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<!DOCTYPE html>

<html lang="zh-CN">

<head>

    <meta charset="UTF-8">

    <meta name="viewport" content="width=device-width, initial-scale=1.0">

    <title>动载荷演示 - 匀加速构件动应力分析</title>

    <style>

        body {

            font-family: 'Microsoft YaHei', sans-serif;

            max-width: 900px;

            margin: 0 auto;

            padding: 20px;

            background-color: #f0f2f5;

        }

        .container {

            background-color: white;

            border-radius: 10px;

            padding: 25px;

            box-shadow: 0 4px 12px rgba(0,0,0,0.1);

        }

        h1 {

            color: #2c3e50;

            text-align: center;

            margin-bottom: 25px;

            font-size: 24px;

            border-bottom: 2px solid #3498db;

            padding-bottom: 10px;

        }

        .animation-area {

            height: 350px;

            border: 1px solid #ddd;

            margin-bottom: 25px;

            position: relative;

            overflow: hidden;

            background-color: #f9f9f9;

            border-radius: 8px;

        }

        .rod {

            position: absolute;

            width: 40px;

            height: 200px;

            background: linear-gradient(to bottom, #2980b9, #3498db);

            left: 50%;

            transform: translateX(-50%);

            top: 75px;

            transition: top 0.05s linear;

            border-radius: 4px;

            box-shadow: 0 2px 5px rgba(0,0,0,0.2);

        }

        .stress-display {

            position: absolute;

            width: 120px;

            height: 40px;

            background-color: rgba(255,255,255,0.9);

            border-radius: 6px;

            display: flex;

            justify-content: center;

            align-items: center;

            font-size: 14px;

            font-weight: bold;

            box-shadow: 0 1px 3px rgba(0,0,0,0.1);

        }

        .static-stress-display {

            left: calc(50% - 150px);

            top: 50%;

            border: 2px solid #27ae60;

            color: #27ae60;

        }

        .dynamic-stress-display {

            left: calc(50% + 30px);

            top: 50%;

            border: 2px solid #e74c3c;

            color: #e74c3c;

        }

        .control-panel {

            display: grid;

            grid-template-columns: repeat(auto-fit, minmax(200px, 1fr));

            gap: 20px;

            margin-top: 20px;

        }

        .control-group {

            padding: 15px;

            background-color: #f8f9fa;

            border-radius: 8px;

        }

        .control-title {

            font-size: 16px;

            margin-bottom: 10px;

            color: #2c3e50;

            font-weight: bold;

            display: flex;

            justify-content: space-between;

        }

        input[type="range"] {

            width: 100%;

            height: 8px;

            -webkit-appearance: none;

            background: #ddd;

            border-radius: 4px;

            outline: none;

            margin-bottom: 8px;

        }

        input[type="range"]::-webkit-slider-thumb {

            -webkit-appearance: none;

            width: 18px;

            height: 18px;

            background: #3498db;

            border-radius: 50%;

            cursor: pointer;

        }

        .value-display {

            font-size: 14px;

            color: #7f8c8d;

            text-align: center;

        }

        .formula-panel {

            margin-top: 25px;

            padding: 15px;

            background-color: #e8f4f8;

            border-radius: 8px;

            font-size: 15px;

            line-height: 1.6;

        }

        .formula {

            font-family: 'Courier New', monospace;

            font-weight: bold;

            color: #2c3e50;

        }

        .direction-indicator {

            position: absolute;

            width: 100%;

            top: 20px;

            text-align: center;

            font-size: 14px;

            color: #7f8c8d;

        }

        .unit {

            font-size: 12px;

            color: #95a5a6;

        }

    </style>

</head>

<body>

    <div class="container">

        <h1>匀加速构件动应力与动荷系数演示</h1>

        

        <div class="animation-area">

            <div class="direction-indicator" id="direction-indicator">当前加速度: 0 m/s² (静止)</div>

            <div class="rod" id="rod"></div>

            <div class="stress-display static-stress-display" id="static-stress-display">

                σ<sub>st</sub>: <span id="static-stress-value">0</span> Pa

            </div>

            <div class="stress-display dynamic-stress-display" id="dynamic-stress-display">

                σ<sub>d</sub>: <span id="dynamic-stress-value">0</span> Pa

            </div>

        </div>

        

        <div class="control-panel">

            <div class="control-group">

                <div class="control-title">

                    <span>加速度 a</span>

                    <span id="acceleration-value">0 m/s²</span>

                </div>

                <input type="range" id="acceleration" min="-15" max="15" step="0.1" value="0">

                <div class="value-display">(负值表示向下加速/减速上升)</div>

            </div>

            

            <div class="control-group">

                <div class="control-title">

                    <span>杆件长度 L</span>

                    <span id="length-value">2.0 m</span>

                </div>

                <input type="range" id="length" min="0.5" max="4" step="0.1" value="2">

            </div>

            

            <div class="control-group">

                <div class="control-title">

                    <span>材料密度 ρ</span>

                    <span id="density-value">7850 kg/m³</span>

                </div>

                <input type="range" id="density" min="2000" max="10000" step="100" value="7850">

                <div class="value-display">(钢 ≈ 7850, 铝 ≈ 2700)</div>

            </div>

            

            <div class="control-group">

                <div class="control-title">

                    <span>横截面积 A</span>

                    <span id="area-value">5.0 cm²</span>

                </div>

                <input type="range" id="area" min="1" max="20" step="0.1" value="5">

                <div class="value-display">(1 cm² = 0.0001 m²)</div>

            </div>

        </div>

        

        <div class="formula-panel">

            <strong>理论公式：</strong>



            <span class="formula">动荷系数 K<sub>d</sub> = 1 + a/g = <span id="kd-value">1.000</span></span>



            <span class="formula">静应力 σ<sub>st</sub> = ρgL = <span id="sigma-st-value">0</span> Pa</span>



            <span class="formula">动应力 σ<sub>d</sub> = K<sub>d</sub>·σ<sub>st</sub> = <span id="sigma-d-value">0</span> Pa</span>





            

            <strong>教学说明：</strong>当构件以加速度a运动时，动应力等于静应力乘以动荷系数K<sub>d</sub>。

            加速度方向向上时(a>0)，K<sub>d</sub>>1，动应力增大；加速度方向向下时(a<0)，K<sub>d</sub><1，动应力减小。

            当a=-g时(自由落体)，K<sub>d</sub>=0，动应力为零。

        </div>

    </div>



    <script>

        // 获取DOM元素

        const rod = document.getElementById('rod');

        const staticStressDisplay = document.getElementById('static-stress-display');

        const dynamicStressDisplay = document.getElementById('dynamic-stress-display');

        const staticStressValue = document.getElementById('static-stress-value');

        const dynamicStressValue = document.getElementById('dynamic-stress-value');

        const directionIndicator = document.getElementById('direction-indicator');

        

        // 输入控件

        const accelerationInput = document.getElementById('acceleration');

        const lengthInput = document.getElementById('length');

        const densityInput = document.getElementById('density');

        const areaInput = document.getElementById('area');

        

        // 显示值

        const accelerationValue = document.getElementById('acceleration-value');

        const lengthValue = document.getElementById('length-value');

        const densityValue = document.getElementById('density-value');

        const areaValue = document.getElementById('area-value');

        

        // 公式值

        const kdValue = document.getElementById('kd-value');

        const sigmaStValue = document.getElementById('sigma-st-value');

        const sigmaDValue = document.getElementById('sigma-d-value');

        

        // 常量

        const g = 9.81; // 重力加速度 m/s²

        

        // 初始位置

        let position = 75;

        let velocity = 0;

        let lastTime = 0;

        

        // 更新动画

        function updateAnimation(timestamp) {

            if (!lastTime) lastTime = timestamp;

            const deltaTime = (timestamp - lastTime) / 1000; // 转换为秒

            lastTime = timestamp;

            

            const a = parseFloat(accelerationInput.value);

            const L = parseFloat(lengthInput.value);

            const ρ = parseFloat(densityInput.value);

            const A = parseFloat(areaInput.value) / 10000; // 转换为m²

            

            // 更新杆件位置

            velocity += a * deltaTime;

            position += velocity * deltaTime * 30; // 缩放因子使动画更明显

            

            // 限制位置在可视区域内

            if (position < 20) position = 20;

            if (position > 250) position = 250;

            

            rod.style.top = position + 'px';

            rod.style.height = (L * 80) + 'px'; // 缩放杆件长度

            

            // 计算应力

            const Kd = 1 + a / g;

            const sigma_st = ρ * g * L;

            const sigma_d = Kd * sigma_st;

            

            // 更新显示值

            kdValue.textContent = Kd.toFixed(3);

            sigmaStValue.textContent = Math.round(sigma_st);

            sigmaDValue.textContent = Math.round(sigma_d);

            

            // 更新应力显示

            staticStressValue.textContent = Math.round(sigma_st);

            dynamicStressValue.textContent = Math.round(sigma_d);

            

            // 更新方向指示器

            updateDirectionIndicator(a);

            

            requestAnimationFrame(updateAnimation);

        }

        

        // 更新方向指示器

        function updateDirectionIndicator(a) {

            if (a > 0.1) {

                directionIndicator.textContent = `当前加速度: ${a.toFixed(1)} m/s² (向上加速)`;

                directionIndicator.style.color = "#e74c3c";

            } else if (a < -0.1) {

                directionIndicator.textContent = `当前加速度: ${Math.abs(a).toFixed(1)} m/s² (向下加速)`;

                directionIndicator.style.color = "#3498db";

            } else {

                directionIndicator.textContent = "当前加速度: 0 m/s² (静止)";

                directionIndicator.style.color = "#7f8c8d";

            }

        }

        

        // 更新输入值显示

        function updateInputValues() {

            accelerationValue.textContent = accelerationInput.value + " m/s²";

            lengthValue.textContent = lengthInput.value + " m";

            densityValue.textContent = densityInput.value + " kg/m³";

            areaValue.textContent = areaInput.value + " cm²";

        }

        

        // 添加事件监听器

        accelerationInput.addEventListener('input', updateInputValues);

        lengthInput.addEventListener('input', updateInputValues);

        densityInput.addEventListener('input', updateInputValues);

        areaInput.addEventListener('input', updateInputValues);

        

        // 初始化

        updateInputValues();

        updateDirectionIndicator(0);

        requestAnimationFrame(updateAnimation);

    </script>

</body>

</html>


