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ABSTRACT

The competition in material handling systems when international companies enter
the Thai market is very challenging. Therefore, they bring high-efficiency material handling
equipment to compete with the Thai manufacturers. As a result, Thai manufacturers have
to accelerate their development to have comparable performance and competitive prices.
This research aims to present a method to reduce costs and add value to a cross-transfer
conveyor design. This work uses value engineering techniques to evaluate the efficiency
and cost of the equipment. There are seven essential phases for implementing value
engineering: the project selection phase, data collection phase, function analysis phase,
creation phase, evaluation phase, investigation phase, and recommendation phase. By
using this technique to redesign improvements, the new cross transfer drive can reduce the
number of parts from the original 23 pieces, resulting in a 25% of reduction in assembly
time, a 10% reduction in structural material weight, and a reduction in cost 30% with a

value index of 1.50.
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Figure 1 Bar chart showing conveyor system ordering data for the period 2015 to 2019
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Figure 2 Main components of a cross transfer conveyor
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Table 1 Specifications of the cross transfer drive

Iltem Specification Descriptions
1 Material Handling Carton box, Tote box
5 Material Handing Dimension Min. size W. 200 mm. x L.500 mm. x H. 150 mm.
Max. size W. 400 mm. x L. 500 mm. x H. 300 mm.
3 Material Handing weight Max. 30 Kilograms
4 Velocity of conveyor 30-50 M/MIN.
5 Velocity of Lifting 17 M/MIN.
6 Material Structure ST37 Steel
7 Operating Temperature 0-40 °c
8 Relative Humidity Max. 90%
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Figure 3 Three main subassemblies in the cross transfer drive
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Table 2 Cost breakdown in the subassembly A

Cost / Total
Subassembly A No. Part Qty Part Cost
(Baht) (Baht)
Al Base frame 1 1 1,500 1,500
A2 Base frame 2 1 1,500 1,500
A3 Cam assy 1 2,500 2,500
Ad Bushing 4 25 100
A5 Washer 1 10 10 100
A6 Plate link 1 a4 120 480
AT Plate link 2 2 200 400
A8 Shaft link 1 2 120 240
A9 Shaft link 1 2 120 240
A10 Take up motor 2 150 300
All Washer 2 1 10 10
Al12 Timing pulley 2 1,200 2,400
Al3 Timing belt 1 450 450
Ald Bearing: FYTB 20 TF 2 420 840
Al5 Motor gear 1 1 14,500 14,500
E Belt cover 1 2 350 700
Total parts 38 Total cost 26,260
Table 3 Cost breakdown in the subassembly B
Cost / Total
Subassembly B No. Part Qty Part Cost
(Baht) (Baht)
B1 Frame up-down 1 3,500 3,500
B2 Motor plate 2 200 400
B3 Drive roller 1 7,000 7,000
B4 Guide roller 2 350 700
B5 Stay-2 2 100 200
B6 Shaft link-2 2 120 240
B7 Spacer- 1 2 100 200
B8 Spacer- 2 4 100 400
B9 Bearing SYJ 20 TF 2 420 840
B10 Motor gear 2 1 11,000 11,000
B11 Timing belt 1 450 450
A5 Washer 1 2 10 20
A10 Timing pulley 2 1200 2,400
All Washer 2 1 10 10
F Cover 2 2 500 1,000
Total parts 27 Total cost 28,360
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Table 4 Cost breakdown in the subassembly C

Cost / Part Total Cost
Subassembly C No. Part Qty

(Baht) (Baht)
C1l Frame-1 8 200 1,600
S 2 Frame -2 4 450 1,800
C3 PE-guide a4 450 1,800
c4.1 Plate-3 4 150 600
c4.2 Plate-4 4 150 600
5.1 Plate-5 a4 150 600
C5.2 Plate-6 4 150 600
(@) Poly-v pulley 16 750 12,000
Cc7 Tensioning Belt 8 1,500 12,000
c8 V-Belt 4 1,500 6,000
Total parts 60 Total cost 37,600
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Table 5 Functional identification and functional cost distribution

Primary Function

Subassembly Part Cost (%)
Verb Noun (Baht)
Support Assy. B Al A2 3,000 11
Control up-down Assy. B A3 Ad A5 A6 AT A8 A9 4,060 15
Tighten Timing belt A10 300 11
Fix Timing pulley All 10 0
A Rotate Belt transmission  A12  Al3 2,850 11
Support Cam assy. Ald4 840 3.2
Rotate Timing pulley Al5 14,500 55
Protect Danger E 700 2.7
Total cost of subassembly A 26,260 100
Move up-down Assy. C B1 3,500 12
Support Motor B2 400 1.4
Rotate Convey belt B3 7,000 25
Link Cam assy B4 B6 B7 B8 A5 1,360 4.8
8 Fix Frame up-down B5 200 0.7
Support Drive roller B9 840 3
Rotate Timing pulley B10 11,000 39
Rotate Belt transmission  A10 B11 2,850 10
Fix Timing pulley All 10 0
Protect Danger F 1,000 3.6
Total cost of subassembly B 28,160 100
Support Poly-v belt c2 3 c41 C42 C51  Ch2 7,600 20
c Rotate Poly-v belt Cc6 12,000 32
Tighten Poly-v belt c7 12,000 32
Convey Material c8 6,000 16
Total cost of subassembly C 37,600 100
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Figure 4 FAST diagram of the cross transfer drive
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Table 6 Assessment Criteria and Weight

Score Evaluation criteria Evaluation weight
1 Direct assembly function Minor difference
2 Link assembly function Medium difference
3 Unlinked assembly function Major difference

M3UszuTaa 119 3 @ fwsnen 7-9 WumsiSeuisuniiugiueisaze lnenis
IimzuuusEAUAINEIATY [8] LU wiT A “Support Assy B” flusulaiuTeulitsuiu B “Control
up-down Assy B” WU A 19945095UN1580TUEILY0IENT B Fellanudinnnudrfguinni
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Table 7 Numerical evaluation sheet of the subassembly A

B C D E F G Letter Function Weight % Item
A | A-3 A-3 A-3 A-1 F-3 A-3 A Support Assy B 13 22 2
B B-3 B-3 E1 F-3 B-3 B Control up-down Assy B 9 15 4
C C3 E3 F-3 3 C Tighten timing belt 6 10 5
D E3 F-3 G-3 D Fix timing pulley 0 0 7
E F3 E3 E Rotate belt transmission 10 17 3
F F3 F Rotate timing pulley 18 31 1
G G Protect danger 3 5 6
Total 59 100
Table 8 Numerical evaluation sheet of the subassembly B
B C D E F G H | Letter Function Weight % Item
A | A3 | C1 | A3 | A3 | A3 | G3 | A3 | A3 A Move up-down Assy ¢ 15 15 3
B ¢3 | D3 |B3 | F3|G3 ]| B3| B3 B Support motor 9 9 5
C c2 | C3 F3 1 G3 | CG3 | C3 C Rotate convey belt 14 14 4
D D-3 F-2 G3 D-3 D-3 D Link cam assy 12 12 [
E F3 | G3 | B3 | E3 E Fix frame up-down 6 6 6
F G3 | F-3 | 3 F Support drive roller 17 17 2
G G3 | G3 G Rotate timing pulley 24 24 1
H J-3 H Fix timing pulley 0 0 8
| | Protect danger 3 3 7
Total 100 100
Table 9 Numerical evaluation sheet of the subassembly C

B C D Letter Function Weight % Item

A | Al C1 D-2 A Support poly-v belt 1 11 4

B C1 D-2 B Rotate poly-v belt 0 0 2

@ D-2 C Tighten poly-v belt 2 22 1

D D Convey material 6 67 1

Total 9 100
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Table 10 Value Index (VI) and cost distribution by function before and after improvement

.Before . After Different value Value Index
Subassembly No. Primary function fmprove . improve Propose idea or
Coefore Cafter Procedure Coefore Cafter
(baht) (baht) oty 1O Costoe/ G
A Support Assy B 3,000 2,400 Change to one part 600 3 1.25
B Control up-down Assy B 4,900 3,920 Use slide bush 980 2 1.25
C Tighten timing belt 300 210 Reduce screw size 90 6 1.43
A D Fix timing pulley 10 10 Reduce screw size 0 8 1.00
E Rotate belt transmission 2,850 2,280 Consider new supplier 570 4 1.25
F Rotate timing pulley 14,500 10,150 Consider new supplier 4,350 1 1.43
G Support rotation shaft 800 700 Consider new supplier 100 7 1.14
H Protect danger 700 490 Change design 210 5 1.43
A Move up-down Assy ¢ 700 560 Reduce size 140 6 1.25
B Support motor 400 280 Reduce size 120 7 1.43
C Rotate poly-v belt 9,850 5910 Use motor roller 3,940 2 1.67
D Fix timing pulley 1,440 864 Change to rack pinion 576 3 1.67
B E Rotate belt transmission 200 180 Increase strength 20 8 1.11
F Support drive roller 840 672 Consider new supplier 168 5 1.25
G Rotate timing pulley 11,000 7,700 Use motor roller 3,300 1 1.43
H Fix timing pulley 30 30 Not required 0 - -
| Protect danger 1,000 1,000 Not required 0 - -
A Support poly-v belt 7,600 6,080 Design to one part 1,520 4 1.25
c B Rotate poly-v belt 12,000 8,400 Consider new supplier 3,600 2 1.43
C Tighten poly-v belt 12,000 7,200 Reduce size 4,800 1 1.67
D Convey material 6,000 4,200 Consider new supplier 1,800 3 1.43
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Table 11 Comparison of the cross transfer drive before and after improvement

Comparison

Equipment Details

Primary function of part in assembly Before improvement After improvement
Assembly Weight Cost Weight Cost
set No-. Function Quantity (Kilogram) (Baht) Quantity (Kilogram) (Baht)
A Support Assy B 2 8 3,000 1 6 2,500
B Control up-down Assy B 25 10 4,060 20 12 4,500
C Tighten timing belt 2 0.5 300 0 0 0
D Fix timing pulley 2 0.005 10 0 0 0
A E Rotate belt transmission 3 1.5 2,850 3 1.5 2,850
F Support rotation shaft 2 0.5 800 2 0.5 600
G Rotate timing pulley 1 3 14,500 1 275 8,000
H Protect danger 2 1 700 2 0.5 350
A Move up-down Assy ¢ 1 8 3,500 1 6 2,500
B Support motor 2 4 400 0 0 0
C Rotate poly-v belt 1 7 7,000 1 7 12,000
D Fix timing pulley 12 2 1,350 8 1 800
B E Rotate belt transmission 2 0.5 200 0 0 0
F Support drive roller 2 1 840 0 0 0
G Rotate timing pulley 1 25 11,000 0 0 0
H Fix timing pulley 3 15 2,850 0 0 0
| Protect danger 1 0.05 10 0 0 0
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Table 11 Comparison of the cross transfer drive before and after improvement (continue)

Primary function of part in assembly

Before improvement

After improvement

Assembly . . Weight Cost . Weight Cost
No. Function Quantity Quantity
set (Kilogram) (Baht) (Kilogram) (Baht)
A Support poly-v belt 32 10 7,600 28 7 4,500
B Rotate poly-v belt 16 4.8 12,000 16 4.8 12,000
C
C Tighten poly-v belt 8 4 12,000 16 2 3,200
D Convey material q 0.5 6,000 4 0.7 7,500
Total 126 71.36 91,970 103 51.75 61,300

afuTELazATUNANNSIRY
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Table 12 Improved results via value engineering technique

Characteristics of equipment before and after improvement

After improvement

Dimension (Millimeter)

Weight Assembly
Cross transfer drive Qty Cost (Baht)
(Kilogram) Time (Minute)
w H L
Before improvement 680 370 588 126 71.36 240 91,970
After improvement 499 203 563 103 51.75 180 61,300
Different of value 181 167 12 23 19.61 60 30,670
Percentage change in result 27.48 25.00 33.35
Value Index = Cost before improvement / Cost after improvement 1.50

nsldmatindmnssuamuaviTlivienuidenddiuneidedlduniansamuniunis
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