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To meet the requirements for smart production systems to secure stable
production processes that can accommodate increasing complexity, shorter
product life cycles, product diversification, improve quality and productivity,
and secure a competitive advantage in a rapidly changing manufacturing
environment, 4M optimization is required for productivity. Accordingly, as
an example, data from a cold forging process was analyzed and increased
production efficiency was predicted through simulations using FOM, which
was then verified and proposed as a solution for 4M optimization.

Thus, many factories can achieve optimization of 4M-based smart
manufacturing sites and create a foundation for smart factory operations and

productivity improvements through loss factor analysis and production

forecasting.
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Table 1 Result of practical usages survey of IT solution

ication and satisfaction level of Smart-factory solution
1.HW 2. SM Solution 3. Availability 4. Effectivenrss(*%) (0~100%)
OB possesi | Use . 'i'o“ Mairk ] Replr avalbl e":z::’ sssigned |productvy | Qualiy | Cost | lacime
on(Qty) | level Tevel | level Contract| e level ty need enhance h:
15 111 3 1 5 5 3 3 1 10% | 15% 5%
2l 5 [3]5 5 5 5 5 5 5 1
3l 5 [3[1 2 5 5 5 5 5 4
4 5 [5] 5 5 1 4 5 5 5 4 30% 10% | 30%
5] 5 [2] 2 4 5 5 5 5 5 1 30% [ 15%
8] 5 111 4 1 3 5 5 5 1 20% [ 15%
7l 5 11 4 4 1 3 1 5 4 4 15%
8] 5 111 4 1 3 4 4 2 1 700%
9 5 [3] 5 2 1 4 4 3 2 1 10% 5%
100 5 1413 3 5 3 3 5 4 1 10% | 10% [ 10% | 10%
11 5 11 2 3 1 3 5 5 5 1
12| 5 111 1 1 3 5 5 4 1
13| - -1 5 5 5 5 5 5 5 4
14 5 111 5 1 4 4 5 5 1
Company
Company -(rh;tv:‘nr?gisﬂyr) Main Product Worker m’;{i ﬁ?frgf; fﬂt?:\:\fn‘?;- Main Biz.
1 8,800|wire rod drawing 16| 15 12| 50,000 |Pullout processing
2 1000|Welding Turn-table 4] 20] 12| 96,070 |Welding
3 1400|Laser&Opticalfiber 10 2 6| 26,290 |Assembly
4]
5 12370|Tube Fitting&Valve 55| 70 21 91 692 |precision processing
] 1200|Circuit breaker 5 2 18| 70,000 |precision processing
7 30000(Valve Gear Box 100| 50| 16| 81,160 |Processing, Assembly
8 2300|Insoles 12| 18 11 92,500 |Molding
9 4000|Medical container 32| 40 36 82,800 (Injection molding
10 3000|Soles of footwear 16) 40 11 69,716 |Foamed molding
1" 3000|Hydraulic hoses fitting 17 50 10| 65,930 |precision processing
12 2670|Drive shaft for equip/ivessel 13 40 8 72,250 |precision processing
13 25600|part of circuit breaker 80| 60 13| 110,000 |Elec. Equip. Ass'y
14 830[Hot stamping Mold Jig 7| 50| 50 3,000 |Hard Mold
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Fig. 1 Structure gathering QPR dataset for FOM
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Table 2 QPR dataset for FOM

Table 3 FOM code management indicators list

Data-set Components

FOM management indicators (code number)

Every 4M information including plan, production

Manual gpr year .. .
dpry rate, defect, and facility downtime, etc.

Manual reject Factors causing defect

Manual abnormal | Factors causing nonconforming

Manual downtime| Factors causing facility downtime

Criteria like Max/Min. limit according to the

Manual limit
management level

Manual cost Unit price of product on process

3.2 FOM £54: Ho[e BAAAY

FOMA|AELS 7HEE| A A8l (cyber physical system, CPS ),
BA 7|4 2=k (problem based learning, PBL)TF 37|
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Zrol A4S ©£3 4 9lom, Fig. 29t Zo] 4M ®ldolg &
0% k= FOM £34d0 1A 9 u&S 9%t
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Fig. 2 FOM solution in FOM system
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Step 1
Setting a period of analysis
weekly or monthly or yearly

Step 2
Define an analyzing scope by Factory,
Production line, Process, etc.

Step 3
Select the product on
the lowest achievement rate and
the highest production share

Step 4
Analysis detailed on selection
according to FOM code

Step 5
Analysis a related 4M by #1000(Q’ty)
and #2000(nonoperation/downtime)

Step 6
Decide which has to improve mostly
: products, facilities, workers. factors

Fig. 5 General analysis procedure according to FOM code

Table 4 Productivity and total quantities of products

P-line | ttem | Jan | w | 2w | 3w | 4w 5W
Plan | 5953K| 672K| 1,501K| 1,447K| 1,002K 1,331K
Result [ 4531K| 503K| 1,477k| 856K 824K 871K
Rate | 76.1%| 74.9%| 98.4%| 50.19%| 82.3% 65.4%

Forming| Item | Feb | 1W | 2w | 3w | 4w 5W
Plan | 5,493K 0| 1,358K| 1,582K| 1,260K 1,293K
Result | 5,298K o| 1,135k| 1,620K| 1,325K 1,218K
Rate | 96.5%| 0.0%| 83.6%|102.4%| 105.2% 94.3%

4.2 4M 7|8k FOM As- Is 24 Z1}

BAO] thelf FOM &340|A Algohe
Fig. 59 2o, Step 33} Zo] it DA Eo| 7HF I AlFe
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Table 5 Enhanced productivity and quantities

To-Be item Jan. 1w 2w 3w 4w 5W 6W
Plan | 5,953K | 282K | 1,666K | 1,330K | 1,344K | 987K 345K
Result | 4,641K | 219K | 1,563K | 948K | 1,004K | 701K 206K
Rate | 78.0% | 77.8% | 93.9% | 71.3% | 74.7% | 71.0% | 59.6%
Forming| item Jan. 1w 2w Iw aw 5W
Plan | 5,493K | 948K | 1,625K | 1,337K | 1,303K | 280K
Result | 5,387K | 721K | 1,871K | 1,183K | 1,178K | 435K
Rate | 98.1% | 76.0% |115.2% | 88.5% | 90.4% | 155.2%

1.7%p Up
E3
85.9%
To-Be Difference
<Shortfall> <Shortfall> <Shortfall>
Qty 1,616670pcs | Qty 1,417454pes | Qty -199,216pcs

Cost 323,334,112won | Cost 283,491,008won | Cost -39,843,104won

AS-IS TO-BE

Fig. 10 Simulation result of productivity
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< oss>
Qty 76400pcs
Cost 15,279,918won

<Loss>
Qty - 24,602pcs
Cost - 4,920,517won

<Loss>
Qty 51,797pcs
Cast 10,359,401won

TO-BE

AS-IS

Fig. 11 Improvement effect by reducing downtime

Table 6 Improvement results

Reducing 44.2 M won of the loss cost of
production and productivity rate has
increased by about 1.7% point

Total improvement

Improve machine

. Reduction of the loss cost by 39840 kWon
operation

Reduction of the loss cost by 4920 kWon

R i .
educe downtime and down rate has reduced by 0.4% point
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