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采用软面层技术的聚氨酯连续板材生产线介绍
Giorgio Pallanza
(意大利OMS 公司)

摘  要：使用传统层压机生产的夹心板与日俱增。市场对这种保温材料的需求也不断增加，因而开发了高速生产模式。总体介绍了用于生产保温板设备的主要组成部件，并且对这种设备上使用的戊烷作了特别的介绍。对用于高速生产的连续板材生产线的升级和提高之处作了进一步的阐明。聚氨酯连续板材生产线的标准结构实际就是一个高速层压机机构。主要的改动包括：1）开卷机，是带有快速切换板面层装置的双开卷机； 2）计量组，稍微增大了尺寸并且能满足更大输出的要求； 3）浇注台和相关的混合配料系统，一个单独摆动的混合枪头是不能确保均匀地喷注到板的面层上，所以需要采用多混合枪头； 4）双履带所需的长度不少于30 m； 5）切割，送料和打包线被设计为高速工作。连续的层压机在过去的几年里应用非常普遍，因为聚氨酯和PIR被视为是其他绝热材料很好的替代品，它大大减小了建筑业中所用墙面的厚度。在连续生产线上使用的戊烷成功替代了所有其它以氯氟化碳为基础的发泡剂，因而高消耗聚氨酯的技术转变成为了环保的生产工艺。对高速层压机的需求实际反映了大生产规模的需要，这也对设备的制造商和夹心板的生产者提出了有趣的挑战。
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1  使用硬面层和软面层的夹心板材的连续生产：从传统生产模式到高速生产模式
1.1  连续板材生产技术
在工业和建筑保温领域中使用聚氨酯泡沫作为材料一直以来都占据着主导地位，在过去投入了大量的时间和精力。由于聚氨酯硬泡的特殊属性和多功能性，它们在各个领域中被广泛使用。
生产板材的工艺被分为连续生产和非连续生产。这两种生产方式都成功地采用了其他发泡剂替代了原来的氟里昂11发泡剂，大多数采用戊烷和其他环保的发泡剂。
连续板材生产方式无疑是最为容易的可达到预想质量和数量的方法。
这种技术适合于大规模高质量的板材生产，无论是生产硬面层或是软面层板材。
一个标准的、传统的、完整的连续板材生产线包括有：(1) 硬面层开卷机，(2) 装料小车，(3) 滚轮压型机，(4) 预热炉，(5)计量设备，(6) 反应混合料分配装置，(7) 软面层开卷机，(8) 双履带，(9) 板材轮廓（板型）改变系统，(10) 板材切割设备，(11) 板材卸料和打包线。
1．硬面层开卷机
开卷机支撑并引导板材进入滚轴压型机中进行压型。开卷机有两个：一个是用于低层面，另一个用于高层面。一个金属双开卷机可被任意添加到第一个开卷机中，允许进行少量的生产开卷。
2．装料小车
装料小车用于在开卷机上装载板材。板材可以在开卷机上被装载，在低速生产线上甚至只需使用一辆叉车进行装载。
在更复杂的生产线上需要使用专门的装料小车。钢结构的装料小车被固定在由液压驱动的轨道上。通过液压气缸驱动一个“V”形状的平台上下移动装载板材。
3．滚轮压型机
选择合适的滚轮压型机不但能够获得所需的板材形状而且还可以节省板材的成本。所需板材的形状决定了滚轮压型机的设置：成型深度，轮廓设计，板材的最大宽度和板材的具体接头设计（雄/雌接头；暗接头；冷藏接头）。
4．预热炉
预热炉用于加热定型的金属面到合适的温度以确保聚氨酯混合物均匀平整地膨胀。金属面的温度控制对确保高质量的发泡板材是至关重要的。不合适的温度可能会导致发泡密度的分配不均以及聚氨酯和金属面之间缺乏粘性。最好使用热空气循环加热炉。
5．计量设备
可使用低压或高压的计量设备。
与低压机相比高压机主要有以下优点：- 更好地混合原料；- 更小巧的混合枪头；- 可在有限的地方安装；- 在生产结束后不用清洁剂（环保的清洁剂）清洗；混合系统包括一个低压预混装置和对多元醇进行计量，然后采用高压计量装置，但是比较贵。

这两种系统共同的优点包括：- 高效监控所有的工作参数；- 由于使用专门的设备才能根据现行的法规，使用环保的发泡剂替代氟里昂11。 

6．反应混合料分配装置
一个可以使枪头前/后移动的传动机构，因此能够平稳均匀地浇注混合物到较低的面层上。由于使用了浇注范围更广的喷嘴因而在混合物膨胀的过程中避免了斑点、气泡和泡沫的重叠。
一个坚固的支撑架使得枪头可以根据不同的生产需要进行高速的转动和传送。
如果是软面层需要使用一个喷注板；它必须被加热使软面层获得合适的温度而有良好的粘性；而且在板的下面有一个抽气机，通过复孔可以看见它，这样可确保在层压机进口处的软面层有最好的平整性。
7. 软面层开卷机
根据生产线的不同需要，可以选择生产金属面层、金属/软面层、或是纸/纸面层的不同板材，生产线可以配备开卷机在低、高层上生产软面层。在高速生产以及需要不停产生产中，推荐使用带有双开卷机的系统（当一个开卷机工作时，另一个可作替补或被修理），带有快速切换装置。
8．双履带
双履带系统包括聚氨酯泡沫发起过程和紧接着的固化阶段。除成型压力机之外，双履带两面的金属履板都采用内连接，这样可使带有滚轴轴承的链条有着更高的承载能力。板材停留在双履带上的时间是根据使用的原材料和预先设置的板材厚度。40 mm厚的板材需要大约2～3 min的停留时间。
OMS公司制造的双履带从最短的15 m长到最长的38 m长。标准宽度为1200 mm，两履带的相间距离从20 mm到400 mm。
生产不同厚度的板材需要在打开的履带上插入校准的垫圈。当下层履带被固定，一系列的液压气缸驱动上层履带的移动。
双履带由两个独立的电机驱动，电机带有动态速度反应器，每一个都带有相应的电机减震器以确保双履带间最好的速度同步。
9．板材轮廓（板型）改变系统

采用这种简单而有用的系统是经过特别研究那些可能的不同措施以缩短改变板材的时间。金属履板带有特殊的轨道，轨道上能够准确地插入带有不同形状的铝板，相关形状是依照所要生产板材的类型（屋顶 – 墙面）而定。在边挡处，这些铝板都带有小洞以固定铝质的嵌入物。

需要提醒的是完全改变板材的轮廓要耗费60至90 min时间，具体根据双履带的长度而定。
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10．板材切割机
在进入切割机以前，一个可自由转动的滚子传送器传送聚氨酯板材，给予其足够的时间（几秒钟）使泡沫稳固；只有这样才能切割出所要的板材长度。
也可以预先设置所要切割的长度和所需生产的板材数量；一旦达到预设置板材的数量，一个电子定时器将自动设定一个新的预设置长度和相应的切割数量。
专门为软面层所设计的切割机有着不同于金属硬面层板材切割机的机械参数。
这些设备有：圆盘式切割机,带锯式切割机。
11．板材卸料和打包线
在标准的连续板材生产线末端都带有一条卸料和打包线，并可根据板材的尺寸储存所有的板材。
所使用的系统不同，设备的投资也不同：手动型，非常经济；半自动型，中等投资；全自动系统非常贵。
板材的卸料系统是根据板材的产量和所要生产板材的宽度。
OMS公司推荐两种不同的系统：滚子式系统和旋转笼式系统。
1.2  使用戊烷作为替代发泡剂的标准聚氨酯生产设备的主要特征
戊烷替代了氯氟化碳，它以前在不同种类的聚氨酯硬泡生产中作为发泡剂。使用戊烷的危险在于它在室温中有着极高的可燃性，当空气中戊烷气的含量较高时就能引起气体爆炸。
事实上，空气中戊烷气的体积百分比为1.4%(低爆炸限制)到8.1%(高爆炸限制)，任何的可燃源(火星、火苗和高温)都会引起爆炸。
因此，所有使用易爆气体的机器和设备在生产时必须采用合适的技术手段预防：减小爆炸混合气的危险，消除所有可能的危险因素。
技术手段主要包括：
(1)．特殊安全法规下的电路
按照现行的法规，所有用于或位于危险区域的电路必须遵照特殊的技术说明。
根据I.E.C. 79-10国际标准，根据危险物质的数量，生产过程和环境温度等划分所有危险的设备区域；危险区域的面积被预先计算。
电路的类型和最终通风系统的尺寸，都被取决于以上数据，其中通风系统主要是为了减少危险区域的面积。所有在危险区域的电器元件都要按照防爆安全法规执行。
(2)．生产安全防范
为减少可燃源，在机器和设备的生产中执行相关的安全措施：
- 所有设备的金属元件都要有接地系统；
- 使用无静电的装置/元件；
- 所有的管子都是等位连接；
- 通风系统可降低危险区域的警报极限；
- 戊烷气探测系统通过传感器探测；
- 氮气系统用于覆盖储存和/或多元醇/戊烷的储罐；
- 用于储罐的防火系统。
1.3  应用在使用戊烷作为替代发泡剂的标准聚氨酯生产设备上的安全措施
在使用戊烷的机器和设备上采用以下安全措施：
- 在设备内关键处装有带有声音和可视警报的戊烷泄漏探测系统；
- 警报信号系统带有两级警报：
1级警报：声音和可视警报并有相关的按钮停止机器或设备；
2级警报：声音警报并且切断机器或设备的电源；
- 万一戊烷气泄漏，紧急制动按钮将切断/停止生产线；
- 万一戊烷气泄漏，通风系统会增加抽风的能力；
- 监测系统和通风系统相结合；
- 切断所有在警报区域中电路的电源；
- 对所有主要泄漏源的不断监测；
- 所有戊烷进料管的进口处都装有安全阀；
- 防火系统；
- 通风系统和气体探测器带有备用电机。
2  高速层压机
在美国安装了一条用于生产软面层PIR硬泡绝热板材的连续生产线，它是根据一个新的生产理念开发的，因而代表了世界上最先进的连续生产线。2000年7月正式投产，这条生产线可以以60 m/min的速度生产板材（举例来说，如果实际板宽1.2 m，那就是72 m2/min）。
这一先进技术的设备包括：
* 30m长，60 m/min工作速度（实际生产速度）的双履带；
* 可生产的板厚：范围从10 mm到220 mm；
* 可以生产坡度形（板材截面渐变）板材（最大倾斜为60毫米）；
* 由于在双履带上应用了建设性的创新理念，因而可实现同步自动调整板宽；
* 双履带的加热系统温度可达+80℃可以加工PIR泡沫即使在高反应情况下；
* 可以覆盖整条双履带的围房由自承式绝热板材建成，能够容纳最终散热系统；
* 多元醇+戊烷的计量和混合设备包括三个高压计量组，每一个都配备质量型流量计；
这套设备即使使用市场上提供的替代发泡剂也可正常工作
* 闭环控制系统控制所有的工作参数（计量泵的输出；温度；工作压力；生产速度等）；
* 设备的控制与一台工业用PC（个人电脑）完全的结合以操作和控制整条生产线；
* 安全和通风/抽风系统通过足够的传感器和相关的抽风设备监测所有的工作区域，这样就能安全的使用易燃发泡剂（环戊烷，正戊烷，异戊烷等）。
传统层压机和高速型层压机（至少50m/min）的不同之处归纳起来有以下几点：
· 在软面层的生产中，一个带有快速切换装置的双开卷机（用于上下面层）是必须的。如果只配有一个开卷机，虽然换纸或铝箔的时间是相同的，但是由于面层材料的消耗很大，所以更换的次数会非常频繁。
· 相对传统的生产线，由于高速生产线的原料消耗很高，它的计量设备组需要更大的原料输出；而且，所有的计量线都需要配有带有闭环控制系统的质量型流量计，否则不连续控制所有的工作参数会对总的输出控制产生干扰。
· 浇注导轨上只带有一个能摆动的混合枪头在高速浇注时是不起什么作用的；从机械的角度看，枪头的移动是可以达到的，但是高速浇注是非常不准确的，其浇注材料的惯性会使材料从浇注台中溅出；所以高速浇注的唯一解决方法就是使用两个或三个固定的带有浇注分布器的混合枪头；每一个枪头可以调整其在浇注台上的高度和位置；三个（两个）混合枪头可以满足三个（两个）不同的独立计量线的需要。
· 双履带的结构没有改变，但是它的长度不能少于30 m，否则发起的聚氨酯泡在层压机上的停留时间会太短，这样发起的厚度就会不同。
· 整个的切割，储存和打包线都必须达到与传统生产线相同的准确度和精度。
3  结束语
连续的层压机在过去的几年里应用非常普遍，因为聚氨酯和PIR被视为是其他绝热材料很好的替代品，它大大减小了建筑业中所用墙面的厚度。
在连续生产线上使用的戊烷成功地替代了所有以氯氟化碳为基础的发泡剂，因而高聚氨酯消耗的技术转变成为了环保的生产过程。在任何情况下，我们都必须认识到使用戊烷的生产线需要特殊的结构、生产设计和加工工艺技术。另外，我们还要特别注意人员的安全以避免受伤，安全地操作机器并注意有关的环境问题。
对高速层压机的需求实际反应了大生产规模的需要，这也对设备的制造商和夹心板的生产者提出了有趣的挑战。新技术已经诞生了，需要做的是符合使其走向成熟的要求。
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ABSTRACT
The standard structure of a continuous PU panels plant is substantially replied in a high speed lamination process. The main modifications take place into: 1) substrata uncoilers, which must be double with rapid change of the substratum tool; 2) metering group, slightly oversized and replicated to meet the requirements of bigger output requested; 3) pouring plate and reactive mix distribution; a single oscillating mixing head is not able to guarantee the homogenous and laminar pouring on the substratum and is replaced by a multiple mixing head; 4) the double belt conveyor needs a length not lower than 30 meters; 5) the cutting, stacking and packing line are engineered to work at high speed. Continuous lamination has become very common in the last years, since the insulation with PU and PIR is now seen as good alternative to other insulation materials and allows a substantial wall thickness reduction in the building industry. The use of pentane in continuous plants has successfully replaced all other CFC-based blowing agents, thus transforming a technology with high PU consumption into an environmental-friendly process.  The step to high speed lamination has become necessary for high production requirements, and has represented an interesting challenge both to plant producers and to direct sandwich panels producers.

CONTINUOUS PRODUCTION OF SANDICHED PANELS USING RIGID AND FLEXIBLE SUBSTRATA: A STEP FROM CONVENTIONAL TO HIGH SPEED PROCESSES
Production Technologies for Continuous Panels Lines

The application of polyurethane foams in the industrial and building insulation fields is one of the leading production sectors in which it was has invested considerable time and effort. Thanks to their particular properties and their versatility, rigid polyurethane foams have become widely used in these application fields.

The production processes adopted to produce panels are divided into continuous and discontinuous process. Both processes have been successfully implemented with expanding agent alternative to Freon 11 family, mostly with pentane and other environmental-friendly blowing agents.

Continuous Process

The continuous panel production process is certainly the most convenient for quality and quantity standards achieved.

This technology is suitable large for the large scale production of high quality panels with either rigid or flexible substrata.

A standard, conventional, fully integrated continuous panels production plant is composed of:

(1) Rigid substrata uncoilers, (2) Loading coil cars, (3) Roll forming unit, (4) Pre-heating oven, (5) Metering machine, (6) Reactive mixture distribution, (7) Flexible face uncoilers – unwinders, (8) Double conveyor belt, (9) Panel profile change-over system, (10) Panels cutting unit, (11) Panels unloading and stacking line. 

(1) Rigid substrata uncoilers

Uncoilers support and guide the sheet layer coils towards the roll forming machine to be shaped.

The uncoilers are two: one for the lower sheet layer and the other for the upper sheet layer.

A double metal uncoiler is optionally added to the first one, allowing a minor number of production breakouts.

(2) Loading coil cars
Loading coil cars are used to position the sheet coils on the uncoilers.

The coils can be set on the uncoilers even by using a fork-lift only on low speed production plants. For more sophisticated plants loading coil cars are necessary. Coil cars in steel structural frame-work fitted on an hydraulically driven sliding support. A "V" shaped platform is moved upward and downward by a hydraulic cylinder for coil loading.

(3) Roll forming unit

Choosing the right roll forming unit is dictated by both the types of panels to be produced and the financial investment on the plant.

The configuration of the roll forming unit relies on the type of panels to be produced:

corrugation depth, design of the profile, max width of the panel and detail joint designed of the panel (male/female; secret fix joint; cold store joint).

(4) Pre-heating oven

This pre-heating oven heats the profiled metal sheets to the right temperature to ensure the even and smooth expansion of the polyurethane mixture. The temperature control of the metal sheets is extremely important to ensure a high quality foamed panel. An unsuitable sheet temperature may cause a different foam density distribution and lack of adherence between polyurethane and metal sheets.

A hot-air circulation oven is the best to be used.

(5) Metering machine

A metering machine can be either low pressure or high pressure.

The main benefits offered by a high pressure metering machine compared with a low pressure one are:

- Better mixing of the components;

- Compact dimension of the mixing head resulting thus in:

- Positioning in restricted spaces;

- Solvent-free cleaning at end of production (environmental friendly solution)

An hybrid system, composed by a low-pressure premix and metering in the polyol followed by a high pressure metering/impingement is a possible solution, but more expensive. In any case it allows the same advantages of both systems, including:

- High efficient monitoring of all working parameters;

- Possibility to use, according to the present regulation in force, blowing agents alternative to Freon 11 thanks to dedicated instruments

(6) Reactive mixture distribution

A traverse provides a backward/forward movement to the mixing head thus enabling a smooth and even distribution of the reactive mixture all over the lower substrata, thanks to a wider range of nozzles thus avoiding splashes, air bubbles and foam superimposing during the rise phase.

A robust structural support framework permits high reversion and translation speed of the mixing head according to the several production needs.

A pouring plate is necessary in case of flexible substrata; it must be heated, to give the substrata the right temperature for a correct adhesion; moreover a suction under the plate is foreseen (through multiple holes), in order to ensure the best flatness of the substrata at the entrance of the laminator.

(7) Flexible face uncoilers – unwinders.

Depending on the manufacturing flexibility of the plant which can alternatively produce metal faced panels, metal/flexible face, or paper/paper, the plant can be equipped with uncoilers for flexible sheets both on the lower and upper layer. For high speed processes and for plants which requires no-stop production, it is recommended a system working with double unwinders (while one is working the other can be substituted and fixed), with rapid change device.

(8) Double conveyor belt

The double conveyor belt contains the foam rise during the expansion and subsequent curing phase. Besides forming the press planes, both metal slats are inter-connected in order to have a high load bearing chain complete with side rolling-bearings.

The time the panel stays on the conveyor depends on both raw materials used and pre-set panel thickness: for a 40mm panel thickness it takes around 2 - 3 minutes.

OMS Group has built conveyor belts ranging from a minimum of 15m up to a maximum of 38m total length. The standard width is 1200mm, the distance between the two conveyors planes ranges from 20mm up to 400mm.

The variation in thickness of the panel to be produced requires the insertion of calibrated spacer rings at open conveyors. The upper conveyor is movable by a series of hydraulic cylinders, while the lower one is fixed.

The two conveyors are driven by two independent c.c. motors fitted with dynamic speed reaction, each one complete with relative motor reducers in order to ensure a perfect speed synchronization between the two conveyors.

(9) Panel profile change-over system

It has been paid particular attention to the study of different possible solutions to minimize the change-over time by adopting simpler, functional systems. Metallic slats have special guides which allow the insertion of accurately machined aluminum slats having a different profile according to type of panel (roof - wall) to be produced. For the side containment, these aluminum slats have holes to fix the aluminum inserts.

It should be noted that a complete change of the panels profile may involve a loss of time ranging from 60 to 90 minutes depending on the length of the double conveyor belt.


(10) Panels cutting unit  

Before reaching the cutting unit, a free-turning roller conveyor houses the PU panels for enough time (few seconds) to achieve a foam stabilization; only afterward it is possible to cut the panels to the desired length.

It is possible to pre-set both the desired cutting length and number of panels to be produced; once the pre-set panels number is reached, an electric timer fixes automatically a new pre-set length and relative number of cuts to be effected.

The cutting units dedicated to flexible substrata have completely different mechanical features from the ones used for cutting metal faced panels.

These units can be either: - Circular disk cutting machine; - Band-saw cutting machine.

(11) Panels unloading and stacking line

A standard continuous panel production plant ends with an unloading and stacking line storing all panels according to their length.

The investment this equipment requires may vary according to the type of systems adopted: manual, very economical; semi-automatic, average investment, and completely automatic system which is quite expensive.

The panels unloading system depends on both plant productivity yield and width of the panels to be produced.

OMS Group proposes two different systems:

· Rollers system;
· Rotary cage system

Main characteristic of a standard polyurethane production plant using pentane as alternative blowing agent

Pentane has replaced Chlorofluorocarbons (CFC) once used as blowing agents in the production of several different kinds of polyurethane foams.

The hazard in using Pentane lies in its highly flammability at room temperature since a high concentration of pentane vapors in the air can make the atmosphere explosive. 

Indeed, percentage volume of pentane vapors in the air ranging between 1.4% (Lower Explosion Limit) and 8.1% (Upper Explosion Limit), in the presence of any source of ignition (sparks, flames and high temperature) may generate an explosion.

Consequently, all machinery and plants using a potentially explosive gas must be manufactured adopting suitable technical measures aimed to:

- Minimize the hazard of explosive mixture

- Eliminate all possible dangerous conditions

The technical measures mainly involves:

1 - Electric Circuitry under Special Safety Execution

In compliance with regulations presently in force, all electric circuitry dedicated to and located in hazardous areas must conform to particular technical specifications.

According to I.E.C. 79-10 International Standards, all hazardous plant areas are classified considering the quantity of dangerous substances, the working process and the ambient temperatures; volumes of the hazard areas are pre-calculated.

The electric circuitry typology, and eventually the dimensioning of the ventilation system aimed to reduce the volume of dangerous areas, is determined taking into consideration the above data.

All electric elements present in a hazardous area must be executed under “Ex” safety execution.

2 - Manufacturing Safety Precautions

To minimize sources of ignition, some safety measures are implemented in the manufacturing of machinery and plants:

- Earth bonding system (grounding) of all metal elements composing the plant;

- Utilization of non-electro static devices/elements;

- Equi-potential connection between both ends of the pipes;

- Ventilation system to reduce the alarm threshold level in the dangerous areas;

- Pentane gas detection system through sensors;

- Utilization of perimeter guarding to delimit the dangerous areas, i.e. enclosures, walls, etc;

- Nitrogen blanket/inertization system of the storage and/or polyol/pentane tanks;

- Lightning protection system for storage tanks.

Safety measures applied to a standard polyurethane production plant using pentane as alternative blowing agent

The safety concepts on machinery and plants using pentane incorporates the following measures:

- Pentane leakage detection system with acoustic and visual alarms located in critical points within the plant;

- The alarms signaling system has two intervention warning levels:

Level 1: acoustic and visual warning and relative button to stop either machine or plant;

Level 2: acoustic warning and power cut-off to either machine or plant involved;

- Emergency buttons to block/stop the production line in case of pentane gas leakage;

- Increase of air-flow capacity of the ventilation system in case of pentane gas leakage;

- Monitoring system integrated in to the ventilation system;

- Power cut-off to all electric circuitries present in the alarm alerted area;

- Constant monitoring of all main leakage sources;

- Fail safe valve fitted in correspondence of all pentane feeding pipe inlets;

- Fire extinguishing systems.

- Back-up generator to feed either the ventilation system and the gas detectors.

HIGH SPEED LAMINATION

In the USA a continuous production plant of flexible faced PIR rigid foam insulation panels has been settled according to a new concept of production, thus representing the most modern continuous plant in the world.

Launched in July 2000, this plant can produce panels at a speed of 60 m/min (i.e. 72 m2/min, since the real panel width is 1.2m).

This technically advanced plant is composed of:

* Double belt conveyor, 30m total length, working at 60m/min (real production speed)

* Thickness of the panels produced: ranging from 10 to 220mm

* Possibility to produce tapered panels ( max inclination 60 mm )

* Automatic adjustment of panels thickness; simultaneous adjustment thanks to the innovative constructive concept applied to the double belt conveyor.

* Heating system for the double belt conveyor at a temperature of +80°C in order to process PIR foams even though highly reactive

* Tunnel covering the entire length of the double belt conveyor made in self-supporting insulated panels able to contain eventual heat dispersion

* Metering and mixing unit for Polyol + Pentane, composed of three high pressure metering groups, each one equipped with "mass" type flow meters

This unit is also able to work even with alternative blowing agents available on the market

* Closed-loop control system for all working parameters (metering pumps output; temperature; working pressure; production speed; etc,)

* Plant control is completely integrated into an Industrial PC ( personal computer ) to handle and control the whole production line

* Safety and ventilation / extraction system to monitor - through adequate sensors and relative suction groups - all the working areas for safe use of flammable blowing agents (Cyclopentane, Normal-pentane, Iso-pentane, etc).

The differences between a conventional laminator and a high-speed type (50 m/sec at least) can be so summarized:

· at the level of the substrata (flexible), a double unwinder with a rapid change device (both for upper and lower substrata) is always necessary. With the single unwinder, the time for changing the paper or aluminum is the same, but this change should be done at high frequency because the substrata consumption is very high.

· Due to the high components consumption the metering group needs a bigger output for all components, with respect to a conventional line; moreover a mass flow-meter with closed-loop control system is requested for all metering lines, otherwise the lack of constancy in all parameters would afflict the general output control 

· the pouring traverse with a single, oscillating mixing head is not useful any more at high speed; from the mechanical point of view, the head movement can be achieved, but at high speed the pouring is highly imprecise and inertia of the poured material would throw it out of the pouring plate; in the high speed process the only solution is the use of two or three fixed mixing heads with a spreading diffuser; each head must be adjustable in height and position on the plate; the presence of three (two) mixing heads implies the need of three (two) different and independent metering lines;

· the double belt remains structurally unchanged, but its length cannot be inferior to 30 meters, otherwise the time of stay of the foamed PU in the laminator is too low and one would have thickness variation after the process;

· the whole cutting, stacking and packing lines must be engineered to work with the same precision and accuracy of the conventional lines;

CONCLUSION

Continuous lamination has become very common in the last years, since the insulation with PU and PIR is now seen as good alternative to other insulation materials and allows a substantial wall thickness reduction in the building industry.

The use of pentane in continuous plants has successfully replaced all other CFC-based blowing agents, thus transforming a technology with high PU consumption into an environmental-friendly process. In any case one must keep in mind that a production plant using pentane requires both specific construction and manufacturing design and production process technology. In this aspect, particular attention is paid to personnel safety against injuries, safe operation of machinery and environmental issues.

The step to high speed lamination has become necessary for high production requirements, and has represented an interesting challenge both to plant producers and to direct sandwich panels producers. New technology has been born, meeting requests that have brought this technology to its own maturity.
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