humidity

Table 10 Assessment criteria for control board safety tests

Test item Assessment criteria
Insulation

. -Must exceed 5 MQ
resistance

Dielectric strength |- No dielectric breakdown

- Surges do not cause temporary malfunction
or loss of function or performance

- Satisfies the assessment criteria of represen-
tative performance tests

Surge immunity

Voltage source |- Equipment operates normally without mal-

variation function during the test
- Dust does not penetrate the equipment
Dust precipitation|- Satisﬁes the assessment criteria of representa- 3} &) 7z} 53] o)A} HHEEle] oly)sl)
tive performance tests A9 Ak HE AP L AEE REo] AAAULY] 10% ALS
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Table 11 Reliability prediction results of control board

NO Description Specification Unit | Q'ty Failure rate (FITs) Standard
1 C, CERAMIC, SMD 0.1uF, 1608 SIZE EA 15 0.10 Telcordia
2 C, CERAMIC, SMD 50pF, 1608 SIZE EA 1 0.10 Telcordia
3 C, CERAMIC, SMD 470pF, 1608 SIZE EA 1 0.10 Telcordia
4 C, CERAMIC, SMD 0.01uF, 1608 SIZE EA 4 0.10 Telcordia
5 C, CERAMIC, SMD 12pF, 1608 SIZE EA 2 0.10 Telcordia
6 C, CERAMIC, SMD 100pF, 1608 SIZE EA 1 0.10 Telcordia
7 C, CERAMIC, SMD 470nF, 2012 SIZE EA 1 0.10 Telcordia
8 C, ELECT, SMD 10uF/16V, P14.0, SMD EA 1 0.73 Telcordia
9 C, ELECT, SMD 100uF/50V, PI8.0, SMD EA 1 0.73 Telcordia
10 C, ELECT, SMD 470uF/16V, P18.0, SMD EA 3 14.00 Telcordia
11 C, ELECT, SMD 10uF/50V, P16.3, SMD EA 2 0.73 Telcordia
12 R, ARRAY, SMD RN-1608*4P-1K EA 1 0.56 Telcordia
13 R, SMD 10K, 1608 SIZE EA 12 0.18 Telcordia
14 R, SMD 1K, 1608 SIZE EA 3 0.18 Telcordia
15 R, SMD 47K, 1608 SIZE EA 4 0.18 Telcordia
16 R, SMD 100, 1608 SIZE EA 2 0.18 Telcordia
17 R, SMD 5.1K, 1608 SIZE EA 1 0.18 Telcordia
18 R, SMD 56K, 1608 SIZE EA 1 0.18 Telcordia
19 R, SMD 150, 1608 SIZE EA 1 0.18 Telcordia
20 R, SMD 0, 1608 SIZE EA 1 0.18 Telcordia
21 R, SMD 20K, 1608 SIZE EA 3 0.18 Telcordia
22 R, SMD 3K, 1608 SIZE EA 1 0.18 Telcordia
23 R, SMD 4.02K, F, 1608 SIZE EA 1 0.18 Telcordia
24 R, SMD 1K, 2012 SIZE EA 6 0.18 Telcordia
25 R, SMD 60, 2012 SIZE EA 2 0.18 Telcordia
26 R, SMD 6.8K, 2012 SIZE EA 3 0.18 Telcordia
27 DIODE, SWITCH, SMD MMSD4148, SOD-123 EA 1 0.33 Telcordia
28 DIODE, RECTIFIER, SMD SK104, DO-214AB EA 1 0.33 Telcordia
29 DIODE, RECTIFIER, SMD SMBIJ36A, DO-214AA EA 1 0.33 Telcordia
30 DIODE, RECTIFIER, SMD RS1A, SMA EA 3 0.33 Telcordia
31 DIODE, RECTIFIER, SMD MM3Z6V2B(SOD-323) EA 3 0.33 Telcordia
32 DIODE, RECTIFIER, SMD SK34B, DO-214AA EA 1 0.33 Telcordia
33 DIODE, TVS, SMD SMO5TC, SOT-23 EA 2 0.33 Telcordia
34 LED, SMD, RED CL-SF681DLR, 3528 SIZE EA 2 0.25 Telcordia
35 LED, SMD, GRN CL-SF681DLG, 3528 SIZE EA 1 0.25 Telcordia
36 LED, SMD, YEL CL-SF681DLY, 3528 SIZE EA 1 0.25 Telcordia
37 BEAD, SMD HB-1M3216-120 EA 1 0.10 Telcordia
38 POWER Inductor, SMD YCI125RT-101M(6*13.5PI), SMD | EA 1 0.11 Telcordia
39 TR, NPN MMBT2222AL(SOT-23) EA 6 0.69 Telcordia
40 MOSFET, N-CHANNEL, SMD CEU4060AL(TO-252) EA 6 3.44 Telcordia
41 IC, CPU LPC11C14F/301-LQFP-48P EA 1 16.65 Telcordia
42 IC, CAN transceiver TJA1051T/3, SO-8P EA 1 7.60 Telcordia
43 IC, MOTOR DRIVER A3932SLDTR-T(TSSOP-38P) EA 1 11.07 Telcordia
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Table 11 Continued

NO Description Specification Unit | Q'ty Failure rate (FITs) Standard
44 IC, REGULATOR LM2576SX-ADIJ(TO-263) EA 1 11.07 Telcordia
45 IC, REGULATOR IL1117-3.3(SOT-223) EA 1 11.07 Telcordia
46 IC, BUFFER LT17SZ07(SOT-353) EA 1 3.64 Telcordia
47 CRYSTAL, SMD TYPE 16MHz, SX-1, SMD EA 1 3.20 Telcordia
48 FUSE, SMD 3A, 6025 SIZE EA 1 0.40 Telcordia
49 SWITCH SELECT SH-7010B, SMD EA 1 33.70 Telcordia
50 CONN., HEADER, SMD 12505WR-06, SMD, RTA EA 1 0.78 Telcordia
51 CONN., HEADER, DIP SMAW250-05 EA 1 11.00 Telcordia
52 CONN., HEADER, DIP SMAW250-07 EA 1 15.40 Telcordia
53 CONN., HEADER, DIP SMAW250-02 EA 2 4.40 Telcordia
54 CONN., HEADER, DIP SMAW?250-03 EA 1 6.60 Telcordia
55 CONN., MODULA, DIP 52018-8845 EA 2 17.60 Telcordia
56 CONN., HEADER, DIP SMAW250-10 EA 1 22.00 Telcordia
57 BUZZER, DIP GO9B-5, DIP EA 1 241.87 EPRD

58 DIP SWITCH, 3P, DIP KSDO03 EA 1 6.24 Telcordia

59 PCB, 4 LAYER 110 mm * 68 mm * 1.6T, FR4 | PCS 1 1964.44 NPRD

SUM 2496.040 -
FIT: Failure in TIme (1 failure per 1 billion hours)
S BAY F Stk B 852 Telcordia SR-332 issue 35 W9 S QAES FAlsto] W33/ Aol tigh 371 Hab]
73150 H, Telcordia SR -3320) BWA)H)A] &8 B buzzer S dfor & Bar} T
¢} PCBE 27} EPRD} NPRDE %31 &9319th
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